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Impact of an invasive plant, Brassica tournefortii, on native arthropods in southern California desert habitat 

Background: Invasive species have far-reaching, extensive negative impacts on ecosystems throughout the world 

(IUCN 2000; Mack et al. 2000). The tremendous nature of this problem has made understanding, mitigating and 

preventing future invasions a top priority for scientists and policymakers (CBD 2002). Of particular importance are 

the catastrophic losses in biodiversity and disappearing ecosystem services caused by the homogenization of 

ecosystems (Mack et al. 2000; Vitousek et al. 1997). Despite the vast expanse of damaging effects of invasive 

organisms, these species do present the novel opportunity to test hypotheses of community ecology in a “natural” 

setting. The addition of exotics and deletion of natives is known to alter community traits such as stability, 

productivity, and resource availability. Invaded communities are particularly valuable in studies examining the 

processes of community assembly and the relative influence of top-down and bottom-up effects. As invasions spread 

across habitat types, differing geographies and climatic regimes have the potential to affect the impact of the 

invasive species on its new biotic and abiotic environment. Through evaluations of communities which have been 

invaded and manipulations via removal of an invasive species, this proposal aims to determine the impact of an 

invasive on native organisms in the same and higher trophic levels. This will elucidate the relative influence of 

factors regulating community assembly and ecological resilience across habitat types. 

Study System: Sahara Mustard, Brassica tournefortii Gouan is an herbaceous winter annual native to arid and semi-

arid regions of North Africa, the Middle East and southern Europe. In high-biodiversity wilderness areas of 

southwestern U.S. deserts, and increasingly in the biodiversity hotspot of the California floristic province, this 

species is a noxious invasive weed (Myers et al. 2000; R. A. Mittermeier et al. 2003; USDA-NRCS 2013). B. 

tournefortii responds rapidly to precipitation events, creating population explosions in years of above average 

rainfall (Minnich & Sanders 2000). B. tournefortii germinates much earlier and has a more rapid phenology than 

native annuals in its invaded range (Marushia 2009). This species is listed by the California Exotic Pest Plant 

Council in category A-2 as a regionally aggressive invasive wildland pest (Anderson et al. 1999) and by the 

California Invasive Plant Council in the “High” category of invasiveness (Cal-IPC 2006). Historically, it has been of 

particular concern in southern California deserts, near the likely site of original introduction: Coachella, CA 

(Minnich & Sanders 2000). B. tournefortii tends to germinate in high percentages early in the growing season 

(Bangle et al. 2008), prior to native annuals with more precise germination requirements or later germination (Went 

1949). Consequently, B. tournefortii often forms dense stands throughout desert habitat, inhibiting the germination 

and growth of native annuals via means of shade and crowding. 

It is readily found in dense stands along roadsides and other disturbed habitats, and spreads from these source 

populations into adjacent valley floors, rocky hillsides and sand dunes (Schiermeier 2005).  B. tournefortii has 

spread along highways from the Sonoran desert in southern California, northward into the Mojave desert and 

westward into the Colorado plateau via transport by passing traffic. The weed is present in especially high densities 

along paved highways and in sandy berms along roadsides (Matthew L. Brooks & Lair 2005).  

Presently, B. tournefortii is becoming increasingly dense in coastal sage scrub habitats along the California coast. 

Despite the loss of up to 85% of its historical range (Westman 1981), coastal sage scrub habitats host a large number 

of endemic and agency-listed species (Atwood 1993; McCaull 1994). These habitats experience greater rainfall and 

a more temperate climate than the inland deserts from which B. tournefortii has spread.  

As B. tournefortii continues to increase its dominance and range in southern California, proactive efforts are needed 

to protect and conserve the existing diversity. To most effectively plan and implement conservation strategies, those 

species most likely to be negatively impacted by B. tournefortii must be identified. This projects aims to identify 

arthropods susceptible to B. tournefortii invasion in the Colorado Desert of southern California.  

Arthropods are critically important members of desert communities, as the largest consumers of primary 

productivity, and the most diverse predators in these communities (Polis 1991). Little is known of the impacts of B. 

tournefortii on arthropods. However, negative impacts have been documented on the insectivorous, endangered 

Coachella Valley Fringe-toed Lizard, Uma inornata Cope (Barrows et al. 2009). The mechanism of this negative 

impact remains to be elucidated.  

