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Abstract

Estimates of plant biomass are helpful for many applications in invasive plant science and man-
agement, but measuring biomass can be time-consuming, costly, or impractical if destructive
sampling is inappropriate. The objective of this study was to assess feasibility of developing
regression equations using a fast, nondestructive measure (cover) to estimate aboveground bio-
mass for red brome (Bromus rubens L.), a widespread nonnative annual grass in the Mojave
Desert, USA. At three study sites, including one measured for three consecutive years, B. rubens
cover spanned 0.1% to 85% and aboveground biomass 1 to 321 g m™2. In log;o-transformed
linear regressions, B. rubens cover accounted for 68% to 96% of the variance in B. rubens bio-
mass among sites, with all coefficients of determination significant at P < 0.05. For every dou-
bling of percent cover, biomass was predicted to increase by 78%, 83%, and 144% among the
three sites. At the site measured for three consecutive years, which ranged in rainfall from 65%
to 159% of the long-term average, regression slopes each year differed from other years.
Regression results among sites were insensitive to using cover classes (10 classes encompassing
0% to 100% cover) compared with simulated random distribution of integer cover within
classes. Biomass of B. rubens was amenable to estimation in the field using cover, and such
estimates may have applications for modeling invasive annual plant fuel loads and ecosystem
carbon storage.

As a key measure of ecosystems, plant biomass is needed to model features such as productivity,
forage availability, carbon storage, and fuel loads (Chieppa et al. 2020). In invasive plant science
and management, biomass estimates for nonnative plants can quantify species dominance, how
invasions alter ecosystem productivity, and effectiveness of management actions such as reduc-
ing hazardous fuels produced by nonnative plants (Casady et al. 2013). However, measuring
biomass is time-consuming, typically can only be done in small areas, and requires destructive
sampling (Axmanova et al. 2012). Destructive sampling can be undesirable for many reasons,
including possible alteration of habitats under study. Double sampling, by sampling an
easier-to-measure proxy correlated with a variable of interest, can enable constructing allomet-
ric equations for estimating variables harder to measure directly, such as biomass (Onodi et al.
2017). Being comparatively fast and nondestructive to measure, plant cover could be an ideal
proxy for estimating biomass. Not all species are suited for estimating biomass from cover, how-
ever, and consistency of cover—biomass relationships varies among species (e.g., Humphrey
1985; MacDonald et al. 2012; Tausch 1989). As a result, assessing which species and growth
forms have reliable cover—biomass relationships, developing new biomass equations for species
without known relationships, and refining existing equations (e.g., tailoring to site factors or
climatic variability) represent an active research area (e.g., Chieppa et al. 2020; Onodi et al.
2017; Rudgers et al. 2019).

Cover—biomass equations could be useful in modeling potential fire behavior in ecosystems
where invasive plants are altering biomass structure and, in turn, changing fire behavior. One
such ecosystem is the desert Southwest of North America, where widespread invasion by non-
native perennial and annual grasses has changed the amount, spatial continuity, and character-
istics of biomass and resulting fuel (Casady et al. 2013). In the Mojave Desert, for example,
increases in the nonnative annual red brome (Bromus rubens L.) correlated with increasing
wildfire extent at low- to mid-elevations previously considered to be fuel-limited and not to have
burned extensively (Brooks et al. 2018). These wildfires devastate native mature shrubland
communities (Van Linn et al. 2013). Rao and Allen (2010) proposed a provisional threshold
of 100 g m™? of B. rubens fuel required for fire spread in these ecosystems, while noting uncer-
tainties and a need for further modeling of fuels and fire behavior in grass-invaded desert eco-
systems. Accurate estimates of biomass as fuel are required for these fire-modeling purposes,
including among sites and years differing in productivity. The objective of this study was to

Downloaded from https://www.cambridge.org/core. University of Nevada - Las Vegas, on 20 Jan 2021 at 20:21:01, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/inp.2020.33


https://www.cambridge.org/inp
https://doi.org/10.1017/inp.2020.33
mailto:scott.abella@unlv.edu
https://orcid.org/0000-0002-9618-2886
https://www.cambridge.org/core/terms
https://doi.org/10.1017/inp.2020.33
https://www.cambridge.org/core

