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Summary

This report summarizes and discusses the results of a vegetation survey conducted in 1992
on a portion of theYakimaTrainingCenter(YI"C). PacificNorthwestLaboratory(PNL)
conductedthissurveyand a similarsurveyin 1991 for the U.S. Departmentof theArmy. The
objectivesof the surveywereto evaluatethe impactof the herbicidepicloramon forbs where
aerialapplicationsof picloramweremade in 1988, 1989,and i991 to controlknapweed
(Centaureaspp.) infestations.Forbsareof specialinterestbecausethey arean importantpart
of the springand summerdietof the westernsage grouse(Centrocercusurophasianus phaios),
whichis a U.S. FishandWildlifeServicecandidatespeciesfor the threatenedandendangered
list. We also conducteda limitedevaluationof the effectivenessofthe spray programin
controllingthe spreadof knapweed. Thisdocumentisa companiondocumentto the report
detailingresultsof thevegetationsurveysconductedin 1991 (Eberhardtet al. 1992).

Percentplantcanopycoverandnumberof forbswere measuredon 120 transectson the
herbicide-treated(78 transects)anduntreatedcontrol(42transects)areas. The 1992 survey
showedthat areastreatedwithpicloramin 1988, 1989,and 1991 continuedto showevidence
of knapweedsuppressioncomparedto controlareas. Herbicidetreatmentin 1991 resultedin a
significantreductionin knapweedbasedon percentcoveranddensity.The treatmentareas
also all had lowerpercentcanopycoverof perennialforbsand fewer perennialforbscompared
to controlareas.

Canopy coverof shrubsand annual,biennial, and perennial forbs measuredon the YTC
increased between the 1991 and 1992 survey,which may indicate a recovery of these
vegetation types after disturbance. These increasesalso could reflect the mild 1992 winter and
superior growing conditions in the spring of 1992.

We recommendthat these vegetation transects continueto be monitored for an additional
growing seasonto evaluate 1) whether knapweed increasesto its previous abundance in the
1991 herbicide-treated area, 2) the efficacy of herbicide application on transects along
roadways, and 3) the increase in invasiveannuals in herbicide-treated areas and the possible
effects on community vegetation structure and sage grouse habitat.
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1.0 Introduction

Knapweeds (Centaureaspp) are considered noxious weeds and are widely distributed
throughout the YakimaTraining Center (YTC)with particularly heavy infestations along the
Selah Creek drainage (Figure 1.1). On portions of the YTC,several aerial applications of
herbicide have been made to control knapweed infestations. At the request of the U.S. Army,
Pacific Northwest Laboratory (PNL)conducted vegetation surveys in 1991 and 1992 to evaluate
the impact of the herbicide spray program on the forb component of the local plant communi-
ties and provide information on the effectiveness of the spray program in controlling the spread
of knapweed. Resultsof the spring 1992 survey are summarized in this report and compared
with survey results from 1991.

The forb component of the plant communities is of special interest because it constitutesan
important portion of the spring and summer diet of the western sage grouse (Centrocercus
urophasianusphaios), which inhabits the YTC (Eberhardt and Hofmann 1991). The sage
grouse is a U.S. Fish and Wildlife Service candidate species for the threatened and endangered
listing as well as being a Washington State candidate species.

The four speciesof knapweed of concern on easternWashington rangelands and
specifically the YTC are diffuse knapweed (Centaureadiffusa), spotted knapweed (C.
macuiosa), Russianknapweed (C.repens), and yellow starthistle (C. solstitialis) (Roch_ and
Roch_ 1988). These noxious weeds are extremely competitive and often can displace the
native vegetation. Mature knapweeds are unpalatable to livestock, and dense stands of
knapweed result in decreased production of livestock forage (Harris and Cranston 1979;
Kelsey and Mihalovich 1987; Maddox 1979). A serious infestation of knapweed can increase
the potential for erosion, reduce wildlife habitat and populations, and reduce property values
(Cranston 1985). Knapweed infestations are often associated with human-induced disturbance
of native plant communities.

On the YTC,native plant communities are subject to disturbances that result from training
activities such as weapons firing and field maneuvers on the site. In particular, Ranges 10, IOZ,
and 55, which form the core of the study area, are used extensively for training maneuvers.
Tracers and flares used in training activities often ignite the vegetation during summer months.
In addition to the impacts of off-road mechanical disturbance and burning, the Selah Creek
Valley has been grazed by both sheep and catt!e under a grazing management plan.

In an effort to slow the spread of knapweed on the YTC,the herbicide picloram was applied
aerially to areas in the Selah Creek drainage in 1987, 1988,1989, and 1991. Picloram is a
restricted-use pesticide for control of broadleaf annuals and perennials and may be residual
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• Major Sage Grouse Leks s_loo_.l

Figure 1.1. Map of the YakimaTrainingCenter

in soils for months. Survival of broadleaf seedlings may be affected for up to 2 years. Use of
picloram as a control agent is likely to be included as part of an integrated management plan
that may include the introduction of biological agents (insects) specific to knapweed, enhanced
fire suppression, improved road networks, reseeding, and application of herbicides to roadside
lanes where knapweed infestations usually begin.

Within the Selah Creek drainage, most of the herbicide has been applied to areas near two
of the four main sage grouse breeding leks on the YTC (Figure 1, Eberhardt and Hofmann
1991). Picloram is not specific to knapweed. It also kills annual and perennial forbs, which are
a main food source for sage grouse during the spring and early summer. PNL staff conducted

vegetation surveys during spring 1991 (Eberhardt et al. 1992) and again during spring 1992.
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2.0 Methods

The YI'C encompassesapproximately1,058 km2 inYakimaand Kittitascountiesin south-
centralWashington.Vegetationsurveyswere conductedduringMay 1992 on permanent
samplingtransectsinthe Selah CreekValleyarea betweenRanges10 and 55 and on the YTC
(Figure2.1). Thestudy arearangesin elevationfrom 732 to 808 m,with generallysouth-facing
slopes. Soilsinthe area areprimarilysilt Ioamswithshrub-steppevegetationcover
(Daubenmire1970). The climateis characterizedbyhot, drysummersand moderatelycold,
wetterwintem. Annualprecipitationis approximately20 cm, andtemperatureextremesrange
from-40° C inJanuaryto 40° C inJuly.

