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Abstract 
 
Plant invasions are often facilitated by transport corridors due to high levels of bare ground and 

low species diversity. Some introduced plants are restricted to these disturbed environments, 

while others are able to spread away from corridors and become invasive. Understanding the 

factors that contribute to this invasion process can help direct time and money more effectively. 

Dittrichia graveolens (L.) Greuter is an annual plant in the Asteraceae family native to the 

Mediterranean region. Dittrichia was first observed in California in the 1980’s and is often found 

growing along roadsides and in disturbed soils. Since its introduction, Dittrichia has spread 

across the state and has now invaded about three-quarters of California counties. More recently, 

the species has been observed spreading away from roadsides and into natural habitat off-road. 

We hypothesized Dittrichia invasion would be highest in disturbed sites off-road, but would be 

limited in more diverse communities. We surveyed 15 population pairs in Santa Clara County by 

selecting Dittrichia populations from off-road sites, with each being paired to the nearest 

roadside site, which we presumed to be the most likely source of Dittrichia invasion. Using 

quadrats, we measured percent cover of Dittrichia, other vegetation, and bare ground, and 

estimated species diversity within the Dittrichia population. We predicted that away from roads, 

Dittrichia populations would be larger in more disturbed sites and that Dittrichia cover would be 

lower in more diverse plots. We found that these predictions were not supported. Roadside sites 

had greater percent cover of bare ground, while percent cover of other vegetation and alpha 

diversity were similar for roadside and off-road sites. Population size was larger in roadside sites, 

although percent cover Dittrichia was significantly higher for off-road sites. Interestingly, 

disturbance only significantly predicted Dittrichia density at the quadrat level. Lastly, species 

richness was a poor predictor of Dittrichia density and population size for off-road sites. We 

suspect that environmental factors that increase species diversity may also favor Dittrichia 
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invasion. These results provide implications for protecting habitat with high conservation value 

and may offer insight for directing resources when managing Dittrichia.  

 
 
Introduction 

Biological invasions occur when exotic species move into and establish populations in new 

regions, often with adverse consequences for native species, communities, and ecosystems 

(Simberloff 2010; Shabani et al. 2020; Yan et al. 2020). Plant invasions have three phases: 

introduction, colonization, and naturalization (Radosevich et al. 2003). The introduction phase 

may be hard to detect and often depends on environmental factors that provide a suitable habitat. 

Colonization occurs as the species range expands, which involves biological traits such as seed 

dispersal mechanisms. During naturalization, expansion slows and the invading species is 

integrated into the community. Invasive species, by definition, are found outside captivity and 

may exist as a self-sustaining population, and it has been estimated that only 1% of a single 

introduced species will become established and pose a threat (Williamson and Fitter 1996). 

 

The spread of invasive plants is often facilitated by transport corridors such as roads and 

railways (Tyser and Worley 1992; Gelbard and Belnap 2003; Hansen and Clevenger 2005; 

Christen and Matlack 2006), but the processes by which invasive plants spread away from 

corridors are poorly understood (Ward et al. 2020). Roadside habitats are characterized by high 

levels of disturbance and lower diversity, both of which may facilitate invasion. Disturbance in 

general is an event that causes disruption to an ecosystem, community, or the structure of a 

population, leading to shifts in resources and the physical environment (Luisa 2012). Along 

roadsides, disturbance may result from human activities such as trampling or mowing, but other 
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events like grazing from animals, wind damage, fire, and soil erosion also constitute disturbance 

(Grime 1974; Grime 1977). The impacts of these events on plant communities are highly 

variable and depend on factors like environmental conditions, the primary strategies of species, 

and the level of disturbance (Connell 1978; Hughes et al. 2007; Mackey and Currie 2016). 

Despite variable impacts, predictions may be made by understanding the primary strategy for a 

species. Ruderal species are able to colonize disturbed habitat, and most have a short life cycle 

with the ability to produce many seeds that germinate rapidly under disturbance events (Frenkel 

1977; Grime 1977). Many invasive plant species show the traits of ruderal species and successful 

colonizers (Baker 1965).  

