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Abstract:

The purpose of this study was to determine the extent to which reclamation practices, especially
topsoiling, aided nonseeded species establishment on revegetated mined land. Nonseeded species are
desirable because of their potential to increase diversity with species not readily available from
commercial sources. Fifteen topsoiled, thirteen nontopsoiled, and one native range study area were
sampled at or near a coal strip mine at Colstrip, Montana, in May and June 1979, using frequency data
and Domin-Krajina cover-abundance estimates .

Results indicated that properly handled topsoil, especially direct-take, increased numbers of total
species and numbers and frequency of nonseeded native species on mined land. Perennial native
species in the 0-20 percent frequency range and in the rare, less than I percent, and 1-5 percent cover
classes were increased if smooth bromegrass (Bvomus inermis) was not abundant. Topsoiling also
increased numbers and frequency of warm season perennial grasses and warm season forbs if smooth
bromegrass was not abundant.

The exclusion of aggressive perennial grasses, especially smooth bromegrass from seeding mixtures
was a major factor in encouraging nonseeded species establishment.

Proper grazing of revegetated mined land communities also increased total numbers and cover of
nonseeded species.
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ABSTRACT.

The purpose of this study was to determine the extent to which .
reclamation practices, especially topsoiling, aided nonseeded species
“establishment on revegetated mined land. Nonseeded species are de-
'sirable because of their potential to increase diversity with species
not readily available from commercial sources. Fifteemn topsoiled,
thirteen nontopsoiled, and one native range study area were sampled
at or near a coal strip mine at Colstrip, Momtana, in May and June
1979, using frequency data and Domin-Krajina cover-abundance esti-
mates. . .

Resultsg indicated that properly handled topsoil, especially
direct—take, increased numbers of total species and numbers and
frequency of nonseeded native species on mined land. Perennial
native species in the 0-20 percent frequency range and in the rare,
less than 1 percent, and 1-5 percent cover classes were increased if
smooth bromegrass (Bromus inermis) was not abundant. Topsoiling also
increased numbers and frequency of warm season perennial grasses and
warm season forbs if smooth bromegrass was not abundant.

The exclusion of aggressive perennial grasses, especially
smooth bromegrass from seeding mixtures was a major factor in
encouraging nonseeded species establishment.

Proper grazing of revegetated -mined land communities also
increased total numbers and cover of nonseeded species.




INTRODUCTION

Montana's Strip éna Underground Mine Reclamétion Act of l§77
fequires "a diverse, effective,-and pé?ﬁéngnt vegetétivé cover of the
same seasonal variety.nétive fo the area" to be estaﬁliéhed op'coal‘
strip mined land before it is:iegally'réélaimed. _The -Montana réclé—.
mation regulations require:eéch operator"fo_establish at least one
unmined reference afea in good,fange qoﬁdition, based on Séil Conser- ‘
vation Service range condition.guides, for-each‘ﬁa#ive plant:communify‘“
type to be mined.’ Sﬁccesé Sf'reveget;tion is deterﬁined at thé end of
a ten year bond period by‘coﬁpéring rgvegétated-éreés;£§ uﬁmined‘
feference areas. At that éime,’revégétated area% @ust be composed of
at least 51 percent native épecies (baséd‘on prbéuétipn énd canopy
cover) with diversitf (tﬁe number of species.WitﬂAﬁgéé%than'oﬁé per-
cent gréund covef)_comparablé.to'thay Qf‘;eferenée ;réas. In addi- :
tion; ;evegetatedfareas mugtxbé éoméafaﬁléﬂto.refeyenge areas iﬁ'cu;J.
rent annual préduétion, ground cover fof.éach moféhdiqgical élaé;y*-
and seasonality éf species.,'Rgveéetatéé g}eas muét bg-grazed:auring«
the last two bonding Yearsf Td meetuﬁhese'criteria,"ithwill'be néé—-
- essary to understand the moﬁified sﬁéceésibnal pattéfpé_resﬁlting~
from cultural attempts to speed up.pléﬁt sucéeséion.on éoa; mined
areas. N |

Montana reclamation regulations require topsoil. to be spread on
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gréded and contoured spéii prior to seeding. Topsoiling has potential
to encourage native species establishment, but the degree of such
establishment has not been adequately documented (Howard and Samuel,
1979). Proper handling, stoékpiling,-and spreading of topsoil.are
important in determining its ability to add nonseeded native species
to revegetated plant communities. However, ambiguous regulatory defi4-
nitions of topsoil have resulted in the mixing and dilution of soil
horizons, often destroying soil structure, microorganism populations,
seed reservoirs, and other reproductive plant parts (Miller, 1978;
Robbins, 1980).

Regulations require the use of genotypically adaéted seed and
‘seedlings when availaﬁle in sufficient guality and éuantity. Since
commercial sources of native plant species are limited or nonexistent,
topsoiling is a potential source of:species that.capnot be obtained
commercially (Beauchamp ét al., l9f5). It is important to identify
which'nonseeded species can be established by ;opsqiling and té iden—:
tify thei£ gco}ogical roles.

The purpose of this study was to determine the.extent to which
téﬁsoil aids nonseeded gpecies establishment‘in révegetatea‘mined
land communities. Other reclamation practices were also-investigated
to determine their effect on nonseeded'speqies establishment. This'
research project is associated with aﬁ existing study on surface mined

land in eastern Montana (Sindelar and Plantenberg, 1977, 1978, 1979).




" Objectives of this study on mined land were to:
1. Determine the role of tOpSOll in establlshment of
nonseeded spec1es.

2. Determine the effects of cultural practices on non- °
seeded species establishment. o

3. Identify successfully established npnéeeded plant
species and define their ecological roles.-




LITERATURE REVIEW

FACTORS INFLUENCING SEED NUMBERS AND GERMINATION TN TOPSOIL

The .number and type of viéble‘seed present at any one timé in the
soil depends on maﬁy.factors. Major and Pyott (1966) examined a Cali-
fofnia‘bﬁnchg;ass type and found grazed plots to havé'higher nuﬁberé of’
seed (12,290 seed/mz) than ungrazed plots (8,230 seed/mz). Bran (l§43)
measured seed yield in central North American grasslands and éound :
consiaerable variation within each £ypé over a three year périod. ‘In
_blue g;:ama—buffalograss (Bouteloua graejiZ’i's—BLtcthe .da'ctyloi'des_) domi-
nated grasslaﬁd.seed yieias were 720—53,206-mg/m2,.whi1e little blue-
stem (Schizachyrium scopariu}n) and big bluestem (Andropogon gesandi)

grasslaﬁd éeed yields varied between 4,510-40,100 'mg/m2 and'0—118,900

mg/m2 respectively. Rabotnov (1955) repoited smooth bromegrass mneadow- '

land in the USSR to have betweeﬁ 280-2,450 seéé/mz. ,B;ake (;9355 égd
Lipperf.and Hopkiﬁs-(l950) oﬁserved low numbe£5‘of 5§ried Viéble‘seed& )
in the Great Plainé, with native perenﬁial gra;slanas fieldihg 300-800
seed/mz; The majofity of'seéd were énnuéi grasseéAo¥_forbs.  ,

Because of their methods of dispersion, reproductive outputs, and

_seed longevities, colonizing and pioneering species tend to leave large .

seed reserves in the soil (Harper, 1977). However, a lérge number of -
séed in the soil does not insure-a reliable source of potential plant

material. Many factors affect the number and type of Seed-that-ﬁill
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germinate. Weaverdandiclenents (1938) stated that certain charaeter—
.istics of the seed or of the embryovitself can cause germination fail-.
ure- even under favorable external_eonditions..

McMinn (1952), May et al. (1971), and Dwyer and Aguirre (1978)
found.moisture to be the most'critical factor liﬁiting germination in'.
arid and semiaridﬂland;' Weaver and Himmel‘(lQBl) found water content
of the soil and air humidity todheimajor‘influencing factors in the
prairie environment. " Soil moisture in the surface 15 cm of unplowed
soil often varied ten nercent or more'during a single week. Moore.and
Wein (1977) stated that ‘numbers oi seed present in the 5011 were much
greater thau‘numbers germinatlnglt-Knipe and Sprlngfleld {1972) found
natural reproductlon from seed of alkali sacaton- (DPO”ObOZMo az fozdeo)
in New Mexico subject to-high loss by wind, water, and unfavorable con~
ditions for seedling establishment}.thus limiting natural reseeding of
. disturbed land. Roberts (l97é):iound that yiable seed could be lost _
- from a site-by germination, predation;'and'fungal pathogens.

The nuﬁber of seed remaining*uiahle in a soil denendshon the"
spec1es, length of time seed are buried number -of - seed produced,
durabillty of the seed coat, and the seed's response to moisture
(Bookhout, 1958). Hull (19731 reported that some seed will remain"
viable up tolseveral hundred years. - Hard-coated seed lespecially
legumes).retain their viabilité longer than'soft4coated seed. Longev—

ity of most seed is greatest when stored at‘low temperatures, low
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moisture .content, low ﬁumidity, and in the absence of oxygen (Crocker,
1945; Barton, 1953 and 1961; Hafenrichtesi, et al., 19265; Windle et al.,-
1966). |

Rate of germination is a species charaéteristic, but withiﬁ a
species, younger seed .emerge faster than older seed éHull, 1573).
Deeply buried seed ére generally older aﬂd have a'lower germination
rate than those from'upper soil layers. Rabotnov (1958) found that
deep burial induced seed dormancy and Aecreased viability. He found
64.0-99.6 percent of -all seed';n a pasture to be in thé top 10 cm of
soil. 1In the type he classified ésA"méadow", the'ﬁumber of seed bﬁried
2 to 10 cm deep was gréater'than.the number of seed at'depth; less than
2 cm. |

Excessive litter accumulations can rétard both seedling germina-
tion and tﬁe development of established.plants~(Heady,-1975; Redmann,
1975). Successful germinatibn and egfaplishment occurs at proper soil
depths. Seed must be covered with~soil to permit germination and
establishment (Weaver and Clements, 1938). When seeds germinate in
the litter of dry environmenté, seealings are suspended above the
moisture supply of mineral soil. Their survival depénds on rapid
elongation.of thé r;dicle because the porous litter and duff dry out
rapidly.' Thick surface layeré éf organic debris restrict the number
of species, contributing to floristic éimplificétion {Daubenmire,

1968).
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Both OlmsteéanuiCurtis (1947) aﬁd Weaver and Ro&land (1952)
founa excéssive accumulations of litter'énd duff to reduce soil
temperature to levels which inhibit seedling germination and growth.
Weaver and Rowland found these conditions to favor dominance by a’
éinéle species. Blake (1935) found thét_éeéd'falling.in dense vege-
tation wére caught and heid in crowns of old plants, inhibiting
placement in proper seed beds.

Beauchamp (1973) fouﬂd the season of seed collgctipn affeéted the
number énd type of seed gefminating in a greenhouse study. Grass seed

" are generally better able to respénd to available moisﬁure'and germi-

‘nate faster: than forb seed (Major and Pyott, 1966; Dwyer and Aguirre,

1978).

Prince and Hodgdon (1946) ana Lippérﬁ,and Hopkins (1950) found
that seed buried in soil does not ' necessarily bear a close relation-
ship to coﬁpostion of‘the Qegetation present. Of1téh perennial |
"speciés found on a sité-by,Prinee and Hodédon;:none haqmgermigabie‘”

seed in the soil.

Golubeva (1962) working on a meadow-steppe found only two percent.’

of thé viable buried ;eéd‘fo be those of éominanf, perennial grass-:
species. He atfributed tﬁis small.number'to yearly Vafiations in
fruiting, rapid seediingagérminatioﬁ, énd short viability in mbst
pereﬁnial species. . | |

Harper (1965 and 1977) suggested the availability of suitable
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microsites on a soil surface:may>regulate the number of plants estab-~-
lishing from seed because the surrounding environment aetermines
whether proper environmental conditions, resouices, and stimuli are
received for germination; Because species' germination requiréments
for "safe sites" showed a considerable s&btletyr>he concluded the
ability of the ecoéystem to prqvide microsites can determine the number

‘and variety of seedlings that are recruited from a seed bank into a

population of growing seedlings.

iéOURCES OF NONSEEDED SPECIES ON MINED ﬁAND ) -  .'
Topsoil |

Litérature dealiné with the poténtial of topsoil to provide
viable seed and vegetativé parts_is,limited. Kohnkg {1950) found
species volunteering on overburden to be pfedominanfly those with seed
which are easiiy carried by wind or introduced in the original top-
soil. In a study condﬁcted in'southweétern Wyoming, Beauchamp (1973),
after one growing $easén, fouﬁd éeedling‘density on overburden seeded
with crested wheatgrass (Agropyﬁon eristatum) greater (290 seediiggs/
m2) than nonseeded overburden left to patﬁfally revggetate (11 seed-
lings/mz). In gregnhouse.studies involving seed collected from the
top 5 cm of topsoil at various native range sites in Wyominé; hé ‘
found it not advisaﬁie to depend solely on.yiable éeed_in,the soil fof

revegetation. Although each sample contained enough viable seed to
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_revegetate an area much greater than his original quadrat size,:lack
of preéipitation limited germination. bf thosé species germinating,
mos; were'commoﬁ to early secondary succession in the‘aréa (Beauchamp‘
et al., 1975). | |
Studies conducted in Wyoming and Colbrado by ﬁ0ward and Samﬁel

(1959) showed several species present in ponseeded topsoiiediploﬁs-
after 14 months of treatment, despite drought conditions. They con-
cluded thgt direct-take topsoil spread in early spring can ’be an‘
_important source of rhizomes aqd other vegétative parts froﬁ’ﬁseful-
" reclamation plaﬁtS'in arid regiohs. Ithorfh Dakoté,_Wali {1980)
foﬁnd that fegardless of species seeded,'iﬁitial veééfation wég de- -

termined by .the diversity of viable seéd:present in the topsoillj'\

"Natural Migration':

Thé_primaryﬂfactér influencing a spééies' migration is iﬁs :
means of mobi;itf_(Praeger} 1923);"M§511ity is dgterﬁihed by size,
weight,-sufface characteriétics,Aéna amoﬁnt of dissémipules producéd.
The ferfility of seea is greatest in tfpiqa} “poly;ﬁ;hous“‘séecies
ﬁhich proauce one seéd per floﬁer as obser&edrin grassés; éomposites,'
and other achene bearing families. This ig shownfby.éheilarge number.
of successful invaders (weeds) éroduced by these-gfoups. The perj.---
fection of the migratory devicé and_tﬁe distance of:miérafion deter- .
mine which pioneer species will enter, as well és.wﬁen~other'specie5'

will appear (Clements, 1916). Daubenmire (1968) stated{ "survival of -
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pioneer‘species depéﬁds 6n‘thei¥ ability to prodﬁée highly mobile
disseminules in great quantifieslénd.at an early age, permitting them .
to gvoid intense coﬁpetitioﬁ by téking'édvantage of newly created bare
areas." - ;n contrast, climgx plahté have heavier:disseﬁinules and
spread slowly into new territory. Saiisbury (1942) and Daubenmire7
k1968)'found seed size increased.in'higher'Successional étages, while
the number of viable seed per plant decreased. Rice et al. (1960)
showed that seed of prairié-threéawﬁ‘CAristi&a OZigqﬁtha); an’ early
successignél plant,” were carried iong digxanceé,ﬁy wind,.Qhereasnfxaité
of little blﬁestem, é species of lafer_éuccéssiagai s£a§es, werévcarr'
_ried‘only sﬂort distancés frém parenflblants. Although.natural.migia_
tion would‘eventually supply invéding éian£ species'on seeded mine spoil,
one pﬁtentiql value of tbpsoil méy.be itg:ability to supply fhese

heavier, less mobile disseminules of climax species earlier.

OLD..FIELD SUCCESSION ON GRASSLANDS -

once preseﬁt, the éotential_of a‘species‘to:establish itself is
.influenced by many envifonmehtél fac£ars. Succésgion stuaies quantif&
this‘potential and reiéte'i#'to predi¢£able pétterns. 0ld field
succession has been tho:ouéh;? reéeérchéa'in much of the United

States {(Haug, 1970). Although not totally applicable to succession

on seeded mine spoil, some aspects of the pattérhS, functions, and
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ihteractiéns of,?norﬁal" successiqﬁal stages apply.

