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Abstract 

Studying the relationships between plants and insects is important in natural and agricultural 

communities. It has been shown that plant community composition has an effect on insect pollinators 

and herbivores. However, these relationships have only been researched independently and no study 

has comprehensively investigated the net effects of neighbors on pollinators and herbivores in the same 

system. In my study, I aimed to understand whether neighbor effects on pollinators differed from 

neighbor effects on herbivores. I worked with two species, Erigeron speciosus and Erigeron elatior, and 

arranged plots with varying relative abundances of the two plants. Data recorded included the number 

of damaged and undamaged flowers of both species, number of pollinator visits over ten minutes, and 

type of other composite plant neighbors within a one meter radius of the plot. At the end of the 

flowering period, a sample of flower heads from each plot was collected and the number of flies reared 

from each species within each plot was recorded. With an increasing number of the focal plant stems, 

the percent of those flowers damaged decreased. Additionally, with an increasing proportion of the 

plant neighbor in a plot, damage to the focal plant decreased. Finally, conclusions were not able to be 

drawn on the effects of neighbors on pollinators in this system due to limited visitation data, but it was 

found that pollinators did have a clear preference for undamaged flowers over damaged flowers, 

suggesting that behavior of the herbivore affects the behavior of the pollinator.  



Introduction 

In many natural and agricultural communities, it has been observed that the neighbors surrounding a 

plant affect how that plant is detected by insects that damage or pollinate it. The variety and abundance 

of different plant neighbors can either increase or decrease the vulnerability of certain plants. These 

effects are known as associational susceptibility and associational resistance, respectively (Underwood 

et al., 2014). My study examined whether neighbor effects on pollinators will differ from neighbor 

effects on herbivores.  

There are many mechanisms by which plant neighbors can affect insects. Neighboring plants are 

sometimes able to serve as alternative food sources when they share the same herbivores as the focal 

plant. Plants that are possibly more attractive to herbivores can allow a less preferred plant species to 

exist at relatively high a undan es Atsatt and O’Dowd, 19 . Additionally, the abundance of 

neighboring plants is critically important to the focal plant if the neighbors also have traits that affect 

herbivores (Russell and Louda, 2005). When co-flowering plants share the same pollinators, the variety 

and abundance of plant neighbors can additionally become significant due to competition for pollination 

(Mitchell et al., 2009). 

Research has been conducted to understand the effects of plant neighbors on pollinators and herbivores 

independently, but little is available on how they are both affected using the same set of plant species. 

Although we know that the activity of pollinators and herbivores are affected by neighboring plants, 

most studies do not include both in their experimental design which could ultimately lead to an 

incorrect conclusion about the total effect of neighbors.  Because the pollinators and herbivores may be 

responding to a different set of plant traits, my hypothesis was that the associational effects on 

pollinators will differ from associational effects on herbivores.  



In natural systems, studying the effects of neighbors on pollinators and herbivores using the same set of 

organisms would increase our understanding of important ecological processes. Associational effects 

describe how the relative densities of neighboring and focal plants affect the frequency of pollination or 

attack, but attack and pollination also affect the relative densities of plants. Further studying the effects 

of neighbors is necessary in order to understand the outcomes of competition between and natural 

selection. Beyond simply understanding these relationships more clearly, gathering more information 

about this topic is relevant to our understanding of agricultural systems. In agricultural communities, 

farmers are increasingly growing diverse plants in the same field in order to increase pollination and to 

decrease damage to their plants. For this technique to be effective, we need to understand more about 

whether herbivores and pollinators are affected similarly or differently. Ultimately, further researching 

the connection between plants and insects will benefit us as we aim to improve our agricultural 

practices.  

Methods 

Research Questions 

1) How does focal plant density affect damage to the focal plant? 

2) How does focal plant density affect pollination of the focal plant? 

 

3) How do density and proportion of a plant neighbor affect damage to the focal plant?  

4) How do density and proportion of a plant neighbor affect pollination of the focal plant?  

 

Study System 

Erigeron speciosus and Erigeron elatior are two naturally co-occurring species in meadows surrounding 

the Rocky Mountain Biological Laboratory (RMBL) in Gothic, Colorado. They appear as purple daisies and 

typically co-occur in mid-July (A. Iler, personal communication). They are good model organisms for 



studying associational effects because they have overlapping flowering periods and share pollinators 

and seed predators while having natural variation in abundance within a field (personal observation).   

