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Invasional meltdown: Facilitation between an invasive insect and an invasive plant 

The invasion of Bagrada hilaris in southern California has been extremely rapid and caused both 

severe economic and ecological impacts. Ba. hilaris is a plant-feeding stinkbug with an apparent 

preference for plants in the mustard family, Brassicaceae. It is native to Africa, India and Asia 

(1) and first appeared in Los Angeles County, CA in 2008 (2). It is currently present in 

California, Arizona, Nevada and New Mexico (3), and its range is still expanding (4). 

Detrimental impacts of this pest have been well documented on Brassicaceae crops  in southern 

California and Arizona (5), with losses of up to 60% in newly planted broccoli fields (4). 

While the presence of Ba. hilaris in agricultural fields has been well documented, could these 

crop plants have supported the rapid explosion in populations and range size that has been 

observed? Indeed, the success of Ba. hilaris is more likely due to the widespread dominance of 

Brassica tourneforti an aggressively invasive mustard. 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. Br. tournefortii’s rapid phenology 

(6) provides abundant food for Ba. hilaris much earlier in the year than is possible with crops 

and native plants, supporting substantial population growth. 

Observations of Ba. hilaris feeding en masse on the native shrub Atriplex canescens were made 

in spring 2010 in the Coachella Valley of southern California’s Colorado Desert. A. canescens is 

an essential foundation species in this habitat, providing critical microclimates for native plants 

and animals. They also promote plant diversity beneath their canopy, 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.’ 

Disentangling the multiple forces influencing facilitation between Ba. hilaris and Br. tournefortii 

is vital to effective preservation and management of desert wild lands. To elucidate 

mechanisms driving invasional meltdown, the experiment described below will identify 

conditions leading to spillover herbivory, as well as herbivory damage thresholds beyond 

which A. canescens mortality occurs. 

Hypotheses & Rationale 

1: Br. tournefortii density mediates Ba. hilaris population size. 

Increasing Br. tournefortii density increases available food and shelter for Ba. hilaris. Br. 

tournefortii is a preferred source of food for Ba. hilaris, and promotes increased reproductive 

output in lab-reared colonies (O’Neill, unpublished data). 

2: Br. tournefortii density mediates feeding impact on A. canescens. 

Larger populations of Ba. hilaris supported by increasing Br. tournefortii density are more likely 

to spillover on to A. canescens and will inflict more severe herbivory damage, increasing 

likelihood of mortality. 

3: Synchrony in B. tournefortii senescence influences likelihood of spillover herbivory. 
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Ba. hilaris faced with synchronously senescencing Br. tournefortii will be more likely to spill 

over onto A. canescens in search of food. This will be most evident when initial Br. tournefortii 

density is high and resulting Ba. hilaris populations large. 

Experimental Design 

Field cages will be established at UC Riverside’s Agricultural Operations and Citrus Experiment 

Station. Each cage (6 ft. by 6 ft. by 6 ft.) will contain one A. canescens individual planted in the 

center and varying densities of B. tournefortii individuals surrounding it. B tournefortii will be 

planted equidistantly around A. canescens in one of four treatments: control (0 plants), low (9 

plants), medium (18 plants) or high density (36 plants). All plants will be placed in the ground 

within plastic pots to exclude effects of plant competition or allelopathy. 

100 Ba. hilaris will be introduced in presence treatments. Senescence treatments will consist of 3 

levels (0%, 33%, 100%) of Br. tournefortii individuals in replicate cages being clipped at the 

stem-soil interface 45 days following initiation, effectively killing plants simultaneously. This 

treatment will identify levels of resource reduction promoting spillover. 

Each level of Br. tournefortii density and Ba. hilaris presence will be crossed with each 

senescence treatment in a factorial design. 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 feeding damage on A. canescens. Upon conclusion of the experiment, total 

biomass of all A. canescens individuals, Br. tournefortii individuals, and population size of Ba. 

hilaris will be assessed. Leaf C:N ratios of A. canescens will be measured. 

Analysis: Logistic regression will relate Br. tournefortii density and persistence of Ba. hilaris. 

Linear mixed-effects models will assess Ba. hilaris population size as a function of Br. 

tournefortii density. Survival analysis will compare relative rates of Ba. hilaris feeding on A. 

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

Multivariate analyses will examine effects of Br. tournefortii density, with Ba. hilaris population 

size as a covariate, on A. canescens final biomass and leaf C:N. Generalized linear models will 

detect effects of senescence synchrony on feeding damage to A. canescens. Logistic regression 

will relate senescence synchrony to likelihood of feeding on A. canescens. 

Significance: The interaction between Br. tournefortii and Ba. hilaris in California is very new. 

Such “before and after” data is critical to the advancement of invasion ecology and further 

understanding of invasional meltdown in nature. Many investigations in invasion ecology take a 

‘post-hoc’ approach to understanding mechanisms and interactions; this novel study utilizes an ‘a 

priori’ approach, yielding significantly more powerful results. Additionally, this project will 

provide foundational data that will be invaluable in the event of additional exotic species 

invading this habitat and expanding this invasional meltdown network. 

The proposed research will be a valuable contribution to our current understanding of invasional 

meltdown in natural systems. I am going beyond the detection of invasional meltdown by 

identifying 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 and Ba. hilaris density 
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leading to ecological impacts. These thresholds will aid in management planning and allocation 

of resources to achieve the greatest conservation value. 

Relation to Thesis: My Ph.D. research intends to address the relative importance of bottom-up 

forces in structuring communities and food webs, using desert arthropod-plant communities as a 

model system. The proposed research will elucidate the individual effects of an invasive basal 

resource (Br. tournefortii) and an invasive herbivore (Ba. hilaris), as well as their synergistic 

impacts. This project will constitute my second chapter. 
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