 

The potential for invasive species to spread and establish away from roadsides depends on many 

factors, some of which include the dispersal range and habitat specificity of the invader, and the 

existing vegetation and disturbance of the habitat (Gelbard and Belnap 2003; Christen and 

Matlack 2006). The concept of biotic resistance refers to the ability of species in a community to 

resist or limit invasion by exotic species, and factors like competition and diversity often 

contribute to resistance (Byers and Noonburg 2003; Levine et al. 2004; Beaury et al. 2020). 

Although there is evidence that communities lacking diversity are more susceptible to invasion, 

it has also been suggested that communities with more diversity may also be at risk. Research 

suggests that such communities are often linked with an increase in resources (Huston and 

Huston 1994; Rejmánek 1996), and may be especially vulnerable to invasion with additional 

management challenges (Stohlgren et al. 1998; Stohlgren et al. 1999). 
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Invasion away from roadsides may also impact agriculture and in such cases the invader 

competes with and reduces the value of food crops, posing great concern to farmers (Westbrooks 

1998; Schroeder et al. 2005). Early detection and rapid response are crucial steps in preventing 

the spread of invasive species (Simberloff 2003), and this approach aims at eradicating invaders 

before they become established (Westbrooks 2004). This method of control against invasive 

species should be of high priority to ensure that the impacts of invasion are limited and not 

posing a risk to agriculture or species rich native habitat.  

 

A recent California invader, Dittrichia graveolens (L.) Greuter, is an annual plant native to the 

Mediterranean region and was first reported in Santa Clara County in 1984 (Preston 1997). It 

grows in disturbed soils and in riparian woodlands, marshes, vernal pools, and other wildland 

areas. Although native to the Mediterranean Basin region of Europe, Dittrichia is invasive in 

other parts of the world including Australia and the United States. In California, Dittrichia has 

been dispersing from a presumed epicenter of Santa Clara County (Brownsey et al. 2013a) and is 

now found in more than three-quarters of California’s counties (Fig. 1). Its range spans the 

northern and southern portions of the state and is moving eastward into the foothills of the Sierra 

Nevada Mountains. Dittrichia first establishes along roads and disturbed areas, then into adjacent 

natural sites off-road. 

 

The goal of this research is to examine factors affecting populations of Dittrichia as they invade 

off-road sites and to characterize invasible sites. I test three hypotheses: 1) roadside sites have 

more individuals and greater percent cover of Dittrichia; 2) off-road sites with more bare ground 

have larger and more dense populations of Dittrichia; and 3) more diverse off-road communities 
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have smaller populations with lower cover of Dittrichia. Thirty Dittrichia populations from 

fifteen paired roadside and adjacent off-road sites were sampled throughout Santa Clara County. 

We seek to provide insight into the factors that facilitate invasion away from roads by focusing 

on disturbance and biodiversity in off-road sites.  

 

Materials and Methods 

Natural History 

Dittrichia is a late-season annual that produces yellow flowers in the early fall and sets seeds 

from September through December. A single large plant is capable of producing up to 25,000 

seeds with estimated viability of 90% (Brownsey et al. 2013b). The seeds have barbed hairs and 

pappus, allowing them to be dispersed by wind, machinery, animals, and other vectors.    

 

Locality and Field Sites 

All locations were in Santa Clara County, within a 20-mile radius of Alviso, CA (Fig. 2). 

Surveys began June 19, 2020 and ended August 11, 2020. At each location, we found one pair of 

roadside and off-road sites. Sites were selected by finding a roadside population of Dittrichia 

with at least 10 individuals growing along roads used by vehicles, but not roads inside a park 

where only service vehicles are allowed. We then located the nearest off-road population of at 

least 10 individuals by moving away from the road into more natural habitat. We located 15 pairs 

of roadside and off-road populations for this project (Fig. 3). 
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Field Methods 

Latitude, longitude, and elevation were collected at each population using a compass application 

on a cell phone (Table 1). At each site, we walked around the perimeter of the Dittrichia 

population, noting shape and marking its boundary with flagging tape or large rocks at multiple 

points. We laid a 50m tape as a transect along the longest axis to ensure sampling the entire 

population. To estimate the size of each Dittrichia population, we counted the number of 

individuals on one side of the transect out to the perimeter, and doubled that number. The 

outcome of this estimate was placed in one of our predetermined population size categories (10; 

50; 100; 500; 1,000; 10,000+).  