Invasive Plant Science and Management

Management Implications

By altering biomass structure, invasion of nonnative grasses has
changed fuels and fire behavior in drylands. Modeling fuels and
many other features of nonnative plants requires estimates of bio-
mass, which can be time-consuming or infeasible to measure
directly. As an alternative, this study developed regression equations
to estimate biomass from the rapid, nondestructive measure of plant
cover for Bromus rubens (red brome), a pervasive, nonnative annual
grass in the Mojave Desert, USA. For every doubling of B. rubens
cover, predicted B. rubens biomass increased by 78% to 144% among
sites. In applying the equations to estimate fire-risk thresholds of
hazardous fuels using cover, a provisional threshold of 100 g m™
of B. rubens biomass required for fire spread was exceeded at
19%, 25%, and 45% B. rubens cover among sites. The equations,
and suggested refinements in future work, may be helpful for rapidly
estimating fuel loads and assessing effectiveness of invasive plant
management, including levels required to keep fuels below wildfire
spread risk thresholds. Accompanying the equations, a photo-
graphic guide showing cover classes and their associated biomass
is provided.

assess the feasibility of developing cover—biomass regression equa-
tions for B. rubens at three sites, including one measured for three
consecutive years, and to evaluate sensitivity of results to using
cover classes as opposed to using simulated random distribution
of integer cover within classes.

Bromus rubens is native to shrubland and steppe habitats of
southern Europe, northern Africa, and southwestern Asia
(Brooks 2000). The species became established in North
America by the late 1800s and invaded the Mojave Desert by
the mid-1900s (Salo 2005). It is currently the most abundant
annual species across much of the Mojave Desert, often forming
at least 50% to 75% of the annual plant biomass (Smith et al.
2014). Bromus rubens is competitive by germinating under drier
conditions than many native species, growing faster and larger
(up to 25 to 40 cm tall) than most native annuals, forming large
soil seedbanks comprising over 90% of the total seedbank on
burned areas, and extracting resources at high rates (Jurand and
Abella 2013; Smith et al. 2014). As a winter annual, B. rubens ger-
minates after autumn to early winter rains beginning in October,
grows in winter and spring, and produces seed in March through
mid-May depending on the year and site (Beatley 1966). While dis-
turbance (e.g., wildfire) can promote B. rubens, the species can
invade mature shrublands (Smith et al. 2014).

Data were gathered at three sites (detailed in Supplementary
Appendix S1) in the eastern Mojave Desert, USA. The sites
spanned an extent of 148 km, were at least 61 km apart, and con-
tained desert shrubland. The northeastern site, in northwestern
Arizona in Grand Canyon-Parashant National Monument (here-
after Parashant), was at an elevation of 1,060 m and was burned by
wildfire in 2006, 3 yr before data collection. The centrally located
site was in Lake Mead National Recreation Area (hereafter Mead)
in southern Nevada at an elevation of 381 m. At an elevation of
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1,190 m, the southwestern site (hereafter Goodsprings) was also
in southern Nevada.

At the time of peak biomass (March to May among years),
B. rubens cover data and aboveground biomass were collected
within 0.5 m by 0.5 m or 2 m by 2 m quadrats at each site, with
72 quadrats at Parashant and 30 each at Mead and Goodsprings
(Supplementary Appendix S1). Aerial cover of B. rubens in each
quadrat was categorized using Peet et al. (1998) cover classes: trace
(assigned 0.1%), 0.1% to 1%, 1% to 2%, 2% to 5%, 5% to 10%, 10%
to 25%, 25% to 50%, 50% to 75%, 75% to 95%, and 95% to 100%
(Supplementary Appendix S2 provides a photo guide to cover
classes). Aerial cover was defined as the vertical projection of veg-
etation from the ground as viewed from above and thus could not
exceed 100% (Elzinga et al. 1998). Any aboveground part of a
B. rubens plant (stem, leaves, or seed heads) could contribute to
aerial cover, as long as the plant part was not underneath the
species’ plant material overlapping above that had already covered
the ground in that part of the vertical projection. After cover was
recorded, all aboveground B. rubens material (including live green
and senescing) was harvested by clipping at ground level. The
material from each quadrat was placed in paper bags, heated in
an electric oven at 60 to 70 C for 24 to 72 h until constant weight,
and weighed.

