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Invasional meltdown? Facilitation between an invasive insect, Bagrada hilaris, and an 

invasive plant, Brassica tournefortii 

Theoretical Background 

‘Invasional meltdown’ is used to describe two or more invasive species interacting positively, 

and synergistically increasing net negative impacts on recipient communities (Simberloff & Von 

Holle 1999). This phenomenon has been increasingly recognized to play an important role in 

ecological communities (Ricciardi 2001; O’Dowd et al. 2003; Heimpel et al. 2010); however the 

real extent of the invasional meltdown process in the majority of ecosystems is poorly 

understood (Simberloff 2006). Desert habitats in particular, are relatively understudied in 

invasion ecology; this may in part be due to deserts globally being less invaded than other 

biomes (Lonsdale 1999). Worldwide, deserts constitute high-biodiversity wilderness areas; North 

American deserts of the southwest U.S. are of special significance for their high rates of 

endemism (Mittermeier et al. 2003). Explicit investigation of invasional meltdown processes at 

work in order to understand the mechanisms involved is critical to supplying necessary 

knowledge for natural resource agencies and land managers charged with conserving natural 

habitat. The proposed research aims to elucidate the processes contributing to a novel 

invasional meltdown system in a southern California desert habitat.  

Study System 

The invasion of Bagrada hilaris (Heteroptera: Pentatomidae) in southern California has been 

extremely rapid and caused both severe economic and ecological impacts. Ba. hilaris is a plant-

feeding stinkbug has an apparent preference for plants in the mustard family, Brassicaceae. It is 

native to Africa, India and Asia (Howard 1906), and has been an important pest of Brassicaceae 

crops in India and Pakistan (Singh & Malik 1993). Ba. hilaris first appeared in Los Angeles 

County, CA in 2008 (Arakelian 2008). Within 2 years, its range had expanded throughout all of 

southern California and Arizona; it is currently present in southern Nevada and in New Mexico 

(Bundy et al. 2012) and its range is still expanding (Reed et al. 2013). Detrimental impacts of 

this pest have been well documented on Brassicaceae crops (e.g. broccoli, cabbage, kale) in 

southern California and Arizona (Palumbo & Natwick 2010), with reported losses of up to 60% 

in newly planted fields (Reed et al. 2013).  

While the presence of Ba. hilaris populations 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 may instead be related to the widespread 

dominance of Brassica tourneforti Gouan (Brassicaceae; Sahara mustard) an aggressively 

invasive weed. Ba. hilaris has been commonly observed in wild lands and along roadsides 

feeding on Br. tournefortii in the Coachella Valley region of the Colorado Desert in southern 

California. 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 the dry and harsh 

environment. Br. tournefortii is an annual herbaceous weed with a rapid phenology, germinating 

with fall rains as early as October, flowering and setting fruit in winter and senescing by early 

spring in March and April (Marushia 2009). This rapid phenology in turn provides abundant 

food for Ba. hilaris much earlier in the year than native plants, supporting substantial population 

growth.  
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Environmental factors (i.e. temperature and rainfall) exert significant influence on the population 

dynamics of both Br. tournefortii (Barrows et al. 2008) and Ba. hilaris (Singh & Malik 1993). 

Most importantly, adequate rains are necessary for abundant germination of Br. tournefortii to 

support large populations of Ba. hilaris. Additionally, the timing of senescence of Br. 

tournefortii dictates when Ba. hilaris’ most abundant food source begins to decline. We expect 

that meeting a threshold of Br. tournefortii density and appropriate timing of senescence (early 

versus late) directly results in Ba. hilaris spillover herbivory on to native neighboring plants. 

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

(Capparaceae; Four-winged saltbush) were made in spring 2010 in the Coachella Valley (C. 

Barrows, pers. obs.). A. canescens is an 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 beneath their canopy, both aboveground and in the 

soil seedbank.  Ba. hilaris were observed at such high densities that their feeding damage caused 

widespread A. canescens mortality throughout the Coachella Valley. Threats to this single 

species have the potential to negatively impact many other native 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 thus vital to effective preservation and 

management of desert wild lands. The experiment described below will identify the 

environmental conditions leading to spillover herbivory, as well as the herbivory damage 

thresholds beyond which A. canescens mortality occurs.  

Questions  

Q1: How does the density of a preferred food resource (Br. tournefortii) affect feeding impact on 

A. canescens?  

Prediction: As Br. tournefortii density increases, available food resource for Ba. hilaris 

increases, supporting larger insect populations. When Br. tournefortii begin to senesce, large 

populations of Ba. hilaris will rapidly deplete their preferred food source and spillover herbivory 

onto A. canescens will occur. This effect will be greatest with the highest Br. tournefortii and 

highest Ba. hilaris densities. Larger populations of Ba. hilaris will inflict greater amounts of 

herbivore damage on A. canescens, increasing likelihood of A. canescens mortality. 

