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Evaluation of Restoration Methods to Minimize Canada 
Thistle (Cirsium arvense) Infestation

By Diane L. Larson

Abstract
The National Wildlife Refuge System has an active 

habitat restoration program and annually seeds thousands 
of hectares with native plant species. The noxious weed, 
Canada thistle (Cirsium arvense), plagues these restorations. 
This study evaluates planting methodology and seed mixes 
with the goal of recommending optimal methods to reduce 
infestation of noxious weeds, especially Canada thistle, in 
new restorations. Three planting methods (dormant season 
broadcast, growing season [summer] broadcast, and growing 
season [summer] drill) were fully crossed with three levels 
of seed diversity (10, 20, and 34 species [plus a fourth level, 
58 species, on the three sites in Iowa]) in a completely 
randomized design replicated on nine sites in Minnesota and 
Iowa. The propagule bank of Canada thistle was evaluated at 
each site. Planting occurred in winter 2004 and spring-summer 
2005. Here I report on results through summer 2007. None 
of the planting methods or seed mix diversities consistently 
resulted in reduced abundance of Canada thistle. Soil texture 
had the strongest influence; sites with greater proportions of 
clay had greater frequency and cover of Canada thistle than 
did sandy sites. At the Minnesota study sites, the dormant 
broadcast planting method combined with the highest seed 
diversity resulted in both the greatest cover of planted species 
as well as the greatest richness of planted species. At the 
Iowa sites, planted species richness was slightly greater in the 
summer drill plots, but cover of planted species was greatest 
in the dormant broadcast plots. Richness of planted species 
at the Iowa sites was maximized in the high diversity plots, 
with the extra-high diversity seed mix resulting in significantly 
lower species richness. Individual species responded to plant-
ing methods idiosyncratically, which suggests that particular 
species could be favored by tailoring planting methods to that 
species.

Introduction
Restoration is a hallmark of the National Wildlife 

Refuge System (U.S. Fish and Wildlife Service, 1999, p. 12). 
Region 3 of the U.S. Fish and Wildlife Service harbors one of 

the largest tallgrass prairie restorations in the world at Neal 
Smith National Wildlife Refuge (NWR), located in Iowa. 
Efforts to preserve and restore such rare habitats are at the 
core of the Service’s mission to “…administer a national 
network of lands and waters for the conservation, manage-
ment, and where appropriate, restoration of the fish, wildlife, 
and plant resources and their habitats within the United States 
for the benefit of present and future generations of Americans” 
(National Wildlife Refuge System Improvement Act of 1997).

This study was done by U.S. Geological Survey in coop-
eration with Region 3 of the U.S. Fish and Wildlife Service. 
It represents the efforts of personnel at Neal Smith NWR and 
at Litchfield, Morris, and Fergus Falls Wetland Management 
Districts (WMDs), Minnesota, to experimentally test the 
effects of three seeding methods and three (four in Iowa) seed 
diversity mixes on the success of restoration plantings. In this 
report, I describe changes in species richness and vegetative 
cover of the planted native species as well as cover and stem 
counts of Canada thistle from 2005 through 2007.

Methods
We combined three planting methods (dormant-season 

broadcast [hereafter referred to as “dormant broadcast”], 
growing-season broadcast [hereafter “summer broadcast”], 
and growing-season drill [hereafter “summer drill”]) with 
three (four in Iowa) seed diversities (10, 20, or 34 species, 
plus 58 at Neal Smith NWR in Iowa) in a completely random-
ized design on each of nine sites (two at each of the WMDs 
and three at Neal Smith NWR). Each treatment was replicated 
12 times at each site, for a total of 108 12- × 12-m “cells” 
planted at each site. Within each cell we delineated a perma-
nently marked 6- × 2-m sample plot. Here we counted all 
thistle stems. On a 0.25- × 4-m subplot within the sample plot, 
we measured species richness and cover of all species present. 
These cover and richness measurements were completed by a 
contractor from the University of Minnesota in 2005 and 2006 
and by a contractor from Iowa State University in 2007, with 
help from station staff in each year.

