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Abstract:

Spotted knapweed (Centaurea maculosa Lam.) is a perennial forb native to central Europe and east to
central Russia, Caucasia and western Siberia. This weed is rapidly invading western rangelands of the
United States and Canada. Non-indigenous weed invasions are suspected to degrade ecosystem
function, displace indigenous species, and reduce biodiversity. The introduction and spread of spotted
knapweed has often been associated with the modification of indigenous plant communities. However,
few studies have quantified the relationship between indigenous species diversity and spotted
knapweed. In addition, weed management decisions must be based on models that provide an
understanding of the plant community as a result of weed management.

The objectives of this study were to: 1) characterize the functional relationship between plant
community composition and spotted knapweed within a Festuca idahoensis-Agropyron spicatum
habitat type; 2) develop models that predict the post-treatment plant community composition based on
the pre-treatment plant community after a picloram treatment; 3) initiate development of a model for
using easily collected field data to predict pre- and post-treatment biomass; and 4) enhance the use of
predictions to improve weed management decisions.

Density, cover, and biomass of all species were collected along a gradient of spotted knapweed cover.
The pre-management plant community composition was sampled in the summer of 1996, prior to a fall
treatment of picloram, and again in the summer of 1998. Density,cover, and biomass were analyzed
using step-down regression procedures.

This study showed that indigenous perennial grasses, indigenous species richness and indigenous
species diversity were inversely related to spotted knapweed suggesting that spotted knapweed may
invade areas of low diversity and grass abundance or may displace native indigenous plants. In this
study, no relationship between spotted knapweed and forb was detected.

It may be feasible to use pre-management plant community data to predict postmanagement plant
community response for spotted knapweed-infested rangeland using picloram. The models predicting
post-management indigenous perennial grass, Idaho fescue, and indigenous species richness were
based on density. The best predictive models for assessing post-management forbs and indigenous
species richness were based on cover and biomass, respectively. The R2 values for these models ranged
from 0.40 to 0.69.

We attempted to use easily collected pre-treatment data (i.e., spotted knapweed cover) to predict pre-
and post-treatment grass biomass. Integration of these models indicated that there would be a decrease
in post-treatment grass biomass at spotted knapweed cover below 35%. Above 35% spotted knapweed
cover, regressions predicted greater post-treatment grass biomass than the pre-treatment biomass.
Furthermore, we believe it may be possible to identify the cumulative predictive biomass gain (after
treatment) by developing a biomass optimization model for each year of herbicide control. This would



provide land managers with a method to assess the economic feasibility of herbicide control prior to
imposing weed management.
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ABSTRACT

Spotted knapweed (Centaurea maculosa Lam.) is a perennial forb native to central Europe
and east to central Russia, Caucasia and western Siberia. This weed is rapidly invading westermn
rangelands of the United States and Canada. Non-indigenous weed invasions are suspected to
degrade ecosystem function, displace indigenous species, and reduce biodiversity. The introduction
and spread of spotted knapweed has often been associated with the modification of indigenous
plant communities. However, few studies have quantified the relationship between indigenous
species diversity and spotted knapweed. In addition, weed management decisions must be based on
models that provide an understanding of the plant community as a result of weed management.

The objectives of this study were to: 1) characterize the functional relationship between
plant community composition and spotted knapweed within a Festuca idahoensis-Agropyron
spicatum habitat type; 2) develop models that predict the post-treatment plant community
composition based on the pre-treatment plant community after a picloram treatment; 3) initiate
development of a model for using easily collected field data to predict pre- and post-treatment
biomass; and 4) enhance the use of predictions to improve weed management decisions.

‘ Density, cover, and biomass of all species were collected along a gradient of spotted
knapweed cover. The pre-management plant community composition was sampled in the summer
of 1996, prior to a fall treatment of picloram, and again in the summer of 1998. Density, cover,
and biomass were analyzed using step-down regression procedures.

This study showed that indigenous perennial grasses, indigenous species rlchness and
indigenous species diversity were inversely related to spotted knapweed suggesting that spotted
knapweed may invade areas of low diversity and grass abundance or may displace native
indigenous plants. In this study, no relationship between spotted knapweed and forb was detected.

It may be feasible to use pre-management plant community data to predlct post-
management plant community response for spotted knapweed-infested rangeland using picloram.
The models predicting post-management indigenous perennial grass, Idaho fescue, and indigenous
species richness were based on density. The best predictive models for assessing post-management
forbs and indigenous species richness were based on cover and biomass, respectively. The R
values for these models ranged from 0.40 to 0.69. .

We attempted to use easily collected pre-treatment data (i.e. spotted knapweed cover) to
predict pre- and post-treatment grass biomass. Integration of these models indicated that there
would be a decrease in post-treatment grass biomass at spotted knapweed cover below 35%. Above
35% spotted knapweed cover, regressions predicted greater post-treatment grass biomass than the
pre-treatment biomass. Furthermore, we believe it may be possible to identify the cumulative
predictive biomass gain (after treatment) by developing a biomass optimization model for each year
of herbicide control. This would provide land managers with a method to assess the economic
feasibility of herbicide control prior to imposing weed management.
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CHAPTER 1

LITERATURE REVIEW

Biology, Distribution, and Sprez;ld

‘Spotted knapweed (Centaurea maculosa Lam.) is a perennial forb indigenous to.
central Europe and east to central Russié, Caucasia and western Siberia (Rees et al. 1996). .
This weed is rapidly invading western rangelands of the United States and Canada
(Watson and Renny 1974, Strang et al. 1979, He_1m's and Cranston 1979). Spotted
knapweed forms dense ihfe;statiohs under a variety of environmental conditions, but
appears to be adapted to dry, well—drgined sites and disturbed areas (Roche’ and Rocfhe’v
1993). In Europe, spotted knapweed is particulérly aggressive on fore.;,t steppe Mollisols
and mesic Aridisols, but'will establish on drier sites when supplemented bﬁr suﬁmer
precipitation. It does not successfully éompete with vigorous grasses on moist sites.
Spotted knapv;zeed has been observed at elevations ranging from 578 to 3040 m and in
annual precipitation zones ranging from 2lOO, to 2000 mm (Lécey et al. 1995).

Spotted knapweed was. first .recorded‘ in Victoria, B. C. in 1883 (Groh 1944). This
weed is suspected to hgve been introduced éhroug.h discarded ship b;allast and as a
contaminant in alfalfa (Medicagé sativa L) ‘(Roche' and Talbot 1986). Contaminated
domestic alfalfa seeds an& hay apparently contributed to spotted knapweed’s spread prior
to its identification as a serious problem. Initial infestations of spotted knapweed were
_limited to the San Juan Islands, Washington, until 1920. By the 1960's, this weed had

spread to 20 counties in the Pacific Northwest and to 48 counties by 1980. Its current




2
distribution includes 326 counties in the western United Stétes, including e{fery county in’ |
| Washington, Idaho, Montana and Wyoming (Sheley et al. 1998). In Montana, spotted
knapweed infests approximately 2.2 million hectares and is spreading at a rate of 27% pér
. year (Chicoine et al. 1985, Lacey 1989).
Identification

Spotted knapweed is a deeply tap-rooted memBer of the Asteraceae family. Basal
rosette leaves are borne on short pedicels and grow up to 20 cm long and 5 cm wide.
Rosettes are deepiy divided into lobes on both si'des of the center vein. Lobes are oblong
and broadest above the middle of the leaf. Flowering stems stand 2 to 12 dm tall and |
branch on the uppe;r ﬁalf of the stem. 'S.tem leaves are alternate;, sessile, have few lobes, or
are linear and entire, and are reduced toward the apex. Flowerheads are ovat'e to oblong,
6 mm wide and 12 mm long, and are solitary or borne in clusters of fwo or three at branch
ends. Flowers are purple to pink, rarely white, producing 25 to 35 flowers per head, with
black bract tips apd longitudinal veins (Whitsoﬁ et al. 1996).

Ecological Impacts of Exotic Weeds on Indigenods Plant Communities

Non-indigenous weed invasions are suspected to degrade ecosystem function,
displace indigenous species, ar-ld reduce biodiversity (Randall 1996). Invasive species may
alter ecosystem function by threatening proper.nutn'ent‘ cycling, fire regimes, hydrologic
cycles and energy flow (Vitousek 1986, Vitousek et al. 1987, Vitousek and Walker 1989,
\R}}ﬁsenaﬁt 1990). For example, downy brome (Bromus tectorum L.) is a winter annual
that alters ecosystem processes. Infestations occur on millions of hectares in the Great

Basin where cheatgrass has increased fire frequency from once every 60 to 110 years to
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“once eversz 3 to 5 years (Whisenant 1990). Indigenous shrubs of this regioe, which are

poortly adapted to frequent ﬁres? have been reduced or eliminated in aeundancé and
impertance (Mack 1981). In ano’eher example, seltcedar (Tamarix chinensis Lour.; T.
ramossisima Ledeb.; T. pentandra Pallas), which invades wetlands and riparian areas,
lowers water tables and surface water required by indigenous plants and‘ animals
(Brotherson and Field 1987, Neill 1983). Changes in vegetation.composition may alter
the shape, carrying capacity, and flooding cycle of watercourses (Blackbum' et al. 1982).
Leafy spurge (Euphorbia esula L.) is a non-indigenous herb that invades the northern
grasslands of the Great Plains and Rocky Mountains Where it displaces indigehous forbs
and grasses (Belcher ane Wilson 1989). Yellow stérthjstle, a non-indigenous winter
anhuai, has spread exponentially since the late 1950's (Maddox et al. 1985, Thomsen et al.
1993). Many native plant communities have been se\-/erely altered or degraded by the
introduction of yellow starthistle (Randall 1995). Displacement of indigenous species by
non—1nd1genous weeds is generally assomated with declmes in biodiversity (Thompson et
al 1987, Webb and Kaunzinger 1993). However this relationship has rarely been
quantified.

The introduction and spread ot: spotted knapweed has often ﬁeen associated with
the modification of indigenous plant communities. Weed scientists and land managers
repeatedly' use this argﬁment to justify their management actions. H_owe;/er, little
information is currently available that addresses the impaets of spotted knapweed on the '.
ecosystem or env1ronmen'e Few studies have quantified the functional relationship |

between indigenous species diversity and spotted knapweed. Tyser and Key (1988)
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showed declines in species richness and frequency in fescue grasslands as a result of
spotted knapweed establishment. On sites with the highest pre-spray spotted knapweed
cover, herbicide treatments of spotted knapweed tended to incre_asc? species richness (Rice
and Toney 1997). Sheley and Jacobs (1997) found that bluebunch wheatgrass (dgropyron
spicatum Pursh.) root:shoot ratio increased when spotted knapweed density was reduced
by 90%. Taken together, these results suggest spotted knapweed may be capable of
displacing desirable indigenous vegetatiqn, ther@by threatening plant diversity and altering
ecosystem function (e.g., hyd‘rologic‘cycles and energy flow). Strdnger evidence is needed
to co.nﬁrm these suspected impacts and to contribute to our knowledge about the
ecologicél imbacts of spotted knapweed on indigenous plant communities. Without a
thorpugh understénding of these impacts, management efforts remain largely arbitrary and
lack an ecolggical basis from which to make wise management decisions.