Data were collected annually from 2011 to 2013 at Parashant, in
2010 at Mead, and in 2020 at Goodsprings. Based on a weather
station 30 km from Parashant (Supplementary Appendix S1),
precipitation during the hydrological year (October through
April) for winter annuals (including B. rubens) during the study
period was 20.4 cm (159% of the 12.9 cm year ! October through
April 2007 to 2019 average) for the hydrological year ending in
2011, 13 cm (101%) in 2012, and 8.4 cm (65%) in 2013. At
Mead, based on a weather station 32 km from the site, precipitation
from October 2009 through April 2010 preceding data collection
totaled 9 cm (133% of the 7-cm average). Weather stations at
comparable elevations with complete records were farther from
Goodsprings, and a station 60 km from the site at a comparable
elevation (1,079 m, 111 m lower than the site) reported that
October 2019 through April 2020 precipitation was 21 cm,
175% of the 12-cm average for that period (Supplementary
Appendix S1).

To estimate aboveground B. rubens biomass (g m™ oven-dried
weight) for each site using the independent variable percent cover
(midpoints input for cover classes), linear regression was used in
PAST 4.02 (Hammer 2020). The X and Y were log;o transformed,
as is common in allometric research to linearize relationships
(Catchpole and Wheeler 1992). For Parashant, with 3 yr of data,
log-transformed B. rubens biomass on quadrats was not consis-
tently strongly related among years (r>=0.07 for 2011:2012,
0.10 for 2011:2013, and 0.34 for 2012:2013), so regressions were
computed with all 3 yr combined and for each year separately.
Residuals in regressions generally approximated homoscedasticity
based on distributions of residuals and Breusch-Pagan tests
(Hammer 2020). Coefficients of determination, P-values for test-
ing if coefficients differed from zero, and 95% confidence bands
(Working-Hotelling procedure) around regression lines were cal-
culated for each regression. Slopes of regressions were compared
among the three sites (using the combined-years regression for
Parashant) and among the 3 yr at Parashant using analysis of
covariance (Andrade and Estévez-Pérez 2014). To assess sensitivity
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of regression results to using midpoints of cover classes as com-
pared with using integers, regressions were computed for each site
for three randomizations in which integer cover (1% increments
except for trace, retained as 0.1%) was randomly assigned within
the range of the cover class recorded for each quadrat. Regression
slopes were then compared among the cover class—based and the
three integer—randomized, within-class regressions for each site
using analysis of covariance. The Snowdon (1991) correction fac-
tor was used to apply log-transformed regressions by back trans-
forming predicted values into the original units (g m 2 biomass)
and to account for logarithmic bias in the back transformation.

The data set encompassed a broad range of B. rubens cover and
aboveground biomass, with the ranges similar among the three
sites (Supplementary Table S1). At Parashant, B. rubens cover
ranged from 0.1% to 75% and biomass from 0.8 to 314.4 g m %
Similarly, B. rubens cover ranged from 1.5% to 85% and biomass
from 1.0 to 315.2 g m~2 at Mead. At Goodsprings, B. rubens cover
ranged from 0.1% to 85% and biomass from 0.9 to 320.6 g m 2.