The pollinators of Erigeron include solitary bees, syrphid flies, and butterflies (personal observation). The 

primary seed predator of Erigeron is Neotephritis finalis. Under laboratory conditions with wild 

sunflowers Helianthus annuus and Helianthus petiolaris, N. finalis was found ovipositting on flowers 

throughout their life cycle, from their budding to wilting. The length of time of development from egg to 

adult emergence is typically 18-22 days (Arthur and Mason, 1989).   

Experimental Setup 

Approximately 30 circular plots encompassing an area of 1 m2 (56.5 cm radius) were set up in a meadow 

to the south of South Gothic (Map 1). Additionally, data were collected data on all flowering composites 

within an additional 1 meter radius surrounding the plot (7.7 m2 total area) in order to understand how 

the plants within a larger neighborhood could also be affecting the pollinators and seed predators of 

Erigeron (Figure 1). Plot locations were selected based on variation in relative abundances of E. 

speciosus and E. elatior (Figure 2).  

 

 

 

 

 

Figure 1: Each plot encompassed 1 m2 area inside of the hoop (56.5 cm radius). An additional 1 

m radius was also examined to account for all other flowering composites. 
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Data Collection 

During the flowering period, plots were visited every alternate day. Data was collected on the number of 

damaged and undamaged flowers of each species, the number and type of pollinator visits over the 

course of ten minutes, and any other flowering composite neighbors. The order in which the plots were 

visited was randomized in order to correct for the time of day the data was collected. At the end of the 

flowering period, a sample of the flower heads of each species from each plot was collected and the 

number of Neotephritis reared from them was recorded.  

 

 

Figure 2: Variation in Number of Stems Per Plot. Plots were selected in order to have variation 

in proportion and density of both E. speciosus and E. elatior. 



Data Analysis 

The program R was used in the analysis of the data collected. Analysis of variance was used to 

understand how focal density, neighbor density, and neighbor proportion influence damage to flowers 

of the focal plant.  

Results and Discussion 

With an increasing number of E. speciosus stems in a plot, there is a corresponding decrease in the 

proportion of E. speciosus flowers that were damaged (Figure 3). This finding is a dilution effect. A 

dilution effect exists when a high density of a host plant dilutes the effect of an herbivore (Otway et al., 

2005). With an increasing number of E. speciosus, there is less damage per flower. 
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Figure 3: Less damage per flower with increasing number of E. speciosus stems per plot. P = 0.0359 



With an increasing proportion of E. elatior stems per plot, there is a decrease in the percent of E. 

speciosus flowers that were damaged (Figure 4). Put simply, increasing the proportion of the 

neighboring plant within a plot decreases the proportion of the focal plant that is damaged by 

herbivores.  

 

 

These relationships can be complex and it is important to remember that both proportion and density of 

plant neighbors are important (Figure 5). The effects of the densities of both species on percent damage 

are not linear. In order to make accurate interpretations of these associations, it is necessary to design 

experiments to consider both density and proportion.  
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Figure 4: Less damage to E. speciosus flowers with increasing proportion of E. elatior. P = 0.0502 



 

 

 

No results were found on the effects of neighbors on pollination due to insufficient data on pollinator 

visits. However, other questions were able to be answered on pollinator preference. Pollinators 

appeared to exclusively prefer undamaged E. speciosus flowers over damaged ones (Figure 6), 

suggesting that the behavior of the herbivores influence the behavior of the pollinators.   

E. speciosus
E. elatior

%damaged

Figure 5: 3D model of effects of both E. speciosus and E. elatior on percent 

damage to E. speciosus.  



 

 

 

In future studies, data and observations collected through the course of this experiment will help to 

understand more about the study system and will aid in designing a more effective experiment which 

can examine the effects of plant neighbors on their pollinators and herbivores more thoroughly. 

The influence plant neighbors had on herbivores in this study provides support for managing our 

agricultural systems differently. If neighboring plants can be selected and placed strategically near a 

focal crop, farmers can deter pests and limit their reliance on pesticides.  Similarly, if more research is 

conducted to understand the role plant neighbors play in attracting more pollinators in the same 

system, our agricultural practices could be adjusted to take advantage of this relationship.  
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Figure 6: Pollinators appear to prefer undamaged flowers to damaged flowers. P = 0.0345 
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Additional Figures 

 

Map 1: Map of plot locations in South Gothic, south of the Rocky Mountain Biological 

Laboratory in Gothic, Colorado.  
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