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a b s t r a c t 

The exotic annual grass ventenata ( Ventenata dubia L.) is raising concern as it rapidly invades multiple 

ecosystem types within the United States, including sagebrush steppe, ponderosa pine forests, woodlands, 

and much of the Palouse and Pacific Northwest Bunchgrass Prairie (PNB). Despite increasing attention, 

little is known about the invasion dynamics of ventenata, especially its response to disturbances such as 

grazing and fire. In this study, we examined how cattle grazing and prescribed fire affect the abundance 

(standing crop, cover, frequency, and density) of ventenata and other plant groups on the PNB over time 

using two separate long-term studies established in 2004. The first study (Cattle Grazing) looked at the 

14-yr effect of cattle grazing exclusion on ventenata aboveground biomass and cover. Our second study 

(Grazing and Prescribed Fire) examined main and interactive effects of cattle exclusion and prescribed 

fire on ventenata over three sampling periods (2008, 2016, and 2018). We documented a 30% increase 

in ventenata cover and 55% increase in frequency on the PNB over the past 15 yr, including areas that 

were not disturbed by fire or cattle grazing. We found only weak evidence that cattle grazing increased 

ventenata standing crop when compared with cattle-excluded paddocks, something that could be related 

to timing of use. There was no evidence that prescribed burning impacted the response of ventenata on 

its own. However, we found some evidence of interactions between cattle grazing and prescribed fire that 

suggests prescribed burning could help reduce the abundance of ventenata in areas grazed by livestock. 

These studies reinforce the important differences between ventenata and other invasive winter annuals in 

grasslands and clarify a need for research that focuses primarily on the dynamics between this relatively 

new exotic species in grasslands and the many ecosystems it now inhabits. 

© 2021 The Society for Range Management. Published by Elsevier Inc. All rights reserved. 
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ntroduction 

Temperate grasslands across the globe have been highly modi-

ed by human activity for centuries, and the few remaining nat-

ral state ecosystems continue to be threatened due to anthro-

ogenic stressors such as cultivation, settlement, land-use aban-

onment, overgrazing by livestock, and the introduction of inva-

ive species ( Henwood 2010 ). Exotic and invasive annual grasses

ose a particularly serious threat to the temperate grasslands of
✩ This work was supported by the US Dept of Agriculture Forest Service (USFS 

V-11261957-037), The Nature Conservancy’s Oren Pollack Graduate Research Fel- 

owship, the Oregon State University Agricultural Research Foundation, and Oregon 

tate University Branch Experiment Station Internships. 
∗ Correspondence: Lesley R. Morris, Agriculture, Veterinary, and Rangeland Sci- 

nces, University of Nevada, 1664 N Virginia St Mail Stop 202, Reno, NV 89512 USA. 

E-mail address: lesleym@unr.edu (L.R. Morris). 
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orth America ( Ogle et al. 2003 ; McGranahan et al. 2012 ; Endress

t al. 2020 ) as these species can effectively alter many local, re-

ional, and global aspects of ecosystem function ( D’Antonio and

itousek 1992 ). Ventenata ( Ventenata dubia L.) is a relatively new

xotic annual grass rapidly spreading across much of the Palouse

nd Pacific Northwest Bunchgrass Prairie (PNB) in the northwest-

rn United States ( Nyamai et al. 2011 ; Averett et al. 2020). First

ecorded in the United States in 1952 in the state of Washington,

he species has been documented in at least 10 states, as well as

everal provinces of southern Canada ( Scheinost et al. 2008 ). It is

ow well established in pasturelands, croplands, and a variety of

cosystems including grasslands, sagebrush steppe, ponderosa pine 

orests, and woodlands ( Averett et al. 2016 ; Bernards and Morris

016 ; Fryer 2017 ; Jones et al. 2018 ; Tortorelli et al. 2020 ). Despite

his wide ecological distribution, the basic ecology and dynamics

f this annual grass, including the species response to disturbances
s reserved. 
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uch as grazing and fire, are just beginning to be studied ( Wallace

t al. 2015 ; Jones et al. 2018 ). 

While grazing is used to control some invasive species in 

rasslands ( Menke 1992 ; Porensky et al. 2020 ), studies have also

emonstrated a connection between overgrazing by livestock and 

he invasion of exotic grasses such as cheatgrass ( Bromus tecto-

um L.) ( Young 1943 ; Reisner et al. 2013 ). Grazing by large un-

ulates such as cattle (Bos taurus) and elk (Cervus canadensis) 

an contribute to invasion by spreading seeds via endozoochary 

passage through digestive track) and epizoochary (attachment to 

ody) ( Janzen 1984 ). Large ungulates also disturb soil and bio-

ogical crusts, increase soil compaction and bare ground, and re- 

uce the cover and density of native grasses, which can all facili-

ate the establishment and germination of invasive plants ( Schulz

nd Leininger 1990 ; Sheley and Petroff 1999 ; Slate et al. 2019 ;

oot et al. 2020 ). Invasive species response to grazing also de-

ends on species palatability ( Augustine and McNaughton 1998 ).

e are aware of numerous anecdotal reports that cattle, elk, and

orses avoid eating ventenata or bite off seed heads and spit the

est of the plant out. The only reported ventenata silica content

 ∼2.7%) has been implicated as an important factor in palatability

 Pavek et al. 2011 ), although this content is well within the range

f common rangeland grasses (Johnston et al. 1966; McNaughton 

t al. 1985 ). Limited empirical studies demonstrate little consen- 

us regarding livestock grazing and ventenata invasion dynamics. 

ekin et al. (2016) found no increase in cover of ventenata in plots

razed by elk and cattle in semiarid conifer forests. In contrast,

thers have reported ventenata can increase in areas that are heav-

ly used by elk populations and excluded from cattle ( Pavek et al.