Cover accounted for 68% to 96% of the variance in biomass in
regressions among sites, with all coefficients of determination sig-
nificant at P < 0.05 (Figure 1). Regression slopes differed overall
among sites (F = 6.685, P = 0.001), with the slope at the Mead site
differing from the other two sites. In applying back-transformed
equations, for every doubling of percent cover, biomass was pre-
dicted to increase by 78% at Parashant, 144% at Mead, and 83%
at Goodsprings. For example, at Goodsprings, an increase in cover
from 10% to 20% would be predicted to increase biomass from 58
to 106 g m™. A provisional threshold of 100 g m™2 of B. rubens
biomass required for fire spread was predicted to be exceeded at
19%, 25%, and 45% B. rubens cover at Goodsprings, Mead, and
Parashant, respectively.

Among years at Parashant, cover accounted for 36% to 77% of
the variance in biomass, with the lowest coefficient of determina-
tion in 2011, the wettest year (Figure 1, inset). All years exhibited
regression slopes unique from each other (F=12.627, P < 0.001).

Regression results were insensitive to using cover classes
compared with simulated randomized integer cover within
cover classes (Table 1). Slopes did not differ for cover class or
randomized-integer regressions at any of the three sites.

Bromus rubens biomass appears amenable to estimation from
cover. This supports Alaback’s (1986) idea that species (such as
B. rubens) with prostrate, compact morphology or monolayer can-
opies have more consistent cover—biomass relationships than spe-
cies variably forming monolayer to complex, multilayered
canopies. Three additional features of B. rubens morphology could
influence cover—biomass relationships: plant height, reproductive
allocation, and extent of basal foliage. Theoretically, increasing
height of plants should shift biomass estimates using aerial cover
upward or steepen slopes of cover—biomass regression lines
(Hermy 1988). This may not occur, however, if other morphologi-
cal trade-offs accompany the increase in height that keep biomass
per plant constant and do not affect cover. In terms of consistency
of biomass estimates, including plant height with cover has not
necessarily increased coefficients of determination (Chieppa

Abella: Cover-biomass estimation
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Figure 1. Relationships between cover and aboveground biomass (with both log;o
transformed) of an invasive annual grass, Bromus rubens, at three sites in the
Mojave Desert, USA. Black lines are regression lines, with gray lines showing 95% con-
fidence bands. The regression using all years (2011, 2012, and 2013) is shown in A,
along with equations separately by year in the inset box. Equations are of the form
logyo Y = m(logyo X) + b, where m is the slope, b is the Y intercept, and r? is the coef-
ficient of determination for the logarithmic equation. Standard errors for slopes are as
follows: (A) 0.039 (all years), 0.072 (2011), 0.063 (2012), 0.064 (2013); (B) 0.109; and (C)
0.035. To apply the equations by back transforming predicted biomass into the origi-
nal measurement units of g m™2 and correcting for logarithmic bias in the predicted
estimates, compute 10(™(°89+5) and multiply this by the Snowdon (1991) correction
factor (ratio of the means of the measured to the uncorrected estimates of predicted
biomass, all in the original units of g m~2) specific to each regression. Correction fac-
tors for each regression are as follows: (A) 1.176 (all years), 1.251 (2011), 1.092 (2012),
1.138 (2013); (B) 1.027; and (C) 0.946. As an example calculation, 10% B. rubens cover
(logso transformed = 1) in C would be predicted to produce 58 g m~2 of biomass via
computing 10(0872W+0918)  and  multiplying by the 0.946 correction factor.
Supplementary Table S1 contains the raw data.

et al. 2020). Some authors noted that recording an average height
of a group of plants might not improve biomass estimation, such as
when height distribution among individuals is bimodal, and
that measuring the height of each individual plant could be as
time-consuming as simply measuring biomass directly

Downloaded from https://www.cambridge.org/core. University of Nevada - Las Vegas, on 20 Jan 2021 at 20:21:01, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/inp.2020.33


https://doi.org/10.1017/inp.2020.33
https://doi.org/10.1017/inp.2020.33
https://www.cambridge.org/core/terms
https://doi.org/10.1017/inp.2020.33
https://www.cambridge.org/core

Invasive Plant Science and Management

291

Table 1. Sensitivity analysis of linear regression equations estimating biomass of the invasive annual Bromus rubens at three sites for which predictors are log-
transformed cover classes of B. rubens (actual data) compared with three randomizations in which log-transformed integer percent covers were randomly

assigned within actual data, log-transformed cover classes.?

