
Fire Ecology Volume 10, Issue 3, 2014
doi: 10.4996/fireecology.1003063

Busby and Southworth:  Minimal Persistence of Native Bunchgrasses
Page 63

ReseaRch aRticle

MINIMAL PERSISTENCE OF NATIVE BUNCHGRASSES SEVEN YEARS AFTER 
SEEDING FOLLOWING MASTICATION AND PRESCRIBED FIRE 

IN SOUTHWESTERN OREGON, USA

Laura M. Busby1 and Darlene Southworth2*

1 Bureau of Land Management, Medford District Office,
3040 Biddle Road, Medford, Oregon 97504, USA

2 Department of Biology, Southern Oregon University,
1250 Siskiyou Boulevard, Ashland, Oregon 97520, USA

*Corresponding author:  Tel.: +1-541-552-6865; e-mail: southworth@sou.edu

ABSTRACT

Seeding of native grasses is widely 
used to restore plant communities and 
prevent establishment of introduced 
species following wildfire and pre-
scribed burns.  However, there is a lack 
of long-term data to evaluate the suc-
cess of native grass seeding.  Here, in 
the interior valley shrublands of south-
western Oregon, we resurveyed plots 
that had been masticated and burned, 
and then seeded with bunchgrasses sev-
en years previously.  The prescribed 
fires had resulted in bare ground that in-
creased opportunities for bunchgrass 
germination as well as for invasion by 
introduced plants.  After two years, na-
tive grass seeding was successful, with 
increased bunchgrass cover that cor-
related with decreased cover of intro-
duced species.  However, five years lat-
er, bunchgrass cover had declined by 
80 %, and the frequency of plots with 
bunchgrasses had declined by 60 %.  
Cover of surviving bunchgrasses in 
year 7 correlated positively with bunch-
grass cover in year 2 (R2 = 0.34; P = 
0.003).  Seven years after prescribed 
fire and seeding, native cover, intro-
duced cover, and species richness were 

RESUMEN

La siembra de pastos nativos es ampliamente 
usada, luego de incendios naturales o de ha-
ber realizado quemas prescritas, para restau-
rar comunidades vegetales y prevenir el resta-
blecimiento de especies introducidas.  Sin 
embargo, la falta de datos a largo plazo impi-
de poder evaluar el éxito de estas siembras.  
Nosotros re-evaluamos, en el valle de arbus-
tales del interior en el sudoeste de Oregon, 
EEUU, parcelas que habían sido objeto, siete 
años antes, de tratamientos de triturado y que-
mado, y posteriormente sembradas con pas-
tos.  Las quemas prescritas habían dejado el 
suelo desnudo, lo que incrementó las oportu-
nidades de germinación de pastos y también 
la invasión de especies introducidas.  Después 
de dos años, la siembra de pastos fue exitosa, 
con un incremento en su cobertura que se cor 
relacionó con un decrecimiento en la cobertu-
ra de las especies introducidas.  Sin embargo, 
cinco años después, la cobertura de pastos ha-
bía declinado en un 80 %, y la frecuencia de 
parcelas con pastos lo habían hecho en un 
60 %.  La cobertura de los pastos sobrevivien-
tes se correlacionó positivamente con la co-
bertura en el año 2 (R2 = 0.34; P = 0.003).  
Después de siete años de las quemas prescrip-
tas y el sembrado, la cobertura de especies 
nativas, introducidas, y la riqueza de especies 
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unchanged, and bunchgrass persistence 
was minimal.  Basically, seeding fol-
lowing mastication and prescribed 
burning had a minimal effect.  This 
study highlights the importance of lon-
ger-term monitoring to determine the 
efficacy of seeding treatments. 

permaneció invariable, y la persistencia de 
pastos fue mínima.  Básicamente, la siembra 
de pastos luego de los tratamientos de tritura-
do y de quemas tuvo un efecto mínimo.  Este 
estudio subraya la importancia del monitoreo 
a largo plazo para determinar la eficacia de 
los tratamientos de siembra. 
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INTRODUCTION