011 ; Johnson et al. 2013 ). Finally, grazing and invasion dynamics

an interact with soil parent material. Bryant et al. (2013) found

hat ventenata was an indicator of the interaction of grazed alluvial

ima Mounds compared with ungrazed mounds in eastern Wash- 

ngton. 

Natural and prescribed fire can also play an important role in

he invasion success and management of a wide variety of exotic

lant species ( Menke 1992 ; D’Antonio 20 0 0 ; DiTomaso et al. 2006 ;

lba et al. 2015 ). Fire can promote or inhibit invasion depending on

he traits of the exotic species and adaptations of the native plant

ommunity to fire ( DiTomaso et al. 2006 ; Leffler et al. 2013 ; Jauni

t al. 2015 ; Porensky and Blumenthal 2016 ). For example, the fire-

nvasion feedback cycle is well known for promoting and maintain-

ng dominance of exotic annual grass invasions in arid and semi-

rid ecosystems ( D’Antonio and Vitousek 1992 ; D’Antonio 20 0 0 ;

alch et al. 2013 ; Bradley et al. 2018 ). Fire can promote the estab-

ishment and spread of exotic plant species by removing or reduc-

ng competition from native plant species and provide a nutrient- 

ich environment for fast-growing ruderal species, especially an- 

ual grasses ( D’Antonio 20 0 0 ; Alba et al. 2015 ). In the western

nited States, plant-community dominance of cheatgrass has re- 

ulted in a significant increased fire frequency, which favors its 

wn lifecycle ( D’Antonio and Vitousek 1992 ) and can result in the

ative shrub communities’ inability to recover ( Whisenant 1990 ). 

Knowledge regarding the response of ventenata to natural and 

rescribed fire is only beginning to emerge. Landowner survey re- 

pondents suggest fire is an ineffective management tool to con- 

rol ventenata and describe dominance of ventenata following fire 

 Pavek et al. 2011 ). Some have reported an increase in ventenata

ensity after summer fires in Washington and Oregon ( Haferkamp

t al. 1984 ). However, Mackey (2014) found a reduction in ven-

enata density on Conservation Reserve Program (CRP) reseeded 

elds the year after a fall burn. Variability in species response to

re may be linked to burn timing, as spring fires are thought to

e more damaging to vulnerable young plant tissues (Bond and 

an Wilgen 1996 ), whereas later-season fires can be less harm-

ul to cool season bunchgrass species ( Wright and Klemmedson
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 22 Fe
f Use: https://bioone.org/terms-of-use	Access provided by University of Oregon
965 ). Youngblood et al. (2006) found ventenata established in 

race amounts ( < 3%) following thinning and prescribed fire treat-

ents in the forested ecosystems of Oregon’s Blue Mountains. In 

nother northwestern forest study, Tortorelli (2020) found that 

entenata was similarly abundant in both open unburned and 

ildfire burned areas, but with stronger negative relationships be- 

ween ventenata cover and community diversity where burned. In 

he only study to date to examine ventenata’s response to histor-

cal fires on the PNB, ventenata increased regardless of burning 

 Ridder et al. 2021 ). 

Although it is widely accepted that many grasslands evolved 

ith both ungulate grazing and fire ( Risser et al. 1981 ; Collins

987 ; Knapp et al. 1999 ), most research focuses on their main ef-

ects and less on their interactions ( Fuhlendorf and Engle 2004 ).

ore attention is now given to understanding the interactions be- 

ween fire and grazing in numerous ecosystem types including 

he tallgrass prairie ( Collins 1987 ; Hobbs et al. 1991 ; Fuhlendorf

nd Engle 2004 ; Collins and Smith 2006 ), annual grasslands in

alifornia ( Harrison et al. 2003 ), ponderosa pine forests ( Kerns

t al. 2011 ), savannas ( Van Langevelde et al. 2003 ; Staver et al.

009 ), and the Great Basin ( Diamond et al. 2009 ; Diamond et al.

012 ). In many grasslands, large herbivores may preferentially use 

igh-quality forage in recently burned areas over unburned areas 

Fulehndorf and Engle 2004 ; Clark et al. 2017 ). Fire and grazing are

hought to mediate factors important for the dominance of cheat- 

rass in the shrub-steppe ecosystems of the Great Basin, ( Pyke et

l. 2016 ; Condon and Pyke 2018 ), although they are seldom exam-

ned concurrently (but see Davies et al. 2016 ). While interactions

etween fire and grazing are variable by ecosystem type, their con-

ribution to the development of grasslands makes them important 

ools for management of invasive species ( Collins 1987 ; Fuhlendorf

nd Engle 2004 ). However, the evolutionary history of these two

isturbance processes may influence the interaction between fire 

nd grazing ( Milchunas et al. 1988 ). Like the Great Basin shrub-

ands, the Pacific Northwest Bunchgrass Prairie did not evolve with 

trong large ungulate grazing pressure as was found in the Great

lains (Mancuso and Mosley 1994 ). Conversely, fire is an impor-

ant evolutionary process in all temperate grasslands. Before mod- 

rn fire suppression effort s, reportedly low to moderate severity 

res occurred every 10 −20 yr based on climate and fuel conditions

n the PNB ( Hall 1976 ; Black et al. 1998 ; Bartuszevige et al. 2012 ).

here is no research examining the role of grazing, prescribed fire,

nd the interactions of these disturbances on ventenata invasion in 

he PNB. 