Site Actual data Randomization 1 Randomization 2 Randomization 3 F-statistic® P-value
m, b, r

Parashant 0.831, 0.551, 0.68 0.781, 0.644, 0.67 0.765, 0.649, 0.65 0.771, 0.646, 0.67 0.596 0.618

Mead 1.286, 0.185, 0.83 1.132, 0.389, 0.82 1.095, 0.414, 0.79 1.124, 0.406, 0.82 0.603 0.614

Goodsprings 0.872, 0.916, 0.96 0.870, 0.907, 0.90 0.886, 0.887, 0.93 0.861, 0.937, 0.89 0.046 0.987

aEquations are of the form log,, ¥ = m(logyo X) + b, where Y is log-transformed aboveground biomass in g m=2, X is log-transformed cover in %, m is the slope, b is the Y intercept, and r? is the

coefficient of determination.

bF-statistics and P-values from analysis of covariance compare regression slopes across actual data and randomizations within sites.

(Axmanova et al. 2012; Chieppa et al. 2020; Muukkonen et al.
2006). While being inclusive of assessing these considerations,
evaluating in future research whether including height as a cova-
riate improves cover—biomass equations is warranted, because
average height of mature B. rubens can vary at least threefold
among sites and likely with differences in weather, competition,
and genetics (Wu and Jain 1978). Considering reproductive allo-
cation and the ascending seed heads of B. rubens (Brooks 2000),
increasing reproductive allocation should increase both cover
and biomass. Seed heads can form much of the cover and around
two-thirds of the aboveground mass of B. rubens (Huxman et al.
1999). In B. rubens clumps, basal foliage could shift biomass esti-
mates downward or decrease slopes of cover—biomass regressions
by increasing cover, but not necessarily weight much, compared
with prostrate stems with heavy seed heads (MacDonald
et al. 2012).

Within sites, considerations related to sampling design and mea-
surement scale could influence construction of cover—biomass equa-
tions. First, stratifying sampling within sites by dominant microsites
may enhance efficiency, as B. rubens biomass can be an order of mag-
nitude greater in shaded, nutrient-enriched soils below native shrubs
compared with open interspaces between shrubs (Smith et al. 2014).
Whether cover—biomass relationships differ between microsite types
is not known, however, nor is whether any benefits are worth the com-
plexity added to the analytical design. These trade-offs may hinge on
whether estimates by microsite or on a site basis are desired. Second,
using cover classes, with procedures to enhance reproducibility (e.g.,
consistently defining cover, minimizing observer bias), is a standard
method for vegetation inventory and is common in cover-biomass
allometry (e.g., Axmanové et al. 2012; Hermy 1988; Onodi et al.
2017). However, possible influences of using cover classes compared
with using integer covers in cover—biomass regressions are not well
understood. At least in this study, cover classes and simulated random
distributions of integer cover within classes returned nearly identical
results. With 10 cover classes, the number of classes used in this study
could be considered moderately large, raising a question as to what the
minimum number of cover classes is for reliable biomass estimation.
This could potentially be addressed by measuring cover on a fine-res-
olution integer scale (or decimal subdivisions at low cover) and apply-
ing different scenarios of cover classes as inputs to regressions.

While results suggest that B. rubens biomass is amenable to esti-
mation from cover across a range of site conditions and rainfall years,
thus addressing the study objective of assessing feasibility for the spe-
cies, determining whether sets of generalizable equations could be
developed or whether site- or year-specific equations are needed
for reliable estimates requires further research. Results did demon-
strate that regression slopes, coefficients of determination, and covers
corresponding with a threshold for fire spread of 100 g m2 of
B. rubens fuel (Rao and Allen 2010) could vary significantly among