When indigenous perenniai grasses are displaced by non-indigenous plants,

" detrimental changes to soil and watér resources may occur. Ina single, cursory study,
Lacey. et al. (1989) suggest that surface run-off and sediment yield were increased on
spotted knapwéed-domiﬁated sites compared to bunchgraés—dominated sites.

Furthermore, on uncli.pped bunchgrass sites, water infiltration rates were higher an'd :
surface run-off were lower than on spotted knapweed-dominated sites (Lacey et al. 1989).
Spotted knapweed reduces wildlife forage, modifies wildlife habitat, and alters
animal-plant interactions (Thompson 1996). Spotted knapweed invasions have reduced
available winter forage for elk (Cervus elaphus) by as much as 50 to 90% in western

- Montana (Thompson 1996). Elk use Wés 98% lower on spotted knapweed infested range
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" than on bunchgrass dominated range (Hakim 1979).

A major economic impact associated with spotted knapweed is the loss of
livestock forage. Declines in bluebunch wheatgrass biomass have bee;l correlated with
increasing spotted knapweed biomass (Watson and Renny 1974). Spotted knapweed
alone currently costs the Montana livestock industry an estimated $11 million in direct
costs. If spotted knapweed continues to spread to its potential range, it could cost the
livestock industry over $156 million annually (Bucher 1984).

| Iniportance of Biological Diversity

Biological diversity is an impoﬁant fe;ctOr in maintaining proper ecosystem
function and stability (Ehrlich and Ehrlich 1981, Wilson 1992). Diverse commﬁnities are
more productive than species-poor communities because they use limited and available
resources more completely. In developing grassland ecosystems, plant productivity and
resource use were significantly higher at sités with greafer plant diver‘sit.y. (Tilman et
al.1996). Tilman (1996) demonstrated tﬁat species-rich plots had lower proportional
declines in community biomass during drought than did species-poor plots. He provided -
some evidence that species-rich communities may recuperaté after stress or perturbation
more successfully (Tilman 1996). Invasibility of native grasslands appears to be negatively
associated With.speciés diversity because maximum niche occupation preempts resource
use from potential invaders'(TiIman 1997). |

The Shannon-Weaver diversity index was used to calculate indigenous species

diversity for regression analysis. The Shannon-Weaver index is defined as:

H =-), (p)(log,p)
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Where H’ is the index number, Y is a summation symbol, p; is the proportion of all

individuals in the sample which belong to species 7, and log, p,: is the log to base 2

of v;chaf proportion (Shannon and Weaver 1949). _ | ‘
H’ has been reg‘arde.d as a measure of “uncértainty.” The greater a popullatior-l’fs diversity,
the more “uncertain” we are about the identi;cy of the species (Barbour et al. 1980).

Spotted Knapweed Control Measures

Biological control . |

In North America, spétted knapweed’s success may be attributed to a lack of
" natural enemies that regulate and limit its population. Classical biological control employs
pathogené, insects, and nematodes from a weed’s native ecosystem to damage the host
root, shoot leaf, or flower. This can result in reduced seed production or loWered
competitive ability (Jacobs et al. 1596). Urophora affinis Frauenfeld was the first
biological control agent usgd to reduce seed production of spotted knapweed in the -
United States and Canada (Harris 1980). Seed head larvae feed on phloem ti.ssﬁe which
actively drains the plaﬁt’s er‘ler.gsf stores and may‘reduce seed production up to 50% (Story
et al. 1989). Harris (1980) showed seed head flies have been ineffective.in reducing
spotted knapweed populatic;ns. Larvae of the moth Metzneria ?aucz‘pund'cz‘el_la Zeller may
reduce ;eed production by about 20%-aﬂer feeding on the flowers and seeds of spotted |
knapweed (Story et al. 1989). Root feeding insects used to sﬁppress knapweed include a
root moth (Adgapeta zoegana L.) and a root weevil (Cyphocleonus achates Frahr.) In
addition to. reducing root storage capacity, and nutrient and water uptake, these insects .

enhance susceptibility to pathogens. Sclerot‘z'nz'a'_ sclerotiorum (Lib) de Bary is a common
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soil fungus natiye to North America that may cause wilt and death in knapweed and shift

the competitive balance to desired grass species by reducing spotted knapweed density by

68 to 80% (Ford 1989, Jacobs et al. 1996). Although biologicél control agents are not
often directly lethal to the weed, they may increése the weed’s susceptibility to secondary
disease, reduce seed produc’ﬁon, and may be combined with other weed control methods
.(Cuda'et al. 1989).
C’hemical control

Long-term control of épottéd knapweed is difficult to attain. In many cases;
réngelan(i maﬁagers use repeated applications of persistent herbicides, such as picloram
(4-anﬁﬁo-3,5,6 trichloro-2-pyridinecarboxylic acid) to control épotted kna‘pweed.
Picloram épplied at a rate of 0.28 kg/ha provides nearly 100%-‘controll of spotted
knapweed for 3 to 5 years (Davis 1996). After picloram dissipelltes, spotted knapweed re-
invédes from the seedbank (Davis et al. 1993). According to Griffith and Lacey (1991),.
long-terrh chemical control is cost-effective only on highly productive rangeland with a‘
residual grass understoq. Cﬁrrently, most herbicide control progra/ms'for spotted
knapweed are applied with little consideration of the_a residual (prefﬁreatment) plgnt' species
or the ecoﬁonﬁc feasibility of the management strategy.
Cultural control | |

Burning: Single, 16W-intensity fires do not eﬁ‘ecﬁvely control, spotted kngpweed
because they lack the intense heat required tc; prevent re-sprouting from the root crown or
reestablishment from the seed bank (Renny and Hughes 1969). Sincé knapweed increased

six-fold two years after controlled burning, it is suspected that a single fire may provide
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disturbance that favors spotted knapweed (S Arno, unpublished). However, Lacey et al.
(1992) indicated that herbicide efficacy on spotted knapweed may increase after a

prescribed burn. Where picloram had been applied to control spotted knapweed, residual

"grass density and cover was greater on plots that were previously burned than on

unburned plots (Sheley and Roche’ 1982).

Cultivation: In study conducted by Spears et al. (1980), spotted knapweed
seedlings did not emerge ‘when seeds were planted 5 cm below the soﬂ surface. Velagala
(1996) found that a single cultivation to 20 cm incréased spotted knapweéd density over
the uncultivated control, but reduced biomass one year followiﬁg treatment. After’
plowing, infested areas should be reseeded wi_th competitive grass and legume species to
inhibit re-infestation (Harris and Cranstori_l 1979). |

Fertilization: Since spotted knapweed effectively captures nutrients before
neiéhboring plants, nitrogen fertilizer treatments tend to enhance diffuse knapweed
populations (Popova 1960, Story et al. 1989). Sheley and Jacobs (1997) rep.orted that
picloram plus fertilizer did not interact to affect either spotted knapweed density or grass
yields on sites in western Montana.

Grazing: Nutrient coﬁtent of spcStted knapweed is adequate to meet livestock
needs during spring and early summer ‘when.the ster'nS are succple;nt and actively growing

(Kelsey and Mihalovich 1987). Recently, Olson et al. (1997) found that areas repeatedly

- grazed by sheep had lower densities of seedlings, rosettes, and mature spotted knapweed

plants than ungrazed areas. Number of spotted knapweed seeds in the seed bank was

reduced after 3 years of intensive sheep grazing.
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Hand-pulling: Sustained, diligent hand-pulling can control spotted knapweed - -
populations (Lacey et al. 1995). Entire plants must be femoveci before seed production
each year because regrowth occurs from both the crown and seedbank. Hand-pulling is
best conducted under moist soil conditions when complete removal of the crown is
possible. Fléwen'ng plants should be burned in a hot fire.

Mowing: Long-term effects of mowing on spotted knapweed populations are
unknown. A single mowing at the bud stage reduced the number of seed-producing st;:ms
from 34 per m” (control) to below 8 per m* (Watson and Renny 1974). Watson and |
Renny (1974) also found that mowing at the flowering stélge or both bud and flowering
stage reduced seed ger‘mination. Mowing at both the bud and ﬂower stage ciid not have
| an additive effgct. In a greenhouse study by Kennet et al. (1992), some spotted knapweed
plants produced flowers even after monthly clippings from June t.o September,. suggesting
the response of plants td mdwing varies With environrﬁental factors. .

Revegetation: Where residual plant species are absent, herbicides (Davis et al.
1993, Gﬁﬁth and Lacey 1991), biological control agents (Story et al. 1991, Cuda et al.
1989), or sheep grazing (Cox 1989) do not provide long-term, sustainable control of
spotted knapweéd because desirable plant specieé are presumably not present to re-occupy
piches opened by the control method (James 1992, Sheley et al. i996): Establishing
competitive blants is criticai for successful management and restoration of desirable plant
communities (Sheley et al. 1996). Revegetation with aggressive spe;cies has been shown to
inhibit the reinvasion ;)f knap.weeds ( Hubbard 1975, Larson and McInnis 1989,‘ Borman et

al. 1991).
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Revegetation usually requires late-fall disking and application of non-selective
herbicides such as glyphosate (n-phosphomethyl glycine) after weeds emerge (Sheley and
Larson 1996). Desirable graéses are then seeded immediately following site preparation.
Germination and erhergence of grass species and spotfed knapweed occurs the fqllowing |
spring. With adequate precipitation, both spotted knapweed and grass seedlings survive.
If grass seedlings survive until rrﬁd-sunlrner,-thé area maybe mowed or a reduced rate of
2,4-D may be applied to weaken spotted knapweed. Seedling establishment is-the most
vulnerable stage of" the rehabilitatiop process in arid and semi-arid regions (Call and
Roundy 1991). The failure of desirable vegetation to thrive largely results from weed
competition during initial establishment (Borman et al. 1991, James 1992). Grass sﬁeediing
establishment can be enhanced by increasing seeding rates (Velagala et al. 1997).
. To improve the cost-effectiveness of revégetating on rangeland, land managers
need to reduce the number of_ entries on a management unit. ‘Herbigide application, tillage,
~and seeding can be accomplished simﬁltaneously ina single-pass system. On spotted .
knapweed/cheatgrass infesfed-rangeland, Jacobs et al. (1998) recommend applying %2 pint
of picloram in conjunction with a seeding of ‘Luﬂa’ pubescent wheatgrass [Thinopyrum |
intermedium (Host) Barkworth. & D. R. Dewey] at 16 lbs/acre using a no-till drill. '
Picloram provides 3 to 5 years of spotted knapweed control while the whegtgrass
aggressively competes with cheatgrass during the establishment period.
Predicting Plant Community Response
Effective rangeland weed management requires the ability to predict plant

community responses to natural and imposed conditions. Predictive capabilities allow
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edological and economic assessmeﬁt of various stratégies based on land management
objectives. Without predictive capabilities,l the decision to impose a particular strategy is
either based oﬁ prior experience or is arbitrary. Land management decisions must be'based
on models that provide an understanding of the plant community after implerlnentation.
Rangeland managers are searching for useful models on which to base their decisions
(Archer 1989, Schlatterer 1989, Laycock 1991).

Keane (1§87) developed a model using a successional classification system that
predicts coverage of plant spécies based on treatrﬁent and pre-disturbance plant
" composition. However, successional pathway models are ineipprobriate for ecosysterﬂs
dominated by non-indigenous species that alter succession.