Seeding of native grasses is widely used to 
restore particular species, plant communities, 
and ecosystem services following wildfire and 
prescribed burns (e.g., Hardegree et al. 2011).  
However, there is a lack of long-term data to 
evaluate the success of native grass establish-
ment and its effect in preventing introduced 
species invasions (Robichaud et al. 2009, Pep-
pin et al. 2010, Endress et al. 2012).  Such 
studies are needed to evaluate the benefits of 
restoration projects and to improve restoration 
techniques (Duren and Muir 2010, Hardegree 
et al. 2011, Peppin et al. 2011).  

Invasion by introduced species is a threat 
to the conservation of shrublands and creates a 
challenge to restoration (Hosten et al. 2006, 
Endress et al. 2012).  Both mastication and fire 
lead to more introduced species in part be-
cause of increased bare ground (Beyers 2004, 
Potts and Stephens 2009).  At a site with a 
Mediterranean climate (Hierro et al. 2006), 
prescribed fire created a favorable environ-
ment for invasion by yellow star-thistle (Cen-
taurea solstitialis L.).  However, in a pondero-
sa pine (Pinus ponderosa Lawson and C. Law-
son) forest, the combination of mastication 
plus burning resulted in greater native plant 
diversity with only a slight increase in intro-
duced species (Kane et al. 2010).

Seeding with native plants may be a way 
to prevent the spread of introduced species, 
but a review of post-fire seeding studies found 
equivalent numbers of effective and ineffec-
tive results on introduced species (Peppin et 
al. 2010).  In a grassland-savannah ecosystem, 
post-fire seeding with native species reduced 
establishment of introduced species and in-
creased native plant cover and species rich-
ness; however, the benefits of seeding occurred 
only at intermediate levels of introduced spe-
cies richness (Suding and Gross 2006).  

In dense, fire-suppressed shrublands that 
had been masticated, Coulter et al. (2010) 
seeded native bunchgrass species following 
prescribed burns.  Post-fire seeding and subse-
quent increased bunchgrass cover correlated 
with decreased introduced species.  Bunch-
grasses were not present on unseeded plots.  
Initially, the native grass seeding appeared to 
be successful with 10 % cover of seeded spe-
cies after two growing seasons.  After five 
more years, we resurveyed their plots to deter-
mine the longer-term success of native grass 
seeding treatments.

Our objective was to assess the lon-
ger-term effectiveness of seeding with native 
bunchgrasses following brush mastication and 
prescribed fire in the shrublands of an interior 
valley in southern Oregon, USA.  We com-
pared the cover of bunchgrasses and intro-
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duced species on masticated plots resurveyed 
seven years after the prescribed burn with the 
cover two years after the prescribed burn.  We 
hypothesized that (1) bunchgrasses that had 
survived two growing seasons would persist 
and expand; (2) greater bunchgrass cover in 
year 2 would predict cover in year 7; and (3) 
introduced species cover would be lower on 
plots with greater bunchgrass cover.  In addi-
tion, we asked whether the treatments of pre-
scribed fire and bunchgrass seeding would 
change the plant community.

METHODS

We resurveyed the sites used by Coulter et 
al. (2010).  Sites were on south facing slopes in 
the Applegate Valley near Ruch, Oregon, USA: 
China Gulch (42° 15’ N, 122° 3’ W) and Hukill 
Hollow (42° 11’ N, 122° 59’ W).  The climate 
is a Mediterranean type with cool, wet winters 
and hot, dry summers: mean temperature 4 °C 
in January and 21 °C in July.  For the years 
2005 to 2012, annual rainfall ranged from 343 
mm to 734 mm, with only 10 % of total precip-
itation in the summer months, June through 
September (www.wrcc.dri.edu/cgi-bin/cli-
MONtpre.pl?or7391, accessed 20 Oct 2014).  
Summer rainfall varied from 0.5 cm to 7 cm 
during the interval between surveys (Figure 1). 