Prior to seeding, seedbank samples were collected at 
a subset of cells at each site. These samples were analyzed 
for thistle propagules by contractors at the U.S. Department 



Figure 1. Soil texture at study sites in Minnesota (A) and Iowa (B). Shown are least square means and standard errors.
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of Agriculture, Agricultural Research Service’s Morris field 
station. In addition, soil samples were collected for texture and 
nitrogen analyses; these samples were analyzed by contractors 
at the University of Minnesota.

Basic statistical analyses of the data were performed 
by using repeated measures analysis of variance (ANOVA) 
(SAS GLM, version 9.2) for the years 2005–07. Because 
Canada thistle abundance, as described below, was much 
greater on the Minnesota study sites than at the Neal Smith 
NWR sites in Iowa, Minnesota and Iowa sites were analyzed 
separately for all analyses. When high-order interaction terms 
made ANOVAs hard to interpret, structural equation models 
were used to evaluate differences in response variables (for 
example, cover of Canada thistle, cover of planted species) 
that might be attributed to multivariate, site-specific character-
istics (for example, soil texture, nitrogen cycling).

Results and Discussion
Soil texture and propagule bank results were reported 

in the 2006 interim report and are summarized here. There 
was no spatial structure in soil texture within sites, but sites 
did differ from each other in the percentage of sand, silt, and 
clay in their soil (fig. 1). Meeker, at Litchfield WMD, was the 
sandiest site and also had the smallest percentage of clay. Sites 
Orbweaver and Production, at Neal Smith NWR, had the least 
sand and the highest percentage of silt. (Tables of results of all 
ANOVAs in this report are compiled in appendix 1.)

The range of values for soil characteristics at Minnesota 
and Iowa sites is presented in table 1. Results presented in this 
report can likely be generalized within these ranges but should 
not be used to extrapolate outside of them.

Thistle seed was detected on nine plots at site Heinola 
(Fergus Falls WMD), five plots at site Fahl (Morris WMD), 
and one plot each at sites Diekmann (Morris WMD), 
Meadows (Fergus Falls WMD), and Kandiyohi (Litchfield 
WMD). No thistle seeds were found at Meeker (Litchfield 
WMD) or at Production, Orbweaver, and Harmison (Neal 
Smith NWR). No root fragments from any site sprouted. The 
lack of a thistle propagule bank at most sites, combined with 
the obvious presence of Canada thistle in the vegetation, 
suggests either that windblown seeds are entering the sites 
or that our sampling intensity was insufficient to adequately 
characterize the thistle seedbank.

Thistle Stem Counts

Because of the vast difference in the amount of thistle 
at the Neal Smith NWR (Iowa) sites and the WMD (Minne-
sota) sites (fig. 2), as well as the landscape-level differences 
(for example, proximity to thistle infestations) between the 
NWR and the WMD sites, I have analyzed these two data sets 
separately by using repeated measures ANOVA for the years 
2005–07 in Minnesota and Iowa.

There was a significant interaction between site and 
planting method with respect to thistle stem counts at both 
the Minnesota and Iowa study sites (fig. 3). In Minnesota, 
the dormant broadcast method had more thistle stems at 
three sites, fewer at one site, and did not vary from the other 
planting methods at two sites. The increase between 2005 
and 2006 was much larger than between 2006 and 2007 at all 
Minnesota sites except Diekmann. In Iowa, only Production 
showed a substantial increase in thistle stems over time, and 
this increase was greatest in the dormant broadcast plots. In 



Table 1. Range of values for soil characteristics. 

[Values reported are means for study sites within the two States, with the range for individual plots in parentheses. %, percent; µg, microgram; g, gram]

