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Abstract

When an infestation of rush skeleton weed (Chondrilla juncea L.) is found, land 
managers need to determine how long a search radius should be in order to locate 
other patches that may be linked by seed dispersal processes. It is expected that small 
patches likely derive from larger patches. To test this idea, we examined the potential 
influence of infestation size on rush skeleton weed dispersal using an area located across 
the Salmon River Canyon, Idaho. Assuming larger infestations to be older infestation 
sources, infestations larger than 40 ha were buffered from 1 km to 20 km. Based 
on the distribution of rush skeleton weed infestation sizes and previous observations 
of the authors , infestations under 40 ha were classified into two size classes (Small: 
less than 1.6 ha and Large: more than 1.6 ha). The number of infestations within each 
category was counted and the respective proportions calculated. The proportions of 
infestation were then modeled separately for each size class as a function of distance 
using nonlinear regression models. For small infestations, the proportion of infestation 
increased with increasing distance up to 12 km. A similar increasing pattern was seen 
for large infestations with a maximum distance estimated at 17.5 km, suggesting that 
large infestations require a longer search radius. Land managers need to prioritize in 
searching for small satellite rush skeleton weed infestations within 12 km while large 
infestations will require a radius of 17.5 km from the source population. Long-tailed 
dispersal curves suggest both the smaller and larger infestations should receive similar 
importance when setting priorities to manage for preventing additional dispersal.

INTRODUCTION
Due to several dispersal mechanisms, many invasive species 

show heterogeneous spatial distributions [1]. According to 
Marco et al. [2] invasive species distributions are often composed 
of a few large and many small satellite foci, a pattern probably 
generated by long dispersal kernels. Some individual plants 
disperse, survive, and produce new satellite populations that 
are located away from their source populations [3]. It is possible 
that such satellite populations push the range of an invading 
species rapidly [4,5]. Plants with frequent but random long 
distance dispersal events may spread in unpredictable ways [6] 
and be more difficult to contain while plants with mostly local 
dispersal may spread in more predictable patterns and have 
easily identifiable bottlenecks where spread may be contained.

Following Moody and Mack’s [7] landmark paper on 
the spatial allocation of effort to manage plant invasions, 
considerable effort has been devoted to the question whether and 
when to target source and satellite populations. Targeting both 
source and satellite populations appear to depend upon their 
respective growth rates and strengths as source of dispersal, as 
well as the costs associated with search and control [8]. Whittle 
et al. [9] and Blackwood et al. [10] indicated that control should 
be applied to both source and satellite populations. According 
to Fletcher and Westcott [11] dispersal of propagules makes 
invasions a fundamentally spatial phenomenon and that effective 
management action to control or eradicate invasive species 
must take this spatial structure into account. This spatial extent 
should be related to the ecology of dispersal and spread of the 
focal species. Spatial considerations such as distance from source 
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populations are important in determining where control efforts 
should be carried out.

Movement of invasive plant species is mediated by a range 
of dispersal factors. A series of studies have examined how 
dispersal drives invasion [12-14] and how understanding factors 
of dispersal can help structure successful management [15]. 
Many invasion models have highlighted the importance of rare, 
long-distance dispersal events [12,16]. Generalized empirically 
based studies, particularly at a strategic level that can inform 
on-ground management, are crucial because invasive species 
management is frequently urgent and often must be started 
before detailed studies can be completed.

Rush skeleton weed (Chondrilla juncea L.) is a perennial 
invasive forb in the Asteraceae family found in mountain foothills 
and canyon grasslands of the Pacific Northwest United States. 
Rush skeleton weed seeds have a parachute-like “pappus” that 
enables long distance dispersal via wind.

Its ability for wind dispersal and its ability to establish within 
grass and shrub lands enable the plant to spread rapidly over 
long distances, contributing to long distance movement. In the 
canyon grasslands of Central Idaho, rush skeleton weed patches 
have been shown to be spatially dependent up to 12 km [16]. In 
this paper, we will examine the potential influence of infestation 
size on rush skeleton weed dispersal across the Salmon River 
Canyon, Idaho, and address the question of where to focus plant 
survey efforts.