Population models organize weed demographic information, identify thé critical
processes and mechanisms that regulate dynamics, and can be used to optimize control
strategies by prediéting economic threshold levels of w_eed infestations (Maxwell et al.
1988, Jacobs and Sheley 1998, Paterson et al. 1997). The economic injury levél (EIL) is
defined as the pest density at which the value of the crop loss is equal to the.cost of
control. The economic tﬁreshold, set below the EIL, signals the need for pest control to
keep the population from reaching the EIL (Stern et al. 1955, Wagner et al. 1989). This
threshold approach has been used in agfoecosystems for a wide range of important crops.
. Knezevié et al. (1994) showed redroot pigweed (Amaranthus retroflexus L.) did not
reduce corn production when weed eﬁergence occurred after the corn’s 7-leaf stage.
Recently, Maxwell et al. (1994) developed bioeconomic models to optimize ﬁld oat

(Avena fatila L.) management in barley for three sites in Montana. The thresholds
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concept results in improved decision-making and land management practices in cropping

systems, but has not been applied in rangeland systems.

Successional management shifts the focus from simply controlling weeds to

developing healthy, Weed-resistant plant communities. Sheley et al. (1996) present a

' conceptual, ecologically-based model that applieé successional theory to developing and

implementing sustainable rangeland weed management. In this model, they propose using

site availability, differential species availability, and differential species performance to

initiate, alter, and direct succession toward a desired plant community (Pickett 1987).

This management approach recognizes that the poét-management plant community is
influenced by both the weed management system and the pre-management plaﬁt
community. To date, this model has not been widely adopted.

Few studies have focused on predicting economic thresholdg for rangeland weed .
management. Bastin et al.(1995) determined the economic thresholds for sagebrush

(4rtemisia tridentata Nutt.) control within a narrow range of abundance levels (12-24%).

' Carpenter et al. (1991) investigated the economic feasibility of broom snakeweed

(Gutierrezia sarothrae (Pursh) Britt. and Rusby)) gontrol with picloram at three ﬂweed
densities. In this study, .economic losses to ranchers intensified as snakeweed densities
increased and carrying capacity decreased. The economic threshold of ﬁing.ed sagebrush
(Artemisia frigida Willd.) is the density at which forage yield is reduced by about 290

kg ha™. Above this density, it becomes economically feasible to use 2.4-D at 1.5 kg ha™
to control fringed ;’agebru‘sh (Peat and Bowes 1994).

Future modeling may prove useful if it can predict the effects of management and
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the psot-management plant éonﬁnunity based on the pre-management community. The
more accurate the predictions, thé greafer our success in developing integrated weed
management systems (Schfeibér 1982). Coupled with the concept of thresholds,
predictions of plant communities responée to regulation may enhance management by
providing managers tools on which to make thoughtful decisio.n_s. |
Objectives

Thf: -overall objective of this study was to determine the potential to predict the
post-management plant cor'n‘munity based on the pre-treat_ment community and a herbicide
treatment. Specific objectives we;e to: 1) to characterize the functional relationship
between plant community composition and spotted knapweed Within an Idaho fescue-
bluebunch wheatgrass (Festuca idahoensis-Agropyron spicatum) (Mueggler and Stewart
1980) habitat fype; 2) to develop models that predict the post-treatment plant community
composition based on the pre-treatment plant community after a picloram treatment; 3)

initiate the development of a method for using easily collected field data to predict pre-

!

. and post-treatment biomass; and 4) enhance the use of predictions to improve weed

management decisions. This study was conducted using picloram, however other
management techniques (e.g., grazing, fire, etc.) could be used in a similar fashion to

predict plant éommunity response based on the initial plant community and the treatment.

‘This research is hecessary to enhance decision-making abilities and develop management

strategies that result in desired plant communities.
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CHAPTER 2
RELATIONSHIPS BETWEEN SPOTTED KNAPWEED

AND INDIGENOUS PLANT ASSEMBLAGES

Introduction

Ecological impacts aftributed to non-indigenous weed invasions include
displacement of indigenous species, degradation of ecosystem function, and declines in
biodiversity (Vitousek 1986, Randall 1996). Invasive species with the potential to alter
nutrient cycles, fire regimes, hydrologic cycles, and energy flow pose serious threats to .
écosystem structure and function (Vitousek 1986, Vitéusek et al. ‘1987,' Vitousek and
Walker 1989, Whisenant 1990). For exarﬁple, cheatgrass (Bromus tectorum L.) is a winter
annual tﬁat alters ecosystem processes. .Cheatgrass dominates millions of hectares in the
Great Basin and has increased fire frequency from once évery 60 to 110 years'to once

every 3 to 5 years (Mack 1981, Whjsenant‘1990). “Indigenous shrubs of the Great Basin,

‘which are not adapted to frequent fires, have been reduced in abundance or eliminated.

Billingé (1990) suggegtea tha;t cheatgrass may‘ reduce the biotic and geﬂetic .diver‘s,i‘ty Qf
Arteﬁisia—doﬁﬁated biomes by eliminating pla;"f[ and animal species. This invasion has
probably altered entire ecosystems. In a single, cursory study, siootte_:d knapweed
(Centéurea maculosa Lam.) increased erosion by 56% and sediment yield by 192% when
compared to,bluebunch wheatgrass-dominated rang'éland under simulated rain events
(Lacey et al.1989).

_ ' Indigenous plant populations are thought to decline following invasion by non-
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indigenous weeds. For example, leafy spﬁrgé (Euphorbia esula 1) is a perennial weed
that invades northern grasslands and displaces indigenous végetation (Belcher and Wilsén ' i
1989). Similarily, Nuzéo (1993) reponéd that the cover of the indigenous ephemeral,
toothwort [Cardamina concatenata (Michx.) Sw.], declined from an average of 79 to
31% following invasion by the non-inﬁigenous garlic mustard [A/fiaria petiolata (Bieb)
Cavara and Grande]. Studies that address displlacement of indigenous by non-indigenous
species often allude to subse(iuent declines in biodiversity (Thompson et al. 1957, Webb
and Kaunzinger 1993). However, few studies have quantiﬁed the functional relatior;ship
_between indigenbus plant .assembl‘ages and non-indigenous weed invasions.

The objective of this study was to characterize the ﬁnctional relationship between
plant community corﬁposition and spotted knc;tpweed within a F estuca idahoensis-
Agropyron spicatum habitat type (Mueggler and Stewart 1980). I'hypothesized that

. ~ indigenous specieé, indigenous species richness, and indigenous species diversity are
negatively related to spottea knapweed. This hypothesis does not imply a causal
relationship. Knowledge of these relationships is eséential‘ to predict plant community
changes resulting from weed invasions. |
Materials aﬁd Methods

: ThlS study was conducted on th sﬁes within a Festuca idahoensis-Agropyron
spfcatum habitat type (Mpeggl‘er and Stewart 1980). Site 1 was ldcatéd in Story Hills (45°
42'N, 111°01'W), four km northeast of Bozeman, MT. Elevation at thié site is 1478 m,
Average annual precipitation is 432 mm. Soil at this site is a clayey-skeletal, mixed Typic

Argiborolls. Site 2 was located at Beartrép ’Canyon, about 45 km east of Norris, MT (45°
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36'N, 111° 34' W ). Elevation at this site is 788 m with an average annual precipitation of
305 mm. Soil at Site 2 is a loamy-skeletal, mixed Aridic Argiborolls. |

Transects radiated from dense spotted knapweed in the center of each patch, to an
area of low or no spotted knapweed occurrence on the outside of a patch. At each site, all.
transects radiated from the center of the same patch. Five t.ransects, each 20 m long,
we;re established 'at both sites. The plant community at each transect origin was
domina1.:ed By spotted knapweed with few or no residual indigeﬁous species in thé
uﬁderstory. Transects ended in areas dominated by Idaho fespué with a diverse understory. _
Twenty perﬁanent plots (20 x 50 cm, spacing bétween plots ranged from %2 to :2 m) were
placed aloﬁg this gradient (at each transect) of spotted knapweed cover from 0 to 100%
(about every 5%). Density (juveniles plus adults) and cover of all species were sarﬁpled in
each plo;c.

Thirty temporary plots (20 x 50 cm) were also established along the spotted
knapweed gradient to sample biomass, seed bank, and soil at each site. Biomass was
sampled for all species by clipping p.lants to ground level at peak standing crop (August
1996). Biomass and soil samples were dried at 60°C to a constant weight and weighed‘.
The upper 65 mm of soil seed bank was sampled using a tulip' bulb planter with a di.ameter
of 80 mm. Se.ed‘bank samples were dried at 60°C to constant weights and weighed. Two-
hunared cm? sﬁb-éamples of mixed seed 1t).ank were siev.ed to separaté seeds from éoil and
debris. Seeds were counted and identified. Soil samples Were collected along the transect

-to determine whether the spotted knapweéd gradient was related to differences in soil

nutrients. Soil samples were tested for available nitrogen, phosphorous, and potassiurh
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using a standardized extraction process. (Page and Klute 1982). There were no differences
in available soil nutrients,. therefore the data are not presented.

To test whether the spotted knapweed invasion was a function of seed availability
only, the largest-a'dult knapwee;d plant adjacent to each permanent plot (one plant_/plpt)
was harvested and dissected at the root-crown and aged by counting annual growth rings
(Boggs and Story 1987). This proceduré was useci to test the assumption thelt invasion by
spotted knapweed was associated with the availability of seeds, rather than differences in
soil and vegetation characteristics along the transects.

Data Analysis |

Data were compiled into tables showing the numBer of transects (maximum of 5)
along the spotted knapweed gradient in which individual species were prese'nt. for each site
to characterize their presence and distribution . Plant density, cover, and biomass data
.were analyzed using a multi-step process. Covariance .analysis was conducted to test for
sample independence within transects. Analysis indicated independence among all plots,
therefore, a step-down linear regression proceciure was used to identify the best model
(Neter et al. 1985). A combination of P—vélue, model simplicity, and R? values were used
to identify the best model for egch step-down procedure. Scatter-plots of the residuals
versus the standardized ﬁredicted values were used to evaluate heterogeneity of variance
for eaph model. Data transformations wé’re conducféd where necessary on predicted
variables uéing square-root transformations. Inverse, quadratic, and log transformations
were tested, but did not improve the models. Collinearity was evaluated using a SAS®-

Tolerance 'p,rocedure' to test for relatedness of predictors (SAS 1990). Collinearity was
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not a problem in this analysis. Linear regression models were fit using density, cover, and
biomass of Idaho fescue, indigenous perennial grass, indigenous forbs, indigenous species
ﬁchness, and indigenous species diversity as predicted variables. The regressor variables
used. were density, cover, and biom;ss of spotted knapweed. For example, spotted
knapweed density, céver, and biomass were used to predict Idaho fescue density, cover,
and biomass, respectively. Based upon the Ciesign of this observational study, regressions
should not be interpreted to imply causality. Diversity was estimated using Shannon-
Weaver’s diversity index (Shannon and Weaver 1949). Means and standard deviations
were calculated for soil seed bank samples. Spotted knépweed age and density were ,
plotted against ;:he distance from the intact plant community.
Results. -

Presence and Disfribution

Eleven indigenous grasses, two non-in-digenous grasses, 11 indigenous forbs, and
four non-indigenous forbs were present at Sitevll (Table 1). Of the indigenous grasses,
blﬁebuncil wheatgrass was found in two or more transects along the gradient. All other
. indigenous.grasses were limited in presence after 45% spotted knépweed cover at this site.
Both non-indigenous grasses, Japanese brome (Bromus japonicus Thunb.) and Kentugky
bluegrass (Poa pratensis L.), v;zere present along the gradient. The most abundant |
indigenous forbs included hairy goldenaster [Chrysopsis villosa (Pursh) Nutt.] and lupine.
The noﬁ-indigenous hoary alyss;um (Alyssum alyssoides L.) was well represented along fhe
_ gradieﬁt at Site 1 (Table 2).