We explore how cattle grazing and prescribed fire affect the 

bundance (biomass, cover, frequency, and density) of ventenata 

nd other plant groups on the PNB over time. This grassland sys-

em, now mostly converted to agriculture, once encompassed 8 

illion ha, including several states in the United States and por-

ions of British Columbia in Canada ( Tisdale 1982 ). We describe

utcomes from two separate long-term studies from the Zumwalt 

rairie Preserve that were established in 2004. The first study (Cat-

le Grazing) allowed us to explore the 14-yr effect of cattle-grazing

xclusion on ventenata aboveground biomass and cover. Our sec- 

nd study (Grazing and Prescribed Fire) examines main and inter- 

ctive effects of cattle exclusion and prescribed fire through time. 

or both studies, extant elk herbivory was not controlled. Given 

he documented spread of this new annual grass across the PNB

nd other systems, we expected to find increases in all measures of

entenata abundance over time. Because large ungulate herbivory 

an reduce the abundance and vigor of native bunchgrasses and 

entenata is reportedly unpalatable, we expected that long-term 

attle grazing would result in higher ventenata abundance com- 

ared with sites with cattle exclusion. On the basis of prior ret-

ospective work in the area ( Ridder et al. 2021 ) we expected that

entenata abundance would not increase in response to fall pre- 
b 2022
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Figure 1. Map illustrating the design of both studies. The eight paddocks of the 

Cattle Grazing study are labeled as A2, B3, C3, and D3 (excluded) and A4, B2, C2 

and D4 (moderately grazed). Prescribed Fire and Grazing study treatments included 

four replicates of BURN (burn, excluded), GRAZ (unburned, grazed), BOTH (burn, 

grazed), and CNTL (unburned, excluded). Gray lines represent pasture fences. Areas 

with hashed lines indicate areas burned in fall prescribed fires in 2006 and 2016 

(map provided by Heidi Schmalz, The Nature Conservancy). 

c  

e  

m  

t  

h  

e  

2  

d  

g  

i  

o  

t  

t  

n  

i  

v  

o  

2

G

 

a  

i  

F  

Downloade
Terms of U
cribed fire and grazing. We anticipated interactions between pre-

cribed fire and grazing that would favor ventenata abundance. 

ethods 

tudy site 

We conducted this study on the Zumwalt Prairie Preserve (ZPP),

wned and managed by The Nature Conservancy. The ZPP, located

n northeastern Oregon (45 °34 ′ N, 116 °58 ′ W), is a 13 300-ha rem-

ant of the PNB. Approximately 90% of the historical extent of

he PNB has been converted to agriculture ( Tisdale 1982 ), making

he ZPP the largest remaining remnant of this grassland type un-

er conservation. The Nez Perce people (Nimiipuu) inhabited the

umwalt Prairie seasonally for many thousands of years until the

S Government forced them off their land in 1877. The Nez Perce

unted game and gathered food plants on the prairie. In the early

8th century and mid-19th century, when the Nez Perce acquired

orses and cattle, the Zumwalt Prairie became important for graz-

ng (Reid 1985; Bartuszevige et al. 2012 ). Through the Homestead

cts of 1862 and 1909, Euro-American settlers acquired land on

hat is now the ZPP ( Bartuszevige et al. 2012 ). The large herds

f livestock that accompanied settlement likely consumed much

f the fine fuels for fire ( Bartuszevige et al. 2012 ). Large herds

f ungulates are a relatively recent addition to the PNB; therefore

he plant associations on the prairie have not evolved with strong

razing pressure (Mancuso and Mosley 1994 ). However, elk herds

n the ZPP have been increasing over recent decades from approx-

mately 586 individuals in 1990 with 20% being counted on the

umwalt to approximately 2 577 individuals in 2017 with 66% be-

ng counted on the Zumwalt, where they use this prairie as a win-

er range (TNC, unpublished data). Although there is no complete

re history for the ZPP, it is believed to have low- to moderate-

everity fires every 10 −20 yr due to the climate and fuel con-

itions ( Black et al. 1998 ; Bartuszevige et al. 2012 ). Before 2005,

hen The Nature Conservancy initiated a prescribed burning pro-

ram, fires on the ZPP and surrounding grasslands were infrequent

 Morgan et al. 1996 ; The Nature Conservancy, unpublished data). 

The ZPP plant community is dominated by native perennial

unchgrass species including bluebunch wheatgrass ( Pseudoroegne- 

ia spicata [Pursh] Á. Löve), Idaho fescue ( Festuca idahoensis Elmer),

andberg bluegrass ( Poa secunda J. Presl), and prairie junegrass

 Koeleria macrantha [Ledeb.] Schult.) ( Kennedy et al. 2009 ). The ZPP

lso hosts a high diversity of native forbs. The soils are categorized

s Xerolls, consisting of colluvium and loess over Basalt ( Schmalz

t al. 2013 ). The Zumwalt Weather Station located on site (eleva-

ion of 1 335 m) recorded average winter (December −February)

emperature at −2.7 °C over the 2006 −2015 period, and average

ummer (July −August) temperature was 15 °C ( Taylor 2016 ). This

ystem is categorized by cold, moist winters and warm, dry sum-

ers. Total annual precipitation in the same 2006 −2015 timeframe

veraged 34.9 cm with 14.7 cm falling between April 1 and July 31,

hich is considered the primary growing season ( Taylor 2016 ). 

