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Arthropods as the Missing Link to Understanding the Ecological Impact of an Invasive 

Plant, Brassica tournefortii 

 

Introduction and Research Aims: 

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

U.S. deserts. B. 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. However the 

mechanism driving these declines has not been thoroughly resolved. Without this knowledge, 

control efforts bear the unnecessary risk of secondary negative impacts on other conservation 

targets. This proposal acts as a first step in elucidating the mechanisms by which an invasive 

plant impacts neighboring plants and animals through identifying arthropods affected by the 

presence of B. tournefortii. Greater insight into this complex food web, and the nature of B. 

tournefortii’s impact, may facilitate the development of appropriate management strategies for 

ameliorating at least some of the threat posed to native species.   

 

Background:  

The extensive nature of the problems caused by invasive species has made understanding and 

mitigating invasions a top priority for scientists and policymakers. Exotic species invasions, 

which can be viewed as biological perturbations, also present a novel opportunity to explore 

questions regarding food web structure and community stability. Does the invading plant escape 

herbivory as proposed by the enemy release hypothesis, or is it subject to greater herbivory 

pressure than natives, as shown in a meta-analysis by Parker et al. (2006)? Do herbivores that 

“switch” onto the exotic plant enjoy enemy-free space, as noted by Jeffries & Lawton (1984), 

and if so what are the consequences for vegetation dynamics (Agrawal et al. 2006)? A refined 

understanding of the invaded food web dynamics will improve decision-making by local land 

managers and governmental agencies in their efforts to mitigate invasive species’ impacts.  

Brassica tournefortii Gouan (Sahara mustard, African mustard, Asian mustard) originates 

from North Africa, the Middle East and the Mediterranean region of southern Europe (Baldwin 

et al. 2002). The species was first recorded in North America in Coachella, California in 1927, 

likely an escaped contaminant of imported date palm. Initially rare, B. tournefortii seems to have 

experienced explosive population growth and spread during the 1970s (Minnich & Sanders 

2000). B. 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 B. 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. This leads to a dense canopy of mustard that 

pre-empts space and light required by natives. The canopy persists for up to 3 years, long after 

the plants have senesced and native plant biomass has been degraded. This results in a negative 

feedback that over time decreases native seed production and increases the dominance of B. 

tournefortii. The high mustard biomass may also inflate insect herbivore populations, leading to 

spillover herbivory on native plants and further decline of native species (C. Barrows, pers. 
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comm.). However, controlled tests of whether B. tournefortii promotes native plant decline via 

apparent competition are lacking.  

In addition to impacts on native plants, it has been suggested that B. tournefortii’s 

invasion has contributed to the decline of the endangered Coachella Valley Fringe-toed Lizard 

Uma inornata Cope. Over 2 field seasons, Barrows et al. (2009) found that lizard densities were 

significantly higher in weeded plots relative to control plots, in which B. tournefortii dominated. 

In dry seasons when mustard did not germinate, control plots that had previously supported high 

mustard density and few lizards, now supported lizard densities comparable to the previously 

weeded plots. The mechanism for this effect on lizard abundance is unclear, though it may be 

related to differential availability of arthropod prey (Barrows et al. 2009). How arthropods 

interact with and are affected by the presence of B. tournefortii in southwestern U.S deserts is 

unknown. 

This proposal is a first step in determining the community-wide impact of an invasive 

plant in Southern California desert ecosystems. Surveys of invaded, weeded, and uninvaded sites 

will be used to elucidate B. tournefortii’s effects on native plants and arthropods, providing 

insight into the nature of effects that manifest at higher trophic levels. Statistical modeling will 

be used to evaluate the relative importance of various direct and indirect effects of B. tournefortii 

on the diversity and abundance of arthropods and native plants. A companion greenhouse study 

will evaluate the attractiveness and value of B. tournefortii for common herbivores, relative to a 

selection of native plants, as a first step in determining whether B. tournefortii exacerbates 

herbivory on natives.  

 

Research Plan: 

1. Field surveys: Sites within the Coachella Valley National Wildlife Refuge will be selected for 

season-long monitoring in January 2013. In heavily B. tournefortii-invaded areas we will 

establish 10 pairs of 100 m
2 

plots. For one plot from each pair we will use a combination of 

early-season herbicide application followed by hand weeding to generate a “weeded” treatment. 