Eight indigenous grasses, two non-indigenous grasses, 10 indigenous forbs, and




Table I. Number of transects in which indigenous and non-indigenous grasses are present at each sample interval at Site |

Percent cover:
Centaurea maculosa

Indigenous grasses |

Agropyron spicatum

Agropyron smithii

I
Aristida longiseta |
Bouteioua gracilis |

Danthonia unispicata |
Festuca idahoensis |
Koeieria macrantha |
Oryzopsis hymenoides |
Poa secunda |
Stipa comata |
Slipa viridula |

Non-indigenous grasses |
Broniusjaponicus +

Poa pratensis [

4
|

15

4
2

20

4
|

25

3
|

30

4
|

35

5

4

40

4
3

45

5

4

1Number of transects in which each species was present (maximum number of transects is 5).
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95



Table 2. Number of transects in which indigenous and non-indigenous forbs are present at each sample interval at Site |

Percent cover:
Centaurea maculosa { 5 20 5 20 25 30 35 40 45 50 5 60 65 70 75 80 8

Indigenous forbs

Artemisia ludoviciana

Asterfalcatus | | 2 I |
Antennaria spp. |
Balsamorhiza sagittata |

Chrysopsis villosa

Collomia linearis
Delphinium unispicata

Liatris punctata

|
|
|
|

Linum lewisii | | | | |
Lomatium dissectum |
Lupinus spp. |
Non-indigenous forbs |

Achillea millefolium 2 | | | | | |

Alyssum alyssoides

~
ol
(6]
~
~
~
~
w
w
~
w
w
~
(6]
w
w
N

Comandra umbellata . 2 | |

Tragopogon dubius 2 | I

1Number of transects in which each species was present (maximum number of transects is 5).
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four non-indigenous forbs were present at Site 2 (Table 3). Bluebunch Whéatgrass and
Idaho fescue were present along most of the gradient. All other indigenous grasses were
limited in presence after 50% spotted knapweed cover at this site. Cheatgrass (Bromus
tectorum L.) was present at all levels of spotted knapweed cover and occurred in three or
more transects, except at 70 and 100% cover in wlﬁch this species occurre(i in2 and 1
transects, respectively: The most abundant indigenous forbs included hairy goldenaster
and lupine (Lupine spp.) The non-indigenous hoary alyssum and Berferoa spp. were well
represented along thé gradient at Si"ce 2 (Table 4). |
Dc;nsity

General linear models were generated ;co predict the density of indigenous species
(predicted variables) using spotted knapweed density (regressor variable). For each
increase in spotted knapweed aenSity (plant m™), perennial grasses decreased linearly by
about 0.07 tillers m™ at both sites (Figure 1). Idaho fescue tiller density tended to decline
rapidly as spotted knapweed density approached 300 spotted knapweed plants m?, and
then continued to decrease, but less steeply at both sites (Table 5). Indigenous forb
density was not a'ssocia.ted with spotted knapweed density at either site.

Indigenous species richness was negatively related to spotted knapweed density
(plants m?) at Site 2 (Table 5). At Site 1, indigenous species richness tended to decline
until spotted knapweed densities reached about 3"50 plants m?. Indigenous species
diversity tended to increase slightly from about 1 to 2 Shannon-Weaver’s diversity index
units based on spotted knapweed density, and then began to decrease after reaching

approximately 400 plants m™,




Table 3. Number of transects in which indigenous and non-indigenous grasses are present at each sample interval at Site 2

Percent cover: 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90
Cenlaurea maculosa 1 n

Indigenous grasses

Agropyron spicalum 4 4 5 4 4 3 2 4 4 I 3 3 3 3 3 2 4 4
Bouleloua gracilis \ 3 2 | 12 2 3 | | | | |
Calamovilfa longifolia ‘ I3 2 2 | I3 2 | | | |
Fesluca idahoensis I 5 5 4 4 5 3 5 3 3 3 4 | | 3 2 4
Koeleria macrantha ‘ I I I I I I |
Poa compressa ‘ |
Poa secunda | I
Slipa comala | \ | | 2 | | 2

Mon-indigenous grasses I
Bromus leclorum p 3 3 3 5 3 4 4 5 3 5 3 4 3 2 4 4 5 5

Poa pralensis | I | I | | I |
1The number of transects in which each species was present (maximum number of transects is 5).

95

100



Table 4. Number of transects in which both indigenous and non indigenous forbs are present at each sample interval at bite L .

Percent cover: 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Cenlaurea maculosa ‘ ' 5

Indigenous forbs T
Arabis holboellii | I I I
Artemisiafrigida - ) |
Asterfalcatus i l
Balsamorhiza sagittata |
Chrysopsisvillosa |
Coryphantha missouriensis | |
Gallardia aristata |
Liatris punctata | | | | |
Lupinus spp. | 2 | 2 2 1 | 2 2 1 |
Opuntia polyacantha | I | I 2 | | 2 1 |

Non-indigenous forbs ‘

Achillea millefolium | 2 |
Alyssum alyssoides 1)) 2 2 2 |1 2 3 3 1 3 I 2 3 3 |1 |
Berteroa incana

Trasopogon dubius l 1 i
The number of transects in which each species was present (maximum number of transects is 5).
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Figure 1. Relationship between indigenous perennial grass (IPG)
density and spotted knapweed density. (Sites were similar,
regression models represent combined data.)



Table 5. Regression models based on density with multiple sfgniﬁcant indepehdent variables. -

Independent Dependent Equation R?
Variables Variable )

"CEMA (X). FEIDe | y=11.887-(0.509)X+(0.005)X*+(0.042)XY 0.55
CEMA*CEMA (X% c . )
CEMA*SITE (XY) (difference at Site 2 shown here)
SITE (X) SPECIES | y=7.373-(1.020)X~(0.133)Y-+(0.106)XY 0.39
CEMA (Y) RICHNESS | +(0.0014)X?(0.0015)X>Y-(0.1639)Z*
CEMA*SITE (XY) : :
CEMA*CEMA*SITE )
X*Y) *tran(site) average A
TRAN(SITE) (Z) (difference at Site 2 shown here) )
CEMA (X) DIVERSITY | y=1.432+(0.043)X-(0.0006)X>*-(0.1127)Y* . | 0.30
CEMA*CEMA (X% . : '
TRAN(SITE) (Y) *tran(site) average

* tran(site) average

® square root transformation performed on dependent variable.

¢g
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General linear models indicated a negative relationship between indigenous grass
cover and spotted knapweed cover at both sites. For each 1% increase in spotted | |
knapweed cover, indigenous perennial grass cover decreased by about 2% (Figure 2).
However, Idaho fescue cover declined with increa‘sing. spotted knapweed cover until about
75% spotted knapweed, aftér which this grass slightly increased (Figure 3). Indigenous
forb cover was not associated with spotted knapweed cover.

A negative relationship between indigenous species richness and spotted‘knapweed
cover was quantified at both sites. For each i% increase in spotted knapweed cover,
indigenous species richness decreased by'about 3% (Figure 4). At both sites, the
prediction of plant diversity resulted in a quadratic model with a spofted knapx;x;reed
quadratic component (Figure 5). However, the quadratic component was so small that
plant indigenous species diversity decreased nearly lineaﬂy based on spotted knapweed
cover.

Biomass

Indigenous perennial grass biomass was negatively related to spotted knapweed
biomass at b.oth sites (Figure 6). Indigenous bere;nnial grass biomass tended to decline
quickly from O to 800 g m? of spotted knapweed,. after which no further decrease in grass
oc;curred. Idaho fesc/:ue biomass followed a trend similar to indigenous perennial grasses
(Figure 7). Indigenous forb biomass was not associated with spotted knapweed.bioniass.
The regression predicting indigenous species, richness based on épotted knapweed bi(;mass

was y=4.619-(0.015)X-(1.434)Y, R*=0.38 ( X=spotted knapweed biomass, Y=average of
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Y=2.55-0.019X R2=037
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Figure 2. Relationship between indigenous perennial grass (IPG)
cover and spotted knapweed cover. (Sites were similar,
regression models represent combined data.)
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Y=4.331-0.106X+0.00Q7X2 R2 =0.58

.Spotted knapweed (cover)

Figure 3. Relationship among Idaho fescue, spotted knapweed
and a spotted knapweed gquadratic component based on cover.
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Y=4.708-0.031X R2=0.32

0 10 20 30 40 50 60 70 80 90 100
Spotted knapweed cover

Figure 4. Relationship between species richness and spotted
knapweed based on cover.
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Spotted knapweed cover

Figure 5. Relationship between Shannon-Weaver’s diversity
index and spotted knapweed based on cover.
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Figure 6. Relationship among indigenous perennial grass (IPG),
spotted knapweed, and a spotted knapweed quadratic component
based on biomass.
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Figure 7. Relationship among Idaho fescue, spotted knapweed,
and a spotted knapweed quadratic component based on biomass.
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transect within site). Differences among transects within site occurred at both sites. For
each increase in spotted knapweed biomass, the Shannon-Weaver indices decré:ased by
0.007 (Figure 85. |
Soil Seed Bank

There were no statistical differences among species found in the seed bank at
either site. Spotted knapWeed and Japanese brome were pr_evalent species in the seed bank
at Site 1 (Figure 9). Cheatgrass was the prevalent species in the seed bank at Site 2.
Seeds of perénnial grasses were either not present or were present at very low densities.
Few indigenous forb seeds were present (F igﬁre 10).
Grow_th Ring Results |

Adult knapweed ranged in age‘from 1to7 yéars, but age and distance along
transect did not appear to be related at either site (Figures 11 and 12).