Ba%zaz (1975) dgscribed éecopdary éuccession as "a p?ocess of
syétems repair through which the attribute$_of a mature ecosystem are
restored, including: high'séecies diversity, étructﬁfal.coﬁplegity,‘
cloéed mine?al cycling, balance betwéeﬁ community productivity and
respiration and'pérhaps; system'S£ébili£y.;

 several authors have‘documénted the geﬁeral pattern of old field
succes;ion fsﬁith, 1940& Booth,.l941;ACostello, 1924; Keéver,'i950:
Bazzaz,-l§75; Tfamer, 1975). Itiis igiﬁiatgd with an annual forb ihVa;
sion by spécies‘adapted for migrétion'beéause.of tﬁmbling hébiés,
spines and pficklgs on fruits; pfodi§i§us se¢d~pfoauctioh, early ger-
minétioﬁ; and a short life cyclej(Smith,'l§40; C;stello,.l944).' -

Severai gdaptations aid the cdmpefitive.advantaée of piohéering
species, inéluding‘earlinesé of taprdotvﬁénetration; ability to'garne;
nuf;ients.in short supply, .and abiliéy to withstandfdfoughﬁ or poof
. soil aeration. 1In additién, pioneers-tend to be xerobhytic}‘iightl
‘demandiﬁg; heat dgmanding,;frost hardy} dgep réoﬁing, anq not eiadfing
as to soil. They are éenérally intéléfant 6£ ébnditiohs that arisé‘as_
a dense plan£ cover develops so their tenure is usual;y limited to -
one generation (Daubenmire, i968).

First fear.cémmunities_consisthof scattered inéividuals of pio-
'neer speciés,:which become more unifo;m in distribution the sécondf

year. BSoon after, these pioneers begin to die due to competitionffor
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soil moisture and decreased.prodnction of viable seed (Booth, 1941; -

Costello,. 1944).

With normal weather, perennial forbs replace annuals and become

progressively more important through-time; They dominate the community
earlier and more completely each successive year (Costello, 1944;
Tramer, 1975). The perennial forb stage is followed by either annual i
grasses or short lived perennial grasses, depending on climate and -
other environmental factors. The final stage is dominance by more
permanent, long lived perennials.
General-tendencies of-old field succession on a mixed prairie-
grassland in northeastern Colorado were summarized by Costello (1944):
1. Replacement of annuals by perennials..
2. Gradual reduction 1n percent comp051ton contrlbuted
by forbs. - .
3. _Increased abundance of grasses.
4. Increased density of ground cover as cllmax assoc1atlons
are approached. o oY

5. Increased numbers of spec1es as cllmax is approached.

Most species were retained throughout, several seral stages but in-

differing amounts as each sere reached maximum development (Costello,-

-1944). .Smith (1940) found 30 percent. of the species Iisted in early =

stages to be presentlthrough all stages of succession. . The later in

succession a species appeared, the greater its chance of surviving in-

the climax vegetation.
Keever (1950) suggested that because of -life cycle'event timing '

of early.invaders, the season of the year Ehar‘secondary succession '
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was initiated influenced the eventual dgminant species more than
environmental chéﬁges‘brought on éy thoée invaders. Although the ‘
" influence of a species on its epvi?oﬁment may prodﬁbé conditions which =
keep it from surviving,-those conditioﬁs doznot always favqrnéhe next
invadex. Secondary invaaers may éttgin doﬁiﬁance‘in ;pité of and nbt’
because of changes in environmehf brought about‘by the fifst doﬁinan£
(Keever, 1950). The ﬂabitat determines both when the seed wiil gérmi—
nate.during the season anélifldérﬁant seeé‘wili remain,yiéble:(CleJV

.ments, 1916).

ROLE QF.COI\dPE;I‘ITION IN ESTABLISHMENT. -
‘Odum'(1971)'definéd'interspecifié ¢ompe£ition as én intefaction
‘between two or more speciés‘ populations_which aéversely affect théir
growth aﬁd'survival..:C;mbetitién Was=défined by Weave£ ;ndiclements
(1938)_and Harpef‘(1977),_ aé'changeg in the environmént'that are
brought abou£ 5y thé‘proximity.pf’inéi&idual;plaﬁts.
Coméetitibn begiﬁé,eariy in-éuc;éssion. Ip herbaceous speéies,
: dangér arises_from exﬁess coﬁpeﬁitibg:immgdi;telf after germihation
(Clements, 1916). Cleménts féﬁnd #hat'oncé ; seealing became'estéb;‘
lished it Qas fairly"cértain_tq agéelop, especially with herbaceous .
pl%nts. ‘ﬁhen‘denée stands: of .seedlings of séveral spécies start .

growth at the same time, any initiél'advantage may lead to a lasting
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superiority iﬁ‘growth (Dauﬁenmire, 1968; Mueller-Dombois and Ellenberg,
1974). 1In sparse stands, competition becomes noticeable later in the
life cycle. Braun-Blanquet (1951) observed competition in the early
life history of many species to be so,dras£ic:that few individuélsv
survived. Competition ;mong mature élaptsAwas of sécondary importance
so far as survival of a taxonomic unit in an ecésystem was concerned.

Life form duration (annual versus perennial), rapid grthh rate,
lefficient up?ake of nutrients, rate and amount of germinatioﬁ, vege—
tative reproduction, a species’ cépacity to maintain'its presence,-
and genetic variability and plasticiti all heip a plant to accommodate
a severe-condition (Clementé'et al., 1929;-Braﬁn—Blaﬁquét, i932;
Daubenmire, 1968). -

The competitive exclusion principle between closely related
species résults in equilibrium ééjustmenté in which one species re-
places another or forces it to occupy anqther,spaée and'yields eco~
logical separation of related séecies (Odum, 1971).

It is characteristic of competition in all‘plant communities to -
increase along with increases in:populétion numbers until thg‘clim;x
or subclimax is reached (Clements, 1916). The inherent capécity of;
plants for growth and reproduction leads to compétitioﬁ’for avail—
able niches in each habitat, resulting in a tendency for all plant
communities to become closed. Closed plant communities Wwith estab-

lished stands of vegetation fully utilizing the habitat axe-@ot. .
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reagily invaded. Plant communities populated by few,gﬁecies are'ﬁqre‘
readily invaded becau§e~plants.arevunéble to mohopolizé‘thé limiting
factor,. ﬁsually moisture, through the entire growing seasoﬁ (Clemenfs,
'1916; Robertsqn'and Pearse,‘l§45)f The numbér of stagés of succession
“is largely:determined by this inc#eésiné difficulty of invasion as the
area becomes stabilized (Cleménés, 19i6).. Stabilization' results when
the entrance of invade;s capable of infldeﬁcing community structure is

no longer possible.(Clements ef.al., 1929).

FACTORS INFLUENCING 'FLUCTUA.TIOI;‘IS-'.IN -szBLE PLANT COMMUNITIES
‘Humphrey (1958) féund radiq;i changesgin\plant ¢ommuni£§ floris-
tics to be deéendeqt.on:‘ (é)vdevelopmentai changes iﬁ endemic or
'ﬁearby exotic vegetatioh'which_is.ﬁéuaily;too_slow a process to con-
'. sidér on a shorﬁ térm basis for plant éommdnity chanée; {(b) introduc-
’ .tion,of néw species'of.varietieéé-ﬂ;) marked chaﬁges in such environ-
" mental fgctbrs'aé élimate,_érazing, and plant ;ompetition. Strié
‘ﬁihing can aiép be aéded} R65e££son'énd Pearse (1945} -found tha£ '
.marked depértures‘from-nbrmal'patterns.in ar;@ or Sémigrid climates'
can open communities to invaéién;
Species compbsition'af:nafural grasélands fluctuates much morghin
:response to environmentai infiﬁéﬂées than does that of woody shrub--"
" lands and féréststn Seasonal—flucfuatioﬁ @f relative species agundance

in grassland increases with degree of fluctuation in the environment.
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Yet, it is probable éhat heﬁeéeﬁeity of plant cover as a.whole,is'
increased by envirqnﬁentalffluetuatioﬁ:es speeies which are not
adépted.to,suiviving extremes ere excluded from the.commﬁnity (Coup-
land, 1974). |

Beceuse the ecologicai respense'efje-species éléo'depends upon
that‘of its-eompetitors, the fesponse‘ceﬁnot be cenetant.' Wherever
main compefitors differ ie £he reﬁgerf‘a séecies,.its eeelogieal‘or
sociological resppﬁse'will differ'alsq.~ZTherefere;ecological behavior
and competitive ability'of:e,plaﬁ£-epecies are,rather_complex;. They
are the result of both moréhoiogieai étfuctﬁre and_thsieioéical
requirements'astmatched with-fhélehvifoﬂmentalkresoureee:aﬁailable in
the habltat'and modlfled Dy competlng-plant spec1es (Mue;ler-Domb01s
and Ellenberg, 1974}).

Competltlon is keenest when 1nd1v1duels are most similar. There~
fere competition among plan£s.ef differeht species_vafies directly
with their simiia?ity‘in‘growth or 1ife'f9£m.:,This'iS'of.p;imary :
impoffance in.competition arisiné‘beﬁweeﬁ'occupenés end invadefs;in'
different stageé of successiené',Inyéders_so'ﬁnlike'the.eccﬁpaets

that they enter with a7c1ear'adVanta§e of-disadvaﬁtage establish

themselves readily, in one case as a-fesult of reaction, in the other

by taklng a subordlnate p051tlon (Clements, 1916) The tendency to

limit spec1es to a group with matched abllltles under a partlcular

type and. intensity of competition makes’competitlve elimination a -
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major unifying force responsible .for much of the similarity among

stable vegetation units in similar habitats. As succession advances

- and ‘competition intensifies, a species may be eliminated from certain -

habitats where in early seral stages it gzéw well, if not at its best,,‘
and the érea; charaqtefized_by its sﬁécess or failufe become more
shérply differentiafed (Daubenmire, 1968).

Because soil tex&ure and su;face topography are not uniform,'
vegetation patterns are created along ﬁoisture gradients. Working in
the northern Rockthountgins; McMinn (1552) found distinct differences

among plant assoqiatioﬁs in the amount of soil drought they could tol-

ératé, with soil drogght‘being éé?liestiand‘aéepest inlgrass;and com-
 munities. He éqncluded.that the spread Qf plant‘assoc;ations iﬁto dry.
'areés was prevented because of éoil dfoughtm If'tﬁis‘idea is extended
.ntd @ﬂclu&é the spread of indi%iduéi{specigs éhen-droughﬁ‘will also be

. ¥¥miting in revegetated mined land communities.

POTENTIAL SPECIES INVASION AND SUCCESSION ON STRIP MINED.SPOIL
Wali (1980) stated that succession on topsoiled strip mined spoil.

will resemble secondary succession more than primary succession be-

"cause topsoil provides organic matter, nutrients, seed, and propagules

from original Qegetation. 0ld field succession patterns differ from ‘
that on strip mined land in that spoil areas are often seeded. Com-

petition from seeded species becomes a primary factor in determining

RESY 2
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which species will be able to establish in a mined land plant commun- -
ity. Nonseeded native species have several inherent disadvéntages:

1. There are generally more . seed of seeded species

properly. placed for ideal germination in the .
prepared seedbed. Nonseeded species -may be found
~at-any depth or location. . : g

2. Seeded introduced species galn a competitive advan=-

tage by 'germinating and establishing faster, making
use of available nutrients and moisture before': -
riatives (Depuit et al., 1978). .

Research deéling with successiqn‘and species invasion of strip .
mined spoil in the arid and sSemiarid West has been limited. Hall
(1957) and. Leisman (1957) found'that pioneer ‘vegetation invading striﬁ o
mined areas was usuélly détermined'by~characteristics and éonfigura*‘
tion of the spoil, nature of adjacent vegetation, and habitat;re— )
quirements_of the vegetation. Hodder..et al.. {1970) claimed‘fhat slope
exposure significantiy affected invading spécies‘onuspoil, with north
and east exposures having more surface moisture for establishment..
Meyn et al. (1976} found that weedy invaders offered some degree of.-L_
protection to seeded species from wind and water, but if allowed to .-
grow without competition; probably increased the length of time nec-—
essary to establish diverse and self-sustaining plant communities.
Sindelar and Plantenberg (1978) found that competition resulted in
population replacement and étructural changes in most seeded communities

on mined land. Life forms characteristic of early siuccession were

seldom abundant for more than two years following seeding;f Golley

Y
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(1965) found that rate of éhange within or between seral stages of a
community ma& beliﬁfluenqed by size -of the disturbed area and invaéion.
gbility of‘species‘on adjéc%nf land. Old,:natu#a;iy-revégetated level

spoil communities at Colstrip generally had greater species diversity .

-

fhan seeded mine époil; their diverity was equal to or greater than
diversity of grazed native range (Sindelar and Plantenberg, 1978).
On steep seeded spoil in North Dakota, Williams (1978) concluded .

diversity was affected by age and was much lower. on mined land than

-

on unmined land, regardless of -age.:

R ¥ .

_- 7 DePuit et_ain; (1978) found competitive inhibition of ﬁéiive

species when they'are‘seeded in mixtures containing éven a iow propor-
tion of néturalized ihéroduced_species.: They concluded £hat adequate
~and aiversé‘native species establishment méy be enhanced 'if .natural-.
iied-introduced specieé, especial;y crésted énd tall wheatgrasses
(Agropyron eZongatum) are eliminaﬁeaxf£oﬁ géeding mixfures.‘_ i
| In a stﬁdyyof native specie; best adapted to seeding and estab-
~iishment on éoai’strip'ﬁined land:in éoutheasté#nlMonfané, Eadleman
(1978 apd 1979).deterﬁined that initia;-seedling'sufviﬁal, rates of

‘"root and shoot growth, and resistance to moisture stress determine

the degree of success exhibited by a species. He found a wideé variety .

- of germination requirements and ideal. seed ages.in the native species

he investigated. It is probable that. there is no ideal length of time

)
2y Rk )
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forftopéoil storage-df treatment for all native_épecies.

éindeiar énd:Plantenberé (1978)\fouﬁd plénf eétablishﬁént and
succession on seeded spoil to be influéncedvﬁy spééieé seeded, weather
coﬁditions, cultural bracfices aﬁd postmining managéméntf -Although
advanced life forms such as perenﬁial grasses, forbs, and shrubs were
- readily established by seeding, the use.of agéreésive introdﬁcéd
species, especially smooth broﬁégfass, had limited cCommunity diVersify
and native.species inyésion;:‘Thé inabilit& of native species to es- .
téblish,and become: dominant on séédéd sites was d&é:to uhsﬁitability

of éultural'practiceshand the ‘often limited ability of native species

to become established by seeding. fThe'éventual effect-was'dependent"-

" upon the type of’cultural'practiée; clim;teh.and-degree of-managemeﬁt.
They éoncluéed that topsoiling és a gﬁlpﬁral précfiéé has great
‘potential to;iﬁcrease sée;ies'numbers gnd diVeréity on éeeded mined.
'.iand but improper use oé tbpsoii has. limited its effectivengss.~

\
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~ METHODS AND PROCEDURES

SITE SELECTION

Site selection was based on.availability of historical informa-

. tion from research reports and coal company recerds and was completed

duriﬁg late April and eérly'M;y of 1979.

To determine how cultural.préctices affected preéghce and abun-
dance of nonseeded species on réﬁégetated mined land communities,-aé'
many site treatﬁénts and agesﬂas:poséible_were inc}ddeé.'.Fifteén
topéoiied sites and thirtéen nontopsoiled sites were chpsen. In

addition, one native range area in good condition was sampled for -

comparative purposes.

SAMPLING PROCEDURE S

. Frequency -

Sites were sampled within a short time to minimize environmental
variability. Frequency was chosen as a fast method-of_determining.

differences among sites. It is not an absolute measure because

results obtained depend in part on quadrat size and'shape. Proper
quadrat size is a function of plant size and species richness per

unit area {Mueller-Dombois ana-Ellenberg, 1974). Daubenmire (1968) -

regarded ideal guadrat size as consisténtlyvyielding two or three

species at or near 100 percent frequency;
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A,review'of the previous year's data from an associated stud?
on six éf_the sites (Sindelar aﬁd Pléntenbefg, 1979) ihdica;ed that a 
2x5. dm reéténgﬁla;.quadrat (Daubenmire,_l959) épproached Déubenmire's_.”

criterion. However, a.few sites had greater than three species at or

.near 100 percent frequency. This relatively large quadrat size was

chosen over a point frequency method in order to maximize the area-

covered within a minimum number of samples. Species area curves

indicated that .20, 2x5 dﬁ quédrats per site was an efficient sample
number,; Qifh ail but three'sites le%eliﬁg in species numbe;s:with 20 .
or fewer quad;ats.

..~Sampling was conductea’éarly in tﬁe 1878 g;dwing seasbn tMay 1
to May.l6i to give consideration to early maturing speéie;,reépeéially
forbs, which might have been overlooked with later sémpling aétes. |

. A central.iocation;was choseﬂnoﬁ each’site‘aﬁd eéch.éamélé quéd—’

rat was located by pacihg:northward.o£ gouthward‘from £his3cen£er.
point. The direction and puﬁber—of gteps were determined from a ran-. -
dom numbgrs table. Fréquéncy‘waé fecsfdéd for alljgpeciés; alive or .
dgaé,'which wefé overhanging»of rooﬁediin the;quadfét; -in'aadition,
species lists were made.fo; gach site fo reco;avépecies.hot en&oun—

tered in frequency data.