Vegetationon the Y'I'Cwasassessed in 1992, usingthe same studyareas and survey
methods that were used in 1991 (Eberhardt et al. 1991). Vegetationtransects were established
in 1991 on landscape areasthat had been sprayed with herbicide (picloram) in 1988, 1989,and
1991 (Table 1 in Eberhardt et al. 1992). The area treated in 1987 was not sampled because it
was remote from major sage grouse leks. Four control areas with similar elevation and plant
community composition were selected adjacent to the areas treated with herbicide. As
described in Eberhardt et al. (1992), the herbicide was applied by helicopter In late March or
early April, soon after knapweeds began growth. The area treated in 1988 also received
picloram in pellet form along roadside lanes.

2.1 Survey Methods

Transects,each 21 m long, were randomly located ineach spray area (1988, 1989, 1991)
andin each of the four controlareas(NE control,NW control,S control,andSE control)as
describedby Eberhardtet al. (1992). The numberof transectslocatedin each areawas
proportionalto the sizeof the area (Table1 from Eberhardtetal. 1992) as estimatedfrom
geographicinformationsystem(GIS) boundarymeasurements.

Approximately20% of the transectsineach samplingunitwere allocatedto sitesnear roads
becauseroadwaysareknownsitesof knapweedintroductionand infestation.These transects
were placedapproximately10 m fromthe roadwayandran parallelto the road. The other80%
of the transects,randomlylocatedineach samplingunit,were runina north-southdirection
wherepossible. Of the 135 markedtransectsestablishedin 1991 (Figure2.1), 120 transects
were locatedand resampledinspring1992 (Table2.1). As inspring1991,20 microplots
(0.2 x 0.5 m) were regularlyspacedat 1-m intervalsalongeachtransect.

Foreach of the 20- x 50-cm microplots,a visualestimateof canopycover (percent)was
madeand the numberof rootedforbs andshrubswas counted(Daubenmire1970). Although
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Figure 2.1. Location of Vegetation Transects on 1988, 1989, and 1991
Herbicide-Treated Areas

estimating percent plant canopy cover by species istime consuming, this method provides
data that can be easily interpreted and readily compared with other data sets. Frequency of
occurrence for each species was determined as the number of plots in which the species
occurred divided by the number of plots in the total sample (frequency is usually reported as a
percentage).

2.2 Data Analyses

All data were entered from the field data sheets into Microsoft Excel spreadsheets to sum-

marize the data. Unpaired Student t-tests were used to test for significant differences in the
composition of vegetation on herbicide-treated and control-untreated areas. A statistical infor-

mation software package, RS/1 (Bolt, Beranek, and Newman) was used to compare the data.
All percent plant cover data were transformed to approximate a normal distribution using the
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Table 2.1. Allocationof Vegetation SamplingTransectsto AreasTreatedwith
Herbicideand Nearby ControlAreas on the YakimaTrainingCenter

Allocationof Transects

Size of Area No. Distantfrom
TreatmentArea (ha) No. Near Roads Roads Total

1991 1992 1991 1992 1991 1992
Survey Survey Survey Survey Survey Survey

1988 243 5 5 15 14 20 19
492 8 6 31 28 39 34

1989
356 9 5 20 20 29 25

1991
3 2 9 8 12 10

NW control
1 0 11 10 12 10

NE control
3 3 9 9 12 12

S control
0 0 11 10 11 10

SE control

transformation_/y+0.5. Although percent canopy cover data were recordedby species, the
data were reduced by combining individual species into five general categories: perennial
grasses, annual grasses, shrubs, annual and biennial forbs, and perennial forbs. Knapweed
was considered a separate category for some analyses. Mean percent canopy cover of each
of the five categories and knapweed were calculated for each transect. These data were
combined to obtain mean percent canopy cover for the three treatment and four control areas.
For these analyses, the bansects represent subsampling within experimental units. That is, the
true experimental replicates are the three treatment areas and the four control areas (Eberhardt
and Thomas 1991). Extensive subsampling was necessary to obtain a more precise estimate
of vegetation composition and cover.

Percent canopy cover data were also examinedwith respect to transect location and
treatment. The percent canopy cover of knapweed on transects near roads versus transects
distant from roads were compared using unpaired t-tests for treatment and control areas.

Survey data for 1991 were compared with survey data for 1992 using unpaired t-tests,
and significance was determined at the 1% level. Wewanted to evaluate the residual effects
of the herbicide on plant cover and community composition between years, so the data were
analyzed in the following manner. Because each spray and control area actually represent a
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replicate,the 1991 and 1992 surveydata for each of the herbicide-treatedareaswere
comparedby randomlysplittingthe transectsin each replicatearea for eachsurveyyear into
two groups. Forexample,1991 surveydata forthe 1988 sprayareawere splitintotwo groups,
and 1992 surveydata for the 1988 spray areaweresplitintotwo groups. The resultingfour
groupswere usedto generatemeanvaluesto comparepercentcanopycoverof 1991 survey

J

data and 1992 surveydata forthe 1988 sprayarea. The levelof significancewas set at
p = 0.01 to protectagainstcommittinga TypeI errorbecausewe couldnot be absolutelysure
that the varianceobtainedfrom splitareaswouldrepresenttruewithin-replicatevariance. This
methodwas usedto comparepercentcanopycoverof knapweed,perennialforbs, and annual
forbs in each of the herbicide-treatedareasandthe untreatedareas for the two growing
seasons.
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3.0 Results and Discussion

Vegetation wassurveyedon 120 of the 135 transectslocatedon the YTC (Figure 2.1): 78
herbicide-treatedtransects(16 nearroa_lsand 62 distantfromroads)and42 controltransects
(5 near roadsand37 distantfromroads). A numberof postsmarkingthe locationof transects
near roadshad been removedsincethe previousyear,and we were unableto relocatethe
remaining15 plots.

Morespecieswere observedduring the spring 1992 survey(83 plant speciesidentified;
AppendixA) than duringthe previousyear (64 plantspeciesidentified),mostlikelybecause
springrainsprolongedthe growingseasonforsomespecies. Mean percentcanopycoverby
categoryvariedgreatlyfromtransectto transect(AppendixB). The disturbancehistory (e.g.,
mechanicaldisturbanceor previouslyburned)at each transectsitecould accountforsomeof
thisvariability.