METHODS

Infestation data

Here, an infested area of land is defined as the actual perimeter 
of the infestation as determined by the plant canopy, excluding 
areas that are not infested. Rush skeleton weed infestations were 
recorded from annual, ground-based surveys taken by crews 
tasked with identifying locations of invasive plant species. These 
data were recorded on hand-held global positioning systems or 
on topographic paper which were later digitized to include plant 
location, aerial size of populations and an estimate of the foliar 
cover occupied by the invasive plant species. Infestation data 
were collected over multiple years spanning 1998 to 2011 and 
different sites were visited each year; the entire area was not 
surveyed each year 

Study area

To examine the influence of infestation size on rush skeleton 
weed dispersal, a study area including the Salmon River Canyon, 
Idaho was used (Figure 1) [17]. In general, the area of land 
containing one weed species is referred to as infestation size 
(patch size). Rush skeleton weed infestations were classified into 
two classes based on their infestation size: small (less than 1.6 
ha) and large (more than 1.6 ha) size class (Figure 3). Infestations 
larger than 40 ha were assumed to be older infestation sources. 
Twenty nine polygons/infestations (source patch) were greater 
than 40 ha. Using these 29 source patches, buffers ranging from 1 
km to 20 km were created for each patch (Figure 2c). Infestations 
of each size category at each distance for each patch were clipped 
and numbers of infestations which fall in patches were counted. 

Figure 2b shows the cumulative number of infestations at each 
distance.

Statistical analysis

The proportion of infestations for each size class that 
were covered at a specified distance from an identified source 
infestation was calculated as follows

     Pr
   

Number of polygons at a distanceoportion
Total number of polygons

=
          

(1)

The proportion of infestations for each size class was 
then modeled as a function of distance to investigate how the 
proportions of each size class changed with distance from the 
source patch. We examined several possible nonlinear regression 
model forms including exponential, logistic, quadratic, and 
Gompertz as potential candidates for modeling the dispersal 
distance [18]. The best fit model was selected based on the AIC, 
BIC, and RMSE respectively. The logistic form best described the 
data and is given by:

Figure 1 Black ellipse (on inset of Idaho county map) indicates study 
area along the Salmon River Canyon (left) and the expanded view has 
black polygons representing rush skeletonweed infestations (right).

Figure 2a Number of rush skeleton weed polygons within two size 
classes (small: <1.6, large: > 1.6 ha).
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Proportion  (2)

Where as 

a = Rate of change parameter 

b = Inflection point

c = Asymptote, indicating the maximum possible infestation 
proportion.

RESULTS
We found that the proportions of infestation increased 

significantly with increase in distance up to 12 km and thereafter 
became constant for the small size class (Figure 4), while for the 
large size class, the proportion of infestations leveled out at a 
distance of 17.5 km (Figure 5). Table 1 and 2 show the logistic 

regression model that resulted from each size classes. Examination 
of the logistic model discovered that large infestations require a 
longer search radius compared to small infestations.

DISCUSSION
Our main finding is that infestation size influenced the 

distance among spatially related patches. Smaller patches 
had fewer years to produce seed that dispersed via wind and 
therefore should have shorter distances (12 km) within which 
patches are spatially related. Congruently, larger patches likely 
are older than smaller patches, allowing for more years of 
dispersal with spatially related patches more distant (17.5 km). 
Surprisingly, we found only a difference of 5.5 km dispersal 
distance between small and large patches. According to Krasny 
et al [19] guiding management of invasive species has to do with 
distribution patterns. Our long-distance dispersal curves (Figure 
3 and 4) suggest both the smaller and larger infestations should 
receive similar importance when setting priorities to manage 
for preventing additional dispersal. Small size classes may be 
responsible for rush skeleton weed long-distance dispersal up to 

Figure 2b Number of rush skeleton weed infestations (cumulative) 
encompassed by the model at a range of distances from the source 
polygon.

Figure 3 Example of buffers at 1 and 20 km used around the source 
patches.

Figure 4 Estimated small size class logistic model (green line) fit to 
the cumulative proportion of infestations covered (black dots) as a 
function of distance from source patches.

