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Abstract:

Indigenous plant species have been culturally fundamental to Native Americans for centuries. These
indigenous species are becoming recognized as potentially crucial elements to indigenous plant
community structure, function, and invasion resistence. Invasions by nonindigenous plant species may
displace many indigenous plants. Additionally, long-term herbicide use has potentially negative
impacts on indigenous forb and shrub populations, and many are culturally important to Native
Americans. Research on herbicide impacts to non-target plant species is limited. The purpose of this
research was to quantify indigenous species response to hand removal of an invader, sulfur cinquefoil,
and five selective herbicides applied to noninvaded rangeland at three rates each. Completely
randomized sulfur cinquefoil treatments were (removed and nonremoved) replicated five times at two
sites. Herbicide treatments were replicated three times at each of two sites in a
randomized-complete-block design and included: commercial clopyralid + 2,4-D, 2,4-D amine,
metsulfuron, picloram, and clopyralid. Species canopy cover was recorded at the four sites in 1999. hi
2000, canopy cover, biomass and density were recorded in each plot. Data were analyzed using
ANOVA. Indigenous forb canopy cover and richness depended on hand removal of sulfur cinquefoil.
Species canopy cover, density, and biomass depended upon herbicide and rate of application. Forb
canopy cover and density decreased when treated with picloram while perennial grass cover and
biomass increased following some herbicide treatments. Also, I tested two shapes of 9 m2 seed source
islands (rectangle and square) as a mechanism for restoring three cultural species { Artemisia
ludoviciana, Echinacea angustifolia, and PendiomeJum esculentum) to a grassland reclaimed after strip
mining. Species were seeded in two shapes each replicated three times at two sites in a
randomized-complete-block design. Island plant density depended upon species and year following
seeding. A. ludoviciana and E. angustifolia established similarly while P. esculentum established at low
densities. E. angustifolia produced the highest densities in 1999 thinning in 2000 and 2002. New
occurrences across the landscape were not evident until 2002 with E. angustifolia establishing 138
flowered adults throughout the landscape of one site. This research suggests land managers must first
consider all species in the understory before applying herbicides. Some herbicides and rates are more
applicable for maintaining populations of indigenous forbs helping to increase a communities
resistance to reinvasion. Thus, for disturbed communities low in indigenous species diversity,
managers may implement low cost seed source islands as a restoration mechanism for desirable
species. Invasive species management is critical to sustaining land productivity and land managers
must improve their understanding of plant community dynamics and refine management technology in
order to meet future land use objectives.
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ABSTRACT .

Indigenous plant species have been cultrurally fundamental to Native Americans for = -
centuries. These indigenous species are becoming recognized as potentially crucial
elements to indigenous plant community structure, functlon and invasion resistence.
Invasions by nonindigenous plant species may displace many indigenous plants.

. Additionally, long-term herbicide use has potentially négative impacts on indigenous forb .
and shrub populations, and many are culturally important to Native Americans. Research
on herbicide impacts to-non-target plant species is limited. The purpose of this research
was to quantify indigenous species response to hand removal of an invader, sulfur
cinquefoil, and five selective herbicides applied to noninvaded rangeland at three rates
each. Completely randomized sulfur cinquefoil treatments were (removed and
nonremoved) replicated five times at two sites. Herbicide treatments were replicated -

. three times at each of two sites in a randomized- -complete-block design and included:

commercial clopyralid + 2,4-D, 2,4-D amine, metsulfuron, picloram, and clopyralid. -
Species canopy cover was recorded at the four sites in 1999. In 2000, canopy cover,
biomass and density were recorded.in each plot. Data were analyzed using ANOVA. -
Indigenous forb canopy cover and richness depended on hand removal of sulfur
cinquefoil. Species canopy cover, density, and biomass depended upon herbicide and rate
of application. Forb canopy cover and density decreased when treated with picloram.
while perennial grass cover and biomass increased following some. herbicide treatments.
~ Also, I tested two shapes of 9 m” seed source islands (rectangle and square) asa.
mechanism for restoring three cultural species (Artemisia ludoviciana, Echinacea
angustifolia, and Pendiomelum esculentum) to a grassland reclaimed after strip m1n1ng
Species were seeded in two shapes each replicated three times at two sites in a ,
* - randomized-complete-block design. Island plant density depended upon speciés and year
- following seeding. 4. ludoviciana and E. angustifolia established similarly while P.
esculentum established at low densities. E. angustifolia produced the highest dénsities in
1999 thinning in 2000 and 2002. New oceurrences across the landscape were not evident
until 2002 with £. angustifolia establishing 138 ﬂowered adults throughout the landscape
of one site. This research suggests land managers must first consider all species in the
understory before applying herbicides. Some herbicides.and rates are more applicable for

maintaining populations of indigenous forbs helping to increase a communities resistance = -

to reinvasion. Thus, for disturbed communities low in indigenous species diversity, ‘
managers may implement low cost seed source islands as a restoration mechanism for -. -
desirable species. Invasive species management is critical to sustaining land productivity” -
and land managers must improve their understanding of plant community dynamics and
refine management technology in order to meet future land use objectives.
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CHAPTER 1
INTRODUCTION

For centuries, tribes of the northern Great Plains relied entirely on the natural
surroundings for ﬁourishment, shelter, inner strength and medicine. The pfehistoric
understanding of the role of native plants and animals was integral to co-existence and
survival. In Northern Cheyenne oral tea;:"hing, “Every animal and plant has its purpose”
(Tallbull 1980). Traditional Cheyenne teachings are passed down from generati‘on" to
generation as an oral database which preserves lessons of the past for improved decisions
today and in the future. As life skills expanded, spécialization occurred and tribal
members became historians, medicine men and botanists. Man’s place in the indigenous
circle of life was to work with nature to optimize resource use; in turn, improving life. In
the absence of non-indigenous invaders, this life cycle and environment were dynamic,
yet sustainable. In the Cheyenne way of ﬁlowing, these teachings, even if not written,
evolved as a logical process that improved understanding of the world in which plains
natives lived. Even a world apart, lifestyles and land management were grounded in what
would later be known as ecology. |

The honindigenous anthropogenic invasions of the 1800's had remal.‘kable and near
devastating impacts on the indigenous people of the piainé and their world. This mass
human migration served as a-vector for other species’ dispersal that played a major role in
landscape change (Vitousek 1986). The settling of the Northwest introduced many

nonindigenous plant species and today some have dispersed and invaded millions of
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hectares mn the 1egion (Sheley and Petroff 1959) Non1nd1genous invasion, by genera
‘such as C’entaur ea spp. and Euphorbia spp., is assocrated w1th reduction in b1omass
:den51ty and basal area of indi genous plants (Tyser and Key 1988 Belcher and Wilson
1989, Kedzre—Webb et al. 2001). Many indigenous grasses and forbs may have been
displaced on the Northern Cheyenne Reservation with introduction of spotted knapweed
(Centaurea maculosa Lam ), Russian knapweed (Centaurea repens L.), leafy spurge "
| (Euphorhia esula L), whitetop (C’ardaria,-draba L) Desv.), _Dalmation toad;tl_ax (Linaria
_ dcilinatica (L,) Miller), and sulfur cinquefoil (Potentilla rec‘ifa L.)." l‘he propagation and
-. dispersal of these: species is probable without aggressive preventative measures. The
potential for displacement of in‘digenous grass and forb species, many of yvhich are
, sacred, by nonindigenous invasive plants represents a signi-ﬁcant.cultural .as vi/ell as
ecological.problem.‘ This problem makes preservation restoration and propagation ot" .-
‘native plants paramount to sustaining traditional Northein Cheyenne culture and poss1bly
| all people 1nhab1t1ng th1s region | . |
Even today, trrbal people practice_traditional ways which include usesof indigenous ‘
plant species for food, ritual, 'and-medicine. ‘ In addition, cultural plants may be" |
fundamental components of indigenous plant communities and their.f.unctional diversity.
Historically, there is scientiﬁc literature that 'supports the theory that more diyerse 'natiye '
communltles w1ll be less 1nvas1ble (Elton 1958 ReJmanek 1996 Crawley etal. 1999,
Levme and D Anton1o 1999 Pokomy 2002) Conversely, a number of papers have -
: recently challenged this idea by showmg greater numbers of nonmdigenous plant spe01es

