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Biotic and Abiotic Impacts on a Desert Arthropod Food Web 

I. Introduction 

The extent to which humans have rearranged the distribution of the Earth’s flora and fauna is 

difficult to under-estimate. Anthropogenic activities including changes in global climate and the 

spread of invasive species are drastically altering the distributions of species around the world (1, 

2). Interactions between these environmental and biological processes simultaneously and 

differentially influence species’ physiology, life history, range distribution, and overall fitness; 

this results in changes to community composition, structure and ecosystem function (2, 3). 

Southern California deserts are designated “high biodiversity wilderness areas” and are of high 

conservation value and importance (4). These already dry habitats are predicted to experience 

decreased precipitation in the coming decades (5). Compounding the threat of climate change is 

the invasion of exotic species. While deserts have historically borne a lower than average burden 

of invasive species (6), one exotic plant: Brassica tournefortii Gouan (Sahara mustard) is rapidly 

spreading across the southwest U.S. and dominating entire landscapes (7–10). Predicting the 

outcomes of changing precipitation regimes and plant invasion requires a holistic understanding 

of the desert system in multiple contexts, i.e. habitats (11). Considering both these factors of 

change in a cohesive framework will provide much needed information for land managers and 

conservation groups in selecting appropriate management plans. The proposed study utilizes a 

novel synthetic approach by simultaneously considering two agents of change across habitats, 

and assessing impacts on a whole system: the desert arthropod food web.  

II. Ecotones 

Material and energy flow across habitat boundaries is common; spatio-temporal variation in 

these flows has important implications for all levels of community dynamics and ecosystem 

functioning (12, 13). For this reason, concurrent examination of adjacent, interacting habitats 

provides a more complete and robust account of species interactions and community dynamics. 

Ecotones provide a unique opportunity to study the coupling of habitats. Ecotones are areas of 

gradation between two distinct habitat types, and serve important functions as specialized 

habitats, refugia and are important sites for biological interactions (14, 15). As a result, ecotones 

host relatively high biodiversity (16).  

Riparian areas are excellent model systems for ecological studies of ecotones. Riparian areas are 

particularly species rich and contribute to a diversity of ecosystem services including nutrient 

transport, water filtration and microclimate regulation (16–18). Interactions among the terrestrial 

and aquatic compartments of riparian areas are essential for community stability and ecosystem 

function (19). Reciprocal subsidies of biomass and nutrients are critical for riparian community 

maintenance (20). Inputs to each system include invertebrate prey (21), carcasses (22), litter, (23, 

24), detritus (25) and excrement (26). The integral connection between aquatic and terrestrial 

systems makes riparian areas especially well-suited to studies examining community-wide 

impacts of change.  

III. Invasive Plants & Native Insects 

Given the various important ecosystem services provided by riparian zones, threats to the 

structure and function of these habitats are of the utmost concern (16). Invasive plant species are 

quite common in riparian habitats, comprising up to 24-30% of constituent species (27). 

Negative effects of invasive plants include altered disturbance regimes (e.g. fire (28, 29)), altered 

biogeochemical cycles (30, 31), disruption of species interactions (32–36), and disturbed 
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composition, structure and stability of communities (2, 10, 37–40), among others. Of all invasive 

organisms, invasive plants are of the greatest threat to federally listed insect species (41). This is 

due, at least in part, to the positive correlation of insect diversity with plant diversity (42–46). 

Invasive plants displace native plants upon which native insects depend, often forming dense 

monocultures and thus reducing plant diversity (2). This reduction in plant species diversity 

constitutes a reduction in the diversity of food and habitat resources available to insects (43). 

Therefore, invasive species and invaded habitats tend to host lower arthropod diversity than 

native plants and intact habitats (47–53). Divergence in arthropod community composition (i.e. 

identity of insect species present) has also been documented in invaded habitats with the use of 

non-metric multidimensional scaling analysis (47, 49, 50, 53–59).  

The decrease in insect biodiversity occurs via a multitude of mechanisms acting simultaneously, 

and sometimes synergistically. Plants that alter the chemical environment experienced by insects 

interfere with the host- and prey-finding behaviors of herbivores, predators and parasitoids (32). 

