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Community-wide and species-level impacts of Brassica tournefortii in the Coachella Valley 
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Introduction and Research Aims: 

Sahara Mustard, Brassica tournefortii Gouan, is a noxious invasive annual plant in southwestern 

U.S. deserts. Br. tournefortii is rapidly spreading across southern California, including the 

Shipley-Skinner Reserve and much of Riverside County. Negative impacts of the mustard on 

native plant and vertebrate species diversity and abundance have been documented. Our 

research, previously funded by the Shipley-Skinner – Riverside County Endowment, has 

revealed a trend in decreased arthropod species richness along a series of transects established at 

the Oasis de Los Osos UC Natural Reserve. Transects encompass a shift in plant community, 

increasing aridity, and increasing dominance of Br. tournefortii. Arthropods may serve as the 

missing link to understanding Br. tournefortii impact on sensitive native species, including 

vertebrates and plants. This proposal serves to continue ongoing research into the mechanisms of 

invader impact. Continuation of ongoing field surveys, and execution of a large manipulative 

experiment at UCR Agricultural Operations will yield greater insight into the mechanisms by 

which Br. tournefortii exerts ecosystem-wide impacts. This will inform Br. tournefortii 

management strategies at the Shipley-Skinner Reserve, and throughout the southwestern U.S.  

Background: 

Br. tournefortii is listed by the California Exotic Pest Plant Council in category A-2 as a 

regionally aggressive invasive wild land pest (CalEPPC 1999), and poses a significant threat to 

the conservation of desert biodiversity in the southwestern U.S. (Schiermeier, 2005). Its most 

apparent impact has been the displacement of native annual plants. The success and dominance 

of Br. tournefortii stems from its accelerated phenology (Marushia, 2009). Following late fall 

rains, it monopolizes soil moisture, germinating 1-2 months before natives and grows rapidly to 

reach flowering and seed set early in the spring. Dense stands of mustard, in addition to reducing 

native plant cover, may also obscure the few natives which do germinate from detection by 

native arthropods (Harvey & Fortuna, 2012). Landscape-level changes in plant community 

diversity and distributions threaten the persistence of native arthropod herbivores, pollinators, 

predators, parasitoids and detritivores.  

High mustard biomass may also inflate populations of an invasive pest herbivore, leading to 

spillover herbivory on native plants and further decline of native species (C. Barrows, pers. 

comm.). Bagrada hilaris (Heteroptera: Pentatomidae) is an invasive plant-feeding stinkbug that 

first appeared in Los Angeles, California in 2008 (Arakelian, 2008). Since then, it has rapidly 

spread throughout the southwestern U.S., currently present throughout southern California, 

Arizona, southern Nevada, New Mexico and western Texas (Bundy, Grasswitz, & Sutherland, 

2012; Reed, Palumbo, Perring, & May, 2013). Ba. hilaris has been commonly observed in wild 

lands and along roadsides feeding on Br. tournefortii throughout southern California, particularly 

in arid regions where Br. tournefortii is dominant. Dense stands of Br. tournefortii provide ample 

food and shelter for Ba. hilaris throughout most of the year, especially when little else is present 

in harsh and dry desert environments.  

In spring 2010, observations of Ba. hilaris feeding en masse on the native shrub Atriplex 

canescens (Capparaceae; Four-winged saltbush) were made in spring 2010 throughout southern 

California’s Colorado Desert (C. Barrows & L. Hendrickson, pers. obs.). A. canescens is an 
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essential foundation species in this habitat, providing critical microclimates for native plants and 

animals, both above and belowground. These large shrubs also promote greater plant diversity, 

both aboveground and in the soil seedbank.  Ba. hilaris were observed on A. canescens at such 

high densities that their feeding damage caused widespread mortality. Threats to this single 

species have the potential to negatively impact many other native plant and animal species 

through a ‘bottom-up cascade’ (Kagata & Ohgushi, 2005). Disentangling the multiple forces 

influencing the presence and abundance of Ba. hilaris feeding on A. canescens is vital to 

effective preservation and management of desert wild lands. The role of Br. tournefortii in 

promoting spillover herbivory and native plant decline requires further investigation.  