in areas W1th high native d1vers1ty (Roblnson et al 1995 Stohloren et al 1999)
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. Maintenance or creation of invasion resistaﬁt assemblages may bécome a fundamental ‘
objective for land managers; especially, if preven;ting establishmqnt of no'nindigenou's

~ invaders is the goal (Jacobs and Sheley 1999, Pokorny 2002). Thus, understanding the
conditions, and processes that allow invasion will be crucial to the development of
effective management.

Since the 1950's, herbicidal control of many indigenous forb and shrub species was
often implemented to increase livestock forage (Evans et al. 1979)'. These sI.)ecies were
of little interest because they had no obvious agronomic value. for grazing livestock. The
removal of indigenous groups of plant speéies fesulted in immediate forage release
similar to the control of nonindigenou‘s invaders (Hubbard 1975, Chicéine 1984, Roche
1988, Davis 1990, Sheley and J .acobs 1997). Increased forage production provides _
tangible short-term economic gains; however, invaéibility studies are now questioning the .
value of removing indigenous constituents from the plant community for the sole purpose -
of increasing forage production (Pokorny 2002).

The quandary for land managers dealing with invaded communities beginé when
infestations eﬁpand.beyond the patch scale. Once an invader, such as knapweed or sulfur -
cinquefoil, becomes established, repeated hand remov‘al or properly timed spot ueaﬁnént
with herbicide can provide favorable control and prevention at the patch scale (Lacey et
al. 1997). However, the labor involved often restricts hand renﬁova} and spot applications
from being economically feasible as the scale of the infestation enlarges to the drainage or
watershed scale. Once nonindigenous invaders dominate at the Jlandscape 'scale,

. management decisions are more complex when factored with the economics and
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envir onmental concerns ass001ated with these weeds and their control Large scale
_control 1s often attempted by cultural controls suchlas mowing, t1llage brocontrol
broadcasting selective herbicides or an 1ntegrat10n of these treatments (Sheley and Petroff
1999) When 11nple1nentmg a larce-scale invasive weed control program us1ng
herbicides, many land managers will often opt to substrtute the labor 1ntens1ve p1ec1s10n
-of spot apphcatron w1th the increased apphcatron efficiency of broadcast spraylng Large
scale treatment is selected based on the thought that it is a more thorough control effort
'wrth tangible and immediate beneﬁts. Some studies have shown herbicides have po'sitive
influences on thé release of grass species combined with drastic dec‘:reases in invader ,
b1omass density and seed productlon durmg the window of control (Hubbard 1975,
Chicoine 1984, Roche 1988 Davis 1990, Sheley and Jacobs 1997) ‘An anc1llary outcome .
of the broadcast method i is preventrve control of outlymg un1dent1f1ed 1nfestat1ons that are
o at the patch scale and' smaller. Many land managers and owners have devoted the |
maJonty of" then energy and resources toward controlling spec1ﬁc specres with httle :
’ regard to the ex1st1ng or resulting plant community. “Because of environmental,
ecological, and .economical concerns, the appropriateness and'effectlveness of rangeland-_
‘weed management practrces are bemg questloned” (Sheley et al. 1996) Tradrtronal
leaders of the Northern Cheyenne are among these concemed about the long—term results
of current management practrces Long-term control efforts focusmg on krlhng Weeds
have not pred1ctab1v restored plant c'ommumty structure and compos1t10n to |

: pre1nfestat1on levels nor has leavmg infested acres uncontrolled Inboth cases, the long-

term structure and function of native communities may be at.rislc (Kedz_ie—Webb et al.
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2001).. Either successional traj ectorylfaﬂs to meet conten‘lpo.rar.y or cultural land use

objectives éuch as sustainablevllivghstock graziné, wildlife habi’éat, re_‘creatior'li,n susteﬁgnce

and medicinai plant gathering. For a culture g'roﬁ.nded in thg natural cycle of life,

preservation of sacred sioecies is as criticali to the Northern Cheyenne h:(;meland and way |

of life as net proﬁ;c isto agﬁcﬁlture. | |
Selective -herbicides can be effective tools for confrolling the propagation of

noﬁindi genous invaders in the short terrﬁ, while improving the abuﬁdaﬁnoe of goexisting

grass spe;cigs (Davis 1990). One concern §f ﬁerbicide use is associated with ;chéir varﬁng

degrees..of efficacy on ciesirable broadleaf sp'ecies in the' community which may be

functionally responsible for reducing invasibility and maintaining the -‘e:colo gical _function'

and pfoc_esses criti.cal to sustaipability (Po,kor_ﬁy 2002). Réstgration of plant cohﬁnunities .

to their ecologiqal ‘éife'pbtential has become é goal 'df inany land maﬁagéfs. Thé'loﬁg- -

teﬁn dy'namic_s after inv;sioq or after nloni-digenous spe;:ies control With herbicides hés .

potentially similar detrimental outcomes with rega;d to pla_n£ ;:ofnmuni;c}:/ funétion and

| structure. The_ resultant commu;ﬁty is generally limited in speciéé ,compoéition by the

; time :thé farggt nonindigenoué species seed bénk 1s ‘exhausted.‘ Thus, 12‘111d‘mabnag'érs m‘ustv

improve their undefstandiﬁg of I;lant community dynam‘ics and refine 'ménagemeht

_ technolo gy, if they hépe to guide successiorL to a desirable .coﬁglmuni;;y (Shelcy ét al.

- 1996). | o

This thesis reports 611 resegrch :thét was conducted to meet three obj‘ectivgs and test © ..

three hypotheseé.
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I. To characterize .the efﬁcacy of five 'commonly rec01iimended.rangeland herbicideson
frequently occurring 'desirable. forb species. Sp.eciﬁcally, quantify impacts on individual
spec1es 1n the 1nd1genous plant community so that Northern Cheyenne trad1tionalists can
begm to 1dent1fy potentlally 1mpacted cultural spe01es l.n additlon I wanted to identify
which herbiclde and rate combination would be effective on target weeds While
maintaining impoitant desirable forbs. I hypothesized that herbicide impact on forbs .
-Would depend upon species, herbicide and rateof application. |

. To quantify co-ocuiring indigenous species’ response to the remoxial ofa
nonindigenous invader sulfur cinquefoil I hypothes1zed that repeated hand removal of :
sulfur cinquefoil would 1ncrease 1nd1genous species, d1vers1ty, nchness cover, blomass
and dens1ty' i;vith bimonthly removal for two growing seasons. |

1. Test'dens‘e‘ly seeded islands’as. a mechanism for reduced cost restoration of cultural .
species on a landscape scale. I hypothesized that densely seeded island'populations |
would provide a source for new colonies and thus may provide a low cost- method.of
| introducing desiréd forbs in—to. a reclaimed plant community. I hypothesized that island
shape would affect.seedling establishment and dispersal, in that rectangular islands are |
narrower prov1d1ng reduced direct sunlight on seedlmgs reducmg heat stress
Add1t1onally, Ihypothe51zed that rectangular islands Would have greater dispersal because
of longer edge length than square islands of equal area. Many forb species are not
available n commercial quantities. Therefore, cost and/or .limited availablhty prohiblts
their addition to 'large scale séed mixtures. Thus, lowet cost mechanisms for restoration 3

are needed.
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CHAPTER 2
COMMUNITY RESPONSE OF NON-TARGET SPECIES .T.O HERBICIDE

APPLICATION AND REMOVAL OF THE NON]NDIGENOUS INVADER
POTENTILLA RECTA L.