Figure 5 Estimated large size class logistic model (green line) fit to 
the cumulative proportion of infestations covered (black dots) as a 
function of distance from source patches.
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12 km [16, 17]. One key to preventing new infestations is early 
detection of these small size class infestations that have a high 
probability of expanding into large infestations [7]. Moody and 
Mack [7] argued that smaller patches have more seeds that fall 
outside the patch and so smaller patches increase in size more 
quickly than large patch. It has been noted that eradication may 
be more effective to focus first on satellite populations [20]. The 
satellite populations of shorter dispersing species expand more 
rapidly and potentially cover greater area than the invasion front 
of source populations leading to prioritization of satellite patch 
eradication prior to source patch eradication [21, 7]. However, 
for longer dispersing species like rush skeleton weed, the 
invasion front appears less important given the 12 km and 17.5 
km distances for small and large infestations. Small and large 
infestations need to have similar prioritization for long-distance 
dispersing species [9, 10]. Depending on the potential impacts of 
individual species, even infestations larger than 1000 hectares 
should be targeted for eradication, or, at least, substantial 
reduction and containment [22]. A notable example of an ongoing 
eradication program for is eradication of the parasitic weed 
Striga asiatica in parts of North and South Carolina [23]. In the 
45 years of the eradication program, the initial gross infestation 
of 20 000 km2 was reduced to 2800 ha of very light occurrences 
[22].

Eradication in areas of previously rush skeletonweed free 
areas will rely on extensive plant survey of potential habitat 
within at least 12 km of a source population. In addition, 
examination of up-wind areas within 17.5 km should help to 
identify where seed may have originated and include those areas 
within plans for eradication that may rely on biological control or 
control with herbicides [24].

CONCLUSION
Of note in this study, large infestations of rush skeleton weed 

require a longer search radius (17.5 km) while small infestations 
require a shorter search radius of 12 km from source populations. 
Management efforts need to be focused on both satellite and large 
infestations [9, 10]. A strategy for species with long-distance 
dispersal is different from a strategy for a species with short-
distance dispersal making management to reduce ecological 
impacts from long-distance dispersing species more challenging.

REFERENCES
1.	 Williams DW, Liebhold AM. Spatial scale and the detection of density-

Table 1: Logistic regression model (sigmoid curve) results for the small size class (less than 1.6 ha).

Parameter Estimate SE Lower 95% Upper 95%

Expansion rate 0.3867 0.0198 0.3479 0.4255

Inflection point 3.2703 0.1125 3.0497 3.4909

Asymptote 0.0608 0.0005 0.0598 0.0618

Table 2: Logistic regression model (sigmoid curve) results for the large size class (greater than 1.6 ha).

Parameter Estimate SE Lower 95% Upper 95%

Expansion rate 0.3915 0.0143 0.3634 0.4195

Inflection point 0.5313 0.0869 0.3610 0.7015

Asymptote 0.0549 0.0002 0.0545 0.0552

dependence in spruce budworm outbreaks in eastern North America. 
Oecologia. 2000; 124: 544–552.

2.	 Marco DE, Cannas SA, Montemurro MA, Hu B, Cheng SY. Comparable 
ecological dynamics underlie early cancer invasion and species 
dispersal, involving self-organizing processes. J Theor Biol. 2009; 256: 
65-75.

3.	 Forcella F, Harvey SJ. Relative abundance in an alien weed flora. 
Oecologia. 1983; 59: 292-295.

4.	 Silvertown JW, Lovett Doust J. Introduction to plant population 
biology. Blackwell. 1993.

5.	 Clark JS. Why trees migrate so fast: confronting theory with dispersal 
biology and the paleorecord.  Am Nat. 1998; 152: 204-224.

6.	 Higgins SI, Richardson DM. Predicting Plant Migration Rates in a 
Changing World: The Role of Long-Distance Dispersal. The American 
Naturalist. 1999; 153: 464-475.

7.	 Moody ME, Mack RN. Controlling the spread of plant invasions: the 
importance of nascent foci. Journal of Applied Ecology. 1988; 25: 
1009–1021.

8.	 Epanchin-Niell RS, Hastings A. Controlling established invaders: 
integrating economics and spread dynamics to determine optimal 
management. Ecol Lett. 2010; 13: 528-541.

9.	 Whittle AJ, Lenhart S, Gross LJ. Optimal control for management of an 
invasive plant species.  Math Biosci Eng. 2007; 4: 101-112.

10.	Blackwood J, Hastings A, Costello C. Cost-effective management of 
invasive species using linear-quadratic control. Ecological Economics. 
2010; 69: 519–527.

11.	Fletcher CS1, Westcott DA2 . Dispersal and the design of effective 
management strategies for plant invasions: matching scales for 
success.  Ecol Appl. 2013; 23: 1881-1892.

12.	Jongejans E, Skarpaas O, Shea K. Dispersal, demography and spatial 
population models for conservation and control management. 
Perspectives in Plant Ecology, Evolution and Systematics. 2008; 9: 
153–170.