Soil variable Minnesota sites (range) Iowa sites (range)
Sand (%) 53–82 (48–91) 43–56 (42–75)
Silt (%) 10–24 (2–29) 25–34 (13–38)
Clay (%) 7–24 (5–29) 19–23 (10–25)
Nitrogen mineralization rate (µg/g soil/day) 0.77–1.1 (0.470–2.113) 0.81–0.96 (0.379–1.627)
Net nitrification (µg/g soil/day) 1.6–2.8 (0.852–5.793) 1.3–1.7 (0.802–2.911) 
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Figure 2. Canada thistle stem counts at sites in Minnesota (A) and Iowa (B). Note that the y-axis differs between the two graphs. 
Shown are least square means and standard errors.
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Figure 3. Canada thistle stem counts by site and method for Minnesota (A) and Iowa (B) sites. For each site, the first three bars are 
2005 counts, the second three are 2006, and the third three are 2007. Note the different range of the y-axes in the two graphs. Shown are 
least square means and standard errors.
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B  Thistle stems by method and site, Iowa sites 2005−07
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Figure 4. Canada thistle stem counts by method and seed mix diversity at the Iowa sites. For each 
year, the first four bars represent the dormant broadcast method, the second four represent the 
summer broadcast, and the third four represent the summer drill. Shown are least square means and 
standard errors.
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addition, the Iowa sites had a significant method-by-diversity 
interaction (fig. 4). The low diversity plots had more thistle 
stems in 2007 than did the plots of other diversity levels.

Thistle Cover

 In the repeated measures analysis, there was a significant 
interaction between site and planting method over time at both 
the Minnesota and the Iowa sites (fig. 5). In Minnesota, thistle 
cover has continued to increase at Diekmann, Kandiyohi, and 
Meadows but has leveled off at the other three sites. Dormant 
broadcast plots tended to have more thistle than did the other 
two planting methods at Fahl and Kandiyohi but less at 

Diekmann. In Iowa, only Production has undergone a signifi-
cant increase in thistle cover over the 3 years, and this increase 
has been primarily in the dormant broadcast plots, as was the 
case for thistle stem counts.

Thistle cover in Iowa was also influenced by diversity 
of the seed mix, and effect of the seed mix varied by planting 
method (fig. 6). The low diversity seed mix in the dormant 
broadcast method had the highest thistle cover at the Iowa 
sites in 2007. All other method-by-diversity combinations 
had similar amounts of thistle cover in 2007. Although thistle 
cover has increased over the 3 years of the study, it is still 
substantially lower in Iowa than in the Minnesota sites, with 
the exception of Heinola.



Figure 5. Thistle cover as a function of planting method and site in Minnesota (A) and Iowa (B). Within each site, the first three bars 
represent 2005 measurements, the second three represent 2006 measurements, and the third three represent 2007 measurements. Note 
that the y-axes differ on the two graphs. Shown are least square means and standard errors.
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Figure 6. Canada thistle cover as a function of planting method and seed mix diversity at Iowa sites. 
Within each year, the first three bars represent the dormant broadcast method, the second three 
represent the summer broadcast, and the third three represent the summer drill. Shown are least 
square means and standard errors.
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Planted Species Cover

In Minnesota, cover of planted species varied by method, 
and this variation differed depending on site (fig. 7). Cover of 
planted species increased over the 3 years of the study, with 
the dormant broadcast planting method showing the largest 
amount of cover in each year for each site except Diekmann, 
where the summer drill had a slight advantage over the other 
two planting methods. Cover of planted species in summer 
broadcast and summer drill plots was generally similar, except 
at Kandiyohi, where the summer broadcast lagged behind the 
summer drill. The difference between the effects of seed mix 
diversity levels on cover of planted species has been accentu-
ated over time, with the high diversity seed mix having the 
greatest and the low diversity seed mix having the lowest 
cover of planted species in both 2006 and 2007 (fig. 8).

In Iowa, cover of planted species varied significantly 
by site (fig. 9); cover increased in each year, with Orbweaver 
having the highest cover of planted species in both 2006 and 
2007. There was a significant interaction between planting 
method and seed mix diversity (fig. 10) as well. The extra-
high seed diversity treatment had lower than expected cover 
of planted species. The dormant broadcast method generally 
produced greater cover of planted species than did the other 
two planting methods. Planted cover in the summer broadcast 
and summer drill methods was especially depressed in the 
extra-high diversity seed mix in 2006 and 2007.



Figure 7. Cover of planted species as a function of planting method and site at Minnesota sites. Within each site, the first three bars 
represent 2005 measurements, the second three 2006 measurements, and the third three 2007 measurements. Shown are least square 
means and standard errors.

Figure 8. Cover of planted species over time as a function of seed mix diversity at Minnesota sites. 
Shown are least square means and standard errors.
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Figure 9. Cover of planted species over 3 years at Iowa sites. Shown are least square means and 
standard errors.

