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Describe the project to be funded. Please keep writing concise. Describe the purpose, 

objectives, and/or hypotheses of your project, your methods of data collection and analysis, 

the anticipated products of your research, and a brief timeline for your work. Highlight 

aspects of the work that you believe are particularly important and creative.  

Background 

Atriplex canescens (Capparaceae; Four-winged saltbush) is an important foundation species 

throughout the western United States, and it is presently faced with a novel threat to its 

persistence. In spring 2010, observations of the invasive stinkbug Bagrada hilaris (Heteroptera: 

Pentatomidae) feeding en masse on the native shrub were made throughout southern California’s 

Colorado Desert (C. Barrows, pers. comm.; L. Hendrickson, pers. comm.). Following these 

observations, increased mortality of adult A. canescens, and decreased recruitment of A. 

canescens seedlings were recorded in 2011 and subsequent years in the Coachella Valley 

(Barrows 2014). Atriplex canescens is a long-lived perennial shrub, and a dominant species in 

California’s myriad arid and semi-arid habitat types. Additionally, as a salt-tolerant shrub, it is 

often the only or one of just a few species growing in haline soils (e.g. dry lakes in the Mojave 

desert). A. canescens is an essential species in deserts, providing critical microclimates and 

habitat for native plants and animals, both above and belowground. It provides shade, 

ameliorating high temperatures and provides cover from predators to native species, including 

hatchlings of the endangered Coachella Valley Fringe-toed Lizard, Uma inornata (Barrows 

2012). These large shrubs promote greater biodiversity, both aboveground and belowground via 

“resource island” effects (Ritchie & Olff 2005). A. canescens is dioecious; its population 

viability is potentially quite sensitive to increases in adult mortality rates. Threats to this single 

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

‘bottom-up cascade’ (sensu Kagata & Ohgushi 2005).  

In the years since, such dramatic aggregations on A. canescens have not been recorded, though 

Ba. hilaris is found on A. canescens and other Chenopodiaceae plants, especially during summer. 

This inter-annual variability in species interactions may be explained by rainfall, which has been 

significantly below average, particularly in fall and early winter, since 2010. Abundance of Ba. 

hilaris’ preferred food source, the invasive forb Brassica tournefortii Gouan (Brassicaceae, 

Sahara mustard) is significantly correlated with precipitation. Low precipitation yields low Br. 

tournefortii abundance, and likely also smaller populations of Ba. hilaris (Barrows et al. 2009; 

Hulton VanTassel et al. 2014). While high precipitation generally elicits a strong positive 

response from desert shrubs like A. canescens, negative indirect interactions like those described 

here may outweigh and nullify positive direct effects.  

The prominent role of environmental variability in the strength of association among Br. 

tournefortii and A. canescens is expressly relevant to current concerns about the effects of global 

climate change on species interactions. This interaction is expected to be strongest following 

winters with above normal precipitation, due to sequential positive effects on the populations of 

Br. tournefortii and Ba. hilaris. Currently, regional predictions for the southwest U.S. under 

projected climate change scenarios are uncertain, though multiple processes are expected to 

result in changes to wintertime precipitation across North America including changes in the 

frequency and amplitude of El Nino Southern Oscillation cycles (IPCC 2013). As community 

responses to changing climate may differ fundamentally from individual species responses 

(Suttle et al. 2007), explicit consideration of the mechanisms responsible for community 

responses is of critical importance. Specifically, herbivory is predicted to be exceptionally strong 
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during rapid declines in water availability following periods of low water stress conditions 

(McCluney et al. 2012). The interacting effects of changing environmental conditions and 

invasional meltdown pose a massive threat to the persistence of A. canescens, and as a result, 

other native species dependent upon this dominant plant. 

Research Plan 

Objective: Assess interaction strength between Ba. hilaris and A. canescens in the presence of 

varying densities of Br. tournefortii.  