Perennialgrassesaccounted for the largest percentageof canopy cover on each of the
treatment and control areas (Table3.1) as was found in the 1991 knapweed survey. Com-
parison of canopy cover of perennial grasses on the YTC with measurements made by
Daubenmire (1970, p. 91-92 as reported in Eberhardt et al. 1992,p. 10) and with measurements
taken during 1992 on the Arid Lands Ecology (ALE)site (part of the U.S. Department of
Energy's Hanford Site in south-eastern Washington) show that canopy cover of these grasses
is lower on the YTC (Table3.1). The data from the ALE site represent a native community that
established after fires removedthe shrub component. Higher percent canopy cover of annual
grasses and annual forbs was measured on the YTCthan in the relatively pristine stand on ALE
and the pristine vegetation measured by Daubenmire (1970).

The frequent disturbances to which the landscape of the YTC is subjected (i.e.,burning,
mechanical disturbance from vehicles, and grazing) probably contribute to the lower perennial
grass cover and the greater occurrence of invasive annual grassesand forbs. These invasive
annuals are particularly competitive in mechanically disturbed areas such as along roadsides.
The canopy cover of shrubs and perennial forbs on the YTC increased between 1991 and
1992. This increase may indicate a recovery of these vegetation types after disturbance, but
the increase could also reflectthe mild winter and moist spring growing conditions existing in
1992. Precipitation during the winter and early spring (November through March) usually
infiltrates into the soil profile and may remain in the soil root zone for uptake by plants in the
following growing season. Nearlytwice as much precipitation fell in the winter period
preceding the 1992 growing season (3.82 in.) as fell during the winter period preceding the
1991 growing season (2.04 in.).

The areas treated with picloram continued to show evidence of knapweed suppression.
Percent canopy cover of knapweed and density (number per square meter of land area) of
knapweed plants were higher on untreated control areas than on the herbicide-treated areas
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(p = 0.06 and p = 0.13, respectively;Table3.2). The averagedensityof knapweedplantsm "2
on the untreated control areas was twice that measured on the herbicide-treatedareas. Per-
centcanopycover and densityof perennialforbswere alsostatisticallylower(p = 0.008 and
p = 0.05, respectively)on the herbicide-treatedplotsthanon thecontrolareas. These data
agreewith 1991 surveydata, indicatingthat perennialforb coverremainsreducedon the
herbicide-treatedplots.

Table 3.1. Comparisonof PercentCoverof VegetationFoundon theKnapweedStudyArea
in 1991 and 1992 withthat Foundby Daubenmire(1970)on UndisturbedSitesat
SimilarElevationsandto that Measuredin 1992 on theAridLandsEcologySite
in BentonCounty

Rangein PercentCover
YTC ALE

VegetationType YTC 1991(a) 1992(a) 1992(b) Daubenmire(C)

Perennialgrasses 29 - 52 31 - 50 69 77 - 122
Annualgrasses 1 - 12 2 - 11 0.5 <0.5 - 6
Shrubs 1 - 12 1 - 16 0 6 - 20

Perennialforbsexcluding 1 - 7 1 - 12 10 <0.5 - 2
knapweed

Annualforbs <0.5 - 2 1 - 5 3.4 <0.5 - 2

(a) Includesbothtreatedand untreatedareas.
(b) Datafrom undisturbedsteppeon ALEwherefire removedthe shrubcomponent.
(c) Datafrom standnumbers10, 26, 27, 42, and43 inDaubenmire(1970, pp. 91-93).

Table 3.2. Mean PercentCanopyCover and Density(a)of Forbson Herbicide-Treated(b)
and UntreatedControlAreas on the YTC MeasuredinSpring1992

Treated Untreated %
% Cover % Cover Difference

Forbs (n=3) no.m"2 (n=4) no. m"2 in Cover
Shrubs 4.8 1.3 6.5 2.5 1.7
Annuals/biennials 3.2 30.8 0.65 26.7 2.55

Allperennials 4.7 28.7 12.8 64.8 8.10
Knapweed 1.7 23.7 5.6 52.2 3.9 .
Perennialforbs 2.9 5,0 7.3 12.5 4.4
excludingknapweed

(a) Previousyear's surveydata_Eberhardtet al. 1992)werereportedinterms of
numbersof plantsper0.1 m" plot.

(b) Includes1988, 1989,and 1991 herbicide-treatedareas.
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In 1992,canopycoverof knapweedwas lowest(lessthan 1%)on the areastreatedwith
herbicidein 1991 (Table3.3). The percentcoverof perennialforbswasalsolowestinthe 1991
sprayarea. The low valuesfor knapweedonthe 1991 sprayarea indicatethatthe application
of picloramwas effectivein limitinggrowthof knapweed(Figure3.1) inthe firstyear following
herbicideapplication.The 1988 herbicide-treatedarea alsocontinuedto exhibitlowervalues

J

for canopycoveranddensityof knapweedthanthe 1989 treatmentarea. This may indicate
that pelletizedpicloramappliedalong roadsidesin 1988 wasmoreeffectivein providinglong-
term controlof knapweed. However,no informationis availableon canopycoverand density
of knapweedon the 1988 treatmentarea beforethe herbicidewas applied. The 1988 treatment
area hashigherpercentagesof shrubs,annualandbiennialforbs,andannualgrassesand

• could have hadless knapweedthan the otherareasbeforespraying.

Analysesof the surveydata indicatethatthe frequencyand numberof knapweedplants
occurringalongroadsidesis greaterthan inareasdistantfrom roadways(Table3.4). Again,
these dataagree with 1991 survey data, indicatingthat the largestinfestationsof knapweedare
near roads. Note that fewerroadsidetransectswere relocatedandmeasuredin the 1992
springsurvey (Table2.1). Measuringfewerroadsideplotsmay accountforapparent
decreasesinthe percentcoverand numberof Lupinus, Astragalus, andPhlox speciesbetween
1991 and 1992 becausethese speciesoccurredinfrequentlyalong roadsides.Comparisonof
the meanpercentcoverof knapweedincontrolandtreatmentareas,near anddistantfrom
roads (Figure3.1), indicatesthatthe decreasesinknapweedafterherbicideapplicationare
statisticallysignificant(p <0.05) in areasawayfromroads. Canopy coverof knapweedwas
reducedby 57% in near-roadtransectsand by 70% intransectsdistantfrom roads. These
areas are notsubjectto as muchcontinualdisturbancefromtrafficandtrainingactivitiesas
those areasalongsideroadways. Areaswithcontinueddisturbancemaybe morereadily
invadedby knapweed. Areaswherethe nativevegetationhas notbeendisturbedare less
likelyto be invadedby knapweed (Borman,Krueger,and Johnson1991).