Figure 10. Cover of planted species as a function of planting method and seed mix diversity at Iowa 
sites. Within each year, the first three bars refer to the extra-high diversity, the next three to the high 
diversity, the next three to the medium diversity, and the last three to the low diversity. Shown are least 
square means and standard errors.
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Figure 11. Richness of planted species as a function of site, planting method, and seed mix diversity at sites in Minnesota. 
Within each site, the first three bars represent the dormant broadcast method, the second three represent the summer 
broadcast, and the third three represent the summer drill. Shown are least square means and standard errors.
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Species Richness

Unlike in 2005 and 2006, when we only measured 
species richness in the subplots used to measure cover, in 2007 
we counted the number of species in the entire 2- × 6-m plot. 
Therefore, this ANOVA evaluated the effects of site, planting 
method, seed diversity, and their interactions in 2007 only. 

In Minnesota sites, richness of planted species varied in 
a complex three-way interaction among site, planting method, 
and seed diversity (fig. 11). In most cases, the high diversity 
seed mix resulted in greater species richness than did the 
medium and low diversity mixes; however, at Kandiyohi, 
Meadows, and Meeker, the high and medium diversity mixes 
did not differ when the summer broadcast planting method 
was used. At every site in Minnesota, the dormant broadcast 

planting method combined with the high diversity seed mix 
resulted in the greatest number of desired species.

Richness of planted species at the Iowa sites varied by 
site and seed mix diversity (fig. 12A) and by method and seed 
mix diversity (Figure 12B). The extra-high diversity seed mix 
resulted in lower species richness than did the high diversity 
mix in every case; only in the dormant broadcast planting 
method did more species become established from the extra-
high diversity mix than from the medium diversity mix. The 
low diversity seed mix had higher species richness in the 
summer drill planting method than in the other two methods; 
the medium diversity seed mix did not vary in species richness 
among the three planting methods.

The complete list of species in the seed mixes and their 
proportional representation in the plots can be found in appen-
dix 2 (Minnesota) and appendix 3 (Iowa).



Figure 12. Planted species richness at Iowa sites. A, Richness as a function of site and seed mix 
diversity. B, Richness as a function of planting method and seed mix diversity. Shown are least square 
means and standard errors.
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Table 2. Proportion of plots at Minnesota sites in which a species was encountered as a function of diversity of the seed mix.

[Shown are least square means plus or minus (+) standard error. NA, species not present in the low diversity mix]

Species
Diversity of seed mix

High Medium Low
Dalea purpurea 0.33+0.027 0.45+0.027 0.50+0.027
Aster novae-angliae 0.36+0.026 0.39+0.026 0.54+0.026
Heliopsis helianthoides 0.82+0.021 0.93+0.021 NA
Coreopsis palmata 0.54+0.027 0.63+0.027 NA
Dalea candida 0.35+0.026 0.43+0.026 NA
Lespediza capitata 0.39+0.026 0.28+0.026 NA
Potentilla arguta 0.19+0.024 0.31+0.024 NA
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Minnesota
Only two species that were planted at Minnesota sites 

failed to appear by 2007: Carex bicknellii and Liatris aspera. 
Many species were less frequently encountered as the diver-
sity of the seed mix increased (table 2), which is expected 
because the amount of seed was kept constant as more species 
were added. Lespedeza capitata was an exception to this trend. 
Among the grasses, Elymus canadensis and E. trachycaulus 
appeared on virtually every plot on which they were planted; 
Andropogon gerardii and Bouteloua curtipendula also had 
high establishment. Sorghastrum nutans and Sporobolus 
asper, however, were encountered on only about a quarter of 
the plots where they were planted (appendix 2). Four of the 
five most prevalent forbs were in the Asteraceae; the fifth was 
a mint. Among the five least prevalent forbs were three asters, 
a rose, and a lily (appendix 2).