tudy design 

attle grazing 

For the first long-term study (Cattle Grazing), we resurveyed

 subset of monitoring plots established in 2004 that were orig-

nally part of a larger, multidisciplinary study examining the ef-

ects of cattle stocking rates on grassland food webs (Damirian et

l. 2007; Darambazar et al. 2007 ; Johnson et al. 2011 ; Johnson

t al. 2013 ; Schmalz et al. 2013 ). The original 2004 study used a

andomized complete block design with four blocks (A, B, C, D)

nd four stocking rate treatment levels ( Fig. 1 ). We used only two

reatment levels: “grazed” (1.3 −1.6 ha/animal unit months [AUM];
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 22 Feb 20
se: https://bioone.org/terms-of-use	Access provided by University of Oregon
onsidered moderate for the region) and “excluded” (fenced to

xclude cattle, but open to elk). The experimental units (treat-

ent paddocks) under the excluded treatment have maintained

his treatment since 2004, and the grazed experimental units have

ad inconsistent grazing history. Therefore, we selected two of the

xperimental units where a moderate grazing intensity (Wyfells

009 ) was maintained since 2009 ( Table S1 , available online at

oi: 10.1016/j.rama.2021.09.003 ). Each paddock is 40 ha in size. To

uard against confounding conditions based on the legacy of stock-

ng rates, we conducted preliminary analysis on the standing crop

f ventenata on the dataset from the original study and found no

reatment effect. In fact, ventenata represented only a fraction of

he biomass of annual grasses (data not shown), and all exotic an-

ual grasses made up only 4% of total production in the paddocks

n 2006 ( Darambazar et al. 2007 ). Within each paddock we resur-

eyed 18 equally spaced (180 m apart) sampling plots (for a total

f 144 for the entire study; also see Schmalz et al. 2013 and Ridder

018 ). 

razing and prescribed fire 

The second long-term study (Grazing and Prescribed Fire) was

lso established in 2004 on the ZPP with the intention of study-

ng the effects of prescribed fire, grazing, and their interaction (see

ig. 1 ). The study is a randomized complete block two-way facto-
22

https://doi.org/10.1016/j.rama.2021.09.003


4 L.W. Ridder, L.R. Morris and M.A. Day et al. / Rangeland Ecology & Management 80 (2022) 1–9 

r  

t  

(  

m  

a  

m

(  

u  

m

h  

g  

p

s

t  

fi  

s

n

S

 

a  

m

l  

a  

p  

l

(

2

t  

f  

a  

s  

t

w  

e  

r  

a  

p  

e  

c

c  

1  

l  

m  

N  

n

t  

e  

l  

t  

w

D

C

 

d

c  

G  

s  

2  

w  

a

t

u  

e  

o

(  

(  

2

t

G

 

G  

p

S  

t  

g  

r  

s

S

t

t

v

c

w

s  

p

e  

c

u  

e

m  

p

t

R

C

 

e

f  

m

i  

c  

d

d  

u

a  

d  

(  

8

e  

s

g  

p

w

d  

a

G

s  

t

s  

t  

s

T  

Downlo
Terms o
ial design with two levels of grazing (grazed and excluded) and

wo levels of prescribed burn (burned every 10 yr and unburned)

 Taylor and Schmalz 2012 ). Each block was split into four experi-

ental units and randomly assigned to one of two grazing levels

nd one of two prescribed fire treatment levels. Thus, each treat-

ent combination was replicated four times, once in each block 

 N = 4). Each experimental unit is 100 × 300 m. The experimental

nits that were randomly assigned to control for the grazing treat-

ent were fenced to exclude cattle. The grazed experimental units 

ave been grazed by cattle every year from late July through Au-

ust with a stocking rate ranging from 1.3 to 1.6 ha AUM 

−1 de-

ending on available forage (The Nature Conservancy [TNC] per- 

onal communication, Heidi Schmalz). Livestock were removed af- 

er no more than 7 d. Experimental units assigned the prescribed-

re treatment were burned in the fall of 2006 and 2016 (TNC per-

onal communication, Heidi Schmalz) by US Forest Service person- 

el in accordance with their prescribed burning procedure. 

ampling 

We collected data on the Cattle Grazing plots between June 12

nd July 9, 2018 before any cattle utilization. We relocated the

onitoring plots using a handheld Global Positioning System. Fol- 

owing previous methods (Damiran et al. 2007), we placed a rect-

ngular frame (0.5 × 1 m) lengthwise on the east side of the sam-

ling plot. We collected cover data to the nearest 1% using ocu-

ar estimation by functional group: ventenata, forb, annual grasses 

other nonnative annual grass), and perennial grass (Damiran et al. 

007). We collected standing crop (aboveground biomass) for ven- 

enata by clipping all vegetation within the 0.5 × 1 m rectangular

rame to ground level, removing dead plant material, and then sep-

rating out and bagging ventenata and all other vegetation. All the

amples were oven dried at 60 °C for at least 24 h before weighing

o the nearest 100th of a gram. 

The original data from the Grazing and Prescribed Fire plots 

ere collected 2 yr after the first burns (2006) in 2008 within

ach 100 × 300 m experimental unit using six 100-m transects that

an parallel to the 100-m side of the unit and were spaced 50 m

part. Foliar cover data for ventenata was collected using the line-

oint intercept (LPI) method with hits recorded every 3 m along

ach transect ( Taylor and Schmalz 2012 ). These points were then

onverted to percent cover. Ventenata nested frequency data were 

ollected every 6 m on the same six transects using frame sizes of

0 × 10 cm. In 2016 the monitoring protocol was adjusted, and fo-

iar cover data were collected using LPI every meter along nine, 50-

 transects that were 30 m apart within each experimental unit.

ested frequency data were collected every 2 m along six of the

ine transects (150 measurements per experimental unit). In addi- 

ion, density of ventenata was collected from 10 × 10 cm quadrats

very 2 m along the same six nested frequency transects. We col-

ected data in 2018 two yr after the second burn following the pro-

ocol for cover, frequency, and density as in 2016. Each year’s data

ere collected before utilization by cattle. 