Comparisonof 1991 with 1992 surveyresultsindicatesthat percentcoverof knapweed on
the 1988 herbicide-treatedplot increased(Figure3.2). However,the increasein 1989 was
statisticallysignificantat the 1% level On the 1991 herbicide-treatedplots,percentcoverof
knapweeddecreasedsignificantly(p=0.01) between1991 and 1992 surveys. The decrease
between 1991 and 1992 surveysmay be explainedin partbythe shorttimeperiodbetween
herbicideapplicationinthe springof 1991 andthe 1991 surveyof thearea. Eberhardtet al.
(1992) statedthat 76% of the knapweedplantscountedon the 1991 herbicide-treatedarea
showedsignsof stress-senescenceor dyingleaves.

Perennialforbson the 1991 herbicide-treatedplotsalso decreasedsignificantly(Figure
3.3) between the 1991 and 1992 surveys.This decreasealso appearsto be a continued
responseto the spring1991 applicationof herbicide.

Increasesin canopycover of perennialforbson the 1988 and 1989 herbicide-treatedplots
betweenthe 1991 and 1992 surveyswere not statisticallysignificant;however,percentcanopy
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Table 3.3. Mean PercentCanopy Coverby Category(± one standarderror)Measured
in Spring1992 on Herbicide-Treatedand UntreatedControlAreason the
YakimaTrainingCenter

HerbicideTreated UntreatedControl
PlantCategory 1988 1989 1991 NE NW S SE

Perennialgrass 31.2__.3.6 49.4+_2.7 49.2+_3.7 48.0±4.3 37.8±4.3 40.3_+3.2 36.6±3.6

Annualgrass 10.8_+3,1 6.3±2.2 6.3±1.6 1.6±0.5 11.1__.4.6 3.0+_0.8 1.5+_0.7

Shrubs 10.1_+1.9 3.2±1.0 1.1__.0.3 2.5±1.1 0.97_+0.5 7.2+_1.5 15.5-+3.1

Annual/biennial
forb 4.9±1.3 3.0±0.6 1.7±0.9 3.7±1.0 2.8+-0,6 1.2±0.3 0.68__.0.6

Perennialforb 4.97-+1.3 7.5±1.4 1.6±0.4 16.6±3.4 12.1__.1.9 9.2±1.4 13.3__.2.5

Knapweed 1.73-+0.9 2.79±0.8 0.82_+0.3 8.32±2.5 8.76__.1.8 3.8_+1.1 1.34_+0.9

Perennialforb
excluding
knapweed 3,3 4.7 0.8 8.3 3.3 5.4 12.0

Totalcanopy cover 63.7 72.3 60.8 80.7 73.5 64.7 ,69.0
Totalherbaceous

cover 53.6 69.1 59,7 78.2 72.5 57.5 53.5

VegetationCategoriesas Percentageof TotalHerbaceousCover (excludingshrubs)

Perennialgrass 58.3 71.6 82.5 61.4 52.1 70.2 68.5
Annualgrass 20.1 9.2 10.5 2.0 15.3 5.2 2.7
Annual/biennialforb 9.1 4.3 2.9 4.7 3.9 2.1 1.3
Perennialforb 9.3 10.9 2.7 21.3 16.7 16.0 24.9
Knapweed 3.2 4.1 1.4 10.6 12.1 6.6 2.5
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Figure3.1. Mean PercentCoverof Knapweedon Transects< 10 m from Roadsand
on Transects> 10 m from RoadsforTreatedandUntreatedAreas

(Errorbarsare ±1 standarderrorof the mean)

coverof perennialforbsdid increasesignificantlyon the controlareas. Increasesin perennial
forbs incontrolareasare likelya resultof optimumspringgrowingconditionsin1992. Addi-
tionalsurveyswouldbe neededto assessthe potentialfor perennialforbs on treatedareasto
recoverto levelssimilarto thosefoundon controlareas.

Increasedcanopycoverof annualand biennialforbsfrom 1991 to 1992 (Figure3.4) was
statisticallysignificantfor the 1989 herbicide-treatedarea. However,the meanvaluesfor
percentcanopycoverof annualand biennialforbs inthe 1988 and 1989 treatmentplotsare
muchhigherthanthosefor 1991 treatmentplotsand controlareas. Decreasesinthe number
and percentcoverof perennialforbs, includingknapweedon the treatmentareas,comparedto
controlareascouldcontributeto the increasesin annualand biennialforbs on the treatment
areas. Manyofthe annualforbscountedduringthe surveyare non-nativecompetitive
Eurasianplants. Theseplantsreadilymoveintodisturbedareas,thesametypesof areas
invadedand occupiedby knapweed.

3.5



Table 3.4. Frequency of Knapweed and Three PerennialForb Speciesat PlotsNear Roadsand PlotsDistantfrom Roads

Near RoadPlots DistantPlots

Treated Control Treated Control

Averages Averages Averages Averages

1991 1992 1991 1992 1991 1992 1991 1992
Data Data Data Data Data Data Data Data

Frequency(%)
Knapweed 26.59 35.39 52.86 74.00 12.58 22.66 36.75 50.14
Astragalus spp. 2.50 0 6.42 12.00 5.08 6.21 8.25 15.27
Lupinus spp. 0.90 0.88 7.14 6.00 2.12 2.82 5.62 6.89

._ Phlox Iongifolia 7.04 3.53 29.29 44.00 12.42 16.29 23.62 34.60O3

AverageNumberof Plants
Knapweed 13.68 71.00 40.57 165.00 3.60 35.84 17.60 100.46
Astragalus spp. 0.18 0 1.14 2.40 0.61 0.72 0.74 1.94
Lupinus spp. O.18 O.12 1.28 1.40 0.38 0.47 0.87 1.35
Phlox iongffolia 1.73 0.59 8.71 13.80 2.82 4.64 4.03 11.89