The most frequent pattern encountered for individual 
species in Minnesota was a site-by-method interaction 
(figs. 13, 14, and 15). In only one case, Ratibida columnifera 
at Kandiyohi, was the summer broadcast clearly superior to 
the other two planting methods. Several species, including 
Aster novae-angliae, Sorghastrum nutans, Coreopsis palmata, 
Panicum virgatum, Sporobolus asper, and Zizia aurea were 
generally favored by the dormant broadcast planting method. 
Dalea candida was mainly favored by the summer drill 
planting method. In many cases, both dormant broadcast and 
summer drill produced similar results. Three species, Verbena 
stricta, Artemisia ludoviciana, and Solidago rigida, had 
significant three-way interactions among site, diversity, and 
method, which rendered the result difficult to interpret.



Figure 13. Species-specific responses to planting methods within sites at Minnesota sites for species present in all three seed mixes. 
Proportion refers to the proportion of plots in which each species was encountered. Shown are least square means and standard 
errors.
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Figure 14. Species-specific responses to planting methods within sites at Minnesota sites for species present in the medium and 
high diversity seed mixes. Proportion refers to the proportion of plots in which each species was encountered. Shown are least square 
means and standard errors.
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Figure 15. Species-specific responses to planting methods within sites at Minnesota sites for species present in the high diversity 
seed mix only. Proportion refers to the proportion of plots in which each species was encountered. Shown are least square means and 
standard errors.
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Iowa
Seven species that were planted at Iowa sites were not 

encountered in our 2007 surveys: Phlox pilosa, Amorpha 
canescens, Aster azureus, Coreopsis tripteris, Gentiana 
flavida, Sporobolus heterolepis, and Tradescantia bracteata. 
Of these, P. pilosa was in the high and extra-high diversity 
seed mix, and the rest were in only the extra-high diversity 
mix (appendix 3). Surprisingly, several species that were 
in all four of the seed mixes were rarely encountered in the 
survey. These included Verbena stricta, Helianthus occiden-
talis, and Aster novae-angliae. As in Minnesota, some species 
had a significant relation to seed mix diversity, and most of 
those had greater frequencies in the lower diversity plots, 

Table 3. Proportion of plots at Iowa sites in which a species was encountered as a function of diversity of the seed mix.

[Shown are least square means plus or minus (±) standard error. Of the species shown, only M. fistulosa was included in the low diversity mix; 
R. pinnata was not present in the medium diversity mix]

Species
Diversity of seed mix

Extra-high High Medium Low
Monarda fistulosa 0.38±0.045 0.44±0.045 0.56±0.045 0.69+0.045
Dalea candida 0.14±0.041 0.37±0.041 0.32±0.041
Lespedeza capitata 0.26±0.042 0.65±0.042 0.64±0.042
Panicum virgatum 0.60±0.042 0.81±0.042 0.76±0.042
Sporobolus asper 0.37±0.044 0.53±0.044 0.43±0.044
Ratibida pinnata 0.33±0.042 0.77±0.042

again because of a higher proportion of seed of each species 
included in that mix (table 3). While there were always large 
declines in frequency between high and extra-high plots, there 
were many cases where there was little difference in frequency 
between high and medium diversity. Of the species that varied 
significantly by planting method as a main effect (table 4), 
some were strongly favored by either summer drill or dormant 
broadcast; none were favored by summer broadcast. Despite 
the overall similarity among the three sites (table 1, fig. 1), 
many species varied substantially in the proportion of plots 
occupied as a function of site (table 5).

Table 4. Proportion of plots at Iowa sites in which a species was encountered as a function of planting method.

[Shown are least square means plus or minus (±) standard error]

Species
Method

Dormant broadcast Summer broadcast Summer drill
Monarda fistulosa 0.43±0.039 0.47±0.039 0.65±0.039
Schizachyrium scoparium 0.24±0.037 0.32±0.037 0.46±0.037
Sorghastrum nutans 0.63±0.035 0.65±0.035 0.79±0.035
Panicum virgatum 0.68±0.042 0.67±0.042 0.82±0.042
Potentilla arguta 0.18±0.028 0.10±0.028 0.028±0.028
Sporobolus asper 0.69±0.044 0.32±0.044 0.31±0.044
Tradescantia ohiensis 0.24±0.050 0.18±0.050 0.42±0.050
Asclepias tuberose 0.67±0.073 0.22±0.073 0.31±0.073
Desmodium canadense 0.17±0.075 0.42±0.075 0.56±0.075
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Table 5. Proportion of plots at Iowa sites in which a species was encountered as a function of site.