Rationale: Field observations have indicated a strong effect of Br. tournefortii presence on the 

interaction between Ba. hilaris and A. canescens. These observations are consistent with 

associational susceptibility, in which one plant species negatively impacts a second plant species 

via effects on a shared herbivore. To quantify the strength of this indirect interaction in the field, 

the following studies will be conducted: 

Natural Density Observations: A minimum of five focal A. canescens plants at each of four UC 

Natural Reserves (Anza-Borrego, Oasis de Los Osos, San Joaquin Marsh, Scripps Coastal) will 

be identified and monitored for presence of Ba. hilaris. Plants will be visited six times annually, 

approximately every eight weeks. At each visit, focal A. canescens will be censused for presence 

and density of Ba. hilaris, and the following plant variables will be recorded. Focal plant 

volume, as an estimate of available resource, will be estimated by measuring plant width at the 

widest point and at the perpendicular position, and plant height. Volume will be calculated using 

the formula for a sphere divided by 2. Proximity to nearest Br. tournefortii neighbor will be 

measured as distance from the edge of one plant canopy to the other – representative of the 

minimum distance Ba. hilaris would travel to switch hosts. Density and percent cover of Br. 

tournefortii surrounding focal plants will be measured in 1m
2
 plots at distance of 1m, 5m, 10m 

and 20m from focal plant along four transects corresponding to cardinal direction. Phenological 

state of Br. tournefortii will be determined within plots described above – the approximate 

proportion of individuals in each of the following states will be estimated: seedling, rosette, 

bolting/flowering, fruiting, senescing, completely senescent.  

Analysis: Presence of Ba. hilaris on focal A. canescens will be the response variable in logistic 

regressions examining the influence of Br. tournefortii proximity, density and phenological state. 

Multiple regressions will examine the influence of Br. tournefortii variables on the density of Ba. 

hilaris on focal A. canescens.  

Significance: The proposed research will assess species interactions at multiple ecological scales: 

from the landscape scale of multiple ecological reserves across southern California to the 

individual scale of individual plants and insects at a single site. This valuable approach will 

generate a more complete and accurate understanding of population dynamics and responses in 

this system as well as the mechanisms driving observed species interaction outcomes. Further, 

data generated from this research will provide local land managers and natural resource agencies 

with specific thresholds of Br. tournefortii and Ba. hilaris density leading to native plant 

impacts. These thresholds will aid in management planning and allocation of resources to 

achieve the greatest conservation value. In the event of further exotic species introductions into 

this system, the results obtained through this research will provide foundational data from which 

changes in the form and strength of species interactions and community impacts can be clearly 

assessed. 
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Discuss how your project supports CNPS’ mission and vision.  

Mission and Vision: 

The mission of CNPS is to conserve California native plants and their natural habitats, and 

increase understanding, appreciation, and horticultural use of native plants. Our vision includes a 

future where: 

 Californians actively support the Society's mission, which is accomplished through 

education, plant science, advocacy, land stewardship and native plant gardening. 

 Californians value native plants, plant communities and healthy ecosystems as essential 

to the well-being of all living things. 

 Californians can experience native plants throughout the state, in natural environments 

and human-made landscapes. 

 California’s extensive and interconnected natural habitats are preserved. 

 CNPS is the leader for providing reliable information on California native plants and 

plant conservation. Comprehensive information about California’s flora and vegetation 

communities is available throughout the state for conservation and educational purposes. 

 CNPS’s leadership influences personal ethics and actions, as well as public policy for 

native plant protection.  

The proposed research aims to directly investigate threats to an important native California plant 

species, Atriplex canescens. Through completion of this work, a greater understanding of the 

conditions promoting negative effects on A. canescens will be attained. This knowledge and 

information will be published in local newsletters and relevant publications, including both local 

outlets such as CNPS’ Fremontia and academic journals such as Ecology. This dissemination 

strategy will ensure that results are provided to and implemented by local land managers, as well 

as stimulating further research in this field by researchers in California and around the world. In 

sum, the proposed research directly contributes the conservation of California native plants and 

their natural habitat.  

 