Cover

Because frequency does not reveal dominance of a site, cover-

Toa




23
abundanéé estimates‘wére made for each species on each‘site using the
Domin—Kraﬁina ﬁethod.' Theée eséiﬁates were maae twé to four weeks
after frequency sampling to'alléw.for additioﬁ%l growth of'early and
midseason species. This'is‘a quick, Visuai.estima£e,6f cover Which'i
is not accufafé én absolute scales, but gpod'for relative comparisons
.aﬁong éités iMueller;Dombois'and Ellenbérg, 1974).

N Six:sifes wére simultaneously monitéred in a mined'land succes-
sion study; Exteﬁsive species lists had.béeﬁ cons£ructed for tﬁesef
sites'and'détgiled cover'eétimates had been.made usipg.a modified
Daubenmire technique (baubenﬁiée} l95§; Sindelar and?fl;ntenbérg,:
1977, 1978( and ;Q?Q).l'In addition, de;éiled cover.estimates aﬁd'
species iists we;e_made for the,nafive iange area by ﬁunsho&er_ét al.
(1978) and DePuit (uﬁpuﬁlishedﬁdata,l1959). Cover data derived from
the Daubénﬁire procedure were élaésified'into Domin~Krajina categofigs
(Téble'i), but'inclﬁded Oniy those .species encount;%éd in 40, ?xé dm
quédrats perv§ite. .Therefore,:these are minimum ;étimapes of the'..

number of species present on these sites. -

Frequency and cover were compared among sites to determine ef-
fects of reclamation practices on nonseeded species establishment.
Cover estimates provided a basis for comparing percent composition of

individual species and groups.of species among sites. Differences in

species ecological roles as a result of site treatments were evaluated..
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- Table 1, Domin-Krajina coﬁé:—abundance categories

Category Nnmber Percent Cover Description

' 10 100 - -
9 >75 ) -
8 50-75 ° ~
7 33-50 ] ~
6 25-33 -
5 10-25 -
4 5-10 -
3 1-5 -
2 <l . Scattered individuals with

) " cover under 1/20 )
1 0.1 - - Seldom present, with insig-
’ : nificant cover ° '

+ - . ~ Rare (R) R Solitary individual with
] - insignificant cover

The Chi-square teét.of.significance was used to determine differ-

‘ences in\frequeﬂcies amphg sités{ Analysis of_yarianée and Student
t-tests weré used for aetermining;sité'differeﬁces iﬁ spécies nqmbers

- and cover values. 'All-s£atisticalltests weré'made étlthg 0.05 level
éf significance. |

Cluster analysis used similafify indices determined from fre-

:quénci défaIISOkal and Sneath, 1963) t¢ iook,fo; groupings of sités by '

species similarity.

i

|
R




STUDY AREA

COLSTRIP AREA

The Colstrip area has“been.s‘trip‘.mined for cdai sincé i:he. early
- 1920's. Early mined areas were left to revegetate naturally. Since
© 1968 mined'areag and old:spoil-ridges have been,réshaped ana seeded.
Vegetation in the Colstrip area is primarily mixed prairie grassland
intersperséd with ponderosa piﬁe (Pinus ponderosa) oh‘sCattéféd sand-
'stong outéropsl' | ” |
The gfowing éeason_ex£ends from.April to choger with a ffos£ free.

perioavof 120-140 dafs. .Summe£s'a¥eiﬁgt,'dry; and ofﬁen wiﬁdy. Annual
p?ecipitation avéréges 40 cm Wi#h_mosi fallihg asAréin ié Ap;il, May,
and June'(éinaelar‘and Piénteﬁﬁerg; 1975). Several ‘detailed descrip-
‘tions of vegetatiﬁn, topdgraﬁhy,'ciimaté, physiography, soils, and
geogféphy have been previously reported*(Siﬁdelar—e£ al., 1974; Meyp
et al., 1976; Sindelar and’fléntenbeﬁg,'l978} Skiibred, 19795,

B Precipitaﬁion for 1979 was 14.8 cm with 11.0 cm fa;ling during
| the érowing season. Althoﬁgh one:;f'fhé driest years on réqord,‘
stéfed-soil moisture from the éreﬁious fall allo@ed near normal

spring growth.

SITE DESCRIPTIONS

Twenty-eight study sites were located on revégetated 'spoil at-

Western Enérgy'Compaﬁyﬂs Rosebud Mine and Peabody,Coal Company's Big
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Sky Mine near Colstrip (Figéres 1 and 2). In addition, one native
range area near Colstrip was sampled for comparison. Except for
native range and Cape Oliver, topsoiled and noﬁtopsoiled sites were
further divided by smooth bromegrass abundance as described in results
and discussion. These categories were used for assigning names to 27
revegetated mined land sites. éomplete species lists for each site |
and percent frequency and cover of each species from 1979 data appear

in the appendix. In addition, a summary is given of seeded species,

native species, and seasonality of species present.

Topsoiled Si£es

I-A. This sité was located on the Peabody Big Sky Mine approx-
imately 9.6 km south of Colstrip. It was mined in February, then
reshaped and topsoiled during the spring of 1974. Although the area
" was a nonseeded study plot for Arnold and Doilhopfs(l977), it is
probable the site was seeded to an eight species mixture_along with
the adjacent area in Januafy of 1975. It is difficult to tell if the
abundaﬁce of those species in 1979 was Ehe result of seeding or inva-

sion from the adjacent seeded area (Figure 3).




27

T2N

TIN

o

COLSTRIP AREA
LOCATION OF STUDY SITES

== SECONDARY HIGHWAY
— ROAD
-+ RAILROAD
O STUuDY SITE
APPROXIMATE STRIP-MIN

L0058 =)

KM:

“MILES

y

Figure 1.

Study sites located on the Rosebud Mine
near Colstrip, Mt. Corresponding site
numbers are listed in Table 6.

(From Sindelar and Plantenberg, 1978)
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Figure 2. Study sites located on the Big Sky Mine near
Colstrip, Mt. Corresponding site numbers are
listed in Table 6. (From Arnold and Dollhopf, 1577)
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Figure 3. Site I-A.

I-B. This site was immediately adjacent to I-A. 1In 1974, it
was seeded to sideoats grama (Bouteloua curtipendula) to establish a
local seed source for the mining company. The attempt failed and a
mixture of eightAspecies was seeded in January 1975. The site had 52
total species present and was similar in appearance to site I-A

(Figure 4).
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Figure 4. Site I-B

I-C. This site was located 6.5 km soytheast of Colstrip, on a
gentle west slope. It was shaped, topsoiled, and drill seeded with
a broad mixture in the fall of 1975. It was also drill seeded with
annual grains for temporary stabilization. Extreme wind erosion dur-
ing winter and water erosion from spring and summer thunderstorms
damaged the site in 1976. A large number of species was present on
the site.

I-D. This site, located at the Peabody Big Sky Mine, had top-

soil spread and abandoned during the spring of 1977 for a topsoil
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depth research site. It was not seeded or manipulated in any way.
The area was level and dominated by Russian thistle (Salsola kaltz),
cheatgrass brome (Bromus tectorum) and Japanese brome (Bromus japon-

tcus) (Figure 5). Many nonseeded native species were also present.

Figure 5. Site I-D located in the center foreground.

I-E. This area was located 1.6 km southeast of Colstrip. It
was treated with direct-take topsoil. The slope varied from being
nearly level to having a slight northeast exposure (Figure 6)._ Tt
was disced and seeded in April 1979 to 16 grasses, forbs, and shrubs
and then fertilized. An annual cover crop was planted. Iﬁ the

spring of 1979, 53 species were found on the site.
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Figure 6. Site I-E with direct-take topsoil.

I-F. This site was approximately 8 km southeast of Colstrip. It

was reshaped, ripped, topsoiled, disced, cultipacked and harrowed in

October 1973. A portion was subdivided for species trials. 1In the

fall of 1973 and spring 1974, 26 grasses and 1 forb were broadcast
seeded. Plots were cultipacked immediately after seeding. Wind
erosion caused excessivé seed blowout. Thirty-nine nonseeded species
were found on the site.

II-A. This site was mined in October 1970, then reshaped and
topsoiled in the winter of 1972. It was seeded with eight species the

following spring. It was located on a level crest of a small knoll
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at'the Peabody Big Sky Mine and was dominated by smooth bromégrass.‘
II-B. iﬁis'site was‘lbcated épproximately 8 km soﬁtheast>of
Colstrip. it Qas'op a- southwest facing slqpe which was co?ereé with
a 15 cm léyér.of topsoil in April i§72. The site was chiseled on the
con#éur_ahd seeded in May l97é wiﬁh a simple mixture of sudangrass.-
(Sorghum Sud&nense},smcoth.bfomegiass, and fouf&ing_séltbush ?Atriplex

eanescens) and then fértiliéed. It was dominated by smooth bromeérass

with only a few nonseeded species‘present.

II-C, IIFD, II-E. Site II-C was located on a gentle west slope
6.5 km southeast of Colstrip. The'site'was,covered.with an irreguiar,
.layer of topsoil 15-20 cm thick; deepfqhiseled,'and then broadcast

seeded with a mixture-of grasses.,, forbs, and shrubs in May 1972.

‘Wheat (Triticum aestivuﬁ) and sudangrass were drill seeded for tempor--

. ary stabilization. Located downwind from a coal’léader,_the soil
surface was covered with a 0.5-1.0 mm layef of coal dust..
Site II-D had idéntical treatment excépt that. it was burned to

remove excess. litter in April 1978.

" site II-E had treatment identical to TI-C except that it was | ¢,

grazed in 1978.
II-F. Site II-F was located 6.5 km southeast of Colstrip, on a

moderate north slope. It was topsoiled, gouged and broadcast seeded

with a mixture of perennial grasses, forbs, and shrubs and then fer-.

tilized in the spring of 1973. It was dominated by smooth bromegréss,
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II-G, This site was topsoiled and seeded in May'1977 to a mix-
ture of 15 species of grasses, forbs, and shrubs (Field notes of B.
Sindelar, Range Science Department, Montana State University at Boze-
man, 1979). It was located approximately 3.2 km from Colstrip on a
moderate northeast exposure.

II-H. This site was adjacent to the one above, on a moderate
northeast exposure. The site was topsoiled, chiseled and broadcast
seeded to a mixture of 16 grasses, forbs, and shrubs in April 1978.
It was then cultipacked and fertilized. Fifty-seven species were

present on the site in 1979 (Figure 7).

Figure 7. Site II-H in foreground.
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E;:l.i Si#é_II-i‘was locéﬁed 0.8 km southwest of Colstrip on a
gentlé norfh'slope.' Clay textu;es dominéted_thé soil profile. It was
shaped, topsoiled, and drill seedéd.té a~ﬁixtﬁre of 16>gré53es, forbs,
and shrubs:in the spring of 1977. :Barlﬁy (Horaeum vngare) wés also’
seeded for‘temporary stabilizatioﬁ..flt was fertilized iﬂ April 1978
and during the first growing season.QS species were p;eéeﬁt. Portions
of thé site were cu£ for hay iﬁ"the_fall of 1978 in order to remove

excess material and minimize litter accumulation.

~Nontopséiledﬁsites
' ;}1:5.; This site was lo;atéd>é;on§ a moderate northeast siope"

appréximatélyis km éoutheast of éolétrip.i-it was'reghaped‘oid spoil,
seeded in the fall of 1973. A éimple mi#ture of three wheatgrasses,
sweetclover (MeZiZotus off.icinal.is).,. alfalfa.(Medicago sativa), and
" winter wheét:was seeded and fertilizéd iﬁ the fail of 1973. Some
'erosion was aéparent on the sité_(figure 8{ and no pOstségding manage- o
ﬁent had been précticea.

| III-B. This.gite waé located épp;éximately 1.5 km north of Col-
.Strip.» It wés unique iq.thét séver%l cottonwood trees (Popuius dgl—
.toi&es), which ﬁad established at thé,base of the steep épéil, wére
partly buried duriné reshapiﬁg of 61d1§poil_piles (Figpre 9). Thé.site
‘Qas séeded iﬂ 1974 to a simple five speciés mixtﬁre, aﬁd héd subsé—

quently been regularly. grazed. It had.35 species;present’on the éite.
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Figure 8. Erosion rills in vegetation on Site III-A.

Figure 9. Site III-B with cottonwood trees established
in swales of old reshaped spoil.
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III-C. Mining activity began on this site in September 1970. It
was located on Peabody's Big Sky Mine approximately 9.6 km south of
Colstrip. The site was recontoured several times, the last which was
in the winter of 1974. It was seeded in the spring of 1975 witﬁ an
eight species mixture. The blue shale spoil provided a harsh environ-

ment and very little vegetation was present on the site (Figure 10).

o R

Figure 10. Site III-C with sparse vegetation.

III-D. This site was located on a slight northwest exposure,
4 km southeast of Colstrip. Although the spoil was exposed in 1975,
it was still in an active mining area and had not yet been topsoiled

or seeded. The site was dominated by Russian thistle and had 15
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species’ on the.specieé list. -
III-E. sSite III-E was located 6.5 km southeast of Colstrip on a

gentle southeast slope. It was created by reshapinq 13—17-year old’

spoil.in 1962. .The seedbed waé‘prepared,and drill seeded in November' 

1969.with thickspike'wheatgraés'fAéropyron dasystachyum). Thé.next
'spring, areas between‘pqus wéreidfiilisééaed ﬁith a-mixture of native
and in#roduéed peregﬁigl grasses;_légumes, and shrubs.-'Bioadéast.
fertilizing occurred‘ip spring iéﬁd (Sindela; and Plantenbeig,.
-1978).:_ﬁesults from.i979 sho&ed}ﬁhe site had a largé'number of non-
.seedéd species including rubbeffiabbiib;ush (Chrysothamnus nauseosus
Qar. glaéfatué), tﬁe domipant spé;iés'oﬁ £he‘site.

) EY:é- This sité w;s located apprpximately‘8 km southeast of
. Col;trip-along a gentlé.southeést:siope. In No&émbgr 1970 the ﬁariow
étrip of raw spoil was treated with'a specially designéd:éffset lié—
tér—drill:thaﬁ produced a serigé‘bf staggered elongated trenches~td'
redu;ej&ind and wéter-eioéigh‘anajincreasg'water-accumulation'énd
, infiltrétioﬁ._ The\aréa was'broaacést Qeedéd'ﬁith a mixture of 17
* species and fertilized'the folloWing‘spring aﬁd periodically thefe;:
af?er. | | |

. EZ:E; :Thié site was locgtéajépprbximately 6.5 km southeast of
Colst:ip,>‘it was'a.oné acfe bloék with a strongly sloﬁing:north
aspect théf had been-gouged;‘ It.wés;broadéast seeded in DécemberAl97l

. with a mixture of 23 species and fertilized. Data collected in 1979
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indicated smooth bromegrass dominated the site (Figure 11).

Figure 11. Site IV-B with abundant smooth bromegrass.

IV-C. Site IV-C was on old spoil that had been reshaped to a
rolling topography approximately 7 km southeast of Colstrip. The
sample area was the relatively level crest of a small hill. Seeded
in the fall of 1971 to a simple mixture of three perennial grasses
and two legumes, it had been contaminated by aerial seeding of adja-
cent spoil and was dominated by smooth bromegrass and crested wheat-

grass. Diversity was low, with only ten species being present.
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IV-D. ﬁistory dr this site was difficult to obtain, so descrip-
tions are speéﬁlative. It was located 5 km southeast of Colstrip
along a nortneast exposure on old reshaped_spoil that was terraced .on
the centonr by Burlingten Nortnern in 1971. 'It_nas.probably:seeded
the fall of 1971 to'a mixture of three wheatgrasses, sweetclover, and
alfalra and fertilized. Although ne'smootn bromegrass or erested
wheatgrass was seeded,}the sunseqnent aerial”nroadcast seeding of
'nearby pastnres bf Western Energy éompany in 1972 apparentlecontam—
inated the area, allowing smneth bromegrass and cresteddnheatgrass to.
become uniforﬁly established en>the'site. The site'was verffdiverse
. for a nontonsoiled.site with many nonseeded native species present.

IVQE and IV-F. These sites were located in the extreme northern

portion of plt 'six at Rosebud mine approx1mately 7 km southeast of
Colstrip. 'They are part of the first.land disturbed by Western Energy‘
Company 1n that pit. Shaping of the sp011 was completed in 1971
creating a rolling terrain of knolls and swales with north facing
,slopes of 3:1 or less. Steeper.slopes were treated by dozer.bas1ns
and lesser slopes were chiseled or gouged . The seedbed-was prepared
in May 1972, and aerial seeded to a mlxtnre of 17 grasses, -shrubs,
and legumes and fertilized in 1972 and 1974.

:Site.IV—E was'grazed in the spring'and late summer of 1976 by

jearling steers as part of an eight pasture grazing study (DePuit
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et al., l977?. Only a small number. of nonseeded Séecies were found

on either site.