B. tournefortii may affect arthropods in several ways. Through its rapid and early growth, B. tournefortii provides 

both structural habitat and food for arthropods early in the season, potentially altering seasonal population dynamics 

of competitors, predators/prey, mutualists, and other interacting species. By growing in dense monospecific stands 
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with up to hundreds of flowers per plant, B. tournefortii may be obscuring other native plants from detection by 

herbivores and/or pollinators through alterations in the structural and chemical environment (Harvey & Fortuna 

2012). In such cases, herbivore switching from natives to an exotic plant may interfere with predator abilities to 

locate prey. 

The Boyd Deep Canyon Reserve and Coachella Valley National Wildlife Refuge will be critical field sites for 

conducting this research. These sites are located in a key area of B. tournefortii invasion providing the opportunity 

to study the ecology and impact of this invasive plant across gradients of invasion. Comparisons between sites 

experiencing heavy invasion and little or no invasion in such similar habitats could not be achieved without use of 

the Boyd Deep Canyon reserve. Appropriate permits have been acquired from the USFWS for Coachella Valley 

National Wildlife Refuge. 

Prediction 1: Invaded sites will experience a loss of functionally critical arthropod species (pollinators, 

keystone predators), further reducing community stability, resilience and diversity. 

Rationale: The local dominance of B. tournefortii in invaded sites will exclude other plant species upon which native 

species of arthropods rely. This will strain plant-pollinator mutualisms, reduce the diversity (and perhaps quality) of 

food available for herbivores and detritivores, and ultimately cause reduction of population sizes for species at these 

trophic levels. Predators and omnivores will experiences a reduction in food supply, and the drastically altered and 

homogenized landscape will impede their ability to locate prey. Such harsh effects on multiple trophic levels will 

destabilize the system, leading to population crashes and local extinctions.  

Methods: Through surveys of the invaded, weeded and non-invaded sites, overall differences in the diversity and 

abundance of arthropods and native plants will be determined. Ten 10 m
2
 plots will be established invaded sites at 

Coachella Valley NWR. Five sites will be hand-weeded to remove all B. tournefortii. An additional five plots will 

be established at Boyd Deep Canyon Reserve for a “non-invaded” site comparison. All plots will be placed at least 

10 m apart. Percent cover of all plant species present within a 1 m quadrat within each plot will be measured on a 

monthly basis. Concurrently, pitfall traps, sweep netting, malaise traps and direct observations of pollinators will be 

utilized to extensively sample for arthropods in each plot. Arthropods will be identified to species level and 

classified as one or more of the following: detritivore, herbivore, omnivore, predator, parasitoid, parasite, pollinator. 

These data will enable us to examine the impact of B. tournefortii on arthropods of various taxonomic and trophic 

groups. 

Prediction 2: In the presence of B. tournefortii, native plants experience 1) a reduction in herbivory and 2) a 

decrease in number of visits by pollinators. 

Rationale: Dense stands of B. tournefortii can obscure detection of native plants by herbivores and pollinators 

through physical and chemical means. These stands provide a vast food source for herbivores and hundreds to 

thousands of flowers for pollinators. While native plants will benefit from a decrease in herbivory damage, reduction 

in pollination will reduce reproductive output, further diminishing the presence of native annuals. 

Methods: Within each plot, herbivory will be measured by estimating herbivore damage on ten randomly selected 

leaves from a focal native plant on a weekly basis. (Selection of the native plant species is currently pending – the 

same species will be utilized at all both sites.) Timed visual surveys for pollinators will be conducted on the same 

individual plants on a weekly basis. These data will enable us to examine the impact of B. tournefortii on native 

plants along a climatic and geographic gradient throughout southern California.  

Significance: Invasive species negatively impact ecosystems throughout the world. However, impacts are often 

measured on species within the trophic level of the invader, or within 1-2 trophic links. The proposed study intends 

to examine impacts on species of several trophic levels and interaction types. This broad community-scale measure 

of impact will begin to reveal the complex interactions between native and invasive species, providing insight into 

mechanisms that structure food webs and whole communities. This work will provide crucial management 

information for land managers on the impacts of the invasive B. tournefortii on native arthropods.  
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