Discussion

The invasion of semiarid rangeland by nén—indigenous species is. often associated
with changes in plant community composition through the displacement of indigencus
| _species (Randall 1996). My study showed that the oc;curreﬁce of spotted knapweed and
indigenous perennial grasses are inversely related. Spotted‘knapweéd’s invasive success 1s
attributed to rapid grthh rate, prolific seed production, and high biomass (Watson and
Renney 1974, Sheley et al.1998). Watson aﬁd Renney (1974) also reported that declines
'in bluebunch wheatgrass biomass were associated with increases in spotted knapweed
'bi_omass. Bluebunch wheatgfass/rough fescue (Festuca scabrella Torr.) production was

reduced by 88% following diffuse knapweed (Centaurea diffusa Lam.) invasion (Watson
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Y=0.869-0.00/X R2=0.28

100 120 140
Spotted knapweed (g n?2)

Figure 8. Relationship between Shannon-Weaver’s diversity
index and spotted knapweed based on biomass.
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Figure 9. Seed bank present in a 200-cm"3soil sample at Site 1.
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Site 2

FEID

Figure 10. Seed bank present in a 200-cm 3soil sample at Site 2.
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Figure 11. Age (years) of spotted knapweed in relation to
distance from the intact, plant community at Site 1.
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Figure 12. Age (years) of spotted knapweed in relation to
distance from the intact plant community at Site 2.
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and Renny 1974). In a seedling study, spotted knapweed was over 4 times more
competitive than bluebunch wheatgrass when predicting bluebunch wheatgrass weight |
(Sheley and Jacobs 1997). Velagala et al. (1997) showed that a.t high spotted knapw,eeﬁ
and low .intermediate wheatgrass (Elytr;‘ga intermedia ﬂost.‘) seedling densities, spotted
knapweed reduced wheatgrass total (root and shoo.t) and shoot weight. Increasing
intermediate wheatgrass density (>1,000 seeds/m?) removed the competiti\./e effects of
spotted knapweed on intermediate wheatgrass. These studies indic.;:lte that spotted
knapweed’s competitive ability may allow it to donﬁﬂate and, asa result, displace
indigenous perennial grass in some situa.tions.

In contrast, spotted knapweed establishment and the apparent decline in
indigenous perennial grasses may occur in areas of low grass abundance (recruitment and
dispersal) where open niches exist. Tilman (1997) demonstrated that native undisturbed
grasslands contain many available niches which inyasive species may exploit.and occupy.
The lack of ihdigénous species found in the seed bank supports the hypothesis that spotted
knap.weed may occupy available niches left unfilled by inclli‘geno'u-s speciés.

Models predicting Idaho fescue density, cover, and biome;ss based on spotted
knapweed density, cover, and biomass, respectively, demonstrated a sharp decline in ..
fescue followed by its low-level persistence at higher levels of spotted knapweed (> 350
plants m?, > 55% cover, and > 550 g m?). One objective of land managers in treating
spotted knapweed infestations with herbicides; includes returning _rangeland to pre-invasion
levels of desirable grass species. It is recommended that land managers consider the

understory of residual grass species that is available to respond to inanagement before
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weed management decisions are made (Sheley and Jacobs 1997). This knowledge could
potentially help land managers predict the levels of perennial grasses necessary to return a
spotted knapweed-infested area to a desired ’perennial grass-dominated community:

Based on the temporal and spatial similarities among forbs, some cursory evidence
suggests that spotted knapweed directly competes with indigenous forbs (Jacobs and
Sheley 1999). In our study, no relationship between spotted knapweed density, cover, or
biomass, and forb density, cover, or biomass was detected, respectively. In a study to
assess herbicide impacts on non-target species, Rice and Toney (1998) reported that forb
[e. g.; (A;‘abis holboelli Hornem., Balsamorhiza sagittata Nutt., Chrysopsis viZZosa (Nutt.)
Ell] cover in control plots remained constant over time for three out of four important
species in areas of eariy to intermediate stages of spotted knapweed invasion. Some
indigenous rangeland forbs may not occupy the same niche as spotted knapweed. This is
surprising because Sheley and Larson (1996) indica1':ed‘ that knapweed can occupy all
available niches by developing a hierarchy of age classes. These results rﬁay not apply to-
spring ephemeral fofbs, which this study did not consider.

This study showed indigenoué species richnesé and divérsity were inversely related
to spotted knapweed. Invasibility of grassland dominated by indigenous species appe;clr to
. be negatively related to species diversity (Tilman 1997). Tysér and Key (1988) suggest
that spotted knapweed is capable of modifying plant community comp;)sition by changing
sp‘ecies frequency. It has been hypothesized that areas of poor species divérsity result in
incomplete uéé of limiting resources, thereby increasing invasibility By aggressive species

(McNaughton 1993, Robinson et al.1995). Tilman (1997) observed that community
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invasibility was greater in species-poor plant communities. Therefore, two hypotheses are
plausible: spotted knapweed may displace indigenous species, or it may invade areas of

low diversity and low indigenous species richness.
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CHAPTER 3
PREDICTING PLANT COMMUNITY AND

BIOMASS RESPONSE TO PICLORAM

Introdﬁction

Over the past ceﬁtury, léss of indigenous rangeland communities in North America
has been related to the invasion of aggressive ﬁon—indigenous species. Ecological impadcts
attributed to non-indigenous invasions include the displacement of indigenous plant
species, declines in biodiversity, and degfadation of ecosystem function ('Vitouse1.< 1986,
" Randall 1996). In the ’western United States, saltceaar (Tamarix spp-) (Brothersoh and
Field 1987), leafy spurge (Euphorbia esula L.) (Belcher and Wilson 1989), downy brome
(Bromus tectorum L.) (Mack 1981, Whisenant 1990), spotted knapweed (Centaurea
" maculosa Lam.), and others have been documented to al;cer ecésystem function (Tyser and
Key 1988). Ecosystem processes threatened by invasive species i‘nclu,de changes in
primary and sgcond_ary productivity, decombosition, nutrient cycles (accumulation or
ldss), soil development and fertility, and hydrologic csrcles (Vitousek and Hooper. 1993).
In a single, cursory study, Lacey et al. (1989) suggested that surface run-off and sediment
yield were increased on spotted knapweed-doﬁxinated sites under simulate‘d'rain events.
Spotted knapweed negatively impacts.wildlife through forage produc‘tiOn"loss,-hébitat
modiﬁcétion, or by altering énimal—plént interactions.(T‘hompsén 1996). Invasion by
spotted knapweed into western Montana ﬁas reduced winter forége for-elk resulting in an |

estimated loss of 220 elk annually (Spoon et al. 1983). A major economic impact of
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spotted knapweed invasion is the loss of livestock forage production. Spotted knapweed
infestations currently cost an estiméted $11 ;nillion to livestock producers of Montana,
annually and could potentially cost up to $150 million each year (Bucher 1984).

Historically, the decision to manage noxious weeds has been legislatively
mandated. Ip accordance with these laws, managers have attempted to control weeds that
are detec‘te‘d. This strategy is primarily focused on the use of herbicides and has been
effective for small infestations when there location is known. For large infestationé, weed -
control requires pen'odic, repeated herbicide applications for many years, which is rarely
cost-effective (Griffith and Lacey 1991). Effective large-scale weed managemén;c must
focus on establishing and maintaining desired plant communities rather than controlling
undesir.able weeds, because weeds often rapidly re-occupy niches opened by the control
procedure (Sheley et al.1996). The decision to manage weeds requires an economic.and
ecological assessment of the cost and benefits based on an understanding of the plant
community’s response to the management procedures. In areas where desired understory
species do not respond to control procedures, r.evegetation’ or restoration of desired
species may be required.

- Land managers must be able to predict the outcome of their weed management
strategies in order to optimize economic and ecological benefits. Predictive capabilities
allow ecological and economic asséssment of various strategies based on land
management objectives. Without predictive cépabilities, the decision‘to impose a particﬁlar |
 strategy is either based on prior experience or is arbitrary. Effective rangeland weed

management requires the ability to predict plant community responses to imposed
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regulations.

Rangelancl managers are searching for useful models on which to base their
decisions. (Archer 1989, Laycock 1991, Schlatterer 1989). Future modeling may prove-
useful if it can predict the effects of manageient. and the post-management plant
community based on the pre-management plant community. The more accurate the
predictions, the greater success in developing integrated weed management systems
(Schreiber 1982). Coupled with the concept of thresholds, predicting plant community~
response te regulation may enhance management by providing managers with the
information necessary to make thoughtful decisions (Griffith and Lacey 1991).

The overall obJect1ve of this study was to determine the potent1al to predlct the
post-treatment plant community aﬂer a herb1c1de treatment of spotted knapweed based on
the pre—treatment plant community. Specific objectives were to: 1) develop models that
predict the post-management plant community composition based on the pre-treatment
plant community after a picloram treatment; 2) initiate development of a method for using
easily collected field data to predict pre- and post-management biomass; and 3) introduce
a method to use predictions to enhance weed management decisions. Since cover data is
one of the easiest parameters to collect, using cover to predict biomass may be the most
practical and efficient model for decision-making. Although this study was conducted
using an herbicide, this method could be used in a similar fashion to predict post-trea_tment \
plant community response based on the pre-treatment plant community and the treatment
for other management techniques (e.g., grazing, fire, biocontrol, etc.). This research is

necessary to improve decision-making abilities and management strategies.
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Matex_'ials an& Methods.

This study was conducted on two sites from 1996 through 1998 within a Idaho
fescue-bluebunch wﬁeatgrass (Festuca idahoensis-Agropyron spicatum) habitat type
(Mueggler and Stewart 1980). Site 1 was located in Story Hills (45° 42'N, 111° 01'W), |
four km northeast of B‘oéeman, Mont. Elevation at this site‘is 1478 m. Average annual
precipitation is 432 mm. Soil at this site is a clayey-skeletal, mixed Typic Argiborolls. Site
2 was located at Beartrap Canyon, about 45 km east of Norris, Mont. (45° 36' N, 111‘.’ 34
W ). Elevation at this site is 788 m with an average annual precipitation of 305 mm. Soil
at Site 2 is c'lassiﬁed as a loamy-skeletal, mixed Aridic Argiborolls.

Transects radiated from dense spotted knapweed in the center of each patch to an

area of low or no spotted knépweed occurrence on the outside of the patch. At each site,
_all transects radiated from the center of the same patch. Five transects, each 20 m lon_'g,“

were established at both sites. Thé plant community at each transect érigin was
dominated by spotted knapweed \‘;vith few or no residual indigenous species in the |
understory. Transects ended in areas dorfﬂnated-by Idaho fescue with a diverse understory.
Twenty permanent plots (20 x 50 cm, spacing along the transg:ct ranged from % to 2 m)
were placed along this grgdient of spotted knapweed cover from 0 to 100% (a‘bout every
5%). Pre-treatment density (juveniles plus adulté) and cover of all species were sampled
in each plot. Picloram (4-amino-3,5,6-trichloropicolinic acid) was applied along each
transect at a rate of 0.28 kg aihalin the fall (October) of 1996 to each plot. Density
(juveniles plus adults) and cover of all spécies were re-sampled in August 1998. '

- Thirty temporary pfots (20 x 50 cm) were also established along the spotted
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knapweed gradient to sample biomass and soil at each site. Biomass Waé sampled for all
species by clipping plants to ground level at peak standing crop in August 1996 and 1998.
Samples were dried at 60°C to a constant weight and weighéd. Soil samples were
collected along the transect to determine whether the spotted knapweed gradient was
related to differences in soil nutrients. Soil samples were tested for available nitrogen,
phosphorous, and potassium using a standardized extraction process (Page-and Klute.
1982). Thére were no differences in available soil nutrients, therefore the data aré not
present.
Data Analysis
Data were compiled into tables showing the number of transects in which
individual species were pres.ent both before and after the piclorarh treatment (maximurﬁ of
five). Plant density, cover, and biomass data were analyzed using a multi—step process.
Covariance analysis was conducted to test fc;r sarﬁple- independence within transects.
Analysis indicated independence among all plots, therefore, a étep-down linear regression
| procedure was used to identify the best model (Neter et al. 1-985). A cémbination of P-
value, model simplicity, and R? values was used to identify the best model for each step;
down procedurg. Sce'Ltter—plots of thé residuals versus the standardizedﬁ predicted values
were used to evaluate heterogeneity of variance for each model. Data transformations
were conducted where necessary on predicted and/or regreésor variables using squére—
root transformations. Inverse, quadratic, and log transformations were tested, but did not
improve the models. Collinearity was evalua‘te'd using a SAS® Tolerance pr.ocedure to test

for relatedness of predictors (SAS 1990). Collinearity was nota problem in this analysis.
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Regression models were fit using density, cover, and biomass after treatment"
(1998) as predicted variables which include perennial grasses, Idaho féscue, forbs,

" indigenous species richness, and indigenous species diversity. All predicted variables were
indigenous species. Regressor variables used were site, transect, and density, cover, and

| biomass of spotted knapweed, a spotted knapweed quadratic component, indigenous
perénnial grasses, Idaho fescue, indigenous forbs, indigenous species richness, and
'indigenous species diversity s?.rﬁpled in the first year (1996), prior to treatment.