Statistical Analysis: Regression analyses will detect any effect of Br. tournefortii density on Ba. 

hilaris population size. Generalized linear models will be utilized to detect effects of Br. 

tournefortii density on the number of Ba. hilaris individuals feeding on A. canescens. Survival 

analysis will be used to compare relative rates at which Ba. hilaris begin feeding on A. canescens 

among treatments (first detection of Ba. hilaris on A. canescens).   

Q2: How does the density of Ba. hilaris influence feeding impact on A. canescens? 

Prediction: As density of Ba. hilaris increases, the rate at which their preferred food source (Br. 

tournefortii) is depleted increases. Spillover herbivory onto A. canescens will then occur with 

large populations of Ba. hilaris. Larger starting populations of Ba. hilaris will exert greater 

feeding impact (more herbivory damage) on A. canescens, increasing the likelihood of A. 

canescens mortality.  
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Statistical Analysis: Correlation analyses will detect relationships between starting Ba. hilaris 

density and number of Ba. hilaris individuals feeding on A. canescens. Logistic regression will 

be utilized to assess the impact of initial Ba. hilaris density on likelihood of feeding on A. 

canescens. Generalized linear models will be utilized to detect effects of Ba. hilaris density on 

the number of individuals feeding on A. canescens. Survival analysis will be used to compare 

relative rates at which Ba. hilaris begin feeding on A. canescens among treatments (first 

detection of Ba. hilaris on A. canescens).   

Q3: How does the timing of B. tournefortii senescence influence the likelihood of spillover 

herbivory and the extent of feeding damage on A. canescens? 

Prediction: Early senescence of Br. tournefortii will increase the rate of depletion of Ba. hilaris’ 

preferred food resource (Br. tournefortii). With depletion of Br. tournefortii, spillover herbivory 

onto A. canescens will be more likely to occur. Earlier senescence will lead to early spillover 

onto A. canescens. With spillover occurring earlier, feeding damage on A. canescens will 

accumulate early in the season, increasing the likelihood of A. canescens mortality.  

Statistical Analysis: Generalized linear models will be utilized to detect effects of early vs. late 

senescence on the extent of feeding damage on A. canescens. Logistic regression will be used to 

determine the impact of senescence timing on the likelihood of feeding on A. canescens. Survival 

analysis will be used to compare relative rates at which Ba. hilaris begin feeding on A. canescens 

among treatments (first detection of Ba. hilaris on A. canescens).   

Experimental Design 

The following experimental design will be utilized to address the above questions. A suite of 60 

experimental field cages will be established on experimental land at UC Riverside’s Agricultural 

Operations and Citrus Experiment Station. Each field cage (6 ft. height by 6 ft. width by 6 ft. 

length) will contain a single A. canescens individual planted in the center of the cage, and 

varying densities of B. tournefortii individuals surrounding the A. canescens plant. B tournefortii 

will be planted equidistantly around the A. canescens individual in one of four treatments: 

control (0 plants), low (9 plants), medium (18 plants) or high density (36 plants). These densities 

are representative of what has been observed in the field (O’Neill, pers. obs.). All plants will be 

placed in the ground within plastic pots, to exclude the effects of plant competition or 

allelopathy. Plants will be watered to field capacity every other day. An establishment period of 

14 days will commence prior to initiation of experimental conditions; any plants that perish 

during this time will be replaced by a similarly sized individual.  

Following establishment, the following Ba. hilaris density treatments will be introduced to each 

cage: control (0 individuals), low (100 individuals) or high density (500 individuals). Adult and 

fifth-instar nymphs will be used exclusively, such that any early nymphal instars observed 

throughout the course of the experiment can be attributed to reproduction during the experiment.  

Early senescence treatments will experience discontinued watering 60 days following the 

introduction of Ba. hilaris. Late senescence treatments will experience discontinued watering 90 

days following the introduction of Ba. hilaris. With discontinued water, Br. tournefortii plants 
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set fruit and senesce, leaving behind plant “skeletons” bearing siliques that dehisce and release 

seeds upon sufficient drying (O’Neill et al. 2013 unpublished data).  

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

senescence timing treatment in a fully factorial design with four replicates. Due to limitations in 

available space, the design will not be balanced; combinations in which zero Ba. hilaris and/or 

zero Br. tournefortii are present will be represented by a single replicate. 

 

 

 

 

 

 

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. 

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 

the invasional meltdown phenomenon 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 potentially 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 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 value.   
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Figure 1: Graphical representation of experimental design. 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: None (0 individuals), Low (100 individuals), High (500 

individuals). Lower horizontal axis denotes senescence timing treatment: Early (60 days), Late (90 days).  
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