ata analysis 

attle grazing 

Plot data were averaged at the experimental unit level (pad-

ock). Response variables included ventenata cover and standing 

rop (g m 

−1 ), cover of annual grass (A-GRASS), perennial grass (P-

RASS), and forbs (FORB). We used a mixed linear model analy-

is of variance (ANOVA) and Proc MIXED in SAS 9.4 (SAS Institute

013 ) to test for treatment effects (grazed or excluded). Treatment

as fixed, and block was the random effect. Residuals were ex-

mined to ensure assumptions were met and none were violated; 
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 22 Fe
f Use: https://bioone.org/terms-of-use	Access provided by University of Oregon
herefore, no transformations were needed. We report actual P val- 

es and interpret these as a continuous measure of the strength of

vidence, with small values ( P < 0.05) indicating stronger evidence

f a treatment effect and larger values indicating weaker evidence 

 P > 0.10 −0.15), assuming the effect size is biologically relevant

 Ramsey and Schafer 2002 ; Murtaugh 2014 ; Wasserstein and Lazar

016 ). We also explored variability in treatment responses among 

he experimental blocks to assist with interpretation. 

razing and prescribed fire 

To account for the repeated measures and blocked design of the

razing and Prescribed Fire study, we used a randomized block re-

eat measures mixed linear model ANOVA using Proc MIXED in 

AS 9.4 (SAS Institute 2013 ). Year, burn, graze, and their interac-

ions were treated as fixed effects. Block and the nested burn by

razing within block were treated as random effects. Year was the

epeated measure with nested burn by grazing within block as the

ubject effect and the Kenward-Rogers degree of freedom method. 

everal covariance structures were examined: compound symme- 

ry, heterogeneous compound symmetry, antedependence, unstruc- 

ured, and spatial power for the analysis. The antedependence co- 

ariance structure was selected on the basis of Akaike information 

riterion. We ran pairwise comparisons to examine the differences 

ithin years and among treatment combinations, as well as pos- 

ible interactions irrespective of overall P values as we had an a

riori interest in comparisons between combinations of both lev- 

ls of grazing and burning within each sampling year, along with

omparisons between treatment combinations across years. Resid- 

als were examined to ensure the assumptions of the mixed lin-

ar model were met. None were violated; therefore, no transfor- 

ations were necessary. The P values from all comparisons are re-

orted and interpreted as noted earlier, and graphical interpreta- 

ions display P values < 0.05. 

esults 

attle grazing 

Ventenata accounted for 16% and 19% of the standing crop in

xcluded and grazed paddocks, respectively, in 2018 (calculated 

rom Table 1 ). There was some weak evidence that ventenata was

ore abundant in grazed paddocks. Most notably, standing crop 

n grazed paddocks was about 14 g m 

−1 higher as compared with

attle-excluded paddocks ( P = 0.14; see Table 1 ). We undertook a

escriptive block scale examination of treatments even though we 

id not have replication for analysis ( N = 2 per block) to better

nderstand this result. We found higher values in standing crop 

nd cover of ventenata in grazed paddocks than in those pad-

ocks where cattle grazing was excluded in three of the four blocks

 Table 2 ). Block A had nearly 26 × more standing crop and almost

 × more ventenata cover in the grazed paddock compared with 

xcluded blocks. Blocks C and D had almost 2 × and 1 ½× more

tanding crop, respectively, and about twice the ventenata cover in 

razed paddocks than in excluded ones. Block B had a contrasting

attern, more standing crop and cover of ventenata in paddocks 

ith grazing excluded, but the difference between the two pad- 

ocks was less than 1 ¼× the amount of standing crop and only

bout 3% more cover in the excluded paddocks. 

razing and prescribed fire 

Results for overall fixed main effects by response variable are 

hown in Table 3 . Unsurprisingly, there was strong evidence for all

he response variables that treatment effects differed based on the 

ampling year (all P < 0.01; see Table 3 ). We found no evidence

hat the main effect of burning was important for any of the re-

ponse variables or that burning interacted with year or grazing. 

here was some evidence that the global main effect of grazing
b 2022
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Table 1 

Mean standing crop and cover of ventenata and other plant groups in 2018, 14 yr after cattle grazing exclusion (Cattle 

Grazing study). Difference is calculated between excluded and grazed. 

Response Excluded Grazed Difference P Lower CI Upper CI 

Ventenata standing crop (g/m 

2 ) 25.15 39.19 −14.05 0.143 −36.66 8.57 

Other vegetation standing crop (g/m 

2 ) 194.23 199.15 N/A N/A N/A N/A 

Ventenata (%) 5.91 10.19 −4.28 0.177 −12.017 3.462 

Annual grass (%) 3.45 4.83 −1.38 0.509 −7.009 4.342 

Perennial grass (%) 28.84 28.05 0.79 0.765 −6.857 8.427 

Forb (%) 26.38 24.19 2.19 0.502 −6.989 11.378 

CI indicates confidence interval. 

Table 2 

Mean cover and standing crop of ventenata by block and treatment (Cattle Grazing 

study). 

Cover (%) Standing crop (g/m 

2) 

Block Excluded Grazed Excluded Grazed 

A 1.36 9.00 0.98 26.38 

B 7.94 4.63 31.86 25.92 

C 7.76 16.33 17.76 31.66 

D 9.57 18.18 49.97 72.81 
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Figure 2. Ventenata cover (with 95% confidence interval) in response to cattle graz- 

ing exclusion and two fall prescribed fires (2006, 2016) by sampling year. There was 

no evidence ( P > 0.20, Table S2, available online at doi: 10.1016/j.rama.2021.09.003 ) 

for most treatment differences within years, but there was weak evidence that 

cover in the excluded and burned treatment was lower when compared to the 

grazed unburned treatment in 2016 ( P = 0.15; Table S2). 
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as important for ventenata frequency ( P = 0.11), but this varied by

ear (graze ∗ year, P = 0.03). Results for ventenata cover and den-

ity demonstrated weak evidence of a grazing by year interaction

 P = 0.15). 