% Cover

Knapweed 2.92 2.85 9.11 6.63 1.02 1.62 4.44 5.31
Astragalus spp. 0.12 0 0.66 1.84 0.48 1.11 0.94 2.83
Lupinus spp. 0.05 0.07 0.90 0.60 0.19 0.33 0.57 0.93
Phlox/ongifolia 0.36 0.16 2.43 3.14 0.63 1.02 1.47 2.06
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Figure 3.2. Mean Percent Canopy Cover of Knapweed in 1991 and 1992
for the 1988, 1989, and 1991 Treatment and Control Areas

(Error bars are _.+1 standard error of the mean.)
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Figure 3.3. Mean Percent Canopy Cover of Perennial Forbs irn1991 and 1992
for 1988, 1989, and 1991 Treatment and Control Areas

(Error bars are +_1 standard error of the mean.)
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Figure 3.4. Mean Percent Canopy Cover of Annual and Biennial Forbs Measured
in 1991 and 1992 for the 1988, 1989, and 1991 Treatment and

Control Areas (Error bars are _1 standard error of the mean.)
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4.0 Conclusions

Herbicide treatmentsignificantlyreduceddensityand percentcoverof knapweed (com-
paredto controlareas) measuredduringthe 1992 surveyon the 1988,1989, and 1991 treat-
ment areas. Applyingherbicidewas moreeffectivein limitingthegrowthof knapweed inareas
distantfrom roadsthan inareaslessthan 10 m from roadways. Comparisonsof 1992 survey
data with1991 datasuggestsubstantialrecoveryof knapweedinthe 1989 treatmentarea.
Knapweedincreasesinthe 1988 herbicide-treatedareawere notsignificantbecauseof highly
variablepercentcover,whichmay be a resultof applyingpicloramin pelletizedform along
roadways. However,the numberof transectsremainingalong roadwaysin alltreab_entareas
is insufficientto statisticallydeterminewhetherpelletizedpicloramusedinthe 1988 treatments
was more effectivethan sprayingfor long-termcontrolof knapweedalong roadways.

Both knapweedand otherperennialforbswere significantlydecreasedby herbicide
applicationinthe 1991 treatmentarea. Althoughpercentcoverof perennialforbsincreased
between 1991 and 1992 on the 1988 and 1989treatmentareasandon thecontrolareas,only
the increaseon controlareaswasstatisticallysignificant.Percentcanopycoverof annualand
biennialforbsmeasuredin 1992 was higherinall treatmentand controlareas comparedto
1991 measurements.However,onlythe increaseon the 1989 treatmentareawas statistically
significant.

Suggestionsfor further investigationsincludecontinuingthe surveyforan additional
growingseasonto determine1) whetherknapweedincreasesto itspreviousabundancein the
1991 herbicide-treatedarea,2) the relativeeffectivenessof sprayingversuspelletapplication
along roadways,and 3) the impactsof herbicidetreatmenton long-termcommunityvegetation
structureas it relatesto sage grousehabitatrequirements.
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Appendix A

Summaryof Plant Species Observed on the
YakimaTraining Center KnapweedStudy Area



Table A.1. A Summaryof PlantSpeciesObservedon theYakimaTraining
CenterKnapweedStudyArea

Perennial Graminoids Annual and Biennial PerennialForba
Forbs

Agropyron cristatum Achillea millefolium
Agropyron Agoseris sp. Allium app.
(desertorum/cristatum) Amsinckia app. Antennaria dimorpha
Agropyron spicatum Bassia sp. Arenaria franklinii
Distichlis spicata Crisium app. Arenaria sp.
Koeleria cristata Collinsiaparviflora Astragaluspurshii
Oryzopsis hymenoides Crypahtanthapterocarya Astragalus speirocarpus
Poa cusickii Descurainiapinnata Astragalus app.
Poa sandbergii (secunda) Descurainia sophia Balsamorhizahookeri
Sitanion hystrix Draba verna Brodiaea douglasii
Stipa comata Epilobium paniculatum Calochortus macrocarpus
Stipa thurberiana Erodium cicutarium Centaurea app.
Eiymus sp. Holosteum umbellatum Chaenactisdouglasii
Carex app. Kochia spp. Crepis atrabarba
Juncus sp. Lactuca serriola Cymopterus terebinthinus

Lappula redowskii Erigeron filifolius
Annual Graeees Lepidium peffoliatum Erigeron linearis

Microsteris gracilis Erigeron app.
Bromus tectorum Phacelia liniaris Eriogonum spp.
Festuca (Vulpia) octoflora Plantago spp.patogonica Eriophyllum sp.
Festuca (Vulpia) micro- Ranunculus testiculatus Haplopappus stenophyllus
stachys Salsolakarl Iris missouriensis

Sisymbriumaltissimum Lithospermum ruderale
Shrubs Tragopogondubius Lomatium grayi

Lomatium triternatum

Artemisia rigida Lomatium spp.
Artemisia tridentata Lupinus spp.
Chrysothamnus nauseosus Machaeranthera
Chrysothamnus canescens
viscidiflorus Phacelia hastata

Eriogonum microthecum Phloxhoodii
Tetradymiacanescens Phlox Iongifolia

Potentilla sp.
Ranunculusspp.
Taraxacumofficinale

Trifoliumspp.
Veronica sp.
Zigadenus sp.
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Appendix B

AveragePercent Plant Cover for 20.m _ansects
Located in Herbicide-_l_ated and Untreated

(Control) Areas on the YakimaTraining Center,1992 Data



TableB.1. AveragePercentPlantCoverfor20-M TransectsLocatedin Herbicide-Treatedand
Untreated(Control)Areason theYakimaTrainingCenter,1992 Data

1988 TREATMENT 7 8 9 lORD 1I 12RD 13RD 14 15 15 17 18 19 20
1RN_T NLIMBER tRD 2RD 3 4 5 6
REFi]MNi_ _ 34.15 37.8 45.65 49.25 57.3 33.6 27.2 11.2 18.75 11.9 4.5 16.9 24.5 27.45 42.4 23.4 23.1 58.3 45.75 no dala