IV-G. “This siée was iocafed‘approximately é km southeast Qf Col-
-strip adjacent to sifg IV—A,"initially,‘pqrtiohs.weré topsoiled in
élternate strips. Héwéver, the site Qas reworked, gouged, and seeded»
in the fal; of 1971 with-23 species.' This activity mixed topsoiléd
‘areas Qith ﬁontopsdiled areas to the'pqint where topsoil was effec—

. tively ﬁéhegistent. For~purposes'of this study;lthé'sité was consid—
ered'nontopéoiled.. | | |

| Cape Oliver. This site.wa; located 3.2 kmfsouthgast of Colstrip.
It was.cféated wﬁen éxcessive‘éverburden was.rémoved from the mine
area between July 1929 and.ﬁayfl93l and'ﬁSed to form ;fnearlf level:
“15 ha dpmp.nearby. ;t was leQeied during:fsfméﬁion'andvthen aban%
donea. Spoil texture varied'from saﬁdy:lqém to claf.“

The site was nafurally revegetated without being_topsoiled{
seeded,'dr-fertiliéed. It has been-perioaically grazed since i93l and-
was leased fqr'spriﬁg‘and fall cgtﬁle-ﬁsé from 1955 to 1973. fortioné
" of the sité were .also used for fecfeation. The study'area_was.doﬁi—
nated_by-blueﬁunqh wheatgr;ss-CAgropyron spieatum) gnd ponderosa pine
(Eigufe 12). in»1977 it was’ in excellent rahge copditign (Sindelarf

and Plantenberg,'l978).
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Figuré 12. Cape Oliver
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Native Range
This site was located 2.3 km northeast of the Colstrip power
piants. The vegetation was predominantly mixed prairie grassland
(Stipa-Carex type) which is an important and widespread plant com-
munity in the Colstrip area. It was located on a lightly grazed
level hilltop in good range condition (Munshower et al., 1978)

(Figure 13).

Figure 13. Native range (Stipa-Carex type).




RESULTS AND DISCUSSION

Exténsive coal mining has occurred in the Colstrip area since
mining resumed in 1968. Due to changes in mining techniques, reclama-
tion laws and pfactices,land climatic variations, the seeded plant
communities produced on mine spoil sincé that time vary greatly in
species composition, dominance, structure, and age (Sindelar and

Plantenberg 1977, 1978, and 1979). The major objectives of this study

were designed to.analyze possible causes of these differences.

THE ROLE OF TOPSOIL IN ESTABLISHMENT OF NONSEEDED SPECIES

Topsoil aids establishment of nonseeded species on minéd land hy: -
(a) supplying seed or other reprodﬁctive plan£ parts of.species that
may not be obtained elsewhere; (b)~improving fhe physical structure:
and chemical properties of the réoﬁing medium. .

Topsoiling may decrease erosiop and sloughing by promoting méfé: 
N rapid vegetation establishment (Hodder, 1973; Dollhopf et ai., 1977).
Arnold and Dollhopf (1977) found>that‘organié'ma££er in topsoil tends e
to stabilize soil aggregates, thus decreasing.soil crusting. This
improves water infiltration, percolation, and.emergence and growth of
vegetation. They found infilpratioﬁ rates to be greater on native
range than-on topsoiled sites, and greater on topsoiled than on non-

topsoiled sites. These differences were attributed to differences

in amounts of vegetation and topsoil.
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. .Freguency daéa and species lists were used fo coﬁpare numbers of

totalJ;pecies, nonseeded speéies, and nafive nonseeded species among
different agéd‘tépsoiled and nontopsoiledlsites. No attempt was*ﬁade
to determine whether nonseeded species were éupplied by topsoil or .
simply encouraged by iﬁpfoved physical:énd-chémiEal characteristicé_
of the rooting medium. | |

D§£a show‘a§erage nﬁmberé of total specie;, pdﬁseededlspecies,:
and nopseeded native speciés to be.sigﬁificaﬁtly:greaﬁer on tbpéoiled:
fhan on noﬁtopsoilédisiteé (Tabléué).'THowevef,.numbers 6ﬁ ﬁénnative
volunteer speci;s qid nof’aiffér significantly;' | | -

Toﬁsoiled éites had. a significantly greater broportion éf nonseeded
native ;pecies than nontoésoiled sité;. In addition, the -average fre—
qﬁency of nonseeded nativé spécieé Was.gieater on topsoiled siteé
(12.8‘pércent) than on hontopsqilédJsifés (7.5 percent), but £hié-

difference was not significant (Table 3)..
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Table 2. Average numbers of species on topsoiled -and nohtoé—
soiled sites from species lists and frequency data.

Topsoiled . Nontopsoiled °
(Ayerage 15 sites) . (Average 12 sites)

From species list s

- Nonnative, non- . _ . ) a
seeded species - 11.8 - _ . o 8.0

Native nonseeded .a . B U _ b
species 8.7 : . 9.5

Total nonseeded A L ) b
species 30.5 ] . "17.8

Total species 40.3% . . . 25J4b

From frequency

Nonnative, non- é ' . . S a
seeded species 7.1 - - . o 6.1

Native nonseeded - 'é L . .
species 6.6 - T ' 2.0

. Total nonseeded - o a S -"':- A b
species : 13.8 : o . 8.1
Total species . 20.0% C14.9°

. Mumbers within rows followed by the same letter are not
significantly different at the P = Q,OS:level.(




Table 3.

nontopsoiled sites.

Average percent freqﬁency and average proportion
of nonseeded native spec1es on topsoiled and

Topsoiled Nontopsoiled
Average percent frequency - '
of nonseeded native a a ’
species 12.8 - . 7:3
- from species ’
_ list a R
Average proportion of 57.17 - 41.1
"nonseeded native. .
species | from . a . b
frequency - . 43.9 16.6

Numbers within rows followed by the same letter are not 51g— :

n1f1cantly dlfferent at the P

'0.05 level.

Total cover, nonseeded-species cover, nonseeded native species

cover, and cover composition of nonseeded native specieé»were not

significantly'différent'between treatments

Table 4. °

‘(Table 4).

Average total cover, average cover. of all noriseeded

species, and average cover and percent. composition
of nonseeded native spec1es on top501led and non-

topsoiled sites.

Average percent cover Topsol;ed Nont09501led
“Nonseeded native species . _ '4;8§.vj o _4.0a
I Nohseeaed‘speéies_ 26.3% - 11.4°%
Total species 6§;4a 63.8°
Percent composition of . j' : :
native-spécies by cover ' - 7. Sa ) 6. 2a

Numbers within rows followed by the same letter are not sig-

nificantly different at the P =

0.05 level

Montana régulations require separate étripping,'storage, and

replacement of topsoil and subsoil on mined areas (Figureé 14 and 15).
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The ability of topsoil to provide species or aid in their establishment
depends in part on how it is handled. Organic matter content and
source of desirable species will depend on premining vegetation, land
use, and dilution of the upper soil horizons during the mining
operation.

Stockpiling topsoil for any period of time between removal and
replacement decreases its potential as a seed reservoir (Miller, 1978).
Topsoil that has not been stockpiled but is replaced directly after
removal (direct-take topsoil) is most effective as a supplier of

nonseeded species.

Figure 14. Depth of topsoil and subsoil removal.




Figuré 15. Stockpiled topsoil.

Only site I-E could be documented as a direct-take topsoil site
(E. Murray, Western Energy Company at Colstrip, Moﬁtana, personal
communication, 1980). This site had more total species, nonseeded

species, and nonseeded native species than the average of 15 top-

soiled sites (Table 5). In addition, the frequency of nonseeded na-

tives was higher on this site than the average of all topsoiled sites.
Although other factors were involved, such as site age, direct-take

topsoil was partly responsible for these differences.
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Table 5. Species numbers and average frequency of nonseeded
native species on site I-E compared to the averages
~from 15 top501led sites.

<

: . Average from 15
From species list Site I-E topsoiled sites

Nonseeded native species B .30 .- .A 12
Nonseeded species | 45 21
Total species . 3 53 - 40
Frequency '
Nonseeded native species ". - 16 -‘.-4'
Nonseeded species . ‘ T o 27 11

2 motal séecies . ' ' N 35 I 20
Average frequency of nonseeded N o . a
native spec1es . . 29.4% R 12.8%

ngh frequen01es of Sandberg bluegrass (Poa Sandbergtt) and-

prairie junegrass (Koelertalcrtstata) both.nonseeded native peren— -

nials, and the occasional presence of other nonseeded natives-(e.g.f

Carex filtfblta) that were rare on other sampled sites indicated the

value of dlrect—take topsoil in’ supplylng and aiding establlshment

of nonseeded speeies of later successional stages in revegetated
mined land communities. ‘

T@ese date iedieate that. properly handled topsoil can:increase
‘the number ef total-séecies and.the number of frequencyfof'nonseeAed
.native species.on reveéetated mined 1eﬁd. >However, total: cover,
co&er of nonseeded speeiee; end eover énd coﬁbosition of nonseeded

native species were not significantly increased by topsociling.
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THE EFFECTS OF ' CULTURAL PRACTICES ON NONSEEDED SPECIES ESTABLISHMENT .

ISihdelar and Plantenberg (1978)'stéted that unsuitability of‘ ,
culturai practices was a major factor influencing:£he abili£§ of |
native species %ouestablish.and becoﬁg dominant on seeded sites. The
eventual effect was dependent upon the éype of éﬁltural practice,
wéatheg, and deg;ee of ﬁanagemeﬁt. |

Cluster analysis, using frequepcy daté and the S6kal and Sneqth
linkage methpd.(1963):révealed'no'distinct'relationships befweén
fopsoiled'and.néntopsoiied sites whep'a;l.species,'all nonseeéed .
-speéies; éhd nonseeded native specieslﬁergxéonéidered.

In additidn, wide variations-;@ong sites witﬁin‘each.treatmeﬁt
(topsoiléd or nontépsoiled)‘suggééted Fhat factors other th;n top-
_';oiling iﬁfiuéncea species ;imilafifi améng'sites. zSevéra; culturél .
practices had paten£ia1 fér é?qdﬁcin§ £his effect:‘,éeediné teméofary
cover crops, %arying season of sgeding;:uée of Vigoroﬁs iﬁtroducgd

. . 1
perennial grasses in

seedihg mixtures,“burning,_graiing, surface-man-
ipulation, method- of seeding, fertilizing and varying the seeding -
rates (Table 6). Investigation of the significance of seeding rates

and fertilization was limited by a.lack -of data and by variations in

the. reporting methods uéed by'difféfené séurces;: However, heavy
'fertiliéatidn resulted in étagnétiop 6f-seeded Qegétatidn, helped to B }
maintain dominance df intfoduced épecies, and was a ma’jor factor'in [
thé.inability_of ﬁative séeéies to éstébiishioﬁ seeded sites.(Sindeiii;jl

and Plantenberg, 1978). .“ ':: . -
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Table 6. Summary of cultural practices used on study sites.
Site Time of Cover crop Surface
No. Site Topsoiled seeding seeded Grazed manipulation
1 i=A yes = no no no
2 I-B yes - no no no
3 E=C yes fall yes no no
4 I=D yes not seeded no no no
5 I-E yes spring yes no -
6 I=F yes spring & fall no no -
7 II-A yes spring no no =
8 Ii=B yes spring yes no -
9 II-C yes spring. yes no no
10 II-D yes spring yes no no
3 2 & II-E yes spring yes yes no
12 II-F yes spring no no gouged
13 II-G yes spring no -
14 II-H yes spring yes no -
5 Ti=1 yes spring yes no no
16 III-A no fall yes no no
7 LIT=B no fall no yes no
18 III-C no spring no no no
19 ITI-D no not seeded no no no
20 I1I=E no fall & spring no no no
21 IV-A no fall no no no
22 IV-B no fall no no gouged
23 IV=C no fall no no no
24 IV-D no fall — no terraced
25 IV-E no spring no yes chiseled &
gouged
26 TV=1]¢ no spring no no chiseled &
gouged
27 IV-G no fall no no gouged
28 Cape Oliver no not seeded no yes no

29

Native Range --
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Influence of Smooth Bromegrass on CommuniFy"Structure

In analyzing cover and frequency data, differences became appéf;

ent between those sites.with substantial smooth bromegrass populations -

and those without. Tordetefmine if‘smoqtﬁ'bromegyass inhibited'estab;

lishment of:nonseeded ébeciés, the sites were sépérated'inté four

‘groups. ~These were toééoiled, smoqth broﬁegrass noﬁabgndant; top- -

" soiled, .smooth bromegrass abundant;?nontbpéoiled,Jémooth.Eromegrass

nbhabﬁndanf; péntopsqiled,.émootﬁ brqmeg;ass abunaanﬁ. .
Smooth brémegrass abundance-was @eaéﬁrgd using percent frgquency,

Domin-Krajina cqﬁer—abundance estiﬁatés} aﬁd‘perceﬁt gompositioﬁ.based

on cover.

. The correlation coefficient showed 33 percent of the variability .-

in the nuﬁber of nonseeded.nativeiépécies among,éites-was ekpiained by
© frequency of smootﬂ b;oﬁeéréss._ ﬁith oniy £wd éxcéétioné; réVegetated
mined land sites had either high-(grgdter than 75 percént).o% low |
(less thén 15 bercent) smooth~bioﬁegr$ss;ffe§uenc§; 'Therefére; 50
pe#cent frgquéncy-waS‘used fof di&iding sites.into abundant or -non-
ébundént.sﬁooth bromégféss bopuiaéiohém:

To placé‘the two éxéeptioné éng‘to Verify placement of.other'
sites, percen£ cover and compositiéﬁ gf>émqotﬂ bromeéfass‘were
cénsidered;, Sites with less than -one percéht'cove: and less fhan fivé

-percent'composition'tended to have low frequencies and were placed in’
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the nonabundant smooth bromegrass groups. Sites with more than one
percent cover and five percent composition tended to have high fre-
quencies and were placed in the abundant smooth bromegrass groups.
Site III-E had marginal smooth bromegrass abundance with all
three parameters. It was eventually placed in the smooth bromegrass
nonabundant group because of obvious visual dominance by rubber rab-
bitbrush, a native shrub, and thickspike wheatgrass, a native

perennial grass (Figure 16).

Figure/l6..  Site III-E.
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Table 7 shows 27 sites placed into four smooth bromegrass groups

using frequency, cover, and composition of smooth bromegrass.

Table 7. Twenty-seven revegetated mined land sites placed
into four smooth bromegrass groups and percent
frequency, cover, and composition of smooth
bromegrass on each.

Percent Percent Percent
frequency - cover composition
smooth smooth smooth
Site bromegrass bromegrass bromegrass )
I-A 0 <1 0.6 % :
. L E=B 15 0.4 0l SR B
o I-C 10 <1 1.4 o G
3 I-D 0 0 : 0.0 QL8
s I-E 5 R 0.0 guss
I-F 0 1-5 5.9 o
II-A 85 5-10 ) 9t - 2
II-B 100 25-33 99:°5 LR
o II-C 100 5-10 54.7 g g
= “II-D 100 10-25 13.4 g B E
& II-E 100 10-25 17.6 5 B
o II-F 100 5-10 289 cxe
0 II-G 100 10-25 47.0 8:2 o
L= 80 1-5 4.1 + 0
II-I 75 1-5 10.8 - &
0 E
b III-A 0 0 0.0 i
TRl 30 0.1 0.1 Syl
%‘ ITI-C 45 <1 | §'§ o g
R B ) ) 0 0 0.0 £ 0 ac 3
© 111-E 60 1-5 5.2 2 Gbs
IV-A 100 5-10 14.2 o
IV-B 100 10-25 26.9 B s
2 IV-C 100 5-10 12.0 o
o, IV-D 100 10-25 52.9 948
3 IV-E 95 10-25 1 - by L
& IV-F 100 25-33 271 £ Ry
IV-G 80 5-10 742 25 B
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Ave;agg numbers of totél species, nonseeded spécies, and nonseeded
native species were compared amoné»the.four grouﬁs using both fre—
guency datatapd species lists. ,Gfoup I (topsoiled, smooth bromegrass:
nonabundant) had coﬁsistently higher aﬁerages of all three pafameters
’ tban the other three groups (Taglé 8).. Group I als§ had a higher
averége percent frequenéy,of ﬁon;eeéed native species than the other
groups. |

Topsoiled sites Qithout ébundénf smégth bromegrass developed

greatef cover of nonseeded native species than the other three groups

(Table'B). This increase was significant between groupé I and II and

betwgen groups I and IV indicafiﬁg:smootthromegfass abundance re-
duced covéridf nbnséeded native speéigs.{ In addition, fhe percent
composition, by cover,fbf noﬁseeded native specieé‘in smooth brome- .
 grass group I Wés.significantly greater:than thét of-groups II, I1I,

or 1V, (16.2,'1.6, 2.8, 10.8 percént; respectively) (Figure'l7).
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Table 8. Comparisons among four smooth bromegrass groups from
frequency and species lists using average numbers of
total species; average numbers of nonseeded species;
and average numbers, frequencies, and cover of non-
seeded native species.