Pairwise comparisons within sampling year suggest that vente-

ata cover remained low and there was no evidence of a difference

mong treatments in 2008 ( Fig. 2 ). In 2016 there is weak evidence

hat the excluded and burned treatment had about 17% lower cover

ompared with the grazed and unburned treatments ( P = 0.15; Ta-

le S2, available online at doi: 10.1016/j.rama.2021.09.003 ). By 2018,

here was no evidence of a difference ( P = 0.45). There was some

vidence that ventenata was less frequent on the excluded and

urned paddocks as compared with grazed and unburned areas in

008 ( P = 0.08), although the effect size was small (about 7%; Fig.

 ; Table S3, available online at doi: 10.1016/j.rama.2021.09.003 ). By

016, there was strong evidence that ventenata was much more

requent on the grazed and unburned treatment plots (65% vs. 25%;

 = 0.02; see Fig. 3 and Table S3). For the grazed treatment, there

as weak evidence that ventenata was 25% less frequent in ar-

as that were burned ( P = 0.13; see Fig. 3 and Table S3). Similar to

he results for cover, there was no evidence of a difference in fre-

uency among the treatments in 2018. Density was only recorded

n 2016 and 2018. There was no evidence that ventenata density

iffered among the treatments in 2016 ( Fig. 4 ; Table S4 , available

nline at doi: 10.1016/j.rama.2021.09.003 ). But there was some ev-

dence that the grazed and unburned treatments had more than

wice as many (over 800 plants/m 

2 ) ventenata plants as compared

ith excluded treatments regardless of burning ( P = 0.12 for both

omparisons; see Fig. 4 and Table S4). 
Table 3 

Results from repeat measures mixed linear model by response

effects and interactive effects (Grazing and Prescribed Fire stud

Cover Freque

Effect DF F value P DF 

Yr 11.2 13.19 0.0011 11.2 

Burn 12 0.37 0.5558 12 

Graze 12 1.14 0.3066 12 

Burn ∗ Graze 12 0.32 0.5849 12 

Graze ∗ Yr 11.2 2.25 0.1512 11.2 

Burn ∗ Yr 11.2 0.21 0.8165 11.2 

Burn ∗ Graze ∗ Yr 11.2 0.61 0.5584 11.2 

d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 22 Feb 20
se: https://bioone.org/terms-of-use	Access provided by University of Oregon
iscussion 

Our study documents the rapid spread and increase of vente-

ata in the PNB over the past 15 yr, including areas that were not

isturbed by fire or cattle grazing. Our findings are consistent with

 number of other studies documenting the increase in ventenata

hrough time in this region, including forested systems ( Averett

t al. 2016 ) and canyon grasslands near the Zumwalt Prairie pre-

erve ( Johnson et al. 2013 ; Bernards and Morris 2016 ). This inva-

ive species was too rare to analyze in our Cattle Grazing study in
 variable (ventenata cover, frequency, density) for main 

y). 

ncy Density 

F value P DF F value P 

26.81 < .0 0 01 21.6 15.63 0.0 0 07 

0.65 0.4346 24 0.18 0.6744 

2.93 0.1128 24 1.41 0.2468 

1.14 0.3065 24 0.29 0.5925 

5.01 0.0279 21.6 2.17 0.1553 

0.93 0.4217 21.6 0.78 0.3871 

0.59 0.5689 21.6 0.48 0.4958 

22

https://doi.org/10.1016/j.rama.2021.09.003
https://doi.org/10.1016/j.rama.2021.09.003
https://doi.org/10.1016/j.rama.2021.09.003
https://doi.org/10.1016/j.rama.2021.09.003
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Figure 3. Ventenata frequency (with 95% CI) in response to cattle grazing exclusion 

and two fall prescribed fires (2006, 2016) by sampling year. Different letters denote 

strong evidence for differences ( P < 0.05) within sampling year. There was weaker 

evidence that frequency in the excluded and burned treatment was lower when 

compared to the grazed unburned treatment in 2008 ( P = 0.08; Table S3, available 

online at doi: 10.1016/j.rama.2021.09.003 ). 
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Figure 4. Ventenata density (with 95% CI) in response to cattle grazing exclusion 

and two fall prescribed fires (2006, 2016) by sampling year. Evidence for treat- 

ment differences within years was not strong ( P > 0.05; Table S4, available online at 

doi: 10.1016/j.rama.2021.09.003 ), but there was some evidence that ventenata den- 

sity was higher in the unburned and grazed treatments when compared with both 

excluded treatments in 2018 ( P = 0.12 for both comparisons; Table S4). 
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006 but, by 2018, made up 16 −19% of the standing crop in both

xcluded and grazed paddocks. Likewise, ventenata cover and fre- 

uency were both under 20% in 2008 and by 2018 both measures

xceeded 50 −75%, respectively. In addition, we document that ven- 

enata density doubled from 2016 to 2018, regardless of treatment. 

he patterns we report here are all too familiar within invasion

cology, a rapid expansion phase following a lag time during the

ntroductory phase ( Radosevich et al. 2003 ; Morris et al. 2013 ).

hile it is still unknown where the invasion curve will plateau

or ventenata in the PNB, the results of our two studies are useful

or understanding how grazing and fire, individually and together, 

ontribute to this invasion. 