The other plot pair will serve as an un-manipulated “invaded” plot. Finally, we will attempt to 

identify nearby relatively “un-invaded” plots to use as third habitat treatment, though given the 

extent of the B. tournefortii invasion in the region these plots may not be in close proximity to 

the other treatments. Within each of the 30 replicate plots plant and arthropod surveys will be 

conducted twice monthly until senescence of all annual plants (approximately January – June 

2013). Sampling will begin again upon germination of B. tournefortii in late fall of 2013 

(October – November). Plant monitoring will consist of the random placement of five 1 m
2
 

quadrats within each plot at each survey for continual measurement of plant species richness and 

cover throughout the growing season. Arthropod monitoring will consist of pitfall trapping, 

sweep netting, vacuum sampling and pan traps within each plot. We will also conduct direct 

observations of pollinators during periods when plants are flowering. Sampling effort will be 

standardized among the plots. Arthropods collected will be returned to the lab for identification 

to the finest taxonomic scale possible, and classified as one or more of the following functional 

groups: detritivore, herbivore (including seed predators), natural enemy (predator or parasitoid), 

pollinator, and then will subsequently remain in storage at UCR.  

Analysis: First, as a test of the overall effect of B. tournefortii, we will use a suite of 

linear mixed-effects models (Crawley 2009) to compare the diversity and abundance of 

arthropods and native plants over the season among the three habitat treatments (i.e. uninvaded, 

invaded, weeded). Next, we will use structural equation modeling (Raykov & Marcoulides 2006) 
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to evaluate the relative strength of various direct and indirect effects of B. 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 B. tournefortii disrupts community structure and contributes to native 

species decline. 

2. Greenhouse experiment: A companion greenhouse experiment will evaluate direct and indirect 

sources of competition between B. tournefortii and native annual plants. For this experiment we 

will use two native annuals that are common in the Coachella Valley National Wildlife Refuge, 

Geraea canescens Torrey & Gray (Desert Sunflower) and Chaenactis fremontii Gray (Desert 

Pincushion). A competition experiment between these two native plants and B. tournefortii will 

be conducted in greenhouse space at UCR. Replicate 1.5 gallon pots will hold two individual 

plants in one of 5 treatments: single-species treatments with one of the natives or B. tournefortii, 

or mixed species treatments with one native plus B. tournefortii. This competition experiment 

will be conducted in the absence of herbivory as well as in the presence of one of two generalist 

herbivores that are common in Coachella Valley. Chlorocroa sayi Stal, (Say’s stinkbug; 

Hemiptera: Pentatomidae) is a naturalized generalist herbivore and agricultural pest ( Hills & 

Mckinney 1946; Jacobson 1965), whereas Bagrada hilaris Burmeister (Painted bug; Hemiptera: 

Pentatomidae) is a recent invasive generalist herbivore in California since 2008 and is 

particularly damaging to Brassicaceous crops (Singh & Malik 1993; Arakelian 2008; Palumbo & 

Natwick 2010). For herbivore treatments, the potted plants will be placed into 40x40x40 cm 

insect-proof mesh cages and then 5 late-instar nymphs of one of the two species will be 

introduced into the cages. There will be 5 replicates of each of the 15 plant-herbivore 

combinations. We will monitor regularly insects in each of the cages; every 2 to 3 days for the 

first few weeks, then weekly afterwards. For the mixed-plant treatments at each census we will 

also note the number of insects on B. tournefortii versus the native. After 3 months any surviving 

insects will be collected and weighed, then several plant measurements will be made, including: 

height, aboveground mass, belowground mass, leaf C:N, flower number, and silique mass.  

Analysis: Plant responses will be compared among plant and herbivore treatments using a 

two-way MANOVA (Crawley 2009). Herbivore performance (i.e. development to adulthood, 

survival) will be compared among plant and herbivore treatments using parametric survival 

analysis (Crawley 2009). Finally, herbivore preference in the mixed-plant treatments will be 

analyzed by comparing the fraction of stinkbugs on B. tournefortii over time using a set of 

generalized linear mixed-effects models with Poisson error (Crawley 2009). Most notably, 

higher herbivore performance and lower native plant performance in the presence of B. 

tournefortii would be consistent with spillover herbivory onto the native plants.   
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