Group I I3 IT1 v
Topsoiled Topsoiléd Nontopsoiled Nontopsoiled
smooth smooth smooth smooth

from bromegrass bromegrass bromegrass bromegrass

species list nonabundant abundant nonabundant abundant

ave. no. non-
seeded native

species 30 12 13 7/
ave. no. non-
seeded species 45 21 24 14
ave. no. total ’ b
species 56 30 30 22
from frequency :

ave. no. non-

seeded native

species 10 4 2 2
ave. no. non-
seeded species 18 XL 9 7
ave. no. total

species 25 17 14 14
average percent

frequencies of

nonseeded native

species 18 10 9 . 6
average percent

cover of non-

seeded native 2 5 o) b
species 31 1 6 2

Numbers within rows followed by the same letters are not signifi-
cantly different at the P = 0.05 level using analysis of variance
tests of significance.
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50+
GROUP | = Topsoiled, smooth
401 bromegrass nonabundant
GROUP Il = Topsoiled, smooth
bromegrass abundant
GROUP Il = Nontopsoiled, smooth
30- bromegrass nonabundant
GROURP IV = Nontopsolled, smooth
bromegrass abundant
20_l o~ — —© = Averages of each group
e\
N
104 i i %
~ A =
~ 7 oo
\ } s \0/ \ L o]
Ot Y ] ]
GROUP | GROUP 1| GROUP Il GROUP IV

4 x
Each data point represents o separcte site

Figure 17. Percent composition (cover) of nonseeded native
species on revegetated spoil with varying amounts
of smooth bromegrass.
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. Exéessive Litter Accumulations. Herbage production of revegetated-

mined land communities dominated b& Vigprous’introduced grass spedies
has been greater tﬁan that of native range in the Cols££ip area (Sin-
‘delar and Plgntenberg, 1975; 1979;:Siﬁdglér,ll9803; This e#cessive'
Ygéetation, coupled with the lack'éf'décoméositioﬁ of plénf material
‘has resultéd in excessive acguﬁulations éf litter (Figure 18); .DePuit -
et al. (1978’ working in the Colsffip'area; found litter to increaée
fiveffold from-the_fourth to £ﬁé.sixth grbwing season.

Lifefature suggests that légge'améuntsiof liﬁter, éuch-as thdge'
on revegetated mined 1aﬁd commﬁnities.dqminated‘by smooth bromegrass ”'
and crestéd wheatgrass, caﬁ.inhibitmseédling éermiﬁétion.and.estag—
lishment and 'limit invasioq by nonéeeded speéieé; ,Working at Col—
strip, Skiigréd (l979§lfound exééssi&e litﬁér accumulations redﬁced: f
_ perennial gréss seedling establishmént;f Muellef-pombois énd.Ellenbeié
(1974) stated.that éstablished'plant;~qan‘oniy be replaced by com-
ipetitbrs.th%t are_éblé:£0'grow iﬁ:théir sha@e,‘or that gréw'at a
faster.raté through canopy opénings.: Successful competifqrs withdraw
' mofellighf, water, ana nutrieﬁtshfrpm local environments to the disj'
advantage pf associated plants. . Simple-occuéation of gré&ing‘space':
pléys a role. it.is doubtful'that topsoil suéplied species which
_are adapted'ﬁo nétive coﬁditiéns can meet these criteria. In dense

stands of smooth bromegrass at Colstrip, seed and vegetative plant




Figure 18. Litter accumulation on revegetated mined land.

parts from topsoil probably do not readily germinate or establish
because conditions are unsuitable due to shading, limited growing
space, excessive litter accumulation, cool temperatures, and compe-
tition for nutrients and water. This is supported.by the lower num-
bers of nonseeded species on these sites compared to sites where
smooth bromegrass was not abundant.

Benedict (1941) found that smooth bromegrass may produce a
substance from its dead roots which inhibits its own growth. This
substance may inhibit growth of other species as well, enhancing

the competitive ability of smooth bromegrass.
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G:In general, analyses of the four smooth.bromegrass groups re-
vealed that significantly greater numbefs,.cover, and composition of
.ngnseeded native‘species were present on topsoiled sites without
abundant-smoofh bromegrass.: A larger number of individuals of each
nonseeded.nativé'spgcies was also present. The botential,of topsoil.
. to aid in.non;eéded species establishment can be negated by including

smooth bromegrass in seeding mixtures. Other vigorous species, such

.as crested wheatgrass, tall wheétgrass,.énd pubescent wheatgrass CAgro—' o

pyron trichophorum) may also produce this effect (Depuit et al.,.
1978; B. Sindelar, Range Science Department, Montana State University

‘at Bozéman, personal communication, 1980).

Season éﬁVSeeding

ﬁange seedings should be maaeAprior to the period of the longest
" favorable growing conditions, giving priﬁary consideration to the
' _distriﬁﬁtion of precipitation ana'temberéturéA(Véllentine, 1971).
Working in the Colstrip areé; DePuit et.gl. (197é} repoffed initial'yry
superiority of spring versus fall seeding, mostly due to higher rates \
-bf estaﬁliéhmént;of natﬁrélized introduced’species. Those éame intro—
duced»specigs did not germinqte as We;l in the fall, enabling native
plant species'to establish-é more diverse,‘althouéﬁ less productive,
plant community.

Time of seeding could be determined for twenty-three sites (13
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spring, 10 fall). Despite the fact that only thrée fall sites‘wére-
topsoiled and only.thfee springjéites were nontopsoiléd, no signifi-
.cant differenées weré‘revéaléd in'numgers or frequencies of nonseeded
natiﬁé spééiés between them (Téble'9). . |

Table 9. Average numbers and frequencies of nonseeded native
species on - spring and fall seedings.’

E ) : Average frequencies 2 Average‘numbers‘
Spring ‘seeded l0.4 - T 4.2

Fall seeded S 121 .. 4.3
StudentJS‘t;test showed é signific;nt difference in thg.averaée
percent éqver of nonseeded natives between fall (6.7 percént) and
spring (0.9 percent) seedings.:.Herver,,sﬁring:seedihgs included
11 smoo£h_bromegrass abuﬁdént éites'éhd‘fall'seeaingé oéiy five. This
resulted in'wide variabili;§-Qithin each category and may have mésked

‘the results. - !

Seeding Temporary Covef C;ops

Annual cover crops are séedéd‘for teﬁﬁo?éry stabiiization,‘to 
decrease wind and.water erosioh; decréasé‘weed cémpetition, and‘fo__
protect séedlings from wigd éndtsevere temperature;_(Vallentiﬂe,
1971). Qigorous init;al sfands.may compete excessively_with seeded
pe;ennial‘grasseg and nonseedédvnativé épeéieg (DePﬁit et’al.; 1978;
Sindelar and Plantenberg, 1978). |

This study showed no significant differences in numbers or
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frequencies- of nonseeded eative species among sites seeded with tem-—
porary cover crops and those witheut, regardless of the age of the
seeding (Table lQ).' | |
Table 10. Average numbers ana frequencies of nonseeded

native species on sites with and without
temporary cover crops. - “

. Average frequencies % ~ Average numbers
Cover Crop ’ 11.6 . 4.3
No Cover Crop 10.9° ’ 4.1

Surface Manipulétion.

Vallentine (1971) aed Sindelar.et al. .(1973) found that creating

fissures, pits;:and depressions on thé soil surface tendéd .to increase .

: water:infiltiationland plant su;vivel, end-limifed erosion from wind
or water. _Some soil surfece preparatioh is needed on mined land to
promote infilfration and.improve;conditions for germination., This

eprobleﬁ can be acute on-mined‘land.ie eastern Montana due.to limited

" precipitation and dry, hot summers (Meyn et al., 1976).

Surface manipulatien was completed on site IV-D before seeding. .

The“modereteiy sloping ﬁb;theast,face was‘?erraeed oe the con£our into
a series of microridges and swales. Diyersity, percent frequency, and
cover of nonseeded natives were‘high on this site, despite absence

of topsoii andvabundance of smootﬁ.bromeérase.l Smooth bremegrass
apﬁarently established'better in microswales duelte moisture accumu-

- lation while-more'open, drier microridges of the terraces had more -

native planﬁ species (Figure 19).
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Figure 19. Site IV-D showing relatively bare microridges
and smooth bromegrass dominated swales.

The wide variability in species numbers on sites with surface
manipulatioh indicated that factors other than surface manipulation
influenced these sites (Table 11). Surface manipulation was generally
not effective in enhancing nonseeded species establishment if smooth

bromegrass was included in the mixture.
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Table 1l. Numbers of total species, nonseeded species, and
nonseeded native species on sites with surface

manipulation. : .
) ’ Total. Nonseeded  Nonseeded
- 8ite species species native species

II-F 20 10 - 5
IV-B ‘ 12 5 -0
"IV-D . . 19 - 14 6
IV-E . 9 - 1 0
IV-F 11 -3 0
IV-G - Y i6 6
3

Mean : 16 8

Grazing

bf the twenty—seven-séeded afeaslsampled, only four had been’
gfazed.' To determine effects ofvgrazing on nonseeded spécies estab~
‘lishmenf,'each of these siﬁes-wés cémpafed to an equal aged nongrazéd
- site seeded with similér mixtures. Comparisons were based'on evalua-
_tiohs'of'tbtal species numbers, ﬁreguéﬁcies of nonseeded native spe-
cies,-covei éf all nonseeded species, and céver of nonséeéed native.

species.

III-B kgrazed) versus III-A (nongrazed). These sites were seéded
to the séme simple séed mixture in 1973. Neither site was gopsoiled;
Numbers of. total speéies, nonéeedéd speciés, and nonseeded native
‘specigs were‘all greater on the grazea #iteéi?ii-B) than on the

nongrazed site (III-A) (Table 12).
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Table 12. Numbers of total species, nonseeded species, and nonseeded
"native species on sites IIT-A and III-B using frequency'
data and species lists. ' '
Number of nonseeded Number of nonseeded Number of total

native species ©  species . species
from - from from

from species from = - species from species

frequency list fregquency list frequency list
Site III-A : . _
(nongrazed) 13 24 . 8 - 19 1 9
Site III-B o ~
(grazed) 20 5.~ Is - 30 -3 15

Average frequencies of nonseeded pativg species were five percent
on sité III-a and teﬁ,percent.én sité'III-B. Cover comparisons showed-
'the gfa%ed sité with a totgl nbnseéded.épécieé cover of 15.3 pepcent
and a totalinonseeéed nativé'spécies cover_of 9.5 bercgnt.. Respective
numbers on the nongrézed sites were 0.8 pércént and 0.3 percent. :In‘-
,addition; pfopértions'of nonseeded nétive species ﬁéing frequency ﬁere'
20 pe;cent for the grézedxsite'ana 13 percent for the nongrazed site.

IV—E.(grazed) versus IV-F'(nongrazéd). ‘These two.nontopsoiled-

sites were seeded at the same time with identical-seed mixtures.
Smooth bromegrass was abundapt on both‘sites. Numbers of total spe—
cies, néﬁéeeded species, and nonseeded nativg species on the grazed
site fIV¥E).were ll(l4)}:3(4), and'O(i) réspéctively wi£h:parenthééié
indicating numbers from specie;-lists. 'ﬁespective numbers for the
nonér%zed site (IV—f) were 9(lij,'l(2),'and 0(1). Average frequencies

..of nonseeded native species were zero for both sites. Cover values
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for nonseeded species and nonseeded native species were 0.7 percent
and 0.1 percent respectively for the nongrazed and 0.2 percent and
0;1 percent for the grazed sites. This suggested that there were no
grazing influenced differences between sites. Figures 20 and 21 show

similarities in appearance of the two sites.

Figure 20. Grazed site IV-E.
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Figure 21. Nongrazed site IV-F.

II-C, \II-D, and II-E. These topsoiled sites were seeded at the

same time with identical mixtures, the only difference being in
postseeding management when the site was six years old (Figure 22).
There was little difference between grazed (II-E) and nongrazed (II-C)
sites in total numbers of species present, nonseeded species, or non-
seeded native species (Table 13). Average frequencies of seeded

native species were essentially the same.
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Figure 22. Nongrazed site II-C (on left) and grazed
site II-E in 1978.

Table 13. Numbers of total, nonseeded, and nonseeded native
species on sites II-C, II-D, and II-E.

Nonseeded native Nonseeded Total
Site species species species
II-C (nongrazed) 1 7 10
II-E (grazed) 0 6 9
II-D (burned) 5 151 15

Burning on site II-D slightly increased numbers of total non-
seeded and nonseeded native species, but it did not improve the

average percent frequency of nonseeded natives, total cover, or

total cover of nonseeded natives.
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Otﬁer résearch.conductea at Colstrip indicéted that ggéZing re-
vegetated miﬁed land‘cémmunities deqréased standing dead litter‘and'
groﬁnd litter, and-increaséd’the7pfopo£tion éf.bare-grouhd (Depuit
et al.,'i977).‘ This may eventually prove beneficial to the plant
community by ‘opening the stanq to ihvasion and allowiﬁg further suc-
cessionai:changeé. ‘Both émooth b;émegfasé and érestgd whéatgrass had
less cover on grézed sites tﬁan-;n'ﬁongrazea coﬁtrdls; Théy'cén—
cluded. that diversity of'grazed spoil qommﬁnities was-;ligﬁtly.greater
'than'diversitylof~nongraéed spoii Egmmunitiés 5ut all were_iow com=
pared to native range. ' - ’ | .

Dagé‘from thié s£udylindica£ed'tha£ grézing effects on ﬁonseeded
‘species éstablishment were relaﬁédﬁtq~acc$mpanying treatments. On'l
_nontopsoileatsites without émqoth bfoﬁeérass; grazing opeﬁed fhe
) éommunity, ipcreasing tot;l species;:nohseeded“species; and non-
- seeded native species;'with‘possibieiincrea§es in ééver of nonseeded
species( ﬁowever; on nontopsoiledlsiteS‘with abundant sm?qth.bromej
-grass, noAéignifican?‘differencés were apparent in nonseeded specigs
numbe;s or total cover: Topsoiiing; éraz;ng,"or.gurning wgré not
Sufficient-to significanfly in#réaée-séecies numbers.if:the site wés
domina£ed by'smooth.bromégrass._:

It is possible that grazing on sites without abundant .smooth

bromegrass can substantially_increaée totél;numbers and cover of
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nonseeded-Species.bﬁt not necessarily their frequencieé.
An overview of cﬁltural practices suggested that their ability
to aid in establishment of nonseeded native species was dependenﬁ

on the aggressiveness of the species seeded. 'The présence of “smooth

bromegrass proved a major factor limiting nonseeded species establish-.

ment. Exciuding'this factor, topéoiling and grazing proved most

efféctive in aiding establishment of nonseeded species... The former -

served as.a seed source and an excellent rooting medium, and the

latter opened ﬁp communities to invasion and establishment of non-

" seeded species.

IDENTIFICATION OF SUCCESSFULLY ESTABLISHED NONSEEDED PLANT SPECIES
AND DEFINITION OF THEIR ECOLOGICAL ROLES ' ..

Once it has been determined that tépsoii can éad'nativé épecie;f
in signifiéant amounts, it is of interest-fo deterﬁine the gcoloéiééi
role of'thosé species'and th%ir.importande in ovefail community strué-
ture. =Do thef fill piches that woﬁld~otherwise reﬁain éméty?- Do
the& compgte wiéh éeeded_species-féf available niches?. This know-
ledge may be used t; encéurage or discdurage species ﬁithin.specific
eéological boundaries:through:use of manaéémept or pﬁltu;al practices.

Table. 14 lists. -all natiﬁé nonsgedea §pécies and thg number of -
revegétated mined 1a£d_sites each was found on. Of the 54 nati&é

species present ‘in frequency data,. 39 were perennial, 3 were biennial,
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and 12 were annual. Of the 120 native volunteers present on species

lists, 96 were perennial, 5 were biennial, and 19 were annual.

Smooth

bromegrass group I (topsoiled, smooth bromegrass nonabundant) was

found to have a statistically greater number of nonseeded perennial

native species than groups II, III, or IV. Differences between num-

bers of biennials and annuals were not significant.

Table 14. Nonseeded native species and the number of revegetated
mined land sites they appeared on out of 28 possible.