Prior to mastication, the sites were domi-
nated by buckbrush (Ceanothus cuneatus 
[Hook.] Nutt.), sticky whiteleaf manzanita
(Arctostaphylos viscida Parry), Pacific poison 
oak (Toxicodendron diversilobum [Torr. & A. 
Gray] Greene), and California yerba santa 
(Eriodictyon californicum [Hook. & Arn.] 
Torr.).  Mastication was employed to reduce 
the threat of high-severity wildfire by lowering 
fuels from standing vegetation to ground level 
(Kane et al. 2009, Southworth et al. 2011, Du-
ren et al. 2012).  Five years after mastication, 
the sites were treated with prescribed fire to re-
duce woody fuels on the ground.  

At each of two sites, China Gulch (CG) 
masticated in 2001 and Hukill Hollow (HH) 
masticated in 2002, 30 1 m2 plots were in-
stalled randomly and the vegetation surveyed 
(Coulter et al. 2010).  All plots (60 total) were 
treated with a prescribed burn in October 
2005, year 0.  Two weeks after the burn, 15 
plots at each site (30 total) were seeded with 
four native bunchgrasses: Lemmon’s need-
legrass (Achnatherum lemmonii [Vasey] Bark-
worth, syn. Stipa lemmonii [Vasey] Scribn.), 
California brome (Bromus carinatus Hook. & 
Arn.), blue wildrye (Elymus glaucus Buckley), 
and Roemer’s fescue (Festuca roemeri 
[Pavlick] S. Aiken var. klamathensis B.L. Wil-
son, syn. F. idahoensis Elmer sp. roemeri 
[Pavlick] S. Aiken).  An equal number of 
paired control plots (30 total) were unseeded.  
Cover of all species was assessed in the first 
growing season, year 1 (2006), and in year 2 
(2007).  In June 2012, year 7, we resurveyed 
the seeded (n = 30) and unseeded (n = 30) 
plots.  We estimated percent cover of plant 
species using midpoint values of FIREMON 
classes (0 % to 1 %, >1 % to 5 %, >5 % to 15 %, 
>15 % to 25 %, >25 % to 35 %, >35 % to 45 %, 
>45 % to 55 %, >55 % to 65 %, >65 % to 7  %, 
>75 % to 85 %, >85 % to 95 %, and >95 % to 
100%) (http://frames.nbii.gov/projects/fire-
mon/FIREMON_SamplingMethods.pdf).

We used a two sample t-test in MINITAB 
v. 15 (Minitab Inc., State College, Pennsylva-
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Figure 1.  Summer rainfall (June through Septem-
ber) at the Ruch, Oregon, USA, gauging station. 
Between the second growing season (2007) and 
the time of resurvey (2012), there was an exceed-
ingly dry summer (2008).



Fire Ecology Volume 10, Issue 3, 2014
doi: 10.4996/fireecology.1003063

Busby and Southworth:  Minimal Persistence of Native Bunchgrasses
Page 66

nia, USA) with a significance threshold of α = 
0.05 to compare bunchgrass cover in seeded 
and unseeded plots at replicate sites and to 
evaluate the change in species richness and 
percent cover from year 2 to year 7.  We ana-
lyzed changes in percent cover of species 
within the same plot using paired t-tests, and 
changes in the frequency of plots with bunch-
grasses in different years using χ2.  We per-
formed a linear regression to compare the rela-
tionship between bunchgrass and introduced 
species cover.

To determine differences between the plant 
communities of seeded and unseeded plots, we 
compared seeded and unseeded groups by 
multi-response permutation procedures 
(MRPP) in PC-ORD v. 6 using Sørensen 
(Bray-Curtis) distance measures (McCune and 
Grace 2002, Peck 2010).  We calculated A, the 
chance-corrected within-group agreement, and 
the P-value.  We analyzed the two sites sepa-
rately because they differed in total number of 
species.