Introduction

. \ R . -
For centuries Great Plains natives lived and developed a detailed understanding of the

indigenous.ﬂo.ra and fauna. In thé absen'cé of nonindi‘genous‘inve;ders, these diverse

groﬁps of 11a_ﬁve people interacted Wifh their éﬁvironment iﬁ a ménner that was respéctful

and sustainable, yet dﬁmnic. "T1‘1e se;ctling of this reéion brougﬁ‘_t inﬁnediate distu'rbaﬁce

to the natives’ system a‘s well as nonihdigén.c;usrplant_ species some of which 116w inhiabit

' millions of hectaresl (Sheley and Petroff 1999). Somespecies of speciﬁc‘ c;onccm include

‘ spotted‘kriapvs}eed (Celnta\urea m.aculo;a Lam.),'. Rﬁésian knapWéed (Centaurea repqn& , ,

L)), leafy spurgé (Euphoréia éSZ{la'L.), and-sulfur cinquefoil (Potentilla re?ta ‘L‘.).

. Evidgnce suggesté that tl.1e.se 'invader_s may decréase indigenous species diversity,

| richness, an:d biomass (Tyser _and ‘K-ey 1‘988, Belé:her and Wils'c;n 1989, Kedzi'e—.Webb et: S
al. 2601). In addition, invasions may facilitate 'degradation of ecosystem struc::tufe and |
* function (Vitousek 1986, 1fiandall 1996).by al’gering critic;al proqesées such as .nu’.crient

cycles, hydrélqgic cycleé, and enérgy ﬂow- (Vi_ftoﬁsek and Walker 1.986,~Lacéy et al. ’-

| -1989).. | | |

‘The displacement on indigenous species is 2; culturalln and eédlo gical concemn for plant

_ .manggerys ’Fhro;ghout this regioh; Maﬁagihg for &iverse indigenous plant aééefnblagés _'npt i

only increases community tolerance of stress events, like drqught (Tilman 1996), it may A
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improve. resistance to invasion.by non—indigenous species (Eltorr 1958, Rejmanek 1996, .
Levine and D’ Antonio 1999, Pokorny 2002). Herb1c1des have been used as the pnmary
tool for controlhng invaders (Hamaker et al. 1967, Grrfﬁth and Lacey 1991) However,
there is little evidence that repeated herb1crde use alone at landscape scales has
consrstentlydrsplaced 1nvaders nor restored the structure and’function of native plant
communltres The long term 1mpact of herbicide use on nontarget native forbs 1s not well
tested, but assumed to be substantial (Harris and Cranston 1979 Cuda et al. 1989). the
et al (1997) found m1n1ma1 herbicide 1mpacts to native forbs over time, after a smgle
apphcatlon however retreatment was necessary to control the invader (Centuaw ea
maculosa). Treatments applied frequent enough to truncate nevv seed productlon and

exhaust the seed bank of nonindigenous species could presumably require several years if

| not decades of treatment to accomphsh (Griffith and Lacey 1991) This process could .-

. produce a remnant communlty low mn rrchness and d1vers1ty, which subsequently could be

functionally altered and/or made more susceptible to reinvasion by nonindigenous' :

" species.

The first objective was to improve understanding of herbicide effects on community s
dynamics at the'species level in order to refine the Tribe’s use of technology and advance '

the development of success1ona1 weed management strategles (Sheley et al. 1996)

' Specrﬁcally, this study was 1mp1emented to quantlfy herbicide 1mpacts on specres of

cultural relevance to the Northern Cheyenne trrbe The study also addresses the Ob_] ective -
of 1dent1fylng potent1al herblcrde and rate combinations that are efﬁcacious on

nonindigenous weeds and could have limited impact to indigenous forbs. The second
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objective of this study was to quantify co-existing 1nd1genous spec1es response to the
removal of a nonmdigenous mvader without herbicide present The removal would better
characterize the 1mpacts of sulfur c1nquef01l on 1nd1genous plant commumties Wh1le
' Improving understanding of the potential reassembly of an 1nvaded community :
’ . (Lockwood 1997). I hypothesized that native grasslands Would exhibit reductions in
culturally sensitiv'e iforb cover, biomass and density relative to the low, medium and high
_ rates of select1ve rangeland herbicide I also hypothesrzed that removal of an mvader
- sulfur cmquef01l would Increase 1nd1genous spec1es cover,  biomass and densrty.and
1ncrease indigenous plant species richness and d1ve_rs1ty. , ..
| | Methods
Study sites
| Field studies at White Buffalo and Paddy‘Creek yvere conducted to quantify impacts of ‘
herbicidal control on native plants of the Northemn Cheyenne Reservatlon in southeastern } :
Montana from 1998 to 2000 The ﬁrst s1te was established near the head of White _
| Buffalo drainage 16.5 km south of Lame Deer Montana (45 °28'N; 106 ° 35' W)
Annual temperatures at White Buffalo range from 37 to 37 C w1th an average frost-
free penod of 108 days (USDA-NRCS 1996) At Wh1te Buffalo mean prec1p1tat1on is B

- 432 mm at the 1250 m elevatlon 31te Prec1p1tation over the year is bimodal w1th peaks

- occuring in spring and autumn The soil is a Bitton -Twin Creek- R1nglmg, dry, complex R

‘with slopes rangmg from 5to lO% at this site. Bitton and Twin creek loams comprise
65% of the complex White Buffalo is class1ﬂed asa F estuca zdahoenszs/Agropyron

szthzz hab1tat type similar to that descnbed by Mueggler and Stewart (1980) for westem N
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Montana. Idaho fescue (Festuca idahoensis Elmer) dominates the site and had canopy
cover 0f 40.5% in 1999 and 2000. Other infrequently established grasses include
Kentucky bluegrass (Poa pratensis L.), needle & thread (Hesperostipa comata (Trin. &
Rupr.) Barkworth), and smooth brome (Bromus z';/z'ermis Leyss.). Predominal;lt forb-s
include western yarrow (Achillea millefolium L.), cudweea sagewort (Artemisia
ludoviciana Nutt.), many flowered aster (4ster ericoides L.) and sli‘mﬂower écurfpea
(Pso;alidium tenuiflorum (Pursh.) Rydb.). Species richness sampling deteqted 29 species
at White Buffalo in 1999.