Species From Frequency From Species Lists Duration
Ambrosia psilostachya 9 ; 15
Stipa comata 9 13
Oryzopsis hymenoides . 6 10
Grindelia squarrosa $ 12
Gutierrezia sarothrae v 18
Plantago patagonica 5 8
- Lithospermum incisum 7 9
Agropyron dasystachyum 5 4
Androsace occidentalis 5 6
Artemisia frigida 5 13
Hedeoma hispida 4 5
Ratibida columnifera 5 11
Aster falcatus 4 9
Yucea glauca 4 11
Descurainia pinnata 4 12
Poa sandbergit 3 =
Lactuca pulchella 3 6
Festuca octoflora 2 8
Koeleria cristata 3 10
Erysimum asperum 3 10
Polygorum douglasii 2 9
Helianthus petiolaris 2 7
Cirsium undulatum 2 16
Agropyron trachycaulum o 3
Achillea millefolium 3 3
Carex filifolia 1 3
Conyza canadensis 1 3

PO PoYPYYppddg» Y g dw Yl
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Table 14. Nonseeded native species and the number of revegetated
mined land sites they appeared on out of 28 possible

(continued).
§pegies From Frequency From Species Lists Duration
Solidago missouriensis 2 7 P
Chrysopsts villosa 2 7 p
Artemisia dracunculus 2 11 p
Chemnopodium leptophyllum 2 4 A
Sitanion hystrix 2 4 p
Linum perenne 2 2 P
Artemisia cana 2 6 P
Draba reptans 2 5 A
Chrysothamnus nauseosus
var. glabratus 1 6 P

Chrysothamnus nauseosus
var. nauseosus
Psoralea argophylla
Microsteris gracilis
Lepidium densiflorum
Petalostemon purpureum
Oenothera nuttallit
Physalis longifolia

.Poa spp.

Psoralea esculenta
Leucocrinun montanum
Bouteloua curtipendula
Vieia americana
Hordewn jubatum

Gaura coccinea
Astragalus lotiflorus
Penstemon albidus
Mentzelia decapetala
Sphaeralcea coccinea
Eriogonum annuum
Opuntia fragilis
Populus deltoides
Stipa viridula
Agropyron spicatum
Astragalus adsurgens
Poa juneifolia
Aristida longiseta
Agropyron smithii
Panicum virgatum

HFHHEHEFEHFOOOOOOOOOOHKHEKMHMEEPRPHMPFHH |H -
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Table 14. Nonseeded native species and the number of revegetated
mined land sites they appeared on out of 28 possible
(continued).

Species From Frequency From Species Lists Duration
Lygodesmia juncea
Polygala alba
Astragalus gilviflorus
Calachortus nuttallii
Astragalus missouriensis
Amaranthus graecizans
Atriplex canescens

Rosa woodsit
Machaeranthera canescens
Tradescantia bracteata
Allium textile
Calamovilfa longifolia
Verbena bracteata
Petalostemon candidum
Pinus ponderosa

Cirsium flodmanii
Symphoricarpos occidentalis
Solanum triflorum
Psoralea tenuiflora
Helianthus annuus
Dyssodia papposa
Atriplex patula
Solidago mollis
Astragalus crassicarpus
Asclepias viridiflora
Zigadenus venenosus
Euphorbia glyptosperma
Amaranthus albus
Ambrosia trifida

Cleome serrulata

Linum rigidum

Oenothera serrulata
Aster spp.

Artemistia tridentata
Echinacea pallida
Liatris punctata
Polygonum spp.
Amaranthus spp.

E’z’igeron sSpp.
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Table 14. Nonseeded native species and the number of revegetated
mined land sites they appeared on out of 28 possible
(continued).

Species From Frequency From Species List Duration
Sehizachyrium scoparium 0 2 P
Oxytropis sericea 0 % P
Cenchrus longispinus 0 1 P
Schedonnardus paniculatus 0 1 P
Artemisia ludovieiana 0 2 P
Ranunculus glaberrimus 0 P
Antennaria microphylla 0 1 P
Asclepias speciosa 0 1 P
Campanula rotundifolia 0 ‘ P
Carex pensylvanica 0 1 P
Muhlenbergia cuspidata 0 1 P
Microseris cuspidata 0 1 P
Kuhnia eupatorioides 0 1 P
Juniperus scopulorum 0 1 P
Cryptantha celosiotides 0 1 P
Coryphantha missouriensis 0 1 P
Phacelia linearis 0 & P
Phlox alyssifolia 0 1 P
.Poa compressa 0 i1 P
Rhus trilobata 0 ) P
Solidago rigida 0 1 P
Viola nuttallii 0 1 P

Raunkiaer Comparisons

A Raunkiaer J-curve (Raunkiaer, 1934) was constructed for smooth
bromegrass groups I through IV to determine if their averages con-
forméd to this standard. The J-curve postulates that any natural
community will have more species in both the higher and lower fre-
quency ranges than in the middle ranges. Although some individual

sites did not conform, all four smooth bromegrass group averages

formed J-curves (Figure 23). Because the J-curve has been found to
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be consistent for a wide variety of natural communities, it can be
stated that revegetated mined land communities approximate natural

communities in this regard.

16 FREQUENCY CLASSES
14— A=0-20%

A
ot B =20-40%

o C=40-60%
10 A D=60-80%
8_{" T? E=80-100%

e Gﬁedu?]" GROUPII' 'GROUP m' 'GROUPIV' ) .NATIVE‘
RANGE

AVERAGE NUMBERS OF SPECIES

Figure 23. Average numbers of species in five frequency classes
from four smooth bromegrass groups and native range.l

Average numbers of nonseeded native species per frequency class
were compared. For the 0-20 percent frequency class, smooth brome-
grass groups I through IV averaged 7.8, 3.2, 1.8, and 1.8 nonseeded
native species respectively. This difference was significant but

differences in the other four frequency classes were not. Topsoiled

lUsed for Raunkiaer analysis.
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sites without smooth bromegrasé abundance provided nonseeded native

species in primarily the 0-20 percent.frequency range;.l

Seasonality Comparisoné-

A majo; reclamatién deficiency has Eéen‘the iﬁabilitf to estab-
lish wérmyseason species, especially,grassés, to a level éomparable
with native range reference sites (Sinaelar,,l980). <Smo§th bromé—_'
grass group I showed a statistically éreater numbexr ana frequency of
warm season perennial'éyasses (Table:15).: Both'groupé I_and.IIi (top-
séiléd énd'noﬁtopsoiled, smooth-bfomégrass noﬁabundanﬁ) sh§wed signiff
icantly ﬂiéher freéuencies of warm éeason.forbs. NumberS'of cooi
season .forbs: were fai;ly cpnsiéteﬁﬁ_amdng sites while bérennial cool -

season grasses varied widely within all four groups.

. Covér Comparisons
Smooth,bromeérass group.I had significantly greater numbers of non-

" 'seeded native species than the ofher:thfee groups in the "raré,~ "less.
tﬁan one percehﬁ}" and “éné tdifive,percént"7cover élassés,(fable 16).1
In general, topsoiling révegetated.miﬁéd'land communities has |
'potentiai to prqviéé nati&el pérenniallgéecies in the 0-20 pércent
frequency range and iﬁlthe "réfe," ﬁléss £hah'l peréent," and "1-5 |
’percentf c;vé: classes, espeéially'if smooth'bromegraés is left.ou£f
of  seeding mixturés. In addition, the ﬁumber and frequency of wafm

season perennial grasses and the frequency of warm season forbs may-
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Table 15. Average numbers and average frequencies of warm and cool
season species among four smcoth bromegrass abundance

groups.
Group Group Group Group
I IT L1E Iv
Warm season perennial grasses = b b b
average number 1.5a 0b 0b Ob
average frequency (%) 29.7 0 0 0
Warm season forbs L & A .
average number 6.0a 3.2b 3.0a 2.6b
average frequency (%) 38.4 18.4 34.2 13.8
Cool season forbs
average number 6.8° 6.0° 4.42 S 4™
average frequency (%) 26.9% 28.2% 15,85 282"
Cool season perennial grasses 2 & . S
average number 7.0 Daid 82 6.6
average frequency (%) 30.0% 68.0% 35.0°% 51.0%
Cool season annual grasses . & £ a
average number o 150 0.8 0.9
average frequency (%) extreme variation within groups
Shrubs and half shrubs 5 2 a 5
average number 153 150 0.6 0.4
average frequency (%) extreme variation within groups

Numbers within rows followed by the same letter are not significantly
different at the P = 0.05 level.

Table 16. Average numbers of nonseeded native species in each cover
class among the four smooth bromegrass abundance groups.

Group Rare 0.1% <1% 1-5% 5-10% 10—25%l
I 15 7 4 2 £4 0
I E 3 3 e 0 0 0

IIT 5 3 1l : 0 o
v 2 2 3 + 0 0

There were no nonseeded native species present in the higher cover
classes (25-100 percent) on any site.

Trace (less than 0.5%).
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.be. significantly increased by topsoiling if ‘smooth brémegrass is

excluded from the sites.

COMPARISONS‘OF-NATIVE RANGE AND REVEGETATED MINED LAND COMMUNITIES

Comparing revegetated mined land communities to both native'range B

from the Colstrip area and Capé_Oliver'pro§ided insight into how -
'tépsoiling.éan aidxéommunity devéiopméntvoa revégetafed mined‘laﬁds.:v
. Aithough.tébéoiling increased Aumbefé ofiﬁoth total specigs and
nonseeded nati&é spegies éver-néntopsoilgd‘siﬁeé, it_still dia not
provide qé ményinative species as foundlon nativg range.Qr on
'naturally.revegetatgd.séoil‘kTable i7).; Hoﬁevef, topsoiled sites were

comparable to native range in total species numbers. -

Life form analysis indicated mined land communities had numbers .

approximately equal to native range in annual grasses, biennial forbs, -

and shrubs énd:halfrshrubs. .Héwever,'thé-nafive_range a;éa'had few
shrubs ana haif shrubs aﬁd-was ﬁot_éypicél éf a;i hétive range types -
in the Célétrip éreé, .Average numbers of pe?enniai.gré;s spedieé.oﬁ
revegétated mined 1aﬁd comﬁunitiéé were 6.0 on non?épséiled‘sites}
and 8.5 onifépsdiled/sites compared férlo.d on native range; " In
.additiony'boﬁﬁ fopéoiled and nontopsoiled'siteé averaged fewer‘éer—
enniai fofbs (4.2 and 2;8”reépectivély) than either native ranée (7.0)

or Cape Oliver (9.0).
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Table 17. Topsoiled and nontopsoiled sites compared with native
range and Cape Oliver in total species numbers, species
numbers by vegetation class, and diversity.

Smooth Smooth All
Native Cape bromegrass bromegrass Eop=
Range Oliver nonabundant abundant soiled
Total species TOPSOILED -
numbers in
frequency 28 32 25 17 20
Nonseeded natives
in frequency 22 24 11 4 7
Perennial grasses 10 10 9 5 74
Annual grasses X i 2 16 1
Annual forbs 6 4 5 4 3
Biennial forbs 3 4 5 2 3
Perennial forbs 7 9 6 3 4

Shrubs and half ]
shrubs 1 4 % 3 8 B
Number of species :
with greater than

one percent cover 10l 10 74 5 6
Shannon-Weiner
diversity 3.0518 3.0657 2.5634 251517 2.3164
Smooth Smooth All
bromegrass bromegrass nontop-
nonabundant abundant soiled
Total species numbers NONTOPSOILED
in frequency 14 14 14
Nonseeded natives in frequency el 2 2
Perennial grasses 7 5 6
Annual grasses 1 2 X
Annual forbs 1 3 2
Biennial forbs 1 2 2
Perennial forbs 42 2 3
Shrubs and half shrubs t: 35 1
Number of species with greater
than one percent cover 6 4 5
Shannon-Weiner diversity 21223 147760 1.9780

Average of 7 native range sites in Colstrip area (Sindelar, 1980).

Trace (less than 0.5%).
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Diversity

Diver;ity,.as defined by Montana reclamation'regﬁlationé? Qas
useful in'revealing differences between révegetated mined land commun-
itiés and n;tivelfange. Regulétions indicaté aaequate divgrsity is
reached Qﬁen, "the number pf spécies océupying one-peréent or more of
fhe céver in the revegetéted'areé.is equai.to of greater than thg
number of species occu?ying oﬁe,percent or mofe of fhe cover in the
reference area." Reference areas are aefinéd as, "unmined afeas of
the same éommqnityﬁty?es to be miﬁed.“

No.significént différeﬁces in the'ngmber of séécies with’gregter'
‘than 6ng percent céver were fouhd among'four‘smooth bromegraés éroups
or beﬁweén toésoiled and noptqpséiled ;iﬁes (Table 17). 'Topsoiling
did nét:increése‘the likelihbod of meéping the diversity requirements
ésfablished by.Montana'regulatioﬁs."

| Topsoiled sites with low smooth 6fomégrass.abundancé wgre-shown
to-have a siénificaﬁtl? greater nuﬁber‘of ﬁonseedea native species in
the.oné to fivé percent Domih-Krajiﬁa éover—abundance'class. However,
' no signifiéant différenée-was found:in'thé total number of épecie§
with greater than one'perqent-covefl 'Iﬁjwas assumed tﬁat nonseeded
native species providing greater thén éne percent cover must replace
boﬁh_seeded species 5nd nonseeded nonnativg species of greater than
one pefcent cover on topsoiled sites without smoéth brémeg;ass

abundance. The numbers of species with greater-than one percent
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cover on both topsoiled and nonéopsoiled sites averaged only about
half that of native fange.

Technically, species diversity is a function of both species
.richness and equitability. Odum (1971) stated that species diversity
tends to increase during early stages of community development. These
"bloomstagg" organisms tend to be small in size, with simple life
histories. As succession advanées, the trend to larger oréanismé

increases the mean length and complexity of life histories, which

increases interspecific competition and may reduce the number of
species'that can live in a given cell. Golley (1965), working on
succession in a broomsedge (Andropogon virginicus) community in South

Carolina, found two oscillations of diversify which appeared to be a

function of the size of the abandoned area and life history of dom-

inant plant species. Sindelar and Plantenberg (1979) and Sindelar
{1980) foﬁna diversity to Aecline as theiinitiai flush of weedy and
nonadapted seeded species disappeared on revegetated mined land sites
at Colstrip. Diversity was low on sites dominated by aggressive
species, -such as smooth bromegrass and crested wheatgrass, and no
revegetated sites were compafabie to native range.by either State
standards or Shannon-Weiner diversity indicgs.

Shannon~-Weiner diversity index values in this study were similar
to thosé of Sindelar (1980), Although smooth bromegrass group I had

higher average.diversity than‘groups'II,'III, or IV, no differences
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were significant (Table 17). Only four sites had diversity values
higher than native range and naturally revegetated mined spoil (Fig-
ure 24). Those sites were all topsoiled and were relatively young.
Their high diversity values probably reflected the early influx of

invader species.

4.000
1 -r =
3,000+ b E= MEAN #
> - P 4 :
E - il H|
2 : -
g 2.000- i E b \
i 2 Cifl s 3 Z W
b ‘: :: ::J g g
1.000 g g E@. 8
' & -] - -
- & b & ‘I"Lj i
2 -1 E [T E 4 11E1 12
Q000 GROUP | GROUP |1 GROUP Ili GROUP IV

I. Sites ranked youngest to oldest within each group.

Figure 24, shannon-Weiner diversity index values (logjp)
of 27 mined land communities placed in four
smooth bromegrass groups compared to native
range and Cape Oliver.
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These résulté led to the ééﬁclusion that topsoiling does nqt.in~
crease diversity of reveéetated mined land sites to a level comparable
to native range as ;egﬁired by Méntana rec;aﬁation.regulétions, nor
does it increase the Shénnon;Weiner diversity index values to a level
coﬁparable'wifh native range, even though total speéies numbers may

be significantly increased.