sites and years at a site. At Parashant, cover accounted for the least
variation in biomass during the moistest year (2011). One possible
explanation for this could be that in moist years, more locations
exhibit higher cover classes of B. rubens. As aerial cover has a fixed
maximum (100%), while biomass does not, variability in biomass in
the higher cover classes could temper reliability of estimating
biomass from cover (Axmanova et al. 2012). Although B. rubens
is nearly ubiquitously distributed in the Mojave Desert, site factors
such as elevation, topography, soil fertility, and recent fire history
influence the species’ abundance (Abella et al. 2012). To what extent
these site factors may consistently affect cover—biomass relationships
is not clear, however, given the major influence of precipitation
among years (Beatley 1966). It is possible that cover-biomass rela-
tionships on edaphically productive sites in low-rainfall years are
similar to relationships on edaphically unproductive sites in high-
rainfall years. Exploring these types of possible interactions may
facilitate sets of cover—biomass equations from low to high site pro-
ductivity and rainfall categories as a compromise between generaliz-
ability and local calibration of equations (Catchpole and Wheeler
1992). Results suggest promise for estimating biomass from cover
for nonnative annual grasses.
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Supplementary Appendix S1. Descriptions of three study sites where equations were developed
relating cover to aboveground biomass of an invasive annual grass, red brome (Bromus rubens
L.), in the Mojave Desert, USA.

Grand Canyon-Parashant National Monument

The 424,000-ha Grand Canyon-Parashant National Monument, in northwestern Arizona, is a
publicly held conservation area administered by the Bureau of Land Management and National
Park Service. On the Bureau of Land Management portion, the study site (36°29'34"N,
114°029"W; elevation of 1,060 m) was within the 1,351-ha Jacob Fire, a July 2006 wildfire.
The site burned at high severity, mostly eliminating shrub cover, which was previously
dominated by creosote bush (Larrea tridentata (Sessé & Moc. ex DC.) Coville), blackbrush
(Coleogyne ramosissima Torr.), Joshua tree (Yucca brevifolia Engelm.), and Nevada jointfir
(Ephedra nevadensis S. Wats.). A weather station 30 km northwest of the site and at a lower
elevation (480 m) reported averages of 18 cm year™ of precipitation and temperatures of -1/16°C
(daily minimum/maximum) for January and 20/41°C for July (Mesquite, Nevada; National
Oceanic and Atmospheric Administration, Asheville, North Carolina). Soil at the site developed
from limestone parent material and is classified as loamy-skeletal, mixed, thermic, shallow Typic
Paleorthids of the Yurm family (DeWall 2004). Bromus rubens data were collected at the site
within a 5 m x 50 m area. Within this area, 72 quadrats (each 0.5 m x 0.5 m, 0.25 m?) were
located 1.5 m from each other, positioned as three rows of 24 quadrats each. Each year,
aboveground B. rubens material was harvested within a 0.50 m x 0.25 m (0.125 m?) area within
each quadrat. The harvest area was rotated clockwise across years to avoid harvesting the same
location in successive years.

Lake Mead National Recreation Area

The study site, which provided a controlled environment for B. rubens growth, was the
experimental plant nursery within Lake Mead National Recreation Area (hereafter Mead),
administered by the National Park Service. The nursery (36°03'30"N, 114°49'26"W, 381 m in
elevation) is 16 km east of Las Vegas, Nevada. Vegetation surrounding the nursery was
predominately L. tridentata-white bursage (Ambrosia dumosa (Gray) Payne) shrubland. Climate
reported in Las Vegas included averages of 14 cm year™' of precipitation and temperatures of
1/14°C (daily minimum/maximum) for January and 25/40°C for July (McCarran Airport station
at an elevation of 659 m; Western Regional Climate Center, Reno, Nevada). At the study site
within a 20 m X 25 m (0.05 ha) area enclosed by a fence (1.25 m tall with mesh openings 0.6 cm
in diameter and aluminum flashing to a height of 45 cm) to deter herbivory, 30 quadrats (each 2
m X 2 m) were randomly located at least 0.5 m apart. Soil within quadrats was excavated to a
depth of 0.25 m and replaced with a standard mixture of sandy loam soil low in organic carbon
(< 0.5%) typical of desert soils. In September 2009, B. rubens was broadcast seeded in quadrats
at a density of 700 seeds/m? from collections around the site that exhibited 50% germination in
greenhouse conditions (daily watering and constant 24°C temperature).