This is an excellent system in which to explore the role of apparent competition and other 

indirect effects in mediating invader impacts. Mathematical models of predation and parasitism 

have generated many predictions of the conditions promoting coexistence and exclusion in 

indirectly competing species. A species with “weaker immunity,” is able to utilize its higher 

pathogen load to cross-infect its competitor and thus increase its own fitness (Wodarz & Sasaki, 

2004); are Br. tournefortii populations similarly harboring large loads of Ba. hilaris herbivores 

and subjecting A. canescens to increased rates of herbivory? Alternatively, perhaps Br. 

tournefortii could be considered a resource subsidy to Ba. hilaris feeding on A. canescens. At 

low to medium subsidy levels (Br. tournefortii density), the prey A. canescens is able to persist, 

but at high levels, A. canescens extinction is predicted (W. B. Anderson & Polis, 2004; Polis, 

Anderson, & Holt, 1997).  

The proposed research has two aims: (1) identify shifts in community composition and species 

diversity associated with a naturally occurring gradient in Br. tournefortii invasion intensity; (2) 

quantify the direct and indirect effects of an invasive plant, Br. tournefortii, and an invasive 

insect, Ba. hilaris, on a native shrub, A. canescens. These complementary research goals will 

provide both community-level data, informing management strategies at the landscape scale, and 

species-level data, informing more targeted efforts to protect critical foundation species.  

Research Plan: 

Q1:  How does Br. tournefortii presence and abundance influence arthropod communities? 

Design: Twelve 32 m transects of five plots each have been established ~100 m apart at the 

Oasis de los Osos UC Natural Reserve.  Transects are adjacent and perpendicular to a perennial 

stream, surface flows are regularly present at transects 1-3, and are present at all 12 transects 

immediately following rainfall. Five plots within each transect are placed at 0, 4, 8, 16 and 32 m 

from the stream channel bank. At each plot, one pitfall trap and one set of three pan traps (blue, 

white and yellow to attract all pollinators) are deployed for 24 h twice monthly. Plant species 

identity and percent cover within a ½ m x ½ m quadrat at each plot are also recorded twice 

monthly.  

Rationale: Previous research has identified relationships among Br. tournefortii and arthropod 

community composition. In particular, detritivorous arthropods tend to experience strongest 

negative impacts (Hulton VanTassel et al., 2013). The proposed research is conducted in similar 

habitats as prior studies (Barrows, Allen, Brooks, & Allen, 2009), but is complementary in 

experimental design. Sampling methods of prior studies were limited to dry pitfall traps, with 

extensive spatial and temporal coverage, but low resolution. Such a sampling design results in 

samples biased toward ground-dwelling, flightless arthropods. The ongoing study proposed here 

will complement prior research by enhanced sampling to include arthropods of more varied life 
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histories and greater mobility. In addition, while the study proposed here is of limited spatial and 

temporal extent, it does have dramatically increased spatial and temporal resolution.  

Statistical Analysis: First, we will use ordination procedures (e.g. non-metric multidimensional 

scaling) for heuristic explorations of the community data (Quinn & Keough, 2002).  As a test of 

the overall effect of Br. tournefortii, we will use a suite of linear mixed-effects models (Crawley 

2009) to compare the diversity and abundance of arthropods and native plants among transects, 

ranked by total percent cover of Br. tournefortii. Next, we will use structural equation modeling 

(Raykov & Marcoulides 2006) to evaluate the relative strength of various direct and indirect 

effects of Br. tournefortii on the season-long abundance of arthropod functional groups (e.g., 

detritivores, herbivores, natural enemies, pollinators) and native plant cover. Collectively these 

analyses will provide insight into the mechanism by which Br. tournefortii disrupts community 

structure and contributes to native species decline. 

Preliminary Data: Surveys have been ongoing since November 2013. Arthropods from the first 

three collection periods (November 19-20, 2013, December 4-5, 2013, and December 16-17, 

2013) have been identified to morpho-species. From these sampling dates, 3275 specimens in 19 

orders were collected, comprising 379 morpho-species. Lower morpho-species richness has been 

identified in “lower” transects where Br. tournefortii is generally more abundant. Non-metric 

multidimensional scaling has revealed a distinction in arthropod communities between “upper” 

transects 1-7 and “lower” transects 8-12. 

Q2: How does the density and senescence synchrony of Br. tournefortii influence Ba. hilaris 

population size and feeding impact on A. canescens? 