  

We placed a 0.5 x 0.5m quadrat at three equidistant points along the axis (Fig. 4). Percent cover 

was visually estimated for Dittrichia, other vegetation, and bare ground inside each quadrat. 

Gloves were worn to protect skin from allergic contact dermatitis when handling Dittrichia and 

any materials in contact with Dittrichia. Other plants growing within the quadrats and boundaries 

of the Dittrichia population were identified to species, when possible. Plants that could not be 

identified in the field were sampled for later identification using keys in The Jepson Manual: 

Vascular Plants of California (Second Edition). 

 

Data Analysis 

Population size of roadside and off-road sites was compared using a paired t-test (N=15 pairs). 

Mean population level percent cover of Dittrichia, bare ground, and other vegetation in roadside 

and off-road sites were compared using a paired t-test (N=15). Quadrat level alpha diversity was 

compared between roadside and off-road populations using a paired t-test (N=15). I used 
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regression analysis to explore the effects of disturbance (% cover bare ground) and diversity 

(number of species) on population size (number of individuals) and density (% cover) of 

Dittrichia. For these regressions, there were three quadrats (replicates) per site with 15 sites total 

(N=45). JMP Pro 15 was used for all paired t-tests and regression analyses.  

 

We used a multivariate analysis to characterize sites invaded by Dittrichia and to explore how 

plant community composition was related to Dittrichia invasion. Ordination of plots was done 

with a Principal Coordinates Analysis using a presence/absence matrix of plots and species, 

without including Dittrichia in the dataset (R package ecodist; Goslee and Urban 2007). We 

eliminated rare species that were only found in 1 or 2 plots. Dittrichia abundance (population 

size) was then layered on top of the analysis for inspection, showing the size of the Dittrichia 

population for each of the sites. 

 

Results 

Site Characteristics  
 
Roadside sites had higher percent cover of bare ground than off-road sites (Fig. 5, df = 14, paired 

t = 3.01, P = 0.009), while percent cover of other vegetation was not detectably different between 

roadside and off-road sites (Fig. 6, df = 14, paired t = 1.45, P = 0.170). Alpha diversity inside the 

0.25m2 quadrats ranged from 1 to 7 species and was similar for roadside and off-road  

populations (Fig. 7, df = 14, paired t = 0.69, P = 0.499). 
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Population Size 

Contrary to our prediction, roadside populations were not larger than off-road populations 

(paired t = 1.37, df = 14, P = 0.191). In fact, there was a non-significant trend toward larger 

populations off roads (Fig. 8). 

 

Percent Cover Dittrichia  

Average population level Dittrichia cover never exceeded 50%. Mean percent cover Dittrichia 

was higher in off-road populations than roadside populations (Fig. 9, paired t = 3.58, df = 14, P = 

0.003) 

 

Disturbance 

The relationship between degree of disturbance (% cover bare ground) and density (% cover) of 

Dittrichia at the quadrat scale was significant with a negative trend (Fig. 10, Dittrichia density = 

28.66 - 0.2484 * (disturbance), N = 45, P = 0.012, R2 = 0.138), while mean disturbance did not 

significantly predict mean Dittrichia density at the population level (Fig. 11, Dittrichia density = 

26.69-0.1996 * (disturbance), N = 15, P = 0.182, R2 = 0.133).  