13.	Soons MB, Bullock JM. Non-random seed abscission, long-distance 
wind dispersal and plant migration rates. Journal of Ecology. 2008; 
96: 581–590.

14.	Coutts S, van Klinken R, Yokomizo H, Buckley Y. What are the key 
drivers of spread in invasive plants: dispersal, demography or 
landscape: and how can we use this knowledge to aid management? 
Biological Invasions. 2011; 13: 1649–1661.

15.	Grevstad FS. Simulating control strategies for a spatially structured 
weed invasion: Spartina alterniflora (Loisel) in Pacific Coast estuaries. 
Biological Invasions. 2005; 7: 665–677.

http://link.springer.com/article/10.1007%2Fs004420000412
http://link.springer.com/article/10.1007%2Fs004420000412
http://link.springer.com/article/10.1007%2Fs004420000412
http://www.ncbi.nlm.nih.gov/pubmed/18930739
http://www.ncbi.nlm.nih.gov/pubmed/18930739
http://www.ncbi.nlm.nih.gov/pubmed/18930739
http://www.ncbi.nlm.nih.gov/pubmed/18930739
http://link.springer.com/article/10.1007/BF00378851
http://link.springer.com/article/10.1007/BF00378851
https://books.google.co.in/books?hl=en&lr=&id=r4vM2-eafFwC&oi=fnd&pg=PR1&dq=Introduction+to+plant+population+biology.+Blackwell&ots=NsxCnsDcOq&sig=1qAG76SVERvGMv0alTU9VbYd8xE#v=onepage&q=Introduction to plant population biology. Blackwell&f=false
https://books.google.co.in/books?hl=en&lr=&id=r4vM2-eafFwC&oi=fnd&pg=PR1&dq=Introduction+to+plant+population+biology.+Blackwell&ots=NsxCnsDcOq&sig=1qAG76SVERvGMv0alTU9VbYd8xE#v=onepage&q=Introduction to plant population biology. Blackwell&f=false
http://www.ncbi.nlm.nih.gov/pubmed/18811386
http://www.ncbi.nlm.nih.gov/pubmed/18811386
http://www.researchgate.net/publication/271799114_Predicting_Plant_Migration_Rates_in_a_Changing_World_The_Role_of_LongDistance_Dispersal
http://www.researchgate.net/publication/271799114_Predicting_Plant_Migration_Rates_in_a_Changing_World_The_Role_of_LongDistance_Dispersal
http://www.researchgate.net/publication/271799114_Predicting_Plant_Migration_Rates_in_a_Changing_World_The_Role_of_LongDistance_Dispersal
http://www.jstor.org/stable/2403762?seq=1#page_scan_tab_contents
http://www.jstor.org/stable/2403762?seq=1#page_scan_tab_contents
http://www.jstor.org/stable/2403762?seq=1#page_scan_tab_contents
http://www.ncbi.nlm.nih.gov/pubmed/20455926
http://www.ncbi.nlm.nih.gov/pubmed/20455926
http://www.ncbi.nlm.nih.gov/pubmed/20455926
http://www.ncbi.nlm.nih.gov/pubmed/17658918
http://www.ncbi.nlm.nih.gov/pubmed/17658918
http://econpapers.repec.org/article/eeeecolec/v_3a69_3ay_3a2010_3ai_3a3_3ap_3a519-527.htm
http://econpapers.repec.org/article/eeeecolec/v_3a69_3ay_3a2010_3ai_3a3_3ap_3a519-527.htm
http://econpapers.repec.org/article/eeeecolec/v_3a69_3ay_3a2010_3ai_3a3_3ap_3a519-527.htm
http://www.ncbi.nlm.nih.gov/pubmed/24555314
http://www.ncbi.nlm.nih.gov/pubmed/24555314
http://www.ncbi.nlm.nih.gov/pubmed/24555314
http://www.bio.miami.edu/horvitz/bil235/biocontrol_spread_review/JONGEJANSETAL_2008.PDF
http://www.bio.miami.edu/horvitz/bil235/biocontrol_spread_review/JONGEJANSETAL_2008.PDF
http://www.bio.miami.edu/horvitz/bil235/biocontrol_spread_review/JONGEJANSETAL_2008.PDF
http://www.bio.miami.edu/horvitz/bil235/biocontrol_spread_review/JONGEJANSETAL_2008.PDF
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2008.01370.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2008.01370.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2008.01370.x/abstract
http://link.springer.com/article/10.1007%2Fs10530-010-9922-5
http://link.springer.com/article/10.1007%2Fs10530-010-9922-5
http://link.springer.com/article/10.1007%2Fs10530-010-9922-5
http://link.springer.com/article/10.1007%2Fs10530-010-9922-5
http://link.springer.com/article/10.1007%2Fs10530-004-5855-1
http://link.springer.com/article/10.1007%2Fs10530-004-5855-1
http://link.springer.com/article/10.1007%2Fs10530-004-5855-1