Visual cues may be obstructed by larger invasive plants, preventing flying insects from locating 

host plants (60). Structural changes, such as increased vegetation density, imperil species which 

depend on open space (61). Fragmentation of native landscapes impedes dispersal, limiting 

interactions with native plants (32). Female insects ovipositing on invasive plants jeopardize the 

survival of their offspring (62). Local extinction of susceptible herbivores ripples up through the 

food web, negatively impacting predators and parasitoids. Conversely, herbivores able to utilize 

a novel, dominant exotic plant may experience explosions in population size (63). Newly 

abundant herbivores may out-compete other species (64) or cause increased attack rates on other 

species via apparent competition (65). Additionally, herbivores capable of sequestering plant 

defensive compounds for their own defense may impact populations of susceptible predators 

(66).  

IV. Water in a Changing Climate 

Global climate change is expected to transform the distribution of species, the diversity of 

communities and the structure of whole ecosystems (67). In addition to the physiological and 

ecological changes experienced by individual species, drastic changes to species interactions and 

community dynamics are likely to occur (68). Global climate change alters not only the 

temperatures that organisms experience, but also the precipitation regimes of entire habitats. 

Global climate change is altering the distribution of the world’s water resources through changes 

in precipitation regimes and rates of evapotranspiration (69). Dry land areas, such as southern 

California, are predicted to experience less precipitation and reduced evaporation in coming 

decades, resulting in drier soil and increased surface temperatures (69). Changing precipitation 

regimes may have even greater effects than rising temperatures and increased [CO2], especially 

in arid regions like southern California (70, 71). Altered precipitation regimes are expected to 

transform the distribution, structure and diversity of populations and communities, beyond the 

effects of increased temperature and [CO2] (71). As these alterations occur and intensify, 

negative impacts are likely for individual species, biological interactions and even whole 

communities (72). Effects may vary spatially and temporally within and among habitats. 

Understanding and predicting the outcome of such processes requires a gradient analysis 

approach, in which multiple environmental gradients are assessed simultaneously. Assessing the 

consequences of climate change for networks of interaction across multiple “water scenarios” 

will provide insight into the effects on individual species, as well as community structure and 

ecosystem functions.  
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V. Synthesis 

Global climate change and the spread of invasive species are the two most significant threats to 

global biodiversity, community structure and ecosystem functioning. As described above, these 

two global changes impact many of the same biological, physical and chemical processes that 

shape communities and ecosystems. Working concurrently, they may have unexpected and 

striking effects on the composition and diversity of communities and ecosystem function (72, 

73). It is critical that scientists acknowledge and address the interactive effects of global climate 

change and invasive species to better predict their combined effects and more effectively manage 

remaining natural landscapes. The proposed research meets this essential need by simultaneously 

assessing the impacts of variation in distance to stream edge and the abundance of an invasive 

plant species in the Oasis de Los Osos UC Natural Reserve.   

VI. Study Site 

Within southern California’s Colorado desert, at the western end of the Coachella Valley is the 

Oasis de Los Osos UC Natural Reserve. This historic site (“Snow Creek”) was visited in 1908 by 

Joseph Grinnell’s natural survey team to assess the region’s diversity in birds, reptiles and 

mammals (74). The landscape combines desert, chaparral, cis-montane and riparian habitats 

across gradients in elevation and water availability, thus attracting a great diversity of flora and 

fauna. For these reasons, this site is ideally suited to the analysis of gradients in elevation, 

moisture, plant community composition and vegetation structure. The Oasis de Los Osos reserve 

is a critical field site for conducting this research. The reserve is located in a key area near the 

invasion front of B. tournefortii at the western edge of the Coachella Valley. The unique biotic 

and abiotic attributes of the reserve and surrounding lands provide the opportunity to study the 

interactions of this invasive plant with other organisms across variation in elevation, water 

availability, soil type, and plant community composition. Thus, the Oasis de Los Osos reserve is 

a critical field site: this research can only be achieved through use of this research area.  

VII. Objectives 

Objective 1: Determine the community composition of plants and arthropods along gradients in 

elevation and water availability.  