 

The degree of disturbance was a poor predictor for Dittrichia total population size in off-road 

sites (Fig. 12, log10 * (population size) = 2.84 + 0.0033 * (disturbance), N = 15, P = 0.590, R2 = 

0.023).  
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Diversity and Composition 

The relationship at the quadrat level between Dittrichia density and alpha diversity (number of 

species) in off-road populations was not significant (Fig. 13, Dittrichia density = 26.38 - 2.29 * 

(alpha diversity), N = 45, P = 0.19, R2 = 0.039), nor was it significant at the population level 

(Fig. 14, Dittrichia density = 12.01 + 0.52 * (alpha diversity), N = 15, P = 0.390, R2 = 0.059).  

 

In off-road sites, alpha diversity was a poor predictor for Dittrichia population size (Fig. 15, 

log10 * (population size) = 2.664 + 0.022 * (alpha diversity), N = 15, P = 0.365, R2 = 0.063). 

 

Overall, we identified 47 species across our sites, including representatives of the Asteraceae, 

Poaceae, Verbenaceae, Fabaceae, Plantaginaceae, and Amaranthaceae (Appendix A).  Principal 

Coordinates Analysis was used to study variation in plant composition on roadsides and in off-

road sites, and how it relates to Dittrichia invasion (Fig. 16). Axis 1 explains 22% of variance 

and axis 2 explains 17% of variance. Carduus pycnocephalus, Baccharis pilularis, Anagallis 

arvensis, Polypogon monspeliensis, Cirsium vulgare, Gnaphalium palustre, and Erodium 

cicutarium contributed significantly to Axis 1, with plots at the low end of Axis 1 showing fewer 

Asteraceae species compared to plots at the high end of Axis 1.  Avena, Centaurea solstitialis, 

Lepidium, and Amaranthus contributed significantly to Axis 2; plots on the high end of Axis 2 

were composed of Poaceae species. As shown by the size of circles in Figure 16, Dittrichia 

associated more with other Asteraceae species, and less frequently with annual grasses, such as 

Avena. The largest Dittrichia populations were found in locations that had less Avena.  
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Discussion 

As we predicted, roadside sites had greater percent cover of bare ground. Interestingly, we found 

that percent cover of other vegetation and alpha diversity were both similar between roadside and 

off-road sites. This contradicts our initial expectation that off-road sites would have greater 

percent cover of vegetation, while also having greater species diversity. It was presumed that off-

road habitat would be less disturbed by humans and therefore we would observe higher 

vegetation density and an increase in species diversity when compared to roadside sites. 

Although the latter results do not align with our prediction, we were not surprised to find that 

roadside sites had more bare ground. The roadside sites surveyed in this study were located near 

major roads and often appeared to be disturbed by human activity such as mowing, construction, 

and vehicle traffic, all of which may be linked to an increase in bare ground.  

 

Contrary to what we hypothesized, roadside populations were not larger than off-road 

populations and had significantly lower Dittrichia cover than adjacent off-road populations. In 

fact, we noted a non-significant trend toward larger populations off-road. Dittrichia spreads 

rapidly along transport corridors, thus we expected to see larger populations with more 

individuals along roads. Roads often act as corridors for invasion, provide suitable habitat for 

invasive species, and may act as reservoirs for future invasion events (Parendes and Jones 2000) 

and it is likely Dittrichia is following this pattern. Invasion away from roads and into natural 

habitat remains poorly understood, yet the non-significant trend of larger off-road Dittrichia 

populations indicates this may be an area of great concern. Stohlgren et al. (2003) proposed the 

theory of biotic acceptance, in which they suggested that native species richness increases with 

habitat quality, so we would observe greater species richness in good habitat. Moreover, it was 

suggested that good habitat is also generally favored by exotic species (Stohlgren et al. 2003; 
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Fridley et al. 2007). When considering off-road sites in this study, the significantly higher 

percent cover of Dittrichia and non-significant trend of larger populations support the theory of 

biotic acceptance and put forth the idea that off-road habitat is more favorable for both native 

and exotic species. Given that Dittrichia is still a recent invader in California, these results 

suggest that primary invasion is continuing to expand along roads while secondary invasion into 

off-road habitat is increasing as a consequence.  