Regression models.were al.so fit using'ciens'ity, cover, and biomass of brome
species post-treatment as predicted variables. In these models, regressor variables were
density, cover, and biomass of pre-treatment brome species, a brome quadratic
component, spottéd knapweed, and a spotted knapweed quadratic component.

Additionally, regression models lwere fit to i)redict production from cover. The
predicted variables includé: post-treatment indigenous perennial grass, Idaho fescue, forbs,
and brome species biomass. Regressor variables used were pre-treatment indigeﬁous
perenniai grass,-Idaho fescue, indigenous forbs, brome species cover, and their respective
quadratic coﬁponents :

All models presented were significant at £<0.05. The effects of transects. were
averaged across sites when significant. Coefﬁcient means and standard deviations for
transécts are presented. Predictive models presented in this chapter do not imply
causality. Diversity measurements were estimated using Shannon-Weaver’s diversity index

(Shannon and Weaver 1949).
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kesults
Presence and Distribution
" . Nine indigenous grasses, two non-indigenous grasses, nine indigenous forbs, and

three non-indigenous forbs were present at Site 1.(Tables 6 and 7). Of the indigenous

grasses, bluebunch wheatgrass [Agropyroﬁ spicatum (Pursh) Scribn. & Smith] was found

in three o? more transects, and western wheatgrass (4gropyron smithii Rydi).) was present

in at least one transect aiong the gradient. Idah‘oﬂ féscue was present in all transécts except
~at 85 and 90% pre-treatment spétted knapweed. All other indigenous 'gr.asses were

lirﬁited in presence after 50% pre-treatmeﬁt spotted knapweed. Japanese brome (Bromus
Japonicus Thunb.) was present along the entjré transect. Kentucky bluegrass (Poa
pratensis L.) was limited in presence beléw 30% pre-treatment spotted knapweed. The

most abundant indigenous forbs included hairy goldenastgr [Chrysopsis villosa (‘Pur.sh)
Nutt.], blazing-star (Liatris punctata Hook.) and sagewort cudweed (4rtemisia ..

ludoviciana). Post-treatment bastard toadflax [Comandra umbellata (L). Nutt.] was the

most abundant non-indigenous forb present at Site 1.

Seven indigenous grasses, three non-indigenous grasses, five indigenous forbs and

two non-indigenous forbs were present at Site 2 (Tables 8 and 9). Blue grama [Bouteloua.
gracilis (H. B. K.) Lag.] was breséﬁt along the entire gradieﬁt. Idaho fescue wés found at
all pré-treatment spotted knapweed levels éxcept 70 and 100%. Prairie sandreed |

. (Caldmovilj‘a lbﬂg’ifolia Hook.) and needle-arid-thread grass (Stipa comata Trin. & Rupr.)
were well represented along the transect exce.pt abéve 60% spotted knapweed. The most

abundant forb based on p%esence in number of transects was the non-indigenous Berferoa




Table 6. Number of Iransecls in which both indigenous and non-indigenoiis grasses are present at each sample inlerval al Site |

Percent cover: 5 10 15 20 25 30 3B 40 45 50 5 60 65 70 75 80 8 NV b
Cenlnurea maculosa

Indigenous grasses

I
- 4 4
Agropyron spicalum : (53)1 I I I I I @ o
i 0 0
Agropyron smilhii @ 4 o 0 o @ , o . . 5 9 . 5 . . Y
o
ArislUla longisela m Y to 0]
| I 3 I I | I
Bouleloua gracilis to to o to ©
|
i ispi 3 3 j
Danlhonia unispicala T B L I O ) 0 \ \ \ |
H 3 14 S,
Fesluca idahoensis ® ® B O © O o @9 , 0o o o 5, 0 |
iai 0
Koeleria inacranlha | » e ) \
Oryzopsis hymenoides _ M
1
Poa secunda o) @ 0 @ @ @ © o . o w 0)
Slipa contain | I A R R 2 \ \ | 0
ia viri 0 0 -
Slipa viridula | ) o, O, (i. | )
Non-intligcnotis grasses
i i 4 4 S, S, S, S, 2 S,
Brontusjaponicus | g ® v o0 g w9 @O e 8 e © O 9 0 § o O
i » i 4 3 4 4
Poa pralensis Iy @ 9 o ¢ 0 9 o g o @ o v o 0 o o @ o o

Maximum number of Iransecls per sample unit equals 5.
1The lop number represents pre-lreatment data and Uie bottom number represents post-treaUnent data.



Table 7 Number of Iransecls in which both indigenous and non-indi)»eiious forks are present at each sample interval at Site |

Percent cover: I 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Cenlauren maculosa
Indigenous forks
Artemisia ludoviciana @ (f) OR O \ (ZI) ‘
|
Aster/alcalus | o @ 0 )
1
Anlennaria spp. | 0]
Balsamorhiza sngittata | \ \ \ \ Lo (49)
Chrysopsis villosa r S ) ® © CID
CoUomia linearis | to (©
Delphinium unispicala | L 0
1
ialri | 0 | @
Lialris punclala | . 0 | ) AECE \ .9 2
Linum lewisii | \ 0 W O
Lomalium disseclum r 0) © 0 @ o m m
Lupinus spp. 0} o @ 0 (© (o CID GID
Non-indigcnous forks
Achillea millefolium 0 0 0 ICD |® | gD
Alyssum alyssoides 9O e @ e e e e @ o
I
Comandra umbeltata | @ 0)
1 2 I I 2 ' | 2 I I
Tragopogon dubius |72 \ | (0 L,

1Maximum number of Iransecls per sample unil equals 5.
1The lop number represent pre-treament data and lhe bottom number represents post-treatment data.



Table 8. Number of transects in which both indigenous and non-indigenous grasses are j)ieseiUjU”acb”am])le_jnlervaljil_Site2_»

Pci cent cover:
Cenlnurea maculosa

Indigenous grasses

Agropyron splcalum
Bouleloua gracilis
Calamovilfa longifolia
Fesluca idahoensis
Koeleria macranlha
Poa compressa

Poa secunda

Stipa comala

Nou-indigenous grasses

Bromus leclorum +

Poa pralensis

Cnrex spp.
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1Maximum number of transects per sample unit equals 5.
1Tlie lop number represents pre-treatment data and the bottom number represents post-treatment data.
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Table 9. Number of Iransects in which both indigenous and non-indiRenous forbs are present ai each sample interval al Site 2

Percent cover:
Cenlauren maculosa

Indigenous forbs '|'
Arabis holboellii |

Arlemisia frigida |
Asterfnlcalus |
Balsainorhiza sagitlala |
Chrysopsis villosa
Coryphanlha missouriensis |

Gallardia arislala |

Liatris punctata |
Lupinus spp. | 9
Opuntia polyacantha |
Non-indigcnous forbs W T
Achillea millefolium |
Alyssum alyssoides | I
Berteroa incana |
Trngopogon dubius | <

1Maximum number of transects per sample units equals 5.
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spp.
Density

Regression models were zéenera’ced to predict the pilant density two years after
picloram treatment (predicted variables) based on the density of plants sampled prior to
treatment (regressor variables) (Table 10). Site was significant when predicting'Idaho,
fescue and forb density, as well as indigenous species richness based on density.
Estimated effects Qf site were -8.8, -5.0, and 19.7 for indigenoﬁs species richn.ess, forbs,
and Idaho fescue density, respectively.‘

For each one unit increase in pre-ﬁreatment indigenous perennial grass density,

predicted post-treatment indigenous pereﬁnial grass density increased by about 9.2 tillers
m?2 (Table 10). For each one unit increase in spoﬁed knapweed density, predicted
indigenous perennial grass density decfeased by 0.1 tillers m™ at Site 1. At Site 2, for each
one unit increase in spotted knapweed density, predicted indigenous perennial grass
density increased by 0.4 tillers m, Effect of transect was positively associated with
indigenous perennial grass density.

In the model predicting Idaho fesc';ue deénsity, post-treatment Idaho fescue aensity
was positively associated with pre-treatment Idaho fescue density ax_ld indigenous species
diversity (Table 10). Specifically, each one unit increaée in pre-treatment Idaho fescue
density was associated with a 9.5 tillers m? increase in };ost-treatment Idého fescue
density. For each one unit increase in indigenous species diversity, Idaho fescue density
increased by 14.1 tillers m2. Iﬁ general, predicted post-treatment indigenous forb density

was negatively related to ﬁre—treatment indigenous perennial grass density and positively




Table 10. Regression models predicting posl-treatmenl indigenous species based on pre-treatment density (plants in']) of regressor variables. Empty cells

Regressor variables

Site Predicted Intercept  Site Transect Perennial ldaho Forbs Species Species Spotted Spotted R2
variables (D1 grass fescue (0 10 550) richness diversity knapweed knapweed?2
(0 to 7,280) (0103,970) (0 to 8) (00 2.26) (0 1o 1.170) (0 to 313,290)
| Perennial 192 5.5 9.2 01 0.51
grassl 6D
2 Perennial | 192 5615 92 04 051
grass 6D
| Idaho | -174 000 95 141 0.69
fescue
2 Idaho | 174 197 95 141 0.69
fescue
| Forbs 0.00 -2.8 -0.68 2.3 0.34
” )
2 Forbs [ 50 28 -0.68 23 0.34
@)
| Species j 178 0.00 15 44 0.002 0.46
richness
2 Species | 178  -88 15 44 -0.004 0.46
richness
| Diversity ! -1.0 0.8 17 0.30
)
2 Diversity I -10 0.8 17 0.30
| (it)

Possible range of values for each parameter on a m'lbasis.
2A model predicting post-lIreaUnent IPG density based on pre-treatment density of IPG and CEMA treatment includes:

where B, is Umintercept. BNis Uie average of transect Blis the density of indigenous perennial grass prior to treatment, and B1lis the density of CEMA at Site I;
Site2,y=19.2(B,)t5.5(B1)+9.2(B1)t0.40(BJ). rr>nw, ,0-. W
where Blis the intercept, B1lis the average of transect Blis the density of IPG prior to treatment, and Blis the densny of CEMA at Site 2.

1 Means represent the average of ten transects across site with standard deviations are provided below means in table.
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related to indigenous species richness (Table 10). For each one unit increase in indigenoﬁs
perennial grass density, forb density decreased by 0.68 plants m?2. Each one unit increase
in indigenous species richness was associated with a predicted 2.3 plants m;2 increase in
forb density. Effect of transect was negatively associated with forb density.