Goodsprings

The study site was 3 km north of the town of Goodsprings, Nevada on land administered by the
Bureau of Land Management (35°51'03"N, 115°26'50"W; elevation 1,190 m). The site was in a
broad valley and contained mature shrubland dominated by L. tridentata, A. dumosa, littleleaf
ratany (Krameria erecta Willd. ex J.A. Schultes), Mojave yucca (Yucca schidigera Roezl ex
Ortgies), and Y. brevifolia. Soil formed in alluvium from limestone and is classified as loamy,
mixed, superactive, thermic, shallow Typic Petrocalcids of the Irongold series (Lato et al. 2006).
A weather station 60 km southeast of the site but at a comparable elevation (1,079 m) reported
averages of 20 cm year™! of precipitation and temperatures of 2/12°C (daily minimum/maximum)
for January and 22/36°C for July (Searchlight, Nevada; 1914 through 2019 records; Western
Regional Climate Center, Reno, Nevada). In May 2020, 30 quadrats (each 0.5 m x 0.5 m, 0.25
m?) were randomly located along a 100 m x 20 m transect in which B. rubens cover data and
biomass were collected.
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Supplementary Appendix S2. Examples of cover classes and aboveground biomass of an invasive annual grass, Bromus rubens, at the Goodsprings site, Nevada, USA, in the Mojave Dese
A general site photo is below, with B. rubens constituting most of the beige-purplish senescing plant material. All photos by S.R. Abella, May 2020.




Bromus rubens
Cover: 0.1%
Biomass: 1.6 g m?2
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(#5 in Table S1)

For this low-cover
quadrat, B. rubens
individuals are circled.



Bromus rubens
Cover: 0.5%
Biomass: 2.8 g m?2?

Quadratis0.5m x0.5m
(#9)

For this low-cover
quadrat, B. rubens
individuals are circled.
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Bromus rubens
Cover: 3.5%
Biomass: 42.4 g m>

Quadratis0.5m x0.5m
(#3)



Bromus rubens
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Biomass: 78.3gm>?

Quadratis0.5m x0.5m
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Bromus rubens
Cover: 85%
Biomass: 320.6 g m3

Quadratis0.5m x0.5m
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Supplementary Table S1. Cover and aboveground biomass data of an invasive annual grass, Bromus rubens, for three sites (including three years at Parashant) in the Mojave Desert, USA.

Parashant Goodsprings Mead
2011 2012 2013
Cover (%) Biomass (g m'z) Cover (%) Biomass (g m'z) Cover (%) Biomass (g m'z) Cover (%) Biomass (g m'z) Cover (%) Biomass (g m'z)