The second site was located in the uppér reaches of the Paddy Creek drainage 18 km
southeast of Busby, Montana (45 ° N 28'; 106 ° 40' W). This site has 8-15%
northeasterly slope and the soil at Paddy Creek is Shambo - Doney - Cabba Ioaﬁs at 40,
30 and 15 %, respectively (USDA-NRCS 1996). Elevation is- 1220 m at P»addy Creek
which receives an average of 432 mm of bimodal precipit;ltion annually.‘ The frost-free
duration averages 112 days. Native species include western wheatgrass (12% canopy
cover) associated with western yarrow, and cudweed sagewort. Kentucky bluegrass
(19% canopy cover) and black medic (Medicago lupulina 1..) were the most cc;mmon
non-native species in 1999, l |
Study sites

Two Northern Cheyenne Reservation study sites, Muddy Creek and .Skunk Creek,
were established to quantify native plant recovery in the absence of herﬁicide by hand
removing sulfur cinquefoil from a native plant community weekly in 1999 to 2000. The

first site was located near the confluence of Muddy Creek and Rosebud Creek; (45°36"
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N;IQ6 % 44'W). Muddy Creek is located 10 km west of Lame Deer, Montana. Muddy
Creek soil is a Yamac loam (USDA-NRCS 1996). Slope ranges from 2 to 8% and this
site receives about 305 mm of anmual precipitation. Muddy’ Creek has a frost-free periQ‘d
of 115 to 130 days. At the time the study was initiated, the site was d01"ninat6d by sulfur
cinquefoil with a mean canoby cover of 43% and 170 plants m? in 1999. Kentucky

- bluegrass comprised 21% of the total grass canopy cover, which was 26% at Muddy
Creek. Other forbs include many flowered aster, scarlet gaura (Gaura coccinea Nutt. ex
Pursh.) and alyssum (Alyssum L.).

The second site, Skunk Creek, was located 16.5 ’km south of Busby, Montana (45 °
23'N; 106 ° 58' W). Skunk Creek soil is a Sﬁambo loam with a 2 to 8 % northern slope
(USDA-NRCS 1996). Annual precipitation is about 432 mm per year with a frost-free
period of 112 days. Annual temperatures range from 37 to -37° C. Sulfur cinquéfoil was
thé dominant species with a mean of 35% canopy cover and mean density of 145 plants
m for non-removed plots in 1999. Primary grass species include éideoats grama
| (Bouteloua curti}aendula (Michx.) Torr.) which had 95 tillers m? and Kentucky bluegrass
which had a mean density 0f 102 tillers m2. Other common forbs include many ﬂov{/éred
aster and cudweed sagewort.

Experimental design

White Buffalo and Paddy Creek study sites consisted of eighteen treatments (5
herbicides, 3 rates and a non-treated control) which were applied to 2-m x 10-m plots on
June 24, 1998. Plots were sampled in late June of the following year when cool season

species were seeded and most forbs were flowering. The treatments were replicated three
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times arranged na randomized -complete- block des1gn at each site due to suspected
env1ronrnental gradients caused by slope Treatments consisted: of th1 ee rates each of a
- - commercial forrnulation of 2,4-D+clopyralid respectively (a. 0.28 kg ai/ha +0.0532 kg
ai/ha, b. 0. 56 kg ai/ha +O 1064 kg a1/ha C. O 84 kg ai/ha + 0 1596 kg ai/ha) 2,4- D amine
I(a 0.532 kg ai/ha b. 1.064 kg ai/ha, c. 1. 596 kg ai/ha), metsulfuron (a. O 0042kg ai/ha, b.
, 0.021 kg ai/ha, c. 0.032 kg ai/ha), picloram (a.0.14 kg ai/ha, b. 0.28 kg ai/ha, c. 0.56 kg
ai/ha) and clopyralid ( a. 0.050-25' .k‘g ai/ha vb- 0. ‘2‘1 kg ai/hac. 0. 4ékg ai/ha). Plots were
. hand sprayed n 1998 using a CO, backpack spray unit applying 130 1/ha total spray
volume.- Conditions were overcast heavy dew wind < 5 mph with a temperature of 18.3°
e . .

Muddy Creek and Skunk'Creek treatments (sulfur cinquefoil removed and non-
removed) were replicated five times in a cornp.letely 'randomiZed design at each site in
1m? plots‘:_ Due to plot size an enyironmental gradient was not suspected thus the'
experiment was -completely randomized. Sulfur cinquefoil removal treatments yvere
| accomplished by hand pulling 100% of the sulfur cmqueforl twice durmg June July, and
- August for two grow1ng seasons o | |
Sampllng . »

Sampling began at White Buffalo, Paddy Creek Muddy Creek and Skunk Creek in
1‘999 Canopy cover was estimated on a per species basis for all spe01es present n three ‘
randomly placed 20 x 50-cm frames w1th1n each plot at White Buffalo and Paddy Creek
-Canopy cover, at Muddy Creek and Skunk Creek was collected by the same procedure

with a single randomly placed frame in each plot. Canopy cover was the only data
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collected within each plot in 1999. In 2000, canopy cover, density and biomass déta
were collected 24 months after initial treatment at both sites. Grass density, at White
Buffalo and Paddy Creek, was recorded by counfcing all tillers of each species present
within three randomly placed 20 x 50-cm frames. Grass density, at Muddy Creek and
Skunk Creek, was counted from a single randomly placed 20 x 50-cm frame in each pjlot.
Simultaneously, forb density was collected by counting the number of individuals, .ramets~
and genets combined for each species within the frame. Biomass, at all four locations,
was collected by c&ipping and sorting individual species from a randomly placed 0.4.14-m2 ,
hoop. Sémples were air dried at 60 ° C for 48 hours and weighed.

Data analysis

White Buffalo and Paddy Creek data were initially combined and analyzed as a split |
plot for species richness. Analysis of variance (ANOVA) detected White Buffalo and
Paddy Creek differed in species richness significantly which prompted site specific
analysis. Treatment effects on diversity, richness, canopy cover, biomass and ciensity
were analyzed. ANOVA was used on the average of the three subsamples to test the -
hypothesis thaf ﬁative forb species respond variably to different rates of rangeland
herbicides (SAS 1990).

First, at White Buffalo and Paddy Creek, ANOVA for a split-plot was used to -
determine effects of herbicide, rate, herbicide*rate, year, year*herbicide, year*rate, and
year*herbicide*rate effect on canopy cover, diversity (Shannon-Weiner H’= - TP, ¢ log
(P)), and species richness where year was the split plot in the ANOVA. Herbicide, rz‘it‘e

~ and herbicide*rate were the whole-plots. Block*herbicide*rate was used as the whole
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plot error term. Year and all interactions with year were the spht—plots ‘The model error
was used as the split plot error term

Second, at White Buffalo and Paddy Creek, AN QVA fora randor_nized—complete—
‘block was used to determine nerbicide, rate and herbicide*rate effects’ on :biomass and ‘
density' for grasses and forbs. These dependent varrables vs;ere analjrzed first as groups :
and tt1en individually by species. Block”fherb*rate was used as the error term for these
analyses. When treatment or interaction were significant at the Ps 0.05 level then mean
separations were ach_ie\}ed using Fisher’s nrctected Least Significant Difference (LSD) '
(Peterson 1985). With the exception of western yarrow 'coyer. at thte Buffalo which is
presented at the Ps0.06 Ievel to illustrate sr1ni1ar trend'.between sites ‘

F or Muddy Creek and Skunk Creek sites were comblned and AN OVA fora
completely randomrzed design, split for year effects on ‘canopy cover, was used to .:
deterrmne effects of srte removal treatment, year and year*removal on d1vers1ty
(Shannon- Welnerj and canopy cover for grasses and forbs separately Sulﬁlr cmquefoﬂ
| was not 1ncluded_1n the forb group. T-tests were conducted tc detect differences in’
richness, densrty and biomass in the perennial grass group and 'again for the indigendus‘

forb group. Richness between grasses and forbs was not tested.- - -
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" Results

Perennial grass canopy cover

Muddy Creek & Skunk Creek. Perenniai grass canolay cover effects were not detected

following the hand removal of sulfur cinquefoil (Table 2.1).