RESULTS

Total plant alpha-diversity was 58 species 
at two sites (Appendix 1).  Of these, 31 % were 
introduced species; 22 % were grasses.  Be-
yond the seeded grasses, only one other grass 
species was native.  Four shrub species 
buckbrush, California yerba santa, pink 

honeysuckle (Lonicera hispidula [Lindl.] 
Douglas ex Torr. & A. Gray), and Pacific poi-
son oakwere present in year 7.

On unseeded plots, bunchgrass cover was 
0.4%.  On seeded plots, bunchgrass cover was 
1.9% in year 7, a decline in cover from 9.7 % 
in year 2 (t = 3.01; P = 0.005; Table 1).  Cali-
fornia brome and blue wildrye declined from 
year 2 to year 7 with cover losses of 91 % to 
96%, while cover of Lemmon’s needlegrass 
and Roemer’s fescue remained the same.  All 
four seeded bunchgrass species remained at 
low cover levels (0.1 % to 0.9 %) and each was 
found on at least one plot. 

Since bunchgrasses had not germinated in 
many plots, we looked closely at the set of 23 
plots (21 seeded, 2 unseeded) in which bunch-
grasses had been present by year 2 (Table 2).  
The total number of plots with bunchgrasses 
declined from 23 to 9 (7 seeded, 2 unseeded) 
in year 7 (χ2 = 7.2, P = 0.007).  Between year 2 
and year 7, cover declined in California brome 
(t = 4.10, P = 0.001) and in blue wildrye (t = 
3.08, P = 0.006) but did not change in Ro-
emer’s fescue (t = −0.08, P = 0.94) or in Lem-
mon’s needlegrass (t = 3.08, P = 0.50) (Table 
2).  Bunchgrasses with higher cover by year 2 
persisted into year 7 better than those with less 
cover (R2 = 0.34; P = 0.003; Figure 2).

Introduced plant cover increased in both 
seeded and unseeded plots over the seven-year 
period (Table 3).  However, changes in intro-

Bunchgrass

Percent cover
Year 0 Year 1 Year 2 Year 7

Unseeded Seeded Unseeded Seeded Unseeded Seeded
Lemmon’s needlegrass 0.0 0.0 0.1 0.0 0.3 0.0 0.2
California brome 0.8 0.2 3.5 0.2 2.7 0.0 0.1
Blue wildrye 0.0 0.0 0.7 0.0 5.9 0.4 0.7
Roemer’s fescue 0.0 0.0 0.9 0.0 0.8 0.0 0.9
Total bunchgrasses 0.8 0.2 5.2 0.2 9.7 0.4 1.9

Table 1.  Bunchgrass percent cover (mean) on seeded (n = 30) and unseeded (n = 30) 1 m2 plots before 
and after fall burns of masticated shrublands at China Gulch and Hukill Hollow, in southern Oregon, USA.  
Compare with Table 3 in Coulter et al. (2010).
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duced cover between seeded and unseeded 
plots did not differ (P = 0.68).  Introduced spe-
cies richness increased in both seeded and un-
seeded plots.  Species richness increased by an 
average of two species.  There was no differ-
ence between seeded and unseeded plots in the 

percent increase of introduced species richness 
(P = 0.73).  In plots with bunchgrasses present 
in year 7, introduced cover had not changed 
from pre-burn cover levels although there had 
been a substantial increase in year 2 (Figure 3; 
R2 = 0.05, P = 0.61). 

Native plant cover decreased in both seed-
ed and unseeded plots over the seven-year pe-
riod (Table 3).  Changes in native cover did 
not differ between seeded and unseeded plots 
(P = 0.46).  Native species richness increased 
in both seeded and unseeded plots with species 
richness increasing by an average of one spe-
cies.  Seeded and unseeded plots did not differ 
in percent increase of native species richness 
(P = 0.81).  