Central
Bringing Excellence in Open Access





Shafii et al. (2015)
Email: 

Int J Plant Biol Res 3(3): 1048 (2015) 5/5

Kesoju SR, Shafii B, Prather TS, Lass LW, Price WJ (2015) Effect of Infestation Size on Rush Skeletonweeds (Chondrilla juncea L.) Dispersal Distance. Int J Plant 
Biol Res 3(4): 1048.

Cite this article

16.	Kesoju SR, Shafii B, Lass LW, Price WJ, Prather TS. Predicting rush 
skeletonweed (Chondrilla juncea) dispersal by wind within the 
Canyon Grasslands of Central Idaho. Int J Plant Biol Res 2015; 3: 1026.

17.	Kesoju SR. Modeling wind dispersal of rush skeletonweed (Chondrilla 
juncea L.) in the canyon grasslands of central Idaho. University of 
Idaho. 2012.

18.	JMP SAS. JMP software, version 4.0 of the SAS System for Macintosh. 
SAS Institute, Cary, North Carolina, USA. 1996.

19.	Krasny ME. Understanding invasion ecology. Invasion Ecology, NSTA 
Press. 2003; 20.

20.	Hulme PE. Beyond control: wider implications for the management of 
biological invasions. Journal of Applied Ecology. 2006; 43: 835–847.

21.	Cousens R, Mortimer M. Dynamics of Weed Populations. Cambridge 
University Press, New York, NY. 1995; 21-54.

22.	Rejmanek M, Pitcairn MJ. Turning the tide: the eradication of invasisve 
species. In Veitch, C. R. and Clout MN (eds). IUCN SSC Invasive Species 
Specialist Group. IUCN, Gland, Switzerland and Cambridge, UK. 2002; 
249-253.

23.	Kaiser, J. 1999. Stemming the tide of invading species. Science 285: 
1836-1841.

24.	Sheley R, Manoukian M, Marks G. Preventing noxious weed invasion. 
In: Sheley, Roger L.; Petroff, Janet K., eds. Biology and management 
of noxious rangeland weeds. Corvallis, OR: Oregon State University 
Press. 1999; 69-72.

http://www.jscimedcentral.com/PlantBiology/plantbiology-3-1026.pdf
http://www.jscimedcentral.com/PlantBiology/plantbiology-3-1026.pdf
http://www.jscimedcentral.com/PlantBiology/plantbiology-3-1026.pdf
http://www.worldcat.org/title/modeling-wind-dispersal-of-rush-skeletonweed-chondrilla-juncea-l-in-the-canyon-grasslands-of-central-idaho/oclc/850699079
http://www.worldcat.org/title/modeling-wind-dispersal-of-rush-skeletonweed-chondrilla-juncea-l-in-the-canyon-grasslands-of-central-idaho/oclc/850699079
http://www.worldcat.org/title/modeling-wind-dispersal-of-rush-skeletonweed-chondrilla-juncea-l-in-the-canyon-grasslands-of-central-idaho/oclc/850699079
https://support.sas.com/software/products/university-edition/docs/en/SASUniversityEditionInstallGuideMac.pdf
https://support.sas.com/software/products/university-edition/docs/en/SASUniversityEditionInstallGuideMac.pdf
http://static.nsta.org/files/PB162X4Sweb.pdf
http://static.nsta.org/files/PB162X4Sweb.pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2006.01227.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2664.2006.01227.x/abstract
http://www.abebooks.com/book-search/isbn/0521499690/
http://www.abebooks.com/book-search/isbn/0521499690/
http://www.sciencemag.org/content/285/5435/1836
http://www.sciencemag.org/content/285/5435/1836

	Effect of Infestation Size on Rush Skeleton weeds (Chondrilla juncea L.) Dispersal Distance
	Abstract
	Introduction
	Methods
	Infestation data
	Study area
	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Figure 1
	Figure 2a
	Figure 2b
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2