For each one unit increase in indigenous perennial grass density, predicted
.indigenous species richness increased by about 1.5 plants' m? at both sites (Table 10). For
each one unit increase in pre-treatment indigenous species richness, predicted po‘st-
treatment species richness increased by 4.4 plants m™ at both sites. The spotted knapweed
quadratic component was associated with an increase in indigenous species richness by
.about 0.002 indigenous species m? at Site 1 and a decrease of 0.004 indigenous
species m‘z at Site 2.

Predicted post-treatment indigenous species diversity was positively related to
both pre—tréatment indigenous perennial grass density and indige_nous spécies' diversity
(Table 10). Each one unit increase in indigenous perennial grass density was associated
with an increase in'indigenoﬁ_s spec.ies diversity by 6.8 Shannon-Weaver’s diversity index
units. For each one unit increase in pre-treatment indigenous species richness, post-
treatment indigenous species diversity increased by 1.7 Shannon-Weaver’s diversity index
units. Effect of transect was negatively associated with indigenous species diversity at
both sites.

Cover
Sit'e-: was significant when predicting forb cover and indigenous species richness

based on cover. The estimated effects of site were -.94 and -.69 for forbs and indigenous
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species richness, respectively (Table 11).

Predicted post-treatment indigenous perennial grass cover was. positively related to
indigenous perennial grass and indigenous species richness, but negatively related to forb
cover at both sites (Table 11). Each 1% increase in pre-treatment indigenous perennial
grass cover was associated with a 52% increase in ﬁost—treatment indigenous perennial
érass cover. For each 1% increase in forb céyer,- indigenous perennial grass cover
decreased by 19%. Each 1% increase in indigenous species richness based on cover was
associated with a predicted increase in indigenous perennial grass cover by 16%. For each
1% increase in spotted knaﬁweed' cc;ver, indigenous perennial grass cover decreased by
0.9 % at Site 1 and increased by 2.8% at Site 2. Each 1% increase in the spotted
. knapweed‘quadratic component was associated with a decrease in indigenous perennial
grésé cover ‘by. 0.005 and 0.04% for Sites 1 and 2, respectively.

In general, predicted post-treatment Idaho fescue cover was positively related to
pre-treatment Idaho fescue cover (Table 11). Each 1% increase in pre-treatment Idaho
fescue cover was associated with an increase in post-treatment Idaho fescue cover by
63%. Each 1% increase in spotted knapweed cover was associated with a predicted
decrease in Idaho feécue cover by about 1.8 and 0.8% at Sites 1 and 2, respectively.

Predicted post-treatﬁent indigenous forb cover was positively related to pre-

_ ’(;réatment indigenous forb cover (Table11). For each 1% increase“in forb cover prior to
treétme"nt, forb cover after treatment increased by'53% at both sites. At Site 2, the effect
of transéct was negatively aésociated with forb cover.

In the model predicting indigenoﬁs species richriess, post-treatment indigenous




Table 11. Regression models predicting post-treatment indigenous species based on pre-treatment cover of regressor variables. Empty cells represent non-
significant regressor variables.

Site Predicted
variables

| Perennial
grass'

2 Perennial
grass

| Idaho
fescue

2 Idaho
fescue

| Forbs

2 Forbs

I Species
richness

2 Species
richness

| Diversity
2 Diversity

. Intercept

j

212

212

155

155

133

133

161

161

0.37
0.37

Site

0.00

-0.94

0.00

-0.69

Regressor  variables
Transect Perennial
H1 rass
o7
0.52
0.52
-0 58'
«3)
-0.58
(VJ)

1Possible range of values for each parameter on 1v1 basis.
1A model predicting IPG cover (after treatment) based on cover of IPG, Forbs, Species Richness, CEMAland CEMA1prior to treatment includes:

Sitel; y=2.17(B,)+ 0.S2(B,)-0.19(B,)H). 16(B))-0.009(B9-0.00005(B,), where BOis the intercept, Blis the cover of IPG prior to treatment B2is the of cover of
forbs,B1is the species richness, Blthe cover of CEMA, and Blis the cover of CEMALat Site I;

Idaho
fescue

(Oto5)

0.63

0.63

Forbs

O3

-0.19

-0.19

0.53

0.53

-0.041
-0.041

Species Species Spotted

ri(%ﬂg%ss ((i(l)\{grzm k?oat%W]&ebd

0.16 -0.009

0.16 0.028
-0.018
-0.008

0.58

0.58

0.13 0.007

0.13 0.007

Spotted

knapweed?
(Oto 10000)

-0.00005

-0.0004

-0.00008
-0.00008

R1

0.44

0.44

0.63

0.63

0.46

0.46

0.40

0.40

0.22
0.22

Site 2; y = 2. H(BOQV 0.52(B])-0.1S(B)VO. 16(B1)\V0.028(B<-0 OOOd(B) 1where BOis the intercept, B,is the cover of IPG prior to treatment Blis the of cover of forbs,
B1lis the species richness, Blthe cover of CEMA, and Blis the cover of CEMAlat Site 2.
1Means represent the average of ten transects across site with standard deviations provided below means in table.

8%
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species richﬁéss was positively associa’ged with pre-tréatment indigenous species richness
(Table 11). Specifically, for each 1% increase in indigenous spécies richness, indigenous
species richness increased by about 58% two years after treatment..

Predicted indigenous species diversity was ;egatively associated with forb cover
~and the spotted knapweed quadratic componenf, but positi\}ely related to species richness
and spotted knapweed cover alone (Table 11). Specifically, eéch 1% increase in pre-
treatment forﬁ cover was aésociated with a decrease in indigenous species diversity by
0.041 Shannon-Weaver’s diversity index units. For 1% unit increase in indigenous
species richness, indigénous species diversity incréas,ed b3'l 0.13 Shannon-Weaver’s
diversity index units. For each 1% increase in adult spotted knapweed cover, diveréity
increased by 0.007 Shannon-Weaver’s diversity index units. _Fo'r each 1% increase in the

spotted knapweed quadratic component, diversity decreased by 0.00008 diversity index

units.

- Biomass

Indigenous lperennial grass biomass prior to treatment \;vas positively rela‘éed to '
post-treatment forb cover and both positively aﬁd negatively reléted to spotted knapv?e‘ed
(Table 12). For each one unit increase in forb biomass, indigenous perennial grass biomass
increased by 2.7 g m2. Each one unit increase in spotted knapweed biomass was |
associated with a predicted 0.07 g m? decrease in indigenous perennial grass biomass at
Site 1. At Site 2, for each one unit increase in spotted knapweed biomass, indigenous
perennial gfass biomass increased by 0.40 g m?. Each one unit increase iri the spotted

knapweed quadratic component was associated with a predicted 0.0007 g m™? increase in -




Table 12. Regression models predicting post-treatment indigenous species based on pre-treatment biomass (g m'D) of regressor variables. Empty cells represent
non-significant regressor variables.

Regressor  variables

Site Predicted Intercept  Site Transect  Perennia Idaho Forbs Species Species Spoiled Spotted R'
variables (D I grass fescue (00150 richness  diversity knapweed  knapweed2
(0 to 380) (0 1o 360) (010 5) (010 2.26) (010 1,280) (0 to 163,840)

| Perennial 147 27 -0.07 0.0007 0.32
grass' . '

2 Perennial 147 27 0.40 -0.004 0.32
grass . '

| Idaho -1.2 54 0.39
fescue '

2 Idaho -1.2 54 0.39
fescue '

| Forbs 32 -2.5' -5.0 4.0 -0.18 0.38
Z )

2 Forbs 32 -25 -5.0 4.0 0.02 0.38
(7.5) '

| Species 32.8 -0.26 0.29
richness ’

2 Species 32.8 012 0.29
richness ‘

| Diversity 31 -36 22 oil -0.0015 0.52
(38) '

2 Diversity 31 -3.6 22 0.24 -0.0015 0.52
(39) '

1Possible range of values for each parameter on a m ' basis.
1A model predicting pre-treatment IPG biomass based on biomass ofForbs, CEMAland CEMA1prior to treatment includes
SiteRy= 14.7(B,)r 2.7(B1)-0.07(B,)r0.0007(BJ),
where B,is Uie intercept, B, is the biomass ofForbs prior to treatment Blis the biomass of CEMAIBL1is the biomass of CEMAlat Site |
Site 2; y= 14.7(B,>r 2.7(B,)t0.38(B1>00004(B])1
where BLlis the intercept. Blis the biomass ofForbs prior to treatment Blis the biomass of CEMA1BL1is the biomass of CEMALlat Site 2.
1Means represent Uie average of ten Uansects across site with standard deviations are provided below means in table.
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indigenous perennial grass biomass at Site 1 and a 0.004 g m™ decrease at Site 2.

Predicted Idaho fescue biomass was positively related to indigenous perennial
grass biomass from year one (Table 12). For each one unit increase in indigenous
perennial grass biomass, Idaho fescue biomass increased by 5.4 g m?>.

Each one unit increase in pre-treatment forb ‘biomass was associated with a
predicfed 5.0 g m? decrease in post-treatment forb biomass (Table 12). Each one unit
increase in indigenous species richness based on biomass was ass.ociated with an increase
in forb biomass by 4.0 g m?at both sites. Forb biomass was negatively related to spotted
knapweed biomass (-0.18 g m?) at Site 1 and positively related to spotted knapweed
biomass (0.02 g m?) at Site 2. Effect of tranéect was negatively associated with forb
biomass:

Predicted iﬁdigenous species richness based on biomass was negatively related to -
spotted knapweed biomass (i“able 12). Speciﬁc;ally, each one unit increase in spotted
knapweed biomass waé associated with a decrease in indigenous species richness by 6.26 g
m? and 0.12 g m™ at Sites 1 and 2, respectively. |

Post-treatment indigenous species diversity was positively associated with
pereﬁnial gfass biomass and the spoﬁed khapweed bioméss aloné, but negatively-rélate_:d' to
‘ | the spotted knapweed quadratic component (Table 12). Each one unit increase in
indigenous pérennia‘l grass.biomass was associated with an.increase'in indigenous species

diversity by 2.2 Shannon-Weaver’s diversity inde); units. For each one unit increase in
's‘potted knapweed biomass, indigenous speciés diversity increasedl_by 0.11 and 0.24

Shannon-Weaver’s diversity index units at Sites 1 and 2, respectively. The spotted
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knapweed quadratic component was related to.a decrease of 0.0015 Shannon-Weaver’s
diversity index units. Indigenous species diversity was negatively related to transect.
Brome species

Density. Regression models were generated to pfedict density of post-treatment brome
species based on pre-treatment brome species (Table 13). For each one unit increase in -
pre-treatment bfome density, post-treatment brome increased by 10.6 tillers m™ at Site 1.
At Site 2, each one unit increase in pre-treatment brome was associated with a 1.1 tillers
m2increase in post-treatment brome. For each one unit increase in the brome. quadratic
component, post-treatment brome decreased by 0.006 tillers m™ at Site 1. Eaéh one unit
increase in spotted knapweed was associated with a predicted 3.9 tillers m2 increase in
brome at Site 1. At Site 2, each one unit increase in spotted knapweed was associated
with a 1.4 tillers m™ increase in brome.