Design: Sixty field cages (5.8 m
3
) will be established at UCR’s Agricultural Operations, 

containing one A. canescens surrounded by varying densities of Br. tournefortii, all planted 

within pots to exclude competitive and allelopathic effects. Low (9 individuals), medium (18 

individuals) and high (36 individuals) densities of Br. tournefortii will be utilized. Ba. hilaris 

will be introduced to half of all cages following establishment (“presence” treatment). 

Senescence will be induced at 0%, 33%, 100% one month after experiment initiation by clipping 

at the soil interface (see Fig. 1 for further details). Weekly surveys of each field cage will be 

conducted to determine: total Ba. hilaris population size, presence and density of Ba. hilaris on 

A. canescens and an estimate of Ba. hilaris feeding damage on A. canescens (examination of a 

random sample of leaves). Upon conclusion of the experiment, total biomass of all A. canescens 

individuals, Br. tournefortii individuals, and population size of Ba. hilaris will be assessed. Plant 

leaf samples will be submitted for C:N ratio and isotope analysis for physiological indications of 

plant health and performance. 

Rationale: As density of Br. tournefortii increases, the availability of food and shelter for Ba. 

hilaris also increases. Br. tournefortii is a preferred source of food for Ba. hilaris, and promotes 

increased reproductive output in lab-reared colonies (O’Neill, unpublished data).  This will 

support larger bug populations which are more likely to spillover on to A. canescens and inflict 

more severe herbivory damage. Ba. hilaris faced with synchronously senescencing Br. 

tournefortii will be more likely to spill over onto A. canescens.  

Statistical Analysis: Logistic regression will be utilized to identify a relationship between Br. 

tournefortii density and the persistence of Ba. hilaris following introduction. Linear mixed-

effects models will assess final Ba. hilaris population size as a function of Br. tournefortii 

density. Survival analysis will be used to compare relative rates at which Ba. hilaris begin 
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feeding on A. canescens among treatments (first detection of Ba. hilaris on A. canescens) as well 

as to compare time to A. canescens mortality as a function of Br. tournefortii density.  

Multivariate analyses will examine the effect of Br. tournefortii density, with Ba. hilaris 

population size as a covariate, on A. canescens final biomass. Generalized linear models will 

detect effects of senescence on the extent of feeding damage on A. canescens.  

 

 

 

 

 

 

Significance 

The proposed research combines the perspectives obtained from a range of ecological scales – 

from the macro-scale of multiple transects to the meso-scale of individual transects and plots, 

and finally the micro-scale of individual species interactions. This valuable approach will 

generate a more complete and accurate understanding of the dynamics of whole community 

responses and mechanisms driving observed species interaction outcomes.  

Our field surveys began in a drought year, during which Br. tournefortii germination occurred 

largely much later than is typical. This may have dampened effects on native arthropods, by 

minimizing invader density upon the onset of spring and warm temperatures. Most Br. 

tournefortii individuals present at the Oasis de Los Osos Natural Reserve currently are still 

rosettes, and have not yet bolted. While recent rains have elicited a carpet of Br. tournefortii over 

the desert floor, a “mustard canopy” has not yet been present – perhaps this structural change to 

the plant community drives arthropod responses which have yet to be detected. For these 

reasons, continuation of bimonthly surveys and data collection are imperative to document the 

true extent and mechanisms of Br. tournefortii impacts. 

Beyond the detection of invasional meltdown, the proposed research will identify specific 

mechanisms leading to reciprocal facilitation between an invasive plant and invasive insect 

herbivore. Data generated from this research will provide local land managers and natural 

resource agencies with specific thresholds of Br. tournefortii density and Ba. hilaris density in 

average year and drought year circumstances leading to native plant impacts. These thresholds 

will aid in management planning and allocation of resources to achieve the greatest conservation 
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Figure 1: Graphical representation of experimental design, numbers in cells denote level of replication. Upper 

horizontal axis denotes Brassica tournefortii treatment: None (0 individuals), Low (9 individuals), Medium (18 

individuals), High (36 individuals). Left vertical axis denotes Bagrada hilaris treatment: Absent (0 individuals), 

Present (100 individuals). Lower horizontal axis denotes Brassica tournefortii senescence treatment: 0% clipped, 

33% clipped, 100% clipped. Cells with “-“ indicate impossible treatment combinations (i.e. clipping 100% of 0 

Brassica tournefortiii individuals). 
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value. Additionally, this project will provide foundational data that will be invaluable in the 

event of additional exotic species invading this habitat and potentially expanding this invasional 

meltdown network. 
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