Our findings also raise concerns that fire regimes could be al-

ered by the rising abundance of ventenata in the PNB, especially

n unburned areas. The differences in standing crop between our 

razed and excluded paddocks were not strong, and the above-

round biomass of ventenata was characteristically small ( James 

008 ; McKay et al. 2017 ). On average, standing crop was only

bout 32 g m 

−1 . However, these values may be biologically rel-

vant in a management context since they translate to a 138-kg

a −1 (125-lb acre −1 ) difference between grazed and excluded pad- 

ocks with highly flammable infilling of fuels in late season ( Kerns

t al. 2020 ). In the forested systems of the Blue Mountains in

ortheastern Oregon, for example, there is also concern that in- 

lling of ventenata will provide more fine fuels that alter fire dy-

amics in open sites where native species ground cover is typically

ow (Oliver 2016; Fryer 2017 ). It is still unknown if ventenata will

nfluence fine fuels in a way that initiates a positive feedback cycle

romoting its own invasion, like the annual cheatgrass ( Balch et al.

013 ; Kerns et al. 2020 ). 

attle grazing 

Our Cattle Grazing study did not strongly support our expec- 

ation that paddocks with both cattle (and elk) herbivory would 
aded From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 22 Fe
f Use: https://bioone.org/terms-of-use	Access provided by University of Oregon
ave higher cover and standing crop of ventenata than those ex-

luded from cattle. A lack of strong evidence is consistent with an-

ther study that found no differences in cover of annual grasses

including ventenata) with herbivory by cattle and elk ( Pekin et

l. 2016 ). However, we did find some evidence for an increase in

entenata standing crop in the cattle-grazed areas as compared 

ith areas where cattle were excluded, especially when finer-scale 

lock-related patterns were noted. For three out of the four exper-

mental blocks, the patterns for ventenata standing crop and cover 

uggest that cattle grazing may be exacerbating the ventenata in- 

asion. It is likely that the variability between blocks and our rela-

ively small replication contributed to the limited evidence that we 

ound. This could suggest the possibility that combined herbivory 

y cattle and elk may lead to increased invasion in the future.

his was a retrospective study, and we did not employ different

xperimental stocking rates, which can often reveal significant re- 

ponses owing to soils ( Schmalz et al. 2013 ) and vegetation struc-

ure ( Fuhlendorf et al. 2001 ; Johnson et al. 2011 ). It is possible that

ur findings are related to the overall moderate level of grazing on

he Zumwalt Prairie Preserve, a characteristic of management that 

akes it a model system for positive interactions ( Wyffels 2009 ).

ifferent stocking rates could result in different ventenata cover 

nd standing crop in the future or in other locations. 

Despite our limited number of replicates (blocks), the variabil- 

ty we found among blocks raised interesting questions regarding 

iming of grazing and the increase in ventenata over time. Timing

f grazing affects grass palatability and potentially offers a control 

ethod for undesirable species ( Daubenmire 1940 ; O’Connor and 

ickett 1992 ). However, ventenata is considered unpalatable ( Pavek 

t al. 2011 ) and its late phenological development is suggested to

ontribute to its increase with spring grazing pressure because it is

imply too short to be consumed by cattle while native species are

uch taller (Wallace and Prather 2015). The timing of use could

ontribute to the contrasting pattern in block B because it was

ost often grazed in June (Table S1), when ventenata is still green
b 2022

https://doi.org/10.1016/j.rama.2021.09.003
https://doi.org/10.1016/j.rama.2021.09.003
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nd possibly tall enough to be eaten by cattle. The other blocks

re most often grazed in July or later, when the annual grass has

enesced and is likely least palatable. Future research on grazing

nteractions should include variation in timing of use to fully un-

erstand this dynamic. 

razing and prescribed fire 

As expected, we found no evidence that prescribed burning im-

acted the response of ventenata on its own. These results are also

onsistent with other findings regarding prescribed fire in the PNB

rasslands, as well as annual grasses in other grassland systems.

or example, Taylor and Schmalz (2012) reported that ventenata

requency increased on the Zumwalt Prairie Preserve regardless of

rescribed fire, and a retrospective study showed historical pre-

cribed fire did not appear to affect ventenata cover or frequency

 Ridder et al. 2021 ). Inland forest mosaic communities surrounding

he ZPP are also heavily invaded by ventenata following wildfire

n both unburned and burned areas ( Tortorelli et al. 2020 ). Con-

ersely, our findings differ from other research in the region and

n other grasslands in several ways. For example, Haferkamp et al.

1984) reported an increase in ventenata density after summer fire.

ther studies found ventenata established in trace amounts fol-

owing forest thinning and prescribed fire treatments in Oregon’s

lue Mountain forest systems ( Youngblood et al. 2006 ). Prescribed

urns are hypothesized to reduce the thatch layer created by ven-

enata, which may promote its own seedling survival ( Wallace et

l. 2015 ), although we did not see any evidence to support this

ynamic. 

We did not find interactions between prescribed fire and graz-

ng that would favor ventenata abundance. However, we did find

ome evidence that prescribed burning might make a difference

n areas grazed by livestock. A pattern of lower ventenata when

razed and burned in all three response variables suggests pre-

cribed fire could be an important control factor. For example, we

ound weak evidence that without prescribed fire, livestock graz-

ng alone produced higher ventenata frequency starting in 2008, a

attern that was more strongly supported in 2016. By 2018, vente-

ata abundance was so extensive and pervasive that it seemed to

verwhelm all treatment effects, indicating the invasion may have

eached a plateau phase in invasion ( Radosevich et al. 2003 ; Morris

t al. 2013 ). Further, although density more than doubled by 2018,

e were only able to detect weaker evidence of higher density in

razed but not burned paddocks in 2018, suggesting density levels

ay detect more significant differences in the future. Our findings

re consistent with those in a tallgrass prairie system, where Bro-

us tectorum cover was significantly lower in burned and grazed

lots than in plots that were just grazed ( Collins 1987 ). 