Table 2.1. P values for hand removing sulfur cmquefoﬂ P- values for Cover were
* considered significant at the P < 0.05 level. '

Source Co df P. Grass Cover L ‘Forb Cover
ste 1 031 o 0.47
removal ‘1. 7008 o R <0.02
year o £ 006 . .. 061 .
Yearkremoval ] : O..11 L - 0.07'

White Buffalo. The impact of.herbicid-e on. tetal perennial grass canopy eo\;er, Whichk 4
included indigenoue and nonindi geneus gras'ses, lw‘as dependent‘ on the in;ceraetien of
herbieide and rate of alapli_cation at .White Buffalo (Table 2.2). ‘ Tetal perennial -g.rass
" canopy cover in fhe untreated cbn’grol plots was 51%. Ciopyr'alid'applied at 042 i{g ai/ha,”
clopyralid at Q.0532 kg ai/ha.plus 0.28 kg ai/ha of 2,4LD, and metsulfuron at 0.004;2 ké ,: :
ai/ha .inc‘reased total perehnial grass canopy. cover to 63, 61, aﬁd 63 %, 're.specti\'/eiy (Fig. .
é.l). All other treatrhents produced cever s_imilar to that ef the eentfol. No treatment :

effects were detected for Idaho fescue coveér.
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Perennial grass biomass

Muddy Creek & Skunk Creek Hand removal of sulfur cmquefoﬂ d1d not produce
A srgnrﬁcantly detectable differences in perenmal grass blomass

| White Buffalo. Herbrcrdes Interacted w1th rate to deterrnlne perennial grass biomass
(Table 23) Total grass oiomass in the untreated control plots was ";79 kg/ria (Fig. 2.3’).
Clonyral'id applied at 0.16 kg ai/ha plus 2,4—b at 0.84‘1'1k.g ai/lra increasedr];')erennial grass
| biomass to 1701 kg/ha. Two,4-D applied at 0.532 i{g ai)ha 'y.ielded 1573 kg/na while |
“ metsulfuron at O 02 kg ai/ha produced 1768 kg/ha. When prcloram was applied at 0 5 6
kg ai/ha, perenmal grass yielded about 2.5 times more biomass (1954 kg/ha) Other
herbicide by rate oombmatrons did not s1gn1ﬁcant1y alter bromass from that of the control. '

. Biomass of individual species were analyzed and no significant d1fferences were det.ected.-

Table 2.3. P-Values for herbicide and rate main effects with herbicide x rate
interactions on perennial grass b1omass P- values considered s1gmﬁcant at the ‘

P<0.05. ‘

- Site ' White Buffalo ‘ - Paddy Creek -

" Source ~df  Festuca . perennial Western '+ Kentucky . perennial
‘ idahoensis - grass | wheatgrass © bluegrass, grass -
Block -2 " 0.03. 060 | 002 015 © . 024 .-
‘Herb 4 068 - 066 | o062 007 009
Rate 2 043 . 026 079 . 021 027
Herb*rate 8 0.20 0.03 038 . 003 ° 0.3
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Perennial grass deusitv. _

Treatment effects on perennial grass densrty were not detected by hand removal (Pr >

[t] = 19) Herbrcrdes did not affect grass densr[y for any of the 51tes (Table 2. 4)

Table 2.4. P-values for herbicide and rate main effects with herbicide x rate
* interactions on perennial grass density at both sites. P-values considered
significant at the P <0.05 level.

Site _ ... WhiteBuffalo ' Paddy Creek

Source: -df Idaho ~ peremnial | - western Kentucky - perennial '
' " fescue’ ' grass wheatgrass  bluegrass grass

Block . 2 0.30 . 094 | T004 003 045

" Herb 4 027 -077- | 09 080 . 080

Rate 2 o045 069 . 031 071. . 095

Herb*rate . 8 __ 060 - 062 | 029 06 .04

4 | Forb canopy cover
Muddy Creek and Skunk Creek. Non-tatget indigenous forb canopy cover depe‘nded» '
. upon the main effect of pulling sutfur cinquefoit (T-a‘ole 2.1). Total forb cauopy cover_
. ' was about 5% in the unpulled control and increased‘to: around 12% in the removed_ plots.
Wtrite Buffalo ; Tota1 forb canopy cover was dependent upon year after treatment and
herbicide main effect at Whrte Buffalo (Table 2.5). Total forb cover was around 28% in
N 1999 the ﬁrst year after treatment and decreased to’ 24% n 2000 Total forb cover
ranged from 3 1% followmg 2, 4 D treatments to around 19% after p1cloram (Fi 1g 2. 6a)
r The control produced 28% total forb cover Prcloram decreased forb cover to 19%
| Two,4-D alone produ'ced 31% total forb cover andclopyralid plu.s 2,4-D .produc‘e‘d 30%. -
Bottr treatments produced more 'for;b cover than picloram but were simrlar_to the 'cor_ltrol. |

Metsulfuron and clopyralid alone produced similar forb cover as tlre control and others. :
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AT.able_2.6. Paddy Creek. P-values for forb canopy cover. P-values considered significant at the P<0.05 level.

many

: o " American western cud-weed.,  black | death flowered
Source_ . -df. - vetch | yarrow sagewort  medic’ ' camas aster _ Total
Rep 2 038 0.06 011 036 . : 002 0.5 . 096
Heb . 4 C002 T oo X o001 039 o5 0.01
‘Rate 2044 001 - 075 - 098 0535 . 07 o1
Heb*Rate - § 004 007, 011 [ . 021 - 017. - 094 039
Year . 1001  0._74' ~Looor 001 o001 0.01
Year*herb 4 003 084 094 o'.'oﬂ1 06 o o4 |
Y.ear’-“fate. 2 06 091 061 ‘0.57A 074 056

LT

|
|
7

car*Herb*Rate 8 063 - 046 007 061 - 035 015
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Table 2.7. P-values for forb density response to herbicide and rate main effects and their interaction. P-values considered

. significant at the P < 0.05 level. Cudweed sagewort P-values are results for main effect and intéraction on biomass.