“Cover. For each 1% increase in pre-treatment bfome cover, predicted post-treatment
brome cover increased by 141% at Site 1 (Table 13). For each 1% increase in the brome
quadratic component, post-treatment brome decreased by 11% at Site 1. At Site 2, each
1% increase in spotted knapweed cover was associated with a 0.8% increase in brome;.
Biomass. For each one unit increase in pre-treatment brome biomas.s,'post-‘treatment
brome biomass increased by 0.05 g m? at Site 1 (Tﬁble 13). At Site 2, for each one unit
increase in spotted knapweed, post-treatment brome decreased by 2.0 g m?. Each one
unit increase in the spotted knapweed quadratic component was associated with a 2.5 x

10" g m? increase in brome.




Table 13. Regression models predicting post-treatment non-indigenous species based on density (plants '), cover, and biomass (g m 1) of regressor variables.
Empty cells represent non-significant regressor variables.

r Regressor variables

Site Predicted | Intercept Brome' Brome2 Spotted Spotted R2

variables (0to 1,M0)2 (0 to 38,025) knapweed knapweed2

(rome ) domamm eim o

(0 to 1,280) (0 to 163,840)
I Density3 I -633 10.6 -0.006 3.9 0.30
2 Density -220 11 0.00 14 0.31
| Cover -0.40 141 -0.11 0.00 0.13
2 Cover -0.11 0.00 0.00 0.008 0.10
| Biomass 43.0 0.05 0.00 0.15
2 Biomass 181 0.00 -2.0 25x 103 0.62

1Represents a pre-treatment parameter based on density, cover, and biomass to predict post-treatment Brome density, cover, and biomass, respectively.
2Possible range of values for each parameter based on density, cover, and biomass on a m'2basis, respectively.
1A model predicting pre-treatment brome density based on density of Bronte, Brome2land CEMA, prior to treatment includes:
Sitel; y = -633(B,,>+ 10.6(BI)-0.006(B1)+3.9(B)),
where Bl is the intercept, B,is Ue biomass of pre-treatment Brome B2is Ue biomass of pre-treatment Brome2 and B2is the biomass of CEMA at Site I;
Site 2; y=-220(8,)+ 1.1(B)+! A(B21
where BOis Uie intercept, B, is Uie biomass of pre-treatment Brome and B2is the biomass of CEMA at Site 2.
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Predicting Biomass Using Cover
Post-treatment perennial grass biomass was positively associated to pre-treatment
indigenous perennial grass cover alone, but negatiyeiy associated to the indigenous |
perennial grass quadratic comp.onent (Table 14). For‘ each one unit increase in pre-
treatment indigenous perennial grass cover, predicted p'ost-treatment perennial égss
bio%nass increased by 57.2 g m™ at both sites. For each one unit increase in the pre-
treatment perennial grass quadratic component based on cover, posf-treatment perennial
grass biomass decreased by 0.86 g m™ at both sites.
. Predicted post-treatment Idaho fescue biomass was positively associated to pre-} _
- treatment Idaho fescue C;)VCI' alone, but negatively associated to the idaho fe;scue
‘quadratic component (Table 14). At bofh sites, each one unit increase in pre-treatment
Idaho fescue cover was associated with a 53.2 g m? increase in post-treatment Idaho
fescue 'biomags. For each one unit increase in the Idaho fescue quadratic component
based on cover, post-treafment Idaho fescue biomass decreased by 0.63 g m?.

Forb bioma;s after treatment was positively related to forb cover prior to
treatment (Table 14). Each one unit increase in pre-treatment forb cover was associated
with a 24.1 g m? increase in post-treatment forb biomass at both sites.

For each one unit incredse in pré—treatment brome cover, post-treatment brome
biomass increased by 40.5 g m? at Sitél (Table 14). For each one unit increase in the pre-
treatment brome-quadratic component based on cover, post-treatment brome biomass

decreased by 6.5 g m”. Regression analysis showed lack of fit when predicting brome

production from brome cover at Site 2.




Table 14. Regression models predicting post-treatment biomass (g m 1) indigenous species based on pre-treatment cover of regressor variables. Empty cells
represent non significant regressor variables.

Site

I
2

Predicted
variable

Perennial
grassl

Perennial
grass

ldaho
fescue

Idaho \
fescue

Forbs \
Forbs \
Brome |

Brome

Intercept

5711

5711

69.0

69.0

244
244
-4.74

Regressor

Perennial
grass

(01076}

57.2

57.2

variables

Perennial2

grass
(0105,776)

-0.86

-0.86

Lack

1Possible range of values for each parameter on a in 1basis.

1A model predicting pre-treatment brome density based on density of IPG, and IPG1prior to treatment includes:

Sites I and 2 y = -571(B,)r- 57.2(B,>0.86(B,),
where B, is Uie intercept, B1lis Uie biomass of prc-treaUnent IPG and B1is Uie biomass of pre-treatment IPG1at Site I;

Idaho
fescue

(0 10 50)

53.2

53.2

of

Idaho Forb  Forb2
fescug2 (@ 1050 ((xo2500)

Colo 2500)

-0.63
-0.63
241
241
Fit

Brome

(0lo 12)

Brome2  Spotted Spotted
(Olo 144) knap\/\/eed knapweed2

(Olo 100) (Olo 10.000)

R1

0.35

0.35

0.71

0.71

0.13
0.13
0.31
0.00
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Biomass Optimiz"z'ltion Model | e

Pre-treatment spotted knapweed cover was used as the regressor variable to
predict pre- and post- treatment indigenous perennial grasé biomass (Figure 13). At zero
spotted knapweed cover, predicted pre-treatment grass biomass was about 2250 kg ha'
and post-treatment grass biomass was aboﬁt 1400 kg ha'l.. Pre-treatment grass biomass
decreased most rapidly as pre-treatment s'_potted knapweed cover increased to about 30%.
At that point, predicted grass biomass was about 800 kg ha™. After that point, predicted
grass biomass declined more slowly as spotted knapweed cover increased. The regression
model predicted that areas with 95% pre-treatment spotted knapweed cover would-
produce 200 kg ha® indigenous perennial grass prior to treatment. Post-treatment grass
biomass decreased linearly. Predicted post-treatment grass biomass was about 500 kg ha™-
at maximum spotted knapweed cover (95%,).

' biscussion

Predicting Indigenous Species

Weed managers are searching for useful models on which to base their manage-
ment decisions (Arcﬁer 1989, Laycock 1991, Schlatterer 1989). Iﬁ agroecosystems,
predictive models have been used to assess economic‘thresholds to better manage a wide
range of imﬁortant crops. For e;xample, Maxwell et al. (1994) developed bioecoﬁomic
models to.optimize control strategies of wild oats (Avena fatua L.) in barley production.
Knezevic et al. (1994) determined redroot pigweed (dmaranthus retroflexus L.) did not
reduce corn production when weed emergence_occurﬁed after fﬁe corn’s 7-le'a.f‘stfc1ge.

However, the use of predictive models to optimize rangeland weed management has

/
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Y=2260-42.3X+0.21X2 R2=0.63 . First year
Y=1378-9.3X R2=0.26 a  Third year

4000

3000

2000

Spotted knapweed (cover)

Figure 13. Biomass model comparing differences between pre-
treatment grass biomass and post-treatment grass biomass.
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been limited. Peat and Bo.wes (1994) predicted that ét biomass above 290‘ kg ha™ of
fringed sagebrush (drtemisia frigida Willd.), it becomes economically viable to control
this plant using picloram. Keane (1987) develope;d successional pathv;zay models to
predict plant coverage b-ased on tréatment and pre-disturbgnce plant composition.

. This study indicated that it ﬁ1ay be feasible to use pre-managemeﬁt plant
community data to predi.ct post-management plant cornmuﬁitjz response for spotted
knapweed-ipfested rangeland using picloram. The best predictive models for 'assessing
post-management indigenous perennial grass, Idaho fescue, and indigenous specieé
richness were based on density. The best models bredicting post-management forbs and
indigenous species diversity were based on cover and biomass, respectively. In four out of
the five models, for a given post-management parameter, an important predictor in the
model was its pre-management regressor vadéble. For example, pre-manégement
indigenous grass density was the best predictér of post-management grass density.
Additi.onally, pre-management spotted knapweed was a relatively unimportant predi‘c-tor in
most models. Incorporating environmental factors otﬁer than f)leint commuﬁity
composition iﬁto models may enhance their predicﬁve abilities. Although this study was
conducted using picloram to control spotted knapweed, other rﬁanagement strategies
and/or other weeds could be tested in a similar fashion to predict post—managemegt plant
community response. |
Indigenous Species Richness and ‘Indige.nm.ls Species Diversity

| The model predicting indigenous spécies diversity based on density predicted an”

increase in indigenous species diversity two years after management. However, the
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species presence data along transect indicated a decrease in 14.out 30 post-management
indigenous forb and grass species (Tables 6, 7, 8, andl 9). Five out of 30 species (15%)
were no longer present following the picloram treatment. Four of these species were-
indigenous forbs. Rice.et al. (1997) detected transitory déclines in Both species ﬁchnes§
and dive_rsity in response to picloram. However, this relationship may be an artifact of
using Shannon-Weaver’s diversity index which sums the proportion of individuals p‘resAent
and provides an “average diversity” (Pielou 1966). Presumably an incr;:ase in post-
management grass presence (e. g.; western wheatgrass, Idaho fescue, needle-and-thread, -
etc.) may account for this simultaneous gain in indigenous species diversity and loss of;
indigenous species richness (number of species), post-management. It is also impoﬁant to“
. note that different measur.ements of divérsity would likely yield different predictive
models.
Biomass Optimization Model

Many land management pro;grams are aimed at maximizing grass production.
These weéd maﬁagemént programs muét use our understanding of the change in- grass .
biomass as a response to management. We attempted to use easily collected pre-treatment
data (i.e., spotted knapweed cover) to predict pre- and post-treatment grass.b_io.mass.' To
identify the relative difference in biomass pr.oduction between years, we compared
difference between tﬁe predicted pre-treatment and post-treatment biomass. The
intégration of these models indicated that. tﬁere would be a decrease in post’.—treatmént
grass biomass at spotted knapweed cover below 35%. We suspéct that at low spotted

knapweed cover, interference between spotted knapweed and indigenous grass was low
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(Velagala 1996). Therefore spotted knapweed removal did not result in an iricrease in
grass blomass We speculate that the decrease i in grass biomass was associated with other
environmental factors, such as weather. However, since the study was conducted without
a control (no herbicide), it is impossible to determine whether this response is a result of
year-to-year variations in the plant community or a response due to treatment.

Above 35% spotted knapweed cover, regressions predicted gregtef post-treatment
grass biomass than the pre-treatment biomass. Iﬁ this case, spotted knapweed may have
influenced grass production, and its removal may have favored graeses. In either case,
including other environmental factors in the models should improve our abil,itil to predict
post—management outcomes based on pre-management conditions. Furthermore, we_
believe it may be possible to identify the cumulative predictive biomass gain (after.

. treatment) by develeping a biomass optimization model for each year of herbicide controi. '
Once the change in biomass is predicted and the predictions verified, econemic analysis
based on the value of the biomass change may be possible using this method pﬁor to

imposing weed management.
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