 

At the quadrat level, disturbance in off-road sites was significantly negatively related to 

Dittrichia density, while mean disturbance was not significantly related to Dittrichia density at 

the population level for the same off-road sites. In addition, disturbance was a poor predictor of 

population size for off-road sites. Percent cover Dittrichia, other vegetation, and bare ground was 

visually estimated using a 0.25m2 quadrat at three points for each population. Because all types 

of cover sum to one, we expected to observe a negative trend between Dittrichia density and 

bare ground for the quadrat level analysis, although it was interesting to find no significant 

relationship for density and population size with disturbance at the population level. These 

results refute our hypothesis that off-road populations with more bare ground would have larger 

populations with greater Dittrichia density. We expected to observe a positive trend between 

both population size and density with disturbance given that Dittrichia is often observed growing 

in disturbed areas in California (Brownsey et al. 2014), yet our results suggest that disturbance 

may not be a major factor facilitating Dittrichia invasion in off-road habitat. Although 

supporting evidence reveals that invasion by ruderal species is influenced by disturbance, it is 

important to acknowledge that disturbance events are often followed by increases in resource 

availability (Chytrý et al. 2008). I suspect that invasion into off-road habitat still poses risks in 
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the case that resources are readily available even when disturbance events do not occur. This 

presents concerns regarding the risk of invasion into undisturbed off-road sites of high 

conservation value.  

 

Dittrichia density was not predicted by species richness in off-road sites at the quadrat level nor 

the population level. Species richness was also a poor predictor of population size in off-road 

sites. These results do not support the hypothesis that more diverse off-road sites would be better 

able to resist Dittrichia invasion through biotic resistance and hence would have smaller 

populations with lower Dittrichia cover. Instead, time since introduction and climate may be 

better predictors of Dittrichia population size and cover in off-road sites. In California, it has 

been found that both of these factors are associated with population size for Centaurea 

solstitialis, a highly invasive plant in North America (Braasch et al. 2019). Moreover, time since 

introduction was the most significant predictor of non-native range size in marine invertebrates 

(Byers et al. 2015), suggesting that such a factor is ubiquitous across kingdoms. To further 

understand how this relates to Dittrichia, one could focus on new populations to collect data on 

climate, spread, and population size over a long period of time (10+ years). I would expect that 

populations would increase in size and expand their range, but I expect that range expansion may 

be limited to areas with climate that is representative of the native range for Dittrichia. 

 

Our multivariate analysis suggested that our sites grouped into sites with high amounts of exotic 

grasses (e.g., Avena, Bromus) and other sites with more bare ground and more forbs, including 

Asteraceae. Dittrichia tended to associate more with other Asteraceae species than annual 

grasses. The largest Dittrichia populations were in locations with fewer annual grasses, which is 
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consistent with the previous conclusion that more diverse off-road sites have a non-significant 

trend of higher Dittrichia cover. From field observations, the annual grasses in these sites tended 

to grow at high density, and it appears that grassland sites strongly dominated by annual grasses 

may be better able to resist Dittrichia invasion. Competition may impact invasion success 

(Goldstein and Suding 2014), and when other invaders have already established there may be 

limitations imposed on the introduction of new species (Levine et al. 2003). In California, Avena 

is a winter annual that tends to flower from March to June, while Dittrichia is a late season 

annual that flowers from September to December. It has been recorded that Avena barbata can 

limit the establishment of native species by exhausting resources like water and nutrients 

(Standish et al. 2008). I suspect that early season annual grasses like Avena are able to 

outcompete late season invaders like Dittrichia by exhausting available resources, which limits 

establishment in areas with a high density of such grasses.  

 

To better understand factors that influence Dittrichia invasion into off-road sites, one could do 

an experiment in which disturbance is manipulated, for example by tilling the soil and removing 

or reducing existing vegetation. Such an experiment for Dittrichia is underway at Blue Oak 

Ranch Reserve. Our prediction is that as disturbance (bare ground) increases, Dittrichia will 

perform better. As competition increases (bare ground decreases) individuals from off-road sites 

may show an evolutionary competitive advantage compared to individuals originating from the 

roadside. My observational results on disturbance suggest that the experiment may show 

disturbance does not predict the size and cover of Dittrichia. However, results from the 

multivariate analysis suggest that Dittrichia is capable of competing with other vegetation. 
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This study has important implications for directing resources for management and prevention of 

Dittrichia invasion. Off-road habitats are more at risk of invasion than many may have 

recognized, and such invasions could occur regardless of disturbance levels or species richness. 