In year 7, plant communities on seeded 
and unseeded plots did not differ at either CG 
(A = −0.004, P = 0.62) or at HH (A = 0.0126, 
P = 0.08).  This was consistent with the lack of 
differences in introduced or native species be-
tween seeded and unseeded plots. 

Bunchgrass
Plots with bunchgrass year 2 Plots with bunchgrass year 7
Number Cover (%) Number Cover (%)

Lemmon’s needlegrass 5 2.0 2 3.0
California brome 16 5.5 1 3.0
Blue wildrye 19 9.3 6 5.7
Roemer’s fescue 6 4.2 3 8.7

Table 2.  Changes in number of plots (n = 60; 30 seeded, 30 unseeded) with surviving bunchgrasses, be-
tween year 2 and year 7 at China Gulch and Hukill Hollow, in southern Oregon, USA.  Bunchgrass cover 
(%) is the mean cover for each surviving species on only the plots with that species.
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Figure 2.  Correlation between bunchgrass cover 
in year 7 with that in year 2 on plots with bunch-
grass survival, at China Gulch and Hukill Hollow 
in southern Oregon, USA.

 
Treatment

Cover Species richness
Native Introduced Native Introduced

Δ cover % change Δ cover % change Δ species % change Δ species % change
Unseeded –13.8 –19.4 10.8 41.4 0.9 15.5 2.0 85.9
Seeded –19.4 –27.2 14.2 62.7 1.0 18.0 1.9 83.6

Table 3.  Change in cover and species richness of native and introduced plants as the differences in total 
cover (Δ cover) and in the fraction of total cover (% change) from year 0 to year 7 at China Gulch and 
Hukill Hollow, in southern Oregon, USA.  Changes in percent cover (mean) and species richness (mean) 
were based on 1 m2 plots, seeded and unseeded (n = 30 each).  Differences between unseeded and seeded 
plots were not significant.  Compare with Table 2 in Coulter et al. (2010).
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DISCUSSION

Hypothesis 1, that bunchgrasses that had 
survived two growing seasons would persist 
and expand, was not supported.  Seeded 
bunchgrasses that were present two years fol-
lowing prescribed fire and seeding persisted 
poorly after seven years, with low bunchgrass 
cover occurring on only a few plots.  Although 
bunchgrass cover in year 2 was nearly 10 % 
following fall burns of brush-masticated 
shrublands, bunchgrass cover declined to less 
than 2 % in year 7.  While all four species of 
bunchgrasses remained on at least one plot, all 
cover estimates were low.  Relative survival of 
the four seeded bunchgrass species differed.  
Lemmon’s needlegrass and Roemer’s fescue 
persisted with low cover while California 
brome and blue wildrye attained higher cover 
in year 2 and then declined by year 7. 

Several factors may have prevented suc-
cessful establishment of seeded bunchgrasses.  
One, our sites were on southerly aspects with a 
high concomitant heat load.  In California, 
planted grasses established better on north fac-
ing than on south facing slopes (Lulow et al.
2007).  Two, rainfall at our sites varied annual-
ly over the seven-year course of the study and 
included one exceedingly dry year (2008), 

which may have created conditions in which 
only well-established plants survived.  Three, 
because California brome and blue wildrye are 
short-lived perennials in contrast to longer 
lived Roemer’s fescue and Lemmon’s need-
legrass (http://plants.usda.gov), they may have 
reached the ends of their lifespans and failed 
to reseed due to site conditions or the drought 
year.

Supporting hypothesis 2, bunchgrass cover 
in year 7 correlated positively with cover in 
year 2.  Greater cover may indicate better root 
development, better competitive ability, and 
consequently longer persistence.  In other 
studies, larger bunchgrass transplants showed 
better survival and had greater final mass (Wil-
son 1994, Page and Bork 2005).