NdNUAL_ 6.95 6.05 0.1 0.3 0.9 6.15 4.05 4.8 0.85 40.9 0 34.75 13.05 27.5 2.3 14.4 1.3 35.6 1.7 no data
9-1RUBS 7.75 5.8 6.75 4.5 11.75 10.65 21 23.45 17.15 17.75 0 7.15 10.5 5.55 5.4 6 29.5 0 0 no ¢laZa
__ 2.5 4.25 2.55 0.05 2.35 1.26 3.7 0.46 2.35 11.3 8.15 20.3 9.6 14.3 1.1 3.9 0.25 3.8 0.6 no data
FEI::IE:IIr4_FDfV_ 0 0.15 1.55 10.65 5 7.7 13.25 0.15 0 0.6 11.55 I 3.05 10.05 11 0.5 1.15 0.2 15.7 no dala

NIdNPWEED 0 0.15 0 0 0 0.1 0 0.1 0 0.6 0 1 2.05 6.1 6.9 0 0 0.2 15.55 no data
PERF(_FIBKWEJEO 0 0 1.55 10.85 6 7.6 13.25 0.05 0 0 11.65 0 1 3.95 4.1 0.5 1.15 0 0.05 no data

1968 TIZJEATMIEHT 8 9 10 11 12 13 14 15 16 17 I 6 19 20
_TNLJId0ER 1RD 2RD 3FID 4 5 ER0 7

_GRASSES 43.85 13 29.35 no data 61.7 76 47 57.5 24.8 81.25 71.25 31.15 55.9 61 55.6 57.55 38.4 59.85 no dala 64.45
P,NNUN._ i.75 65 21.5 no data 0 0 0.05 0.1 0.4 0.05 0.45 6.7 0.5 10.5 I 0.2 18.35 2.25 no data 9.85
9i4LOS 2 0.15 3.85 no data 0.35 0 3.5 0 0.25 0.25 0 0.75 0 0 2.8 13.5 2 5.15 no data 0

NtNLJAL&BENHIN,._ 5.55 4.4 4.15 no data 0.35 0.45 0.1 0.65 0.7 4.95 7.7 1.85 0.35 6.7 2.05 2.55 1.5 I.I no data 0.8
REFENM/_FORDS 1.45 17.45 11 no data 19.2 1.45 5.35 0.05 8.15 0.3 1.5 17.4 2.4 1.7 3.65 0.4 0.6 4.6 no data 6.05
Iq_QsWEF.D !.45 17.45 Ii nodam 0.55 0.2 0.1 0.05 0 0 0.25 0.75 0.15 0.7 0 0 0.5 0 nodala 2.95
PERI:OI_KWEED 0 0 0 no data 18.65 1.25 6.25 0 8.15 0.3 1.25 16.65 2.25 1 3.65 0.4 0.1 4.8 no da=a 3.1

1989 TREATMENT(Cont'd) 29 30 31 32 33RD 34 35 36 371FIO 38RD 39
]RANSECTNLJMBER 21 22 23 24RD 25 26 27 28

[]D __ 50.25 55.6 80 no data 43.2 26.65 51.7 32.95 34.3 53.25 no data 76.75 50.1 53.1 35.6 32.75 42.5 no dma 517
"= ANNUAL_ 4.55 5.7 0 no data 2.4 0.05 0.25 0 0.2 0.15 rio daSa 0.45 5.55 7.55 6.2 3.1 29.75 no alma 5.9

=]FLUBS 0 0.35 5 no daSa 2.25 30.25 0 1.5 1.55 0 no data 0 3.05 0 6 0.1 7.55 no data 16
AI_NLJAL_F(_::HE_ 1.75 8.1 0.2 irtodata, 0.75 0.2 13 5.95 0.35 0.4 nodata, 0.95 5.1 1.65 13.1 0.45 1.55 w_dala 0.75
pERENNIN.R3Hi_ 11.75 5.35 0.1 nodata 21.8 11.6 6.05 15.55 25.55 6.85 nodata 0.75 4.05 0.9 4.3 29.65 4.6 nodata 1.75
tq_Q=WEED 11.75 5.15 0.05 nodata 2.15 0 4.2 12 4.2 1.55 nodma 0.3 3.9 0.9 0.9 10.3 1.2 nodata 0.5
pERF(:d_K'_r_dEO 0 1.2 0.05 no data 19.65 11.6 1.85 3.55 22.35 5.3 no data 0.45 O.15 0 3.4 19.55 3.7 =lo data 1.25

1991 TREATMENT t0RO 11 12 13 14RD 151:10 15 17 19 19 20
TRN4SECTI_S4BER 1 2RD 3FID 4FID 5 6 7 8RiD 9RIO

__ 49.65 no dais 32.85 no data 67 78.1 56.75 74.15 67.7 17.9 46.4 44.9 31.6 21.6 17.2 37 35.6 45.5 32.9 61.6
N_Nt.5_LGRASSES 3.65 no data 23.1 no da[a 0 0.05 0 0.5 1.6 5.55 4.7 20.65 8.7 5 33.15 2.35 5.3 2.95 4.95 6.95

1.25 no data 0 no data 0 0 4 I 0 5 0 1.95 0 2.3 3.9 0 0 1 0 0
ANNUAL6BIENNIN.FORd_ 0.35 no data 23.6 no dada 0.05 0.1 0 0.2 0.6 4.1 1.55 1.25 0 0.85 2.25 2.1 1.65 0.2 0.05 1.45

PEI_f:E_ 0.1 no data 6.85 no dala 0 0.15 0.95 0 0 0.1 0 0 1.8 3.25 1.1 1.9 3.95 0 0 0.8
Ig_INPWEED 0 no data 5.85 no data 0 0 0 0 0 0 0 0 0.45 1.9 0.7 1.6 2.45 0 0 0.75
PER__ 0.1 no data 0 no da/& 0 0.15 0.95 0 0 0.1 0 0 1.35 1.35 0,4 0.3 1.5 O 0 0.05

1991 1RIEATMEHT (Cont'd)
TRY'-__J___TNL_i 2 1 22 23 24 2 5 25 27 28 29RD
_GRASSES 42.15 35.45 50 55.3 74 54.75 55.65 91 no dala

ANra,JN.f'_4ASSES 10.35 13.1 3.3 4.7 2.9 0 0 0 no data
=]/RUBS 0 1.25 0 5.35 1.5 0 0 0 no data
ANNUAL&B__ 0.6 1.15 0.2 1.65 0.1 0.1 0.7 0 no dada

PEREFi,IIN._ 0.95 0 0.5 2.35 0.15 7.2 6.85 3.25 no data
0.3 0 0 2.05 0 2.4 1.8 0 no daza

pER_KWEED 0.65 0 0.5 0.3 0.15 4.8 5.05 3.25 ,o dala



Table B.1. (continued)