Alternatively, the significant increase in ventenata frequency in

razed-only experimental units in the yr 2016 could be related

o other factors. One possibility is precipitation differences. Our

tudy was not designed to account for precipitation; however, the

r 2015 represented the warmest year on record and total precip-

tation received was 31.9 cm, ≈3 cm lower than the 20 05 −20 08

verage ( Taylor 2016 ). Spring and early fall precipitation patterns

n 2018 were above the 13-yr average for the ZPP (2006 −2018).

pril and May precipitation totals in 2018 also exceeded 145% of

he 13-yr average for those months, followed by a drier than nor-

al July −September. Rainfall in October was close to double the

3-yr average (Thomas and Rossman 2018). Therefore, it is possi-

le the differences we found in 2016 were not detectable in 2018,

hen abundance and production ventenata may have been higher

verall. 

Another possible reason for the patterns we found could relate

o the differences in timing since burns between sampling years.

oth 2008 and 2018 were 2 yr after the last fall prescribed fire. The
d From: https://bioone.org/journals/Rangeland-Ecology-and-Management on 22 Feb 20
se: https://bioone.org/terms-of-use	Access provided by University of Oregon
ampling done in 2016 was 10 yr after the last fire, which could in-

uence results because time since fire can affect temporal patterns

f plant species abundance, structure, and composition ( Bond and

ilgen 1996 ). Unfortunately, there were no data before 2006 for

omparison. Still, our findings seem consistent enough across re-

ponse variables to suggest that livestock grazing without the use

f prescribed fire may have undesirable impacts in terms of vente-

ata abundance in the PNB. 

We caution that there are several limitations to the inferences

or both studies. As described earlier, we did not experimentally

anipulate cattle stocking rates or exclude elk herbivory. In addi-

ion, fine-scale spatial analysis of grazing behavior within burned

atches was beyond the scope of this study. Therefore, further re-

earch is necessary to fully understand time of use, stocking rates,

xclusion of native herbivory, and patch-burn grazing impacts. It

s also possible that differences in site conditions, soils, and plant

ommunity play a confounding role in our results. For example,

ndress et al. (2020) found that ventenata distribution and abun-

ance can be related to location in either xeric, mesic, or reseeded

ld fields. Interactions between livestock grazing, soil parent ma-

erial, and topography may have influenced the abundance of ven-

enata as they did in Bryant et al. (2013) . Likewise, the findings in

ur fire and grazing study only relate to fall prescribed fire in this

rassland type. Ventenata may have different fire dynamics across

ifferent ecosystems ( Ridder et al. 2021 ). In addition, we did not

xperimentally manipulate fire intensity, timing of burn, or pre-

reatments that reduce the fuel load and can also impact fire sever-

ty ( D’Antonio et al. 2003 ). Burn severity indices on our experimen-

al units never reached a heavily burned category for substrate, the

nly class that may have affected ventenata seeds at this time of

ear ( Movich and Schmalz 2016 ). Season of burn could impact fire

everity, but even more so, a spring or summer burn could have

ore impact on ventenata seed before seed shattering. Further re-

earch should be done to determine the effect of timing of pre-

cribed fire on ventenata abundance. 

anagement Implications 

Our study illustrates an overall trend showing the rapid spread

nd increase of ventenata in the PNB over the past 15 yr regardless

f fall prescribed fire or cattle grazing. Taken together, the findings

rom our two studies suggest that livestock grazing with extant elk

erbivory could be related to increasing ventenata abundance in

he PNB, though more research is needed to understand how dif-

erent grazing systems can influence that outcome. Moreover, our

ndings highlight the management implications of prescribed fire

s a necessary disturbance for mitigating invasion in grazed grass-

ands. Fall prescribed fire does not appear to effectively contain the

pread of ventenata. However, the overall pattern of higher vente-

ata cover, frequency, and density where livestock are grazed with-

ut prescribed fire suggests prescribed fire could be a factor con-

ributing to reduced abundance when grazed and burned. If so,

rescribed fire could be an effective management tool to reduce

entenata where livestock grazing occurs. 

Finally, as a winter annual grass, ventenata control and manage-

ent considerations are often grouped with cheatgrass and other

nvasive winter annuals ( Nyamai et al. 2011 ). Ventenata differs

nough from other invasive winter annual grasses in both phe-

ology and plant traits that it requires a closer study of the dy-

amics that influence its invasion success, particularly the role

re plays in facilitating or controlling its spread ( James 2008 ;

ansal et al. 2014 ; Rinella et al. 2014 ; Fryer 2017 ; McKay et al.

017 ). We did not find evidence that fall prescribed fire exacer-

ates ventenata invasion by increasing its cover, frequency, and

ensity like has been found with cheatgrass in the Great Basin

 Young and Evans 1978 ). These findings add support to previ-
22
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us studies suggesting that managers may be able to reintroduce 

rescribed fire to this system without high risk of conversion to

entenata and where the native system is still intact ( Taylor and

chmalz 2012 ; Mackey 2014 ; Ridder et al. 2021 ). These studies fur-

her illustrate the important differences between ventenata and 

ther invasive winter annuals in grasslands, highlighting a need for 

esearch that focuses primarily on the dynamics between this rel- 

tively new exotic species in grasslands and the many ecosystems 

t now inhabits. 
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