Permanence

Montana regulationé use the éropo;tién of ‘native species preéent
as an indicafi&n of végetation pérﬁanenée (Sindelar, 1980);. They
state tﬁat,’“the ope?ator shall_establish a permanent dive;se vege-
tative_éqvér of pfedomihéntly nativé spééies." | |

Topsoiled sites had a significantly higher proportion of native

species, both seeded_and nonseeded, than hontopsoiled sites. Average

prpportions of native species present were 56 percent, 34 percent,

- 25 percent, and 27 percent for smooth bromegrass groups I to IV re-

spec£ivély,'with group I being signifiééntly'greaterQ .The proportion
oﬁ native species on topsoiled'sites without smooth bromeérass_ébun—1
dance (56 berdent)-compared'favérably Qitﬁ the.;predpminantly native"
requirements'of the regulationé.'.Herver,_it was less thén that of

native range (79 percent) and Cape Olifer‘é75 perceht);1 Topsoiledf

smooth bromegrass nonabundant sites were’éﬁperior to the other thfee
smooth bromggrass.éroubs in native spécieé establishment and perman-—

ence as defined by Montana regulations.
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Soﬁe postmining cultural practices are capable of improving con-
ditions for nonseéded species establishment and improving revegetated
mined land community structure. Among these, topsoiling and exclusion
of aggressive introduced perennial grasses from seed mixtures, espec-
ially smooth bromegrass, appear most promising. However, benefits
are limited to increased species numbers, cover of nonseeded native
species, and vegetation permanenée. Apparently, topsoiling and ag-
gressive species exclusion did not improve diversity enough to qontri—
bute significantly to "adequate reclamation" at Colstrip. These
procedures are not panaceas but additional steps to be used along

with other ecological practices to achieve reclamation goals.
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SUMMARY AND CONCLUSIONS

_'The puréose of tﬁis study was‘tg determine the extent-to'which__u
topsoiling ahd-other'reclamatiqn éechniques‘aid in nonseeded speciés
festaglishment on revggetated‘miﬁedlland'communities; Thirteen.va;—>‘
iously aged.;nd treated nontopsdiled sites, fifteeﬁ.variously aéed';
and trea£ed topsoiléd ;ite;, and a pativé.range site were studied in
the;vici#ity of Colstrip, Mohtana;: Eréquency, Sité species‘listé, and
'Domiﬁ;Kféjina cover-abundance bérametgrs Qe;e:used ?of comparis;ns. . ' fg;;

" Literature revealed nonseeded species establishment to be depend-

.1 ent 55'seed*supply;.migration ability,,climate,~cﬁltural practices;. -

postmining management, and thé.characﬁefistics and pattérns'of-

seconaarj successiont

-f,Resul£s showed that propérly,handiédjtgbsoil ﬁas potenﬁialvto;
' incfgégé total species-numbeis_and to éﬁbﬁide sighificéntly greater
numberé'éné prdéortions'éf non;éeded £a£i§e species on revegetaféd
ﬁinédflandﬂ No sigﬁificént differences &e%ggfound.ﬁetween to?soiled"~"
an@ noﬁtopsoiled tréatmenfé,in total pover'og freéﬁéﬁqies of non-
: seeaéd_species.. Direc;;také_topsoil wé; foundiﬁo Ee'mqre effective
.‘than~sto;kéiled topsoiljin supplyiné nonseeded, ;ésé ﬁobile, qlimé#
npative species. 3 | |

Cluster gﬁélysés iﬁdiéagéd Qraétices éﬁhérlthan tépsoili#g in- .’

fluenced community development.' Qflfhose practicés-analyzed, grazing -
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and exclusion of aggressive introduced grasses from seed mixtures -

were most beneficial in nonseeded native species establishment. Both

practices decreased competition from seeded species and .increased the

. amount of resources available to nonseeded native species. Surface

manipulati?n} use of temporafy cover crops, and varying the time of
seeding did nét appear to influence'ﬁonéeeded nativg sbecies develop~
ment. Héwéver, térracing én the‘conﬁour providéd microtopographic
variation which appeaféd'to inc#ease“ésfablishment of noﬁseeded nétive
species;v |

Sites were classified into four groups based on frequency, cover,

and composition of smooth.bromegrass. Those sites with topsoil and

limitea amounts -of smooth bromegrass had consistently éreater numbers’
of.total species( ﬁonseédea species, nonseeded native species} greater'
ffequencies 6f,n6ﬁseeded native species,.gfeéter co§e£ of nénseededi
native species; aﬁd higﬁér percent‘compbsition of nonseeded native‘“‘
spécies than.érbﬁps'withdut tobgoil.or witﬁ abundant'smooté b?éme;

grass or both. Differences were due to inhibiting effects of excess—

ive litter accumulation on seedling establishment and the competitive .

ability and possible allelopathic effects of smooth bromegrass.
One hundred and‘twenty nonseeded native species were found on
27 mined land sites. Among- nonseeded native'species, perennials out-

numbered biennials or- annuals. Topsoiled sites without abundant
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smooth bromegrass had significantly greater numbers of nonseeded per-
ennial native species. Revegetated'mihed land communities conforﬁed
-to Raukiaer's J-curve, with topsoiling proyiding primarily perennial'
native species in the 0-20 percent frequency range and in the "rare,"
Wless thaﬁ 1 percgnt“, and "1-5 percent; cover claéses, especially if
smooth bromegrass was not present. Topsoiling had potential to in-
crease the number and frequency of warm se;son perennial grasses and
the frequency of warm season forbs if smooth bromegrass Qas'not'
present.

Tﬁe average number of native species.on topsoiled sites did not
approximate the number féund on native range, although total.species
numgeré were similar. :Minéd land communities were approxiﬁately equal
to native'range in numbers of annuallgrasses, biennial forbs, and
shrubs énd.half shrubs, but had fewer pe?ennial grasses. and forbs.
Toﬁsoiled and nontopéoiled sites had lower diversity than native
range, bo£ﬁ'as defined by Montana regulations and by Shannon-Weiner
diversity indices. |

-Using proportion of native species as an indicator of permanenée;

smooth bromegrass Qroup I compared favorably with the "predominantly

native" requirements of Montana regulations.

.
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The following conclusions are based on resuits of this study:

R Use of direct-take topsoil increased number and frequency

of nonseeded native species more than top301l Whlch had
been’ stockpiled. : :

2. '~ Topsoliling increased the prbportion of native species to
a level comparable to the "predominantly: native"
permanence requirement of Montana regulations.

3. Topsoiling increased numbers of total species and nonseeded
native .species over nontop501led sites. but not to levels
comparable  to natlve range.

4. ,Topsoiling-increésed'diversity {as defined by Montana
regulations) and Shannon-Weiner diversity index values
but not to levels comparable with native range.

5. Although migration would eventﬁally sﬁpély the heavier,
" less mobile disseminules of cllmax spec1es, top501l may’
provide them sooner. g :

6. Exclusion of'excessively competitive species, especially

' smooth bromegrass, from seed mixtures.significantly in-
creased the numbers, cover, and composition  of fionseeded
native species. ' Most nonseeded native species that be-
came established were perennial, in the  0-20 percent fre-
quency range and provided less than five percent cover.

7. . Proper grazing increased numbers of all species,. and

numbers and cover of nonseeded native species on reve-
getated mined land without smooth bromegrass abundance.

8. Contour terracing of steeper slopes. may pfovide a greater
variety of mlcrocllmatlc conditions and increase establlsh—
ment of nonseeded’ spec1es. -

9.  Seeding cover crops; using surface manipulation, and
varying the season of seeding were not effective in
encouraging nonseeded native species establishment, if
smooth bromegrass was abundant on the site.




10.

11.

12.
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The following nonseeded native species were abundant on
revegetated mined land communities at Colstrip: Stipa
eomata, Oryzopsis hymenoides, Lithospermum incisium, - .
Agropyron dasystachyum, Ratibida columnifera, Aster fal-
eatus, Yucca glauca, Koeleria cristata, Erysimum asperum,

. Cirsium undulatum, Poa sandbergii and Psoralea argophylla.
" Establishment of these and other useful’ reclamation species .

from topsoil should be encouraged

Evaluations of cultural practices on revegetated mined
land community development must consider treatment inter-

. aetionsk and not the effect of each treatment individually.

- Further research is needed to determine the best reclama-

tion practice or combination of practlces to be used in
each c1rcumstance., .
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Agropyron eristatum
A. dasystachyum

A. elongatum

A. spicatum

A. smithii

Ambrosia psilostachya
Artemisia cana

A. dracunculus

A. frigida

Aster falcatus
Bouteloua curtipendula
B. gracilis

Bromus spp.

B. inermis

Camelina microcarpa

' Cenchrus longispinus
Cirsium arvense

C. undulatum

Gaura coccinea
Gutierrezia sarothrae
Hordeum jubatum
Kochia scoparia
Lactuca pulchella

L. serriola
Lygodesmia juncea
Medicago sativa
Melilotus officinalis
Opuntia fragilis
Oryzopsis hymenoides
Oxytropis sericea
Physaltis longifolia
Poa pratensis
Populus deltotides
Psoralea argophylla
Rumex crispus
Salsola kalz

92

85

(G0N0, BV, BT,

100

20

90

25
30

15

35

(=B = I = B =) o o
. . . . 7 T G .
el el el el el

A
=

no

no
no
no
no
no

no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no

no
no
no
no
no
no
no
no

HHZZHZZZ2ZHHZHZHZZZ2Z 2 AZ2HHHZ22 22222222 H2 H

cool

cool "

cool
cool
cool
warm

warm
warm
warm
cool
cool
cool
warm
cool
warm
warm

cool
warm
warm
warm
warm
cool
cool
cool
cool
cool
cool
cool

warm
cool
warm




Sehizachyrium scoparium
Sisymbriun altissimum
Solidago missouriensis
Sphaeralcea coceinea
Stipa comata

S. viridula

Taraxacum officinale
Tragopogon dubius

Yucea glauca

Agropyron cristatum
A. dasystachyum

‘A. smithit

A. trachycaulum

A. trichophorum
Ambrosia pstilostachya
Artemisia cana

A. dracunculus

A. frigida

A. ludovieiana

Aster falcatus
Astragalus lotiflorus
Bouteloua curtipendula
B. gracilis

Bromus spp.

B. inermis

Camelina mierocarpa
Cirsium undulatum
Festuca octoflora
Gaura coccinea
Grindelia squarrosa
Gutierrezia sarothrae
Hordeum jubatum
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Kochia scoparia
Koeleria cristata
Lactuca pulchella

L. serriola
Leucoerinum montanum
Lithospermum incisum
Lygodesmia juncea
Medicago sativa
Melilotus officinalis
Oryzopsis hymenoides
Poa spp.

P. pratensis

P. sandbergii

Populus deltoides
Psoralea argophylla
P. esculenta
Ratibida columnifera
Rumex crispus

Salsola kali
Sehedonnardus paniculatus
Sttanion hystrix
Solidago missourienis
Sphaeralcea cocecinea
Stipa comata

S. viridula
Taraxacum officinale
Tragopogon dubius
Ulmus pumila

Yueeca glauca
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Agropyron cristatum

A. dasystachyum

A. smithii

A. spicatum

A. trachycaulum

A. trichophorum
Ambrosia psilostachya
Aristida longiseta
Astragalus gilviflorus
A. lotiflorus

Avena fatua

Bouteloua curtipendula
B. gracilis

Brassica kaber

Bromus spp.

B. inermis

Calamovilfa longifolia
Calochortus nuttallii
Camelina microcarpa
Carex filifolia
Chenopodium album

C. leptophyllum
Chrysopsis villosa
Convolvulus arvensis
Descurainia pinnata
Euphorbia glyptosperma
Festuca octoflora
Gutierrezia sarothrae
Helianthus petiolaris
Kochia scoparia
Lactuca serriola
Lithospermum incisum
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Medicago sativa
Melilotus offieinalis
Misc. annual forb
Onobrychis vietaefolia
Oryzopsis hymenoides
Penstemon albidus
Plantago patagonica
Poa sandbergiti
Polygala alba
Polygonum douglasii
Psoralea argophylla
Salsola kali
Sisymbrium altissimum
Stipa comata

S. viridula

Taraxacum officinale
Tragopogon dubius
Triticum aestivum
Vaccaria segetalis
Verbena bracteata
Yueea glauca

Ambrosia psilostachya
Androsace occidentalis
Artemisia frigida
Astragalus adsurgens
A. lotiflorus
Bouteloua curtipendula
Bromus spp.

Camelina microcarpa
Chrysopsis villosa
Cirsium undulatum
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Descurainia pinnata R no N cool
Draba reptans R no N cool
Erigeron spp. R no N

Festuca octoflora R no N cool
Grindelia squarrosa 10 R no N warm
Gutierrezia sarothrae 0.1 no N

Hedeoma hispida 10 0 no N cool
Helianthus petiolaris 0.1 no N warm
Koeleria cristata " R no N cool
Lactuca serriola 10 &3 no I warm
Lepidium densiflorum 5 0.3 no N cool
Lithospermun incisum ' R no N cool
liedicago lupulina R no I cool
Melilotus offieinalis 5 1-5 no I cool
Misc. perennial forb 5 R no

Oryzopsis hymenoides 5 R no N cool
Penstemon albidus R no N cool
Plantago patagonica S <1 no N cool
Poa pratensis R no I cool
Psoralea argophylla <1 no N warm
Ranunculus glaberrimus R no N cool
Ratibida colummifera R no N warm
Salsola kali 100 50-75 no I warm
Sitanion hystriz R no N cool
Stipa comata R no N cool
S. viridula 0.1 no N cool
Taraxacum officinale 15 Ol no 20 cool
Tragopogon dubius 0.1 no : | cool
Vieita americana 5 R no N cool




Agropyron cristatum
A. dasystachyum

A. smithii

A. trachycaulum

A. trichophorum
Allium textile
Ambrosia psilostachya
Androsace occidentalis
Artemisia dracunculus
A. frigida

Bouteloua gracilis
Brassica spp.

Bromus spp.

B. inermis
Calochortus nuttallii
Camelina microcarpa
Carex filifolia
Centaurea maculosa
Chenopodium spp.
Cirstum undulatum
Descurainia pinnata
Draba reptans
Eriogonum annuum
Erysimwn asperum
Festuea octoflora
Gaura coccinea
Grindelia squarrosa
Gutierrezia sarothrae
Hedeoma hispida
Helianthus petiolaris
Hordeum jubatum
Kochia scoparia
Koeleria cristata
Lactuca serriola
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Lepidium densiflorum
Leucocrinum montanum
Lithospermum incisum
Medicago sativa
Microsteris gracilis
Onobrychis viectaefolia
Plantago patagonica
Poa pratensis

P. sandbergii
Polygonum spp.
Ratibida colummifera
Salsola kali
Sisymbrium spp.

Stipa comata

S. viridula

Taraxacum officinale
Tradescantia bracteata
Tragopogon dubius
Triticum aestivum

Agropyron cristatum
A. dasystachyum

A. elongatum

A. smithii

A. trachycaulum
Allium textile
Ambrosia psilostachya
Andropogon gerardi

A hallei

Artemisia dracunculus
Astragalus cicer

A. lotiflorus
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A. missouriensis
Atriplex canescens
Bouteloua curtipendula
B. gracilis

Bromus spp.

Bromus inermis
Buchloe dactyloides
Calamovilfa longifolia
Chenopodium spp.
Cirsium arvense

C. undulatum

Conyzr canadensis
Dactylis glomerata
Descurainia pinnata
Elymus cinereus

E. junceus

E. triticoides
Eriogonum annuum
Festuca ovina

F. pratensis
Gutierrezia sarothrae
Helianthus petiolaris

Hordeum jubatum
Koeleria cristata
Lactuca pulchella

L. seriolla

Liatris punctata
Linum perenne
Lygodesmia juncea
Medicago sativa
Melilotus officinalis
Oenothera nuttallii
Oryzopsts hymenoides
Panicwn virgatum
Penstemon albidus
Petalosteman -purpureum
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Phleum pratense

Poa pratensis

Psoralea argophylla
Ratibida columnifera
Rosa woodsii

Salsola kalt
Sehizachyrium scoparium
Stsymbrium altissimum
Stip comata

S. viridula

Taraxacum officinale
Tradescantia bracteata
Tragopogon dubius
Yucca glauca

Agropyron cristatum
A. dasystachyum

A. smithii

A. trachycaulum

A. trichophorum
Ambrosia psilostachya
Artemisia dracunculus
Artemisia frigida
Aster falecatus
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Astragalus cicer

A. lotiflorus

Bromus spp.

Bromus inermis
Calamovilfa longifolia
Camelina microcarpa
Cirsium undulatum
Echinacea pallida
Gaura coccinea
Gutierrezia sarothrae
Koehia scoparia
Lactuca serriola
Medicago sativa
Melilotus officinalis
Opuntia fragilis
Penstemon albidus
Poa pratensis
Polygala alba
Psoralea argophylla
Salsola kali
Sisymbrium spp.
Sphaeralcea coccinea
Stipa comata

Stipa viridula
Taraxacum officinale

Atriplex canescens
Bromus inermis
Cirsium undulatum
Conyza canadensis
Erysimum asperum
Lactuca serriola
Psoralea argophylla
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Agropyron cristatum
Artemisia frigida
Bromus spp.

Bromus inermis
Descurainia pinnata
Kochia scoparia
Lactuca pulchella
Lactuca serriola
Medicago sativa
Melilotus officinalis
Misc. annual forb
Salsola kali
Sisymbrium spp.
Sitanion hystrix
Taraxacum officinale
Tragopogon dubius

Agropyron cristatum
Androsace oceidentalis
Astragalus cicer
Bromus spp.