HW CONTROL

_FNL_ 1RO 2 3 4 5 5 7 8 9 10 11RD 12FiO
RERBNN_(_qASSa3.S 42.15 33.3 37.55 no dala 33.95 23.8 23.1 52.65 55.8 55.1 19.6 no d.._'__
ANNUAL_ 4.1 3.3 2.2 no data 14.55 15.05 26.45 0.85 O o 44 no dadla

4.5 0.6 0 no data 0 1.25 2.85 0 0 0 0.5 no data
N_NIJALSBIENNIALFORES 0.65 6.3 3.55 no data 2.25 2.2 2.65 1.2 0.9 2.35 6.05 no
PEI:tENr,IIAL_ 14.6 13.05 6.55 no data 12 10.85 23.1 5.75 7.15 5 12.75 no data

6.7 9.9 4.45 no data 12 8.8 22.2 3.7 4.05 4.55 9.1 no dadla
i_JIfJDIIbKW_ED 5.9 3.15 2.1 no data O 11.05 0.9 2.05 3.1 !.35 3.65 no data

HE GOmflOL
TRA_..._.__CT_ 1 2flD 3 4 5 6 7 8 9 10 1 1 12

_GRASSES no data no data 45.65 46.3 59.95 42.65 71.8 59.5 27.1 35.5 54.8 36.-n
N4r4JALGRASSES no data no dala 4.95 1.3 0.1 0.55 0.85 1.15 0.9 2.8 0.2 2.7

9HJgS no dala no data 0 5.65 0.45 9.35 _ 2.8 5.9 0 0.15 0
N4t&JNJ_f4_.4LFOflBS no dasa no data 1.55 6 8.45 0.45 2.85 8.6 0.7 0.7 3.4 3.75
_FORGS no data no data 6.25 3.75 31.95 25.7 18.6 12.65 2.7 15.75 16.4 32.45

lgtA,oW_ no dala no dala 5.7 3.2 12.3 6.1 3.65 5.35 0.25 5.7 13.45 27.45
PER_ no dasa no data 0.55 0.55 19.65 19.6 14.95 7.5 2.45 10.05 2.95 5

SE CONTROL

TRN_SECTHI__!JL___R 1 2 3 4 5 6 7 8 0 10 11
_GRASSES 49.65 25.85 34.9 33.75 32.3 31.6 25.75 26.7 58.4 47.25 no data
N_UALG_ _ 0.15 0.1 2.6 0,6 0.35 0.65 3.2 7.35 0.05 0 no daia

OD SHFAJBS 17.25 15.75 24.35 15.95 32.25 25.15 11.2 8.25 2.5 2.4 no data
i_ _&BIENNIAL_ 0 0.05 0.1 0.25 0.2 0.1 0.3 5.75 0.05 0 no da_

RERENf4_FOflBS 0.75 5.4 9.25 9.6 10.6 4.65 29.6 22.25 15.7 15.3 no data
0 0.35 0 0.1 C 0.05 3.45 8.5 0.05 0.8 no daza

PER_ 9.75 5.05 9.25 9.5 10.6 4.5 26.15 13.55 16.55 14.5 no dalLa

S CONTRCNL
_CT l____s_:iF_q 1 2 3 4 5 6RO 7 6 9 10 1tiID 12RD

_GRASS_ 32 25 24.65 34.25 47.7 49.55 64.4 35.25 40.55 46.75 40.35 43.55
NNNUAL_ 1.15 0.95 1.2 0.6 0.25 7.15 9.55 1.95 4 2.45 3.95 2.75
:gtRLIBS 0 8.6 4.15 2.65 7.3 11.05 8.3 I 1.5 6.55 18.9 2.85 4.4
N_tJk;Jl_F=NNk_ FOi:IGS 0.5 1.75 0.55 0 0.25 0.5 !.9 1.75 1 0.25 1.75 3.95

J::_:J::lEt4_I:Of:E_ 15.45 12.25 6.75 14,15 4.85 11.5 4.4 3.75 6 2.55 13.4 15
I(_Id:SWEED 8.1 6.45 6.65 2.6 4.8 0.;5 0 0.3 1.35 0 12.35 2.85

REFI_ 7.35 5.8 0.1 11.55 0.05 11.45 4.4 3.45 4.55 2.55 1.05 12.15

ALE CONTROL
Tp,AN_C114 JUnEFt 1 2 3
__S 05.25 75.75 45.8
ANNLIN.GRASPS 0.8 0.5 0.1

9 ItLOS 0 0 0
_ FOROS 6.85 2.7 0.6
PERENf4ALR3FI_ g.sb 8.5 10.25

0 0 0
PER_ 9.65 8.5 10.25



Appendix C

AverageNumber of Shrubsand Forbs per Microplot for
Transects Located in Herbicide.TreatedAreas and Untreated

(Control) Areas on the YakimaTrainingCenter,1992 Data



Table C.1. Average Number of Shrubs and Forbs per Microplot for Transects Located in
Herbicide-Treated and Untreated (Control) Areas on the Yakima Training Center, 1992 Data

1900TREATIUUENT 15 16 17 18 19 20
TR,_{,_ECT NO. 1RD 2RD 3 4 5 6 7 8 0 10RD 11 12RO 131:lO 14
SHRUBS 0 0.1 0.15 0.15 0.15 02 0.95 0.0 n._5_ 1.65 0.00 0.05 02 0.15 0.2 0_05_ 0.S 0 0 no,']__=_
ANNUAL&BiENNIALFORBS 4.5 11.15 5.6 0.05 62 2.95 5.25 0.65 6.56 5.6 1.75 17.15 0.35 16.7 1.4 7.6 0.3 1.25 0.55 no dala
pEREI_IAL FOflBS 0 0.3 0.2 0.95 0.7 2 3.95 0.2 0 0.1 8.35 4.6 11.2 39.7 9.55 0 0.25 0.2 1.95 nodala
KNAPWEED 0 0.3 0 0 0 0.2 0 0.15 0 0.1 0.00 4.6 11.1 37.65 9.25 0 0 0.2 1.9nodala