A series of 12 transects has been laid perpendicular to the perennial stream bank flowing from 

Los Osos canyon in the San Jacinto Mountains. Each transect is separated by approximately 

100m and includes points at 0, 2, 4, 8, and 16m from the edge of the stream channel. This design 

allows community analysis along both fine-scale (within transect) and coarse-scale (among 

transects) variation in water availability. Transect 1 occurs at an elevation of 473m, near the 

mouth of Los Osos Canyon, where water is flowing year-round. Transect 12 occurs at an 

elevation of 390m, against a portion of the stream which is flowing only after significant 

precipitation events. Increasing in transect number corresponds with increasing abundance and 

cover of B. tournefortii, along with a change in dominant shrub from Encelia farinosa to Acacia 

greggii to Larrea tridentata.  

At each point in all 12 transects, a pitfall trap, sticky trap, and three (yellow, blue and white) pan 

traps will be deployed for 24 hour periods once every 2 weeks. At each collection period, plant 

species richness and cover will be estimated within corresponding ¼ m by ½ m quadrats. 

Approximately 500 g of soil has been collected from each transect point for assessment of soil 

seedbank composition, which is currently underway at UCR. Corresponding measurements of 

soil moisture, atmospheric and soil temperature and relative humidity will be made at each 
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collection period. All collected arthropods will be transported to UCR for sorting. Specimens 

will be identified to species level and stored in 95% ethanol at -20 C.  

Cluster analysis and ordination will be employed to reveal associations among plant and 

arthropod species, as well as to discern community and habitat “types.” Multivariate ANCOVA 

will be employed to test for differences in community composition among sites as a function of 

distance to stream edge and B. tournefortii abundance. 

Objective 2: Assess variation in arthropod trophic diversity along gradients in elevation, water 

availability and B. tournefortii abundance.  

Stable isotope analysis will be employed to assess trophic diversity at each of 12 transects. Stable 

isotope ratios of 
13

C and 
15

N will be determined for each species collected at each transect. 

Variation in 
15

N is associated with vertical structure in a food web, as it becomes more enriched 

in the bodies of predators than in their prey. Variation in 
13

C indicates different primary 

producer food sources at the base of food webs (e.g. grasses vs. forbs vs. algae). The total extent 

of trophic diversity can be estimated by mapping the 
13

C and 
15

N of each species onto a bi-plot 

and measuring the total area encompassed by all species in bi-plot space (75). Both the 
13

C and 


15

N ranges influence the total area, and are indicative of the extent of trophic diversity.  

Generalized linear modeling will be utilized to associate variation in trophic diversity with 

variation in B. tournefortii abundance and distance to stream edge.  

Objective 3: Determine relative importance of factors influencing changes in B. tournefortii 

abundance, arthropod diversity, and food web structure.  

Utilizing data collected in objectives 2 and 3, structural equation models will be constructed to 

estimate the network of interacting forces shaping community dynamics. Structural equation 

modeling is a method of developing and evaluating complex multivariate theories, which lends 

itself quite well to analysis of community structure and food webs. Models are formed of a 

network of interrelated multiple regressions, in which any variable in this network may act as 

both dependent and independent variable (76). Utilizing this technique allows estimation of the 

relative strength with which biotic (species and trophic groups) and abiotic (soil moisture, 

temperature) variables influence one another in nature, both directly and indirectly. This differs 

from classical univariate techniques in that multiple independent and multiple dependent 

variables are being analyzed simultaneously.  

VIII. Significance 

Negative impacts of invasive species and global climate change have been demonstrated in 

studies examining each force in isolation. However, these changes are occurring simultaneously, 

perhaps even synergistically. The proposed study will examine the interactions among impacts 

on species of several trophic levels and interaction types (e.g. pollinators, parasitoids). This 

broad community-wide analysis will reveal the complex interactions among abiotic and biotic 

forces, as well as native and invasive species, providing insight into the mechanisms structuring 

communities. By conducting this study in a reserve encompassing a variety of habitat types, we 

will be able to partition the effects of species interactions from the influence of climate and 

habitat. This work will provide crucial information for land managers on the response of native 

and invasive species to concomitant changes in the biotic and abiotic landscape. This 

transformative approach will improve decision-making by local land managers and governmental 

agencies in their efforts to mitigate invasive species’ impacts, restore degraded lands, and 

prevent future invasions in a changing world. 
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