B, inermis
Descurainia pinnata
Kochia scoparia
Lactuca serriola
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Lithospermum incisum

Medicago sativa 100 75-100 yes it

Melilotus officinalis 5-10 yes 1

Misc. annual forb 5 R no

Onobrychis victaefolia R no ir cool
Salsola kali 10 ¢ [ & no I warm
Taraxacum officinale 20 0lsd no i cool
Tragopogon dubius 5 9 no ¥ cool
Trifolium repens 5 R no I cool

SITE 11-E

Agropyron cristatum 100 10-25 yes I cool
Bromus spp. 5 HELR no i cool
Bromus inermis 100 10-25 yes I cool
Camelina microcarpa 5 ok no I cool
Festuca ovina 5 <1 no T cool
Lactuca serriola 15 0.1 no i warm
Medicago sativa 100 50-75 yes I cool
Melilotus officinalis <1l yes I cool
Onobrychis viciaefolia 0.1 no I cool
Psoralea argophylla <1 no N warm
Salsola kali 20 R no I warm
Taraxacum officinale 10 01 no I cool




Agropyron cristatum
A. dasytachyum

A. elongatum

A. smithii

A. trachycaulum
Ambrosia psilostachya
Aster falcatus
Astragalus cicer
Bromus spp.

B. inermis

Dactylis glomerata
Erysimum asperum
Festuca octoflora

F. ovina

F. pratensis
Gutierrezia sarothrae
Hordeum jubatum
Kochia scoparia
Lactuca serriola
Lithospermunm incisum
Medicago sativa
Melilotus offieinalis
Misc. annual forb
Onobrychis viciaefolia
Poa sandbergii
Psoralea argophylla
Salsola kalt
Sisymbrium spp.

S. loeselii

Stipa comata

S. viridula

Taraxacum officinale
Tragopogon. dubius
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‘Q"
%
SITE LI~F
100 1-5 yes I cool
65 <l yes N cool
10 <1 yes ) 8 cool
35 sl yes N cool
R yes N cool
5 " R no N warm
R no N warm
5 1=5 yes 15 warm
90 R no i cool
100 5=10 yes I cool
30 Sl yes 3 cool
R no N cool
R no N cool
R yes 1€ cool
5 R yes I cool
15 R no N
R no N cool
R no iT; warm
15 R no I warm
5 R no N cool
65 5-10 yes iE cool
1-5 no B cool
R no
5 R yes I cool
5 R no N cool
R no N warm
25 R no I warm
R no T cool
R no I cool
10 0.3 no N cool
R yes N cool
20 R no I cool
5 R no I cool




Agropyron cristatum
A. dasystachyunm

A. smithii

A. trachycaulum

A. trichophorum
Ambrosia pstlostachya
Androsace occidentalis
Artemisia cana

A. dracunculus

A. frigida

Astragalus cicer
Atriplex canescens
Bouteloua gracilis
Bromus Spp.

B. inermis

Camelina microcarpa
Cirsium undulatum
Descurainia pinnata
Gaura coceinea
Grindelia squarrosa
Gutierrezia sarothrae
Hedeoma hispida
Kochia scoparia
Lactuca serriola
Medicago sativa
Melilotus officinalis
Onobrychis vietaefolia
Oryzopsis hymenoides
Plantago patagonica
Salsola kalz
Stsymbrium loeselit
Taraxacum officinale
Tragopogon dubius
Yueeca glauca
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100
40
25
35

100

5

20

100
100

20
10
25
10

35
95

10
50

70
20

5-10
<l
<1
<1

1-5

3N o

<1
0.1

OO0 OO0 OoOOoOo
.

A B
(G0 o

e
o ¢ o 5 o ™ ) o
i

OO OO0 O

yes
no
yes
yes
yes
no
no
no
no
no
yes
yes
yes
no
yes
no
no
no
no
no
no
no
no
no
no
no
yes
yes
no
no
no
no
no
no

ZHHHHZZHHHHHZZZZZZHHHZIZZHZ2Z2222H222H

cool
cool
cool
cool
cool
warm
cool

warm

warm
cool
cool
cool
warm
cool
warm
warm

cool
warm
warm
cool
cool
cool
cool
cool
warm
cool
cool
cool




Agropyron cristatum
A. dasystachyum

A. smithii

A. trachycaulum

A. trichophorum
Amaranthus spp.
Artemisia frigida
Atriplex canescens
Bromus spp.

B. inermis

Camelina microcarpa
Chorispora tenella
Descurainia pinnata
Eriogonum annuum
Erysimum asperum
Hordeum vulgare
Kochia scoparia
Lactuca serriola
Melilotus offiecinalis
Onobrychis vietaefolia
Oryzopsis hymenoides
Plantago patagonica
Ratibida columnifera
Salsola kalt
Sisymbrium spp.

S. loeselit

Stipa viridula
Taraxacum officinale
Thlaspt arvense
Tragopogon dubius
Triticun aestivunm
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Achillea millefolium
Agropyron cristatum
A. dasystachyum

A. smithii

A. trachycaulum

A. trichophorum
Alyssum alyssoides
Androsace occidentalis
Atriplex canescens
Avena fatua

Bouteloua curtipendula
Bromus spp.

B. inermis

Camelina microcarpa
Chenopodium album
Descurainia pinnata
Kochia scoparia
Lactuca serriola
Linum perenne
Melilotus officinalis
Misc. annual forb I
Misc. annual forb II
Misc. annual forb III
Onobrychis viciaefolia
Plantago patagonica
Polygonum douglasit
Ratibida columnifera
Salsola kalz
Sisymbrium spp.

Stipa viridula
Taraxacum officinale
Thlaspi arvense
Tragopogon dubius
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Agropyron cristatum
A. dasystachyum

A. smithii

A. trachycaulum
Artemisia frigida
Aster falcatus
Astragalus gilviflorus
Bromus spp.

Camelina microcarpa
Conyza canadensis
Grindelia squarrosa
Hordeum jubatum
Kochia scoparia
Lactuca serriola
Medicago sativa
Melilotus officinalis
Oryzopsis hymenoides
Poa pratensis
Ratibida columnifera
Salsola kalz
Sisymbrium spp.
Solidago missouriensis
Taraxacum officinale
Tragopogon dubius

Agropyron eristatum
A. dasystachyum

A. elongatum

A. smithii
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SITE III-A

25 0.1
100 10-25
100 25-33

40 1=5
R
R
R
15 0.1
5 R
Gl
0.1
0.l
45 0.1
0.1
5 <1l
10 R
5 R
R
90 R
75 0.1
R
40 R
R
SITE III-B
35 <1l
90 10-25
<1

100 10-25
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Agropyron trachycaulum

Ambrosia psilostachya

Artemisia cana

Bromus spp.

B. inermis

Camelina microcarpa

Chrysopsis villosa

Chrysothamnus nauseosus
var. glabratus

Cirsium arvense

C. undulatum

Gaura coceinea

Grindelia squarrosa

Hedeoma hispida

Helianthus petiolaris

Hordeum jubatum

Lactuca serriola

Lappula spp.

Medicago sativa

Melilotus officinalis

Mentzelia decapetala

Oryzopsis hymenoides

Pinus ponderosa

Poa pratensis

Populus deltoides

Rumex crispus

Salsola kali

Sisymbrium altissimum

S. loeselit

Taraxacum officinale

Tragopogon dubius

Yuecea glauca
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Agropyron cristatum
A. dasystachyum

A. elongatum

A. smithii

A. trachycaulum
Bromus spp.

B. inermis

Camelina microcarpa
Dactylis glomerata
Grindelia squarrosa
Gutierrezia sarothrae
Kochia scoparia
Lactuca serriola
Medicago sativa
Melilotus offiecinalis
Poa pratenstis
Salsola kali

Stipa comata

S. viridula
Taraxacum officinale
Tragopogon dubius

Amaranthus spp.
Artemisia frigida
Astragalus lotiflorus
Bromus spp.

Grindelia squarrosa
Lactuca serriola
Melilotus officinalis
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Mentzelia decapetala
Misc. perennial forb
Poa pratenstis
Salsola kalt
Sphaeralcea coccinea
Stipa viridula
Taraxacum officinale
Tragopogon dubius

Agropyron cristatum
A. dasystachyum
A. elongatum
A. smithii
Ambrosia psilostachya
Aster falecatus
Bromus spp.
B, inermis
Camelina microcarpa
Chrysopsis villosa
Chrysothamnus nauseosus
C. nauseosus

var. glabratus
Cirsium undulatum
Dactylis glomerata
Descurainia pinnata
Festuca octoflora
F, ovina
Gutierrizia sarothrae
Lactuca serriola
Lepidium densiflorum
Lithospermum incisum
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Medicago lupulina
Melilotus officinalis
Misc. annual forb
Salsola kali
Sisymbrium spp.
Solidago missouriensis
Taraxacum officinale
Tragopogon dubius

Agropyron cristatum
A. dasystachyum

A. elongatum

A. smithii

A. trachycaulum
Ambrosia psilostachya
Astragalus cicer
Atriplex canescens
Bromus spp.

B, inermis

Camelina microcarpa
Chenopodium spp.
Chrysopsis villosa
Dactylis glomerata
Descurainia pinnata
Festuca ovina
Lactuca serriola
Lepidium campestre
Medicago sativa
Melilotus officinalis
Misc. annual forb
Misc. perennial forb
Oryzopsis hymenoides
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Penstemon albidus
Petalostemon candidum
Salsola kali
Stisymbrium spp.

S. altissimum
Taraxacum officinale
Tragopogon dubius

SITE IV-B

Agropyron cristatum 90 1-5 yes I cool
A. dasystachyum 20 shel yes N cool
A. elongatum 30 1-5 yes I cool
A. smithii 0.1 yes N cool
Astragalus cicer 25 25-33 yes I warm
Atriplex canescens 20 5-10 yes N

Bromus spp. 5 R no I cool
B. inermis 100 10-25 yes I cool
Dactylis glomerata <1 yes : cool
Festuca ovina 20 <1 yes iy cool
Gutierrezia sarothrae <1 no N

Lactuca serriola 25 0.1 no I warm
Medicago sativa 1-5 yes I cool
Onobrychis victaefolia R yes I cool
Salsola kali 25 0.1 no I warm
Taraxacum officinale 20 0.1 no I cool
Tragopogon dubius . 0.1 no 5 cool
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SITE IV-C
Agropyron cristatum 85 <1 no : cool
A. dasystachyum 15 1-5 yes N cool
A. elongatum 85 <1 no I cool
A. smithiz 5 <1 yes N cool
A. trachycaulum 10 0.1 yes N cool
Bromus spp. 15 R no 1 cool
B. inermis 100 " 5-10 no I cool
Medicago sativa 100 33-50 yes i cool
Melilotus officinalis : 5 5-10 yes I cool
Taraxacum officinale 5 0.1 no : 3 cool
SITE IV-D

Achillea millefolium 0.1 no N cool
Agropyron cristatum 80 1-5 no I cool
. dasystachywn 40 1-5 yes N cool
A. intermedium 60 1-5 no 8 cool
A. smithii 70 1=5 yes N cool
A. trachycaulum 15 %1 yes N cool
Artemisia cana 10 0.1 no N
A. dracunculus 0.1 no N
A. tridentata no N
Aster spp. 0.1 no
B faantus 20 0.1 no N warm
Bromus spp. 95 0.1 no I cool
B. tnermis 100 10-25 no I cool
Camelina microcarpa 15 0.l no 1 cool
Chrysopsis villosa 0.1 no N warm
Chrysothamnus nauseosus

var. glabratus <1 no N
Cirsium undulatum 0.1 no N warm
Grindelia squarrosa 5 0.1 no N warm




Gutierrezia sarothrae
Koehia scoparia
Koeleria cristata
Lactuca serriola
Medicago sativa
Melilotus offieinalis
Mentzelia decapetala
Oryzopsis hymenoides
Polygonum douglasiti
Ratibida columnifera
Stsymbrium spp.
Taraxacum officinale

Agropyron cristatum
A. dasystachyum

A. elongatum

A. smithii

Bromus inermis
Dactylis glomerata
Gutierrezia sarothrae
Medicago sativa
Melilotus offieinalis
Onobrychis viciaefolia
Taraxacum officinale
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Agropyron cristatum
A. dasystachyum

A. elongatum

A. smithii

Astragalus cicer
Bromus spp.

B. inermis

Dactylis . glomerata
Gutierrezia sarothrae
Medicago sativa
Melilotus officinalis
Onobrychis victaefolia
Salsola kali
Taraxacum officinale

Agropyron cristatum
A. dasystachyum

A. elongatum

A. smithii

A. trachycaulum
Ambrosia psilostachya
Artemisia dracunculus
Astragalus cicer

A. missouriensis
Atriplex canescens
Bromus spp.

B. inermis
Calamovilfa longifolia
Camelina microcarpa
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cool
cool
cool
cool
warm
cool
cool
cool

cool
cool
cool
warm
cool

cool
cool
cool
cool
cocl
warm

warm
cool

cool
cool
warm
cool
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Chenopodium leptophyllum 5 g1
Chrysopsis villosa 10 <1
Chrysothamnus nauseosus

var. glabratus <1
Dactylis glomerata 25 <1
Erysimum asperum <1
Festuca ovina 5 <1
Gaura coccinea R
Gutierrizia sarothrae e !
Koeleria cristata R
Lactuca pulchella : 45 1-5
L. serriola 25 <1
Linum rigidum 5 R
Lithospermum incisum W |
Medicago sativa 60 10-25
Melilotus officinaltis 1-5
Onobrychis viciaefolia e
Penstemon albidus R
Poa sandbergii 0.1
Polygala alba R

Psoralea argophylla 1-5
Salsola kalt 20 0.1
Stsymbrium spp. 10 0.1
S. altissimum 0.1
Solidago missouriensis 0.1
Stipa comata 5 0.1
Taraxacum officinale 10 <1
Tragopogon dubius 30 <1
Yuececa glauca 0.1

yes
no
no
no
no
no
no
no
no
no

ZHHZZHHHZZZZHHHZZHZZZ22ZHZH2Z

warm
warm

cool
cool
cool
cool

cool
warm
warm
cool
cool
cool
cool
cool
cool
cool
cool
warm
warm
cool
cool
warm
cool
cool
cool




Achillea millefolium
Agropyron smithii

A. spicatum

Ambrosia psilostachya
Aristida longiseta
Artemisia cana

A. dracunculus

A. frigida

Aster faleatus
Astragalus adsurgens
Bromus spp.

Camelina microcarpa
Chrysopsis villosa
Cirsium undulatum
Cryptantha celosioides
Descurainia pinnata
Draba reptans
Erysimum asperum
Gutierrezia sarothrae
Kochia scoparia
Koeleria cristata
Lactuca pulchella

L, serriola

Linum perenne
Lithospermum incisum
Melilotus officinalis
Misc. annual forb
Panicum virgatum
Petalostemon purpureum
Pinus ponderosa

Poa junecifolia

P, pratensis

P, sandbergii
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CAPE OLIVER

4.5
55
90

10
5
5

35

40

40

70
5

15

10
80

5

40
10

80
15
15

70
25

<1

<1
5-10

<1
0.1

10-25
<1
1-5
0.1

no
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cool
cool
cool
warm
warm

warm
cool
cool
cool
warm
warm
cool
cool
cool
cool

warm
cool
warm
warm
cool
cool
cool

warm
warm

cool
cool
cool
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Ratibida colummifera 25 <1 no

N warm
Rhus trilobata 1-5 no N
Rosa woodsii R no N
Salsola kali R no 1 warm
Sitanion hystrix 5 0.1 no N cool
Solidago missouriensis 20 <1 no N warm
S. rigida <1 no N warm
Stipa comata 60 1-5 no N cool
Taraxacum officinale 60 o<1 no it cool
Tragopogon dubius 50 <1 no I cool
Yucca glauca 15 1-5 no N

NATIVE RANGE

Agropyron smithii 60 5-10 N cool
Ambrosia psilostachya 45 5-10 N warm
Androsace oceidentalis 65 0.1 N cool
Antennaria spp. <l N
Aristida fendleriana <1 N warm
A: longiseta . 1-5 N warm
Artemisia cana 1-5 N
A. frigida 20 Ul N
A. ludoviciana 10-25 N
Bouteloua gracilis 45 <1 N warm
Bromus spp. 100 1-5 I cool
Calamagrostis montanensis 25 R N cool
Carex eleocharis 85 5-10 N cool
C. filifolia 25 1-5 N cool
C. pensylvanica - <1 N cool
Chrysopsis villosa 10 0.1 N warm
Conyza canadensis 10 0.1 N warm
Delphinium bicolor 5 R N cool
Eriogonum annuum 25 <1 N warm
Ergsimum asperwn 25 1-5 N cool




Evolvulus nuttallianus
Gaura coceinea
Hedeoma hispida
Koeleria cristata
Lactuca serriola
Lithospermum incisum
Lygodesmia juncea
Phlox hoodit
Plantago patagonica
Poa pratensis

P, sandbergii
Polygonum spp.
Psoralea argophylla
P. esculenta
Solidago mollis
Sphaeralcea coccinea
Stipa comata
Taraxacum officinale
Tradescantia bracteata
Tragopogon dubius
Misc. annual grass

Shrubs and half shrubs were not classified as cool or warm.

2
{1979
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35
20
65
10
45
40
15

15

100
15

100

=10

Z2HZZ2Z22HZ2222

HZHZ2Z22 22

Species lists from frequency and Sindelar and Plantenberg cover
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