.. Site

——

White Buffalo Paddy Creek
< " many total . _ cudweed total
o - western flowered forb American  western . sagewort forb o
. Source df yarrow Jaster density | vetch yarrow - biomass density w
Rep . 2018 055 056 .|002 016 081 " 006 :
Herb - 4. 0.03 0.57 0.06 | 0.04 032  0.88 0.35
Rate S2 046 003 08 |0.79. 0.05 0.05 0.11
Herb*Rate 8 . 055 0690 090 1089 ~ 004 0.19 0.27
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Table 2.8. Muddy Creek and Skunk Creek combined. T-test of hand removing sulfur
"~ cinquefoil on species richness. Results considered significant-at the Pr  [t] 0.05

level.
Variable df Pr>[t] -
Richness 38 - 0.0105
Grass n'ch.ness 38 - 0.8773
Forb richness - 38 0.0073

Paddy Creek. Richness was different between year 1 and year 2 at Paddy Creek. .
Herbicide and rate interacted altering richness among herbicides by rates. No treatments
differed from controls. ch;,hness ranged from 7.7 species with picloram at .56 kg ai/ha to
11.2 species in the metsulfuron at .032 kg ai/ha treatment. Control richness was 9.17
) species. . | |

Discussio:g

Low species richness and relative abundance of coexi_sﬁng species is typical in the. '
presence of a highly efficient nbn-indigenous invader like sulfur cinquefoil (Rice 1993,"
Randall 1996). Based on temporal and s;;atial similarities :clmong forbs and sulfur
* cinquefoil, I hypothesized that hand r.emoval of this invader would increase species
richness and diversity.' Hand removing sulfur cinquefoil increased the to"[al richness of
the sites -and fotal indigenous forbs were significantly higher in richness and ‘cover. These
findings are similar to those of >Tyser and Key (1988) for spotted knapweed and B;elcher'
and Wilson (1989) for leafy spurge. Howéver, species diversity weighted by'abundance
(Sharmon-Weiner index) was unaffected by removing sulfur cinquefoil. Hand removing '
sulfur cinquefoil did not increase grass richness, density or production aﬁér two seasons.

I speculate that forbs may have benefitted more from the increased resource availability
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resulting from 1nvade£ removal than grasses because ferbs may ocoupy niches slmﬂar to
that of sulfur cinquefoil (Sheley et al 1996, Pokorny 2002). |

Forbs are essential components of plant communities becatlse they provide structure
and function central to ecos'ystem sustatnabtlity. Pokorny (2002) e1nphasized the
irnportanCe ot" considertng indigenous forbs When-makinglinvasive. plant management
decisions because of their abundance. Forbs may also be critical_ because they preempt
resource use by weedy speeies and provide a barrier fo invasion (Pokorny 2002): In this
study, species richness.an'd diversity'.were not affected by any herb‘ie'idie treatment, similar
to that found by Rice et al. (1997).‘ Hewev-er picldram reduced forb covef below that of
the control at both sites regardless of rate. In add1t1on p1cloram metsulfuron and |
‘ clopyralid reduced total forb dens1ty at Wh1te Buffalo Loss of 1mportant forbs may-open
niches and create safe sites for nonindigenous invasion (Levme and D’ Antonio 1999,
anes 2001, Pokorny .2002‘)_._. o

The limited impact of 2;4-D is censistent svith J acobs. and 'Shel_e.y"s -(199"9)' findings
that 2,4—D can be applied at a nhenolo gical .stage Which nvill minimally at'fect total fofb

productlon Slnce 2,4- D 1S somewhat effective in controlhng sulfur c1nquef01l and

. spotted knapweed by. applylng the herb101de later in the growmg season, controlhng these

invaders while maintaining competitive forbs may reduee re-invasion. 'Increased n1che_‘ '
occupation is believed to be a critical element necessary for native communities to
enhance their resource capture and preempt acquisition by an invader (Pyke and Archer

' :1991, Tilman 1996, Jacobs and Sheley 1999). - -
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~ From a cultural and medicinal perspective, certain individual species are also
important when considering the influence of herbicides on plant community cornposition'.. -
- Western yarrow and cudweed sagevilort were affected by various herbicide's. High rates
of any herbicide decreased cover and, in many cases, density ot' yarrow below that ’of the
low or medium rate of herbicides at White Buffalo. By the second year, this species’
.cover ,fully recovered.. This species was also sensitive to 'high rates of herbici,des ina
study conducted in yvestem Montana (Rice and Toney 1996). Iiiterestingly, low herbicide " h
rates increased cudweed sagewort biomass at Paddy Creek. |
In thls rangeland herbicide study, I hypothes1zed that spec1es Would respond

1ndependently to different herbicldes and the1r rate of apphcation with gram1n01d spec1es
capitahzrng most on available site resources (Pechanec et al. 1965, Rice etal. 1997, |
Jacobs and Sheley 1999) As expected the perennial grass group 1ncreased In cover and
_ biomass at both White Buffalo and Paddy Creek over the two years The herbicides that
increased grass cover and biomass were different depending on site. My results suggest h

.‘ | that the grass sbecies r'esponse depended upon site and herbicide treatments,' therefore,

| rnanagers must consider all species in a community before selecting a herbicide '(Sheley et
ol 1996, Jacobs and Sheley 1999). |
'Herbicides can_be very effective In increasing grass production (Dahl et al.. 1‘989). '

_Perennial grass -cover and bioinass increased foiloWing herbicide 'application. In many
. cases, herbicides more than doubled perenniai grass producti‘on two years after herbicide
treatment. This shift toward grasses may have occurred,'in part, because of the i_ncrease_'

in resources available after forb control. Most earlier studies focused on control_li_ngi
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indigenous forbs for jncreased grass production (Blaisdell and Muegglef 1956, Laycock
and Phillips 1968, Tabler 1968, Schumaker and Hahson 1977, Miller et al. 1980).
Increasing grass production by controlling both indigenous and nonindigenous species is
currently a major focus of invasive plant management (Sheley and Petroff 1999). I
believe that weed management must focus on restoring the function and structure of the
plant community, rather than simply controlling weeds for grass production (Sheley et al
1996).

Improvement in range condition is typically a desirable outcome for range managers
(Dyksterhuis 1949). In order to improve condition, the desirable decreaser species must
recover and subétantially iﬁcrease their relative abundance. On my sites, improvement in
range condition did not occur bécause ”many of the climax decreasers no longer are
present. In fact, the use of herbicides, picloram in pafticular, allowed for increased
abundance of Kentuc;ky bluegrass and shifted the community composition further away

from the potential natural community at Paddy Creek (Meuggler and Stewart 1980). ’
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CHAPTER 3

SEED SOURCE ISLANDS AS A MECHANISM FOR LANDSCAPE SCALE
- RESTORATION OF CULTURAL SPECIES

. Introduction

F or centurres hlorthern Cheyenne people coexrsted on the Great Pla1ns relyrng entrrely
on their surroundings for food _shelter and med1c1ne Indigenous life was 1nterconnected
with the ﬂora fauna and natural cycles that perpetuated the tr1be s ex1stence As Tall
Bull ( 1980) a Cheyenne elder described “For the earth is our mother and the plants and
animals our relatlves and friends.” The innate understandlng of 1nd1genous plants and |
their role in the environment is best encapsulated in the tradltronal philosophy that “Every |
plant has 1ts purpose The 1nd1genous people of the Great Plains recognlzed and
accepted the dynamlc ﬂuctuations n populations and processes as inteéral .occ'urrences
necessary for the earth to sustain life for all spec1es These dynam1c and drverse systems
were sustamable in the absence of mnvasive non 1nd1ge110us species. However asnon-

1nd1genous settlers dispersed and established in the West in the 1800'8' so did other .
' sp4e01es of non-mdrgenous Invasive plants.many of Whrch now 1nhab1t m1lhons of. hectares ,
throughout the Northwest (Sheley and Petroff 1999)
Non—rndlgenous 1nvaders such as spotted knapweed (Centaurea maculosa Lam.),
Russian knapweed (Centaurect ,repens L), leafy spurge (Euphorbiq esula 1.), and s_ulfur
cinquefoil (Pot'entz’léa recta L;)- are some of the_ most efficient invaders Ainhahiti‘ng .the |