This information is useful, especially for targeting invasive plant species in their introductory 

phase, before populations have expanded and become integrated into the community. Extending 

this research will provide further insight into biotic and abiotic factors that influence invasion of 

natural areas, which is crucial for protecting habitats with high conservation value from 

Dittrichia invasion across California and beyond. This study may also be applicable to other 

invasive plant species with similar patterns of spread along transport corridors. 

 

I plan to expand this study beyond Santa Clara County and extend the data collected to include 

such environmental factors and resources as moisture, nutrients, light, and microbes. A bigger 

sample size would help clarify non-significant trends in the data. Better understanding of factors 

influencing Dittrichia invasion away from roadsides allows us to focus on the most vulnerable 

locations and make well informed decisions on where resources should be allocated for 

management. This insight is crucial for protecting vulnerable species and habitats from invasion.  
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Tables 
 

Table 1. Latitude, longitude, and elevation data for each of the 30 total populations.  
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Figures 
 

 
Figure 1. Map of California showing the range expansion of Dittrichia graveolens by 
county using point data. Adapted from Brownsey et al. (2013a) with additional data from 
California Agriculture and recent observations from Calflora.  
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Figure 2. Map showing the 15 survey locations throughout Santa Clara County. 
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Figure 3. Map showing all 15 population pairs used in this study. Pairs include a 
roadside (black) population and a complimentary off-road (green) population.  
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Figure 4. Example of survey design with transect (orange) laid across the longest axis 
of the population. The center quadrat was located at the midpoint of the transect and 
the other two quadrats were located 3 meters to the left and right of the midpoint.
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Figure 5. Average % cover bare ground compared between all 15 pairs of roadside and 
off-road sites.  
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Figure 6. Average % cover of other (non-Dittrichia) vegetation compared between 
all 15 roadside and off-road sites.  
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Figure 7. Quadrat level alpha diversity compared between roadside and off-road 
populations. Alpha diversity was averaged for three 0.25m2 quadrat samples from each 
population.  
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Figure 8. A comparison of population size between roadside and off-road pairs for all 15 
locations. A one-to-one line was fit in JMP Pro 15 software. A non-significant trend 
towards larger populations off-road was observed.  
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Figure 9. Comparison of average % cover Dittrichia for all 15 roadside and off-road 
pairs. A one-to-one line was fit using JMP Pro 15 software. Off-road sites had 
significantly higher percent cover Dittrichia compared to roadside sites. 
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Figure 10. Regression between Dittrichia density inside quadrat and degree of 
disturbance (% cover bare ground) inside quadrat for all off-road populations. The line is 
least squares regression. 
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Figure 11. Regression between Dittrichia density (% cover Dittrichia) and disturbance 
(% cover bare ground) for off-road populations only. The line is least squares regression. 
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Figure 12. Regression between % cover bare ground and population size for off-road 
populations only. The line is least squares regression. 
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Figure 13. Regression of quadrat level Dittrichia cover by quadrat level alpha diversity 
for all off-road populations. Each population was sampled 3 times using a quadrat. The 
line is least squares regression. 
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Figure 14. Regression between alpha diversity (# of species) and density (% cover 
Dittrichia) for 15 total off-road sites. The line is least squares regression. 
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Figure 15. Regression of population size (# of individuals) and alpha diversity for all 15 
off-road populations. The line is least squares regression.   
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Figure 16. Circles are sites; black circles are roadside sites and green circles are off-road 
sites. The size of the circle represents the size of the Dittrichia population at that site. 
Dittrichia is not included in the original analysis of species composition.   

 
 
 
 
 
 
  



 

39 

Appendix A 
 

 



 

40 

 
 