Hypothesis 3, that introduced species cov-
er would be lower on plots with greater bunch-
grass cover, was not supported.  Seeding with 
bunchgrasses had no effect on the cover or 
species richness of introduced or native plant 
species.  Although the cover of native and in-
troduced species had decreased slightly and 
species richness had increased slightly after 
two years, after seven years neither cover nor 
species richness of native and introduced spe-
cies differed between seeded and unseeded 
plots.  Introduced species cover showed no 
correlation with bunchgrass cover.  Similarly, 
neither richness nor cover of native species 
was affected by seeding with bunchgrasses.  
While native grass seeding limited the inva-
sion of introduced grasses in a grassland-sa-
vanna ecosystem (Endress et al. 2012), a re-
view of post-fire seeding studies found equiva-
lent numbers of effective and ineffective re-
sults of seeding on introduced species (Peppin 
et al. 2010).  

Treatments of prescribed fire and bunch-
grass seeding did not change the plant commu-
nity, due to the stability of both native and in-
troduced components of vegetation.  Appar-
ently, species adapted to seasonally dry habi-
tats through characteristics such as below-
ground perennating structures and seed banks 
persist through prescribed fire.
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Figure 3.  Cover of introduced species in years 0, 
1, 2, and 7 on all seeded (solid line) and unseeded 
(dashed line) plots at China Gulch and Hukill Hol-
low in southern Oregon, USA.  Seeded and un-
seeded treatments did not differ. 
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These findings show the importance of 
longer-term monitoring of restoration treat-
ments to determine their success (Robichaud 
et al. 2009, Peppin et al. 2010, Endress et al. 
2012).  Initial results at our study sites indicat-
ed a successful introduction of native bunch-
grasses, but this introduction was considerably 
less successful after seven years.  The outcome 
of seeding may depend on habitat conditions 
and on climatic variability.  Although the trend 
has been to seed with native species on public 
lands to meet natural ecological system objec-
tives, the success of such treatments remains 
uncertain (Peppin et al. 2011). 

Climate change is likely to interfere with 
attempts at restoration of native plant commu-
nities, particularly at lower elevations and on 
south facing slopes with little summer rainfall 
(Harris et al. 2006, Batchelet et al. 2011).  The 
shrubland communities of inland valleys may 
be adapted to Mediterranean-type climates, 
and thus will survive and expand.  However, 
our ability to manage them or to promote na-
tive species restoration may be more limited.  
If reseeding is not effective, preservation of 
habitat becomes even more important. 
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Taxon Common name Life 
form Origin % cover