Northern Cheyénne Reservation. Bviderice suggests that these invaders reduce




. indigenous'specie‘s cover, density, biomass and basal area over tirne ("llys'er and Key 198'8; :
' .Belcher and Wi‘lson 1989, Kedzie—Webb. et al. 2001). 'The introduction of non-indigenous.
: invasive species has profoundly altered the structure and function-of regional and global -
ecosysterrls (Vitousek 1986). Many displaced indigenous species have dietary, 1nedicinal
and/ot ceremOnial significance to the tribe. The loss of indigenous species is culturally
and ecologically unacceptable to most tribes. | |
Unfortunatelv,' the tribal landbase is already'hdstiné substantial arnounts of
nonindigenous invaders.l AManagement of these invasive species ranges fr'om'no
f management to intensive long-term herbicide control To date, none: of the managernent
actions including long term herbicide use, have favorably preserved or restored cultural
plant populations. Long—terrn 1n1pacts of herbicides on non—target or cultural species‘is
— dependent upon tlie type, rate and frequency of application (ljliapter 2, Rice and T.onev
| 1996). ‘Tribal monitoring data sugg'est infested areas oi the reservation, vvheth_er treated
: or not; have decreased in indigenous species richness and relative abundance cornpared to |
noninfested lands: Potentially, plant.comrnunities frequently treated vvith selective' =
. herbicides could‘ shift_into graminoid exclusive assemblies because of the exhaustion of -
' the nonindigenous and indigenous forb species -seed bank. Removal ‘of distinct g'roups'of '
indigenous forbs has potentially s1gn1ﬁcant 1n1pacts on a plant communrty S ability to :
function and resist reinvas1on (Pokorny 2002): | -
- The reestablishlnent of desirable forbs and/orculturally ’significant shrubs has cultural
importarice, but may be essential for restoring cornrnunity i“unction and lstructure as well

as reducing future invasibility; however many of ‘these species are in limited supply,
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: tunavailable commercially, and/or _availahlel at high cost.. This In turn makeslandscape E
scale revegetation cost prohibit_i.ve. ‘The developrnent of low cost methods of |
reestablishing desired species into a community at landscape scales vtdll be required to
rebuild deslrable indlgenous snecies richness and ahundance.

In order to implernent this reduced cost patch style -rlestoratio_n, one lhust consider the
complex fundamental factors which affect plant dispersal or invaslon and 'how these
factors influence the seed dispersal loon (Wang and Smith 2t)02). Critical elements stich ~
as size, shape and productivity of the seed source, distance to and availability of safe
sites; combine with temporal environmental conditions and 'secondary disnersal'vectors to
determine seedlrng recruitment, surv1val and ult1mately the development of drspersedv
populat1ons (Hobbs 1986)

The objective of th1s study was to quantify the establislnnent of islan’ds or patches ot‘
culturally srgnrﬁcant forb spec1es in grasslands that were prevrously reclalmed followmg |
stri 1p mining of coal. None of the culturally 1mportant snemes were part of the reclalmed
co1n1nun1ty nor were nonlndrgenous invasive Weeds ‘An addltronal Ob_] ect1ve was to test
the 1mpact of island shape on the 1nvas1on _potential of selected 1nd1genous specres as part
ofa restoratron effort. I hypothes1zed that des1red species may more effectlvely estabhsh
and propagate from densely seeded rectangular islands over that of equal area square .
1slands Rectangular islands are narrower, reduc1ng dlI'CCt sunlight stress on seedlrngs
and have greater edge length Wthh increases opportumtres to contact vectors I

hypothes1zed new occurrences of cultural spec1es would occur in greatest abundance

close to the source and decrease over a spat1al grad1ent away from the source.' New ‘

4
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occurrences would éstablish throughout the landscape by utilizing natural' primary and
secondary dispersal processes over time.
| 'Methods :
Study sites
Freld study s1tes were established in 1998 on the Western Energy Company reclalmed _
coal mine site. The study area was in reclaimed area “E” 2 km south of Colstnp, o
-Montana (46 °30'N, 106° 25'W). The soils and plant communltles present at both sites
' were anthropogemcally altered by str1p mining frorn 1980 to 1983 Topsorl was '
stockprled from a previous dlsturbance In 1978 and redlstributed onto sites one andtvvo ‘ -
in 1990 and 1993, respectively. 'Suhsoils 'consist of a deep hornoéemzed overburden
‘from a substrate thatl was brought to the surface and eventuallylhackhlled and recontoured
_following coal removal. A. 15_ .t0'30-crn layer of stockpiled sandy loam was replaced as s

' topsoil. Precipitation at Colstrip 1s bimodal and ranges frorn 305 mm to 380 mm with the

maJorlty recelved as snow and rain in Apnl through June and agam in September through o

November The sites have a frost free penod 0f 90 to 110 days.

" Site one, the basm, is predomlnantly level (slope 0-2%) and is at an elevation of 945m.
In 1990, the basin vvas reclaimed with-one of two seed mixes depending on the site.ﬂ .
Uplands were seeded with a'blend 1nclud1ng the followmg species and their proport1on .
| based on 100% western wheatgrass (Pascopyrum smithii (Rydb ) A. Love 19 8%) B
.. bluebunch Wheatgrass (Pseudorogenarza spicata (Pursh) A. Love 20. 4%) green
needlegrass (Stzpa vzrzdula (Tr1n ) Barkworth 21. 9%) sideoats grama (Bouteloua :

curtzpendula (Mlchx.) Torr. 2. 1%), slender Wheatgrass (Elymus trachycaulus (Lmkj
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Clould ex Shinners 1. 15.2%), Indian ricegrass (Acﬁatherunr hymenoides (R. & S.)
Barkworth 10.4%) and'thickspike wheatgrass (Elymus mac'rOurus‘(Turcz.) Tzvelev
10.2%). |
Lowlands were seeded with equal parts slender wheatgrass Westem Wheatgrassl
Canada bluegrass (Poa compressa 1.), Kentucky bluegrass (Poa p7 atensis L.) and
| streambank Wheatgrass (Elymus lanceolaz,‘us (Sonbn. & J .G. Sm.) Gould). In 1991, a
supplementa] mix Was incornorated on'/site Which consisted of: blue grama (Bouteloua
graczlzs (Willd. ex Kunth) Lag. ex anﬁths 43. 6%) Canby bluegrass( Poa secunda J.

Presl 46 6%), purple prairie clover (Dalea Zaszathera Gray 3. 0%) westem yarrow

. (Achillea millefolium L. .9%), prairie coneﬂower (Ratzbzda columnifera (Nutt ) Woot. &

.Standl 3.9%), Scarlet globemallow (Sphaeralcea coccinea (Nutt ) Rydb 1. O%) and’
Lewis ﬂax (Linum Zewzszz Pursh 1.0%). Spec1es noted present in addition to seeded

' _species 1nclude westem ragweed (Ambrosia pszlostachya DC) and yellow slweetolover
| (Melzlotus oﬁ‘cmalzs L)).

Site two the northeast slope. was located 1 km east of the bas1n and 3 km south of
Colstrip, Mt. Physrcal and cl1matologrcal data is similar at both sites. The site was
recontoured with a 20 ¢ slope and was retfegetated in 1993 W1th the Western Energ}r
conifer mix conslstmg’of Westem Wheatgrass ( 5%) bluehunch \lvheatgrass (9%) pra.1ne " '
sandreed (Calamovzlfa lonngolza (Hook) Scnbn 15%) sand bluestem (Andropogon - "
hallzz Hack.18%), llttle bluestem (Schzzachyrz‘um scoparium (Michx.) Nash 22%), o

" sideoats grarna (24%), Indian ricegrass (5%) and prairie coneflower (2%).