7.5 31.2 17.5 63.2 7.5 16.8 35 23.8 7.5 80.9
17.5 39.2 7.5 48.8 17.5 30.4 7.5 70.8 17.5 58.4
37.5 126.4 35 5.6 7.5 24.0 35 42.4 35 8.0
37.5 70.4 7.5 10.4 37.5 74.4 0.5 2.8 17.5 73.5
37.5 181.6 375 14.4 37.5 224 0.1 1.6 35 42
7.5 16.8 0.5 0.8 35 18.4 17.5 151.3 17.5 119.2
37.5 62.4 35 5.6 7.5 40.8 17.5 149.4 17.5 102.1
17.5 39.2 17.5 49.6 17.5 152.8 1.5 15.5 3.5 8.2
62.5 122.4 35 2.4 7.5 38.4 0.5 2.8 17.5 27.9
7.5 46.4 0.5 1.6 0.1 32 37.5 178.1 17.5 31.8
37.5 98.4 17.5 39.2 17.5 512 35 273 7.5 19.9
37.5 100.0 37.5 44.0 17.5 44.8 85 320.6 85 3152
7.5 41.6 35 8.8 35 29.6 7.5 514 17.5 57.7
37.5 79.2 37.5 68.0 17.5 40.0 0.1 0.9 17.5 27.5
62.5 105.6 17.5 26.4 7.5 10.4 35 16.4 7.5 25.2
37.5 40.8 17.5 58.4 17.5 19.2 3.5 423 17.5 103.0
17.5 32.8 17.5 40.8 17.5 26.4 7.5 46.4 7.5 14.2
7.5 41.6 35 2.4 1.5 32 17.5 62.9 37.5 185.1
62.5 182.4 7.5 10.4 17.5 17.6 17.5 91.2 7.5 64.7
7.5 55.2 7.5 28.0 17.5 28.8 62.5 236.2 1.5 6.6
17.5 84.0 37.5 24.0 37.5 60.0 35 16.2 35 11.5
85 220.0 62.5 253.6 62.5 3144 7.5 75.2 7.5 11.6
37.5 49.6 35 32 1.5 8.8 17.5 102.3 17.5 107.4
62.5 64.8 17.5 17.6 37.5 72.0 62.5 297.9 7.5 13.4
37.5 99.2 7.5 28.0 7.5 49.6 7.5 78.3 37.5 160.2
37.5 94.4 37.5 106.4 7.5 17.6 37.5 202.3 17.5 76.2
17.5 25.6 1.5 4.0 35 8.8 0.5 3.1 17.5 27.6
17.5 18.4 37.5 85.6 17.5 35.2 85 237.5 1.5 2.4
17.5 32.8 35 224 7.5 16.0 7.5 43.4 1.5 1.0
37.5 48.8 35 7.2 7.5 16.0 37.5 189.6 1.5 1.5
37.5 64.0 17.5 36.0 7.5 1.6
37.5 59.2 17.5 16.8 37.5 79.2

7.5 45.6 7.5 7.2 7.5 75.2

7.5 40.8 7.5 16.8 37.5 113.6
62.5 81.6 375 56.0 37.5 68.0
37.5 76.8 1.5 0.8 1.5 32

17.5 40.8 17.5 45.6 17.5 24.8

7.5 87.4 35 224 7.5 14.4

35 58.4 35 25.6 7.5 13.6

85 237.6 62.5 72.8 62.5 85.6

17.5 552 375 472 17.5 46.4

17.5 48.0 1.5 32 35 13.6
37.5 37.6 35 5.6 17.5 19.2

17.5 73.6 1.5 32 1.5 1.4

17.5 48.8 375 48.8 17.5 32.8

7.5 86.4 35 32 35 4.0
62.5 154.4 62.5 26.4 37.5 28.0
37.5 26.4 17.5 11.2 17.5 384
37.5 71.7 375 70.4 37.5 41.6

17.5 86.4 7.5 17.6 17.5 32.8

17.5 116.3 17.5 26.4 7.5 18.4
62.5 51.2 37.5 103.2 37.5 68.0

17.5 78.4 17.5 472 17.5 25.6

7.5 71.2 1.5 2.4 0.1 0.8
62.5 102.4 62.5 282.4 17.5 64.8
37.5 41.6 37.5 58.4 7.5 26.4

7.5 60.8 7.5 8.0 1.5 8.0
37.5 60.0 35 7.2 7.5 36.0

7.5 44.0 0.5 1.6 35 15.2

17.5 49.6 1.5 0.8 35 9.6
62.5 100.8 7.5 24.8 37.5 36.0

35 8.0 1.5 4.0 1.5 1.6

35 12.8 1.5 4.0 1.5 4.0

17.5 21.6 7.5 14.4 35 8.0
37.5 86.4 17.5 32.8 37.5 45.6

7.5 34.4 7.5 11.2 35 9.6

7.5 29.6 17.5 59.2 7.5 232

7.5 121.0 35 23.2 7.5 97.6
62.5 90.4 37.5 80.0 37.5 82.4

7.5 26.4 1.5 1.6 35 15.2

7.5 20.0 7.5 26.4 7.5 25.6

37.5 48.8 37.5 259.2 17.5 65.6
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