CG HH
Achillea millefolium L. common yarrow f N 0.0 0.3
Achnatherum lemmonii (Vasey) Barkworth Lemmon’s needlegrass bg N 0.0 0.2
Agoseris sp. agoseris f N 0.0 0.7
Aira caryophyllea L. silver hairgrass g I 0.0 3.1
Amsinckia menziesii (Lehm.) A. Nelson & J.F. Macbr. Menzies’ fiddleneck f N 0.0 0.3
Aster spp. aster f N 0.1 1.7
Avena fatua L. wild oat g I 11.2 0.0
Bromus carinatus Hook. & Arn. California brome bg N 0.0 0.1
Bromus diandrus Roth ripgut brome g I 0.1 0.0
Bromus hordeaceus L. soft brome g I 8.6 4.3
Bromus madritensis L. compact brome g I 3.3 0.0
Bromus tectorum L. cheat grass g I 1.9 1.4
Calystegia occidentalis (A. Gray) Brummitt chaparral false bindweed f N 0.1 0.0
Castilleja tenuis (A. Heller) T.I. Chuang & Heckard hairy Indian paintbrush f N 0.0 0.2
Ceanothus cuneatus (Hook.) Nutt. buckbrush s N 0.0 1.3
Centaurea solstitialis L. yellow star-thistle f I 0.0 0.7
Cerastium arvense L. field chickweed f N 0.0 0.4
Cirsium cymosum (Greene) J.T. Howell peregrine thistle f N 5.8 0.0
Clarkia purpurea (W. Curtis) A. Nelson & J.F. Macbr. ssp. 
quadrivulnera (Douglas ex Lindl.) F.H. Lewis & M.I. Lewis winecup clarkia f N 2.3 3.3
Clarkia rhomboidea Douglas ex Hook. diamond clarkia f N 0.0 0.2
Collomia grandiflora Douglas ex Lindl. grand collomia f N 0.0 0.2
Cryptantha flaccida (Douglas ex Lehm.) Greene weakstem cryptantha f N 1.7 0.0
Cynosurus echinatus L. bristly dogstail grass f I 0.0 0.9
Daucus pusillus Michx. American wild carrot f N 2.3 4.8
Dichelostemma congestum (Sm.) Kunth ookow f N 0.1 0.0
Elymus glaucus Buckley blue wildrye bg N 0.4 0.8
Eriodictyon californicum (Hook. & Arn.) Torr. California yerba santa s N 5.6 0.1
Erodium cicutarium (L.) L’Hér. ex Aiton redstem stork’s bill f I 0.0 1.5
Eriophyllum lanatum (Pursh) Forbes common woolly sunflower f N 0.2 1.2
Festuca roemeri (Pavlick) S. Aiken var. klamathensis B.L. Wilson Roemer’s fescue bg N 0.1 0.8
Galium ambiguum W. Wight Yolla Bolly bedstraw f N 0.0 0.1
Galium aparine L. stickywilly f N 0.0 0.0
Galium parisiense L. wall bedstraw f I 0.0 1.6
Galium sp. bedstraw f N 0.0 0.0
Gilia capitata Sims bluehead gilia f N 0.2 0.0
Hieracium sp. hawkweed f N 0.0 4.2
Hypericum perforatum L. common St. Johnswort f I 0.0 0.0
Lactuca serriola L. lettuce f I 0.0 0.4
Leptosiphon bicolor Nutt. true babystars f N 0.0 1.9
Lomatium californicum (Nutt.) Mathias & Constance California lomatium f N 0.0 0.1
Lomatium macrocarpum (Nutt. ex Torr. & A. Gray) J.M. Coult. & Rose bigseed biscuitroot f N 0.0 0.1
Lonicera hispidula (Lindl.) Douglas ex Torr. & A. Gray pink honeysuckle s N 0.0 0.2
Lotus micranthus Benth. desert deervetch f N 0.0 1.9
Madia citriodora Greene lemonscented madia f N 0.0 0.7
Madia gracilis (Sm.) D.D. Keck grassy tarweed f N 14.8 10.4
Madia madioides (Nutt.) Greene woodland madia f N 0.1 0.9
Micropus californicus Fisch. & C.A. Mey. q-tips f N 0.0 1.8
Phacelia heterophylla Pursh varileaf phacelia f N 0.0 0.5
Plagiobothrys nothofulvus (A. Gray) A. Gray rusty popcornflower f N 0.2 0.0
Plectritis congesta (Lindl.) DC. shortspur seablush f N 0.0 0.2
Poa bulbosa L. bulbous bluegrass g I 0.0 0.0
Sisymbrium altissimum L. tall tumblemustard f I 0.0 0.1
Stellaria media (L.) Vill. common chickweed f I 0.0 0.3
Torilis arvensis (Huds.) Link spreading hedgeparsley f I 4.9 2.7
Toxicodendron diversilobum (Torr. & A. Gray) Greene Pacific poison oak s N 6.2 15.8
Tragopogon dubius Scop. yellow salsify f I 0.0 0.0
Vulpia microstachys (Nutt.) Munro small fescue g N 0.8 0.1
Vulpia myuros (L.) C.C. Gmel. annual fescue g I 6.6 0.0

Appendix 1.  Species present at China Gulch (CG) and Hukill Hollow (HH) in the Applegate Valley, Oregon, USA, in 
year 7.  Species were characterized by life form (seeded bunchgrass = bg; forb = f; graminoid = g; woody shrub = s) and 
origin (introduced = I; native = N).  Cover was assessed as mean percent cover on 30 1 m2 plots at each site.