49

Table 3. l Livestock grazing h1story for s1te one, the basm at the Western Energy Co
reclamation area “E ” :

Year Animal Units o . Grazing duration Estimated Use
1998 . 86 yeatlill-g heifers (.8 AU) - May 28 through ‘ 48% .
= 4 bulls (1.2 AU) ' July 30 ' :
1999 .None ' . | . rested : . ) O% .
2000 84 yearling heifers " June 19 tllretlgh , ’ 44% -
' 2bulls | . ~July 31 o 4
2001 84 yearling heifers " June 15 through | 64%
3 bulls - e . July 31 A
2002 None . rested 0%

V'Site one, the basin, was grazed in a rest rotation system (Table 3.1)." Site two,
Ilortheast slope; t;vas l10t grazed by domestic llvestock at any time ﬁ‘OIl‘l seeding to present. "
"The sites possess lifnited popﬁlaticlns of indigenous forb species associated with’
- grasslands in the regien and were essentié.‘lly devoid of tlle three sﬁeeies seleeted fot seed
soutee islands in this study.. Neither sitehas recerd of netlindi genous invasive forbs or
~ herbicide treatment. Wildlife elaserved near the sites include mule deer (Odocoileus
hemzonus) pronghorn antelope (Antzlocapm a;nerzcantz) and various mlgratory b1rds ‘

_Exnenmental desmn

The study was des1gned asa randomlzed complete—block des1gn with 3 repl1cat10ns at”
each of two sites. Treatments (3 species x 2 shapes) were establ1shed near the center of
64-m x 64-m -plots. In the fall ef 1998,' the plot seed beds were tilled into either a 1-m x

. '9-m rectangle or a 3-m x 3-m square. One of three 1nd1genous forb spe01es were sown

. purple coneﬂower (Echmacea angustzfolza DC.) planted at 2,133 seeds/m? cudweed

' 'sagewort (Artemzsza Zudovzczana Nutt ) planted at 161 seeds/m and b1 eadloot scurfpea ' .
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(Pendiomelum esc'L{Z'entum (Pﬁrsh). Rydb.) planted at 161 seeds/m?>. Spec-ies were

: broadcas’; .and. seeds incorporated by raking in February of the féllowing \;vinfier. AH
islands were covered completely Wif:h 2.5°cm thick pe.r.meable cellulose 'rri-atting to
' i{nprové m()'is’;ure retention and reduce wind and water erosic;ﬁ on the islands. Matting

 was remox'}ed fror_h all islaﬁdé in Iﬁly of '1999_. Neitiler site.was grazed during 'thé

establishment.year (1999). |
 Sampling | |

| Sampling began in 1999 .by cdllecting ‘establishment da%a. Déta was collected using a

. randomI}./ placeci‘ZO—cm by 50-cm frame to gatfxer three subsamples per tilled plot.

' .See;dling’ densit'y for plantéd species was coun’ged in each frame aﬁd the‘m_ean ;v.as used fo :
est'i_mate‘whole island densityl Plots were samp‘ie.d‘ once per year in 1999 (when matts -

: Were'_remo'véd), cﬁice 1n 2060 (mid I u;le) when forbs were ﬂéwe;ing, aa:'ld againvin 2002 a;c
peak standing crop (Sépfeﬁber) to determiﬁe species démé graphicls.within the‘ploi’cs.~ In .
2002, the 1slands ‘W‘e‘re precisely mapioed and the piots .v've're sampled 'for new ‘pjoi;uhtioris

| by conducting Walkihg tran;ects spaced 25 m apart across the extent of each study site. In.

2002, highly Visi_ble flowered adults served as phénqlo gical' markefs' fpr detec.thjlg new

” popuIation;, 'Each flowered adult plant was ciobumentéd with a Trimblé Pro XR Global . '

 Positioning System (GPS) Wﬁich is capable of lo gging déta‘that._is sub-cerit'irrieter' :
accuréte when post i)focgssed. Fifté;en posiﬁdns were 'lo‘gg’géd for each ﬂdwered adultto

ensure centimeter level accuracy. -Populations that exceeded 1 m* were documented as

/

speéies pol_ygbns by'walking around the pétch while the GPS unit logged one position per-

second.
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Data analysis

Seedling density data were analyaed using ANOVA procedures for a split-plot—in-time
to test the hypothesis that cultural species may establish better i n rectangular tilled plots '
(PROC GLM in SAS 1990) Year was cons1dered the spht—plot with spec1es and shape as
the whole- plots Block* year*spe01es*shape was the split-plot error term and
' block*species*shape was th’e l?vhole-plot error term. When treatment or interaction were
signiﬁcant attheP < .0.0S‘level then mean separations Were achie‘yed using Fisher’s -
protected Least Slgrliflcant Difference (LSD) (Peterson 1983). o

Spatial arrangements of raw .data were downloaded, from the GPS un1t and'post |
corrected in Pathﬁnder Office 2.51. Corrected data was then analyzed by ntillzing K -
ArcView 3.2a. The seed source islands, species point, and area.:themes were mapped. A
customized ArcVi'ew 3.2a: spati.al analyst script was used to compute the distance between :
neW-species occun'ences and their nearest'seed source island. These o‘ccurrenc:e data rnere
“then cateéorized lnto 10—meter hins ori;ginating from the source island to.illu'strate‘ the
occurrence gradient. |

| - Results

Initial estabhshment and Donulat1on trend

Seedl1ng density depended upon site, species and year al:ter se‘e‘ding for the Co[strlp -
o ‘exp'erirnent (Table 3..2).. Breadroot scurfpea was the least snccessful to estahlish ot ythe
three species. Breadroot scurfpea did.not establish in the haslnplots and had only trace -
. numb.ers of seedlings on the northeast slope. .The nnmber' of breadroot scurfpea" |

inditziduals slightly increased on the n_ortheast slope over time from 2»p1ants/9m2 (0.18%
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.of seed) in 1999 to about 12 plants/ 9m (O 8%) in 2002

Table 3.2. P- Values for site, shape, species and year effect on seedhng establishment
' density for cultural species seed source islands at Colstrip, Montana.

" Source ‘ L df P-value
rep . ' - -2 o 0.9428 -
site o c .. 0.0003
‘speoies_ | | ‘ 2 <0.0001
_site";species 2. '.‘0:0132 -
" shape | 1 0.9722
si’se_*shape - I -Q.6359‘
: 'speeies*shai)e 2 0.585:
site*species*shape - -2 ' 0,0_93,7"
year . 2 <0.0001
site*year 2 ©.0.0015
. - Species*year 4 - 0.000‘I" |
site*species*year 4 : 0.0355
shape*year | 2 0.9281
sife*shape*year S - 0.8034
A species*sllape*year 4 0.5182
'_site*species*shape*vyear © . Y ) 1‘361' .

~ Cudweed sagewort density depended upon site and year (Table 3.2). Inthe basm
cudweed sagewort established 165 plants/ 9m (11 4% of seed) in 1999 Only about 25
plants/ 91n (1.7%) surv1ved into 2000 and 2002 (Flg. 3.1). On the northeast slope
cudweed sagewort established 748/ Om? (5 1 6%) in 1999. Natural events reduced the
populatlons to 58 plants/ 9m? (or 3. 9%) by J uly 0£2000. In 2002 the cudweed sagewort

popula’uons had rebounded to about 122 plants/ 9m

o
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