1989TREAIMEHT 15 16 17 18 19 20

TRANSECTNO. IRD 2RD 3RD 4 5 8RD 7 8 9 10 II 12 13 14
SHRUBS " 0 0.05 0.35 nodata 0 0 0.65 0 0.05 0 0 0 0 0 0.15 0.35 0(__ 0_'_Snod`''*' 0
ANNUAL&BIENNIALFORBS 2.8 1.85 7.7 nodala 0.5 0.7 0.1 0.4 1.65 1.2 6.9 1 0.45 2.55 2.3 2.5 0.65 1.45 no data 1.1

PERENNIAL[-ORBS 1.5 5.2 14.75 nodata 3.65 0.3 0.45 0.05 1.1 0.1 0.55 0.55 0.4 1.5 0.4 0.85 0.15 0.6 no data 6.6
KNAPWEED 1.5 5.2 14.75 nodata 1.65 0.2 0 0.65 0 0 0.5 0.1 0.05 1.4 0 0 0.1 0 no data 6.3

1989TREATMENT (Cont'd)
TRANSECTNO. 21 22 23 24RD 25 20 27 28 29 30 31 32 331:1D 34 35 36 37RO 38RD 39 ]
SHRUBS 0 0 0.15 no _ 0.15 0.45 0 0 0.1 0 no _-_,_ 0 0.05 0 0.1 0.1 0.15 11o-_-'-_- 0.5 I
ANNUAL&BIENNIALFORBS 0.5 2.65 02.5 nodala 1.15 0.2 9.8 0.95 0.25 0._ no dala 2 4.5 1.5 10.55 0.75 I no data 1.05
PERENNIALFORBS 1.7 0.4 0.15 no dala 8.25 0.65 10.7 3.45 7.35 0.65 nodala 2.1 4.65 0.05 1.65 8.8 0.55 no'dala 1.95
KNAPWEED 1.7 0.3 0.65 no data 6.4 0 9.65 3.15 6.35 0.1 no data 0.8 4.65 0.65 1.25 7.65 0.3 nodala 0.95

1891TREATMENT

TRANSECTNO. I 2RD 3RD 4RD 5 6 7 8RD 9P,D 10RD 11 12 13 14RO 15RD 16 17 16 19

L_ SHFiUBS 0 no dala 0 nodata 0 0 0.65 0.1 0 0 0 0.05 0 0 0.1 0 0 0.05 0
N4t,AJAL&BIEHNIALFORIBS 0.55 no data 19.25 no data 0.65 0.1 0 0.1 0.35 2.7 1.5 0.95 0 1.3 3.15 2.6 0.75 025 0.1

-" pERENNIALFOABS 0.65 no data 17.15 no data 0 0 0.1 0 0 0.65 0 0 0.35 0.75 0.35 0.3 10.75 0 0

KNAPWEED 0 no data 17.15 no dalLa 0 0 0 0 0 0 0 0 0.1 0.4 0.1 0.2 10.45 0 0

SnS TREA'i'MENT(conrd)
]FtANSEC1 NO. 20 21 22 23 24 25 26 27 28 29RO
SHFUJBS 0 0 0 0 0.15 0 0 0 0 nO,,a_
ANNUAL&BIENNIALFOABS 0.65 0.45 1.25 0.4 2.15 0.1 0.1 2.35 0 no ciaea

pERENNIALFORBS 0.35 0.5 0 0.05 8.55 0.05 0.7 1.4 0.2 nodala
KNAPWEED 0.3 0.45 0 0 B.45 0 0.35 0.35 0 no data

HW COHTROL
TRANSECTNO. 1RD 2 3 4 5 6 7 8 9 10 11FiD 12RD
SHRIJIBS 1.6 0 0 no data 0 0 0.05 0 0 0 0.15 no d.__

ANNUAL&BIENNiALFOflBS 0.45 ! 0.2 6.65 nodata 1.35 2.5 2.15 025 0.9 1.85 6 no dala
pERENNIAILFORI]S 10.65 18.15 5.7 nodala 16.65 13.7 7.9 2.65 2.6 11.45 8.75 nodata
KNAPWEED 9.95 18 5.25 nodala 16.65 12.9 7.75 2.4 1.9 10.8 8.45 nodala

HE COHTROL
TRANSECT NO. I 2RD 3 4 5 6 7 8 9 10 11 12

SHRUBS nodata nodala 0 0.15 0.45 0.3 0 0.45 0.15 0 0.05 0
ANNUAL&BIENNIALFORBS nodala nodala 3.2 13.25 8.45 0.55 7.75 10.45 1.3 0.45 3.6 7.45
pERENNIALFORBS no dala no data 2.4 1.65 31.95 2.95 8.5 10.8 0.95 4.95 8.5 10.4
KNAPWEED no data no dala, 2.15 1.3 12.3 1.3 7 10.05 0.15 3.5 7.75 g.g

SE CONTROL
TI'iANS(:CTNO. i 2 3 4 5 6 7 8 9 10 11
SHRUBS 0.45 1.35 1.1 0.5 0.35 0.45 0.25 0.2'5 O.OS 0.15 no d,'da
ANNUAL&BIENNiALFORBS 0 0.1 0.1 0.25 0.2 0.1 0.2 625 0 0 no data
pERENNIAL FORBS 0.7 1.9 1.1 1.5 0.4 0.65 1.2 3.4 2.45 1.6 no data
KNAPWEED 0 0.O5 0 0.1 O 0.65 0.5 2.55 0.2 0.3 ,m data



Table C.1. (continued)

S CONTROL
TRANSECT NO. 1 2 3 4 5 BIRD 7 8 9 I0 1iliD 12RD
SHRUBS 0 0.16 0.05 0.05 0.4 0.I 0.2 02. 0.15 0.6 0.! 0.05
ANNUAL&BIENNIALFOFIBS 0.45 2.1 0.5 0 0.85 1.45 2 1.05 0.75 0.25 2.35 2.4
PERENNIALFOP.BS 12.15 8.35 21.25 1.2 6.45 2.6 1.25 0.6 0.75 0.35 21.55 2.9
KHAPWEED 11.55 4.7 2125 0.45 6.4 0.45 0 0.l 0.2 0 21.5 1

ALE CONTROL
TRANSECT NO. 1 2 3
SHRUBS 0 0 0
ANt4UALIBIENNIALFOflBS 15.45 IS.I 1.65
PERENNIALFORBS 2.05 0.6 1.16
KNAPWEED 0 0 0

k)
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