[Shown are least square means plus or minus (±) standard error]

Species
Site

Harmison Orbweaver Production
Monarda fistulosa 0.44±0.039 0.49±0.039 0.63±0.039
Dalea candida 0.37±0.041 0.15±0.041 0.32±0.041
Heliopsis helianthoides 0.55±0.039 0.70±0.039 0.80±0.039
Panicum virgatum 0.63±0.042 0.78±0.042 0.75±0.042
Potentilla arguta 0.17±0.028 0.01±0.028 0.13±0.028
Sporobolus asper 0.41±0.044 0.56±0.044 0.36±0.044
Asclepias tuberosa 0.25±0.073 0.42±0.073 0.53±0.073
Delphinium virescens 0.14±0.066 0.11±0.066 0.44±0.066
Desmodium canadense 0.22±0.075 0.42±0.075 0.50±0.075
Thalictrum dasycarpum 0.22±0.070 0.11±0.070 0.61±0.070

Seven species had a significant interaction between 
site and seed mix diversity (fig. 16). In general, species that 
occurred only in the extra-high diversity mix were not as 
represented in the plots as were those in the high diversity 
seed mix. Rudbeckia hirta and Tradescantia ohiensis were 
exceptions to this trend. 

Five species had significant interactions between plant-
ing method and seed mix diversity (fig. 17). Again, species in 
the extra-high diversity mix were generally less frequent than 
those in the lower diversity mixes, with R. hirta an exception. 
Of these species, Heliopsis helianthoides tended to do better in 
the dormant broadcast treatment, but the others were generally 
slightly better represented in the summer drill and summer 
broadcast.

Six species had significant interactions between plant-
ing method and site (fig. 18). Here again, and in contrast to 
results at the Minnesota sites, the summer planting methods 
often showed superior performance to the dormant broadcast 
method; however, substantial variation among the species 
suggests that methods tailored to individual species—for 
example, staggered planting times—may yield the best results. 
Four species, Verbena stricta, Dalea purpurea, Astragalus 
canadensis, and Stipa spartea, had significant three-way 
interactions among site, planting method, and diversity, which 
rendered the results difficult to interpret.



Figure 16. Species-specific responses to site and seed mix diversity at Iowa sites. Proportion refers to 
the proportion of plots in which the species was encountered to all plots in which the species was planted. 
Shown are least square means and standard errors.
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Figure 17. Species-specific responses to planting method and seed mix diversity at Iowa sites. Proportion 
refers to the proportion of plots in which the species was encountered to all plots in which the species was 
planted. Shown are least square means and standard errors.
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Figure 18. Species-specific responses to planting method and site at Iowa study sites. Proportion refers to 
the proportion of plots in which the species was encountered to all plots in which the species was planted. 
Shown are least square means and standard errors.
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Figure 19. Hypothesized model for effects of soil characteristics 
on Canada thistle cover. Straight arrows are causal pathways; 
curved arrows represent correlations between variables.
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Synthesis
The results presented so far suggest that the dormant 

broadcast planting method will tend to optimize the establish-
ment of planted species at Minnesota sites, regardless of site 
or diversity of the seed mix. At the Iowa sites, richness of the 
planted species tended to be optimized by the summer drill 
method, at least for low through high diversity seed mixes. 
Cover of planted species, on the other had, was highest for the 
dormant broadcast plots at sites in both Minnesota and Iowa. 
Higher diversity seed mixes, at least through approximately 
34 species, resulted in greater species richness; results from 
the extra-high diversity mix at the Iowa sites suggest that there 
may be a maximum seed mix diversity, above which there 
is not only no gain in richness but indeed a loss in realized 
species richness and cover of planted species. The impor-
tance of this deficit in native recruitment is not yet clear; if 
more “conservative” seeds germinate in subsequent years, the 
higher diversity may ultimately prove to be the more resilient 
to invasion.

Results with respect to Canada thistle are less straight-
forward. No single planting method or seed diversity level 
resulted in consistently lower infestations of Canada thistle 
across sites. To begin to understand the relations among site-
specific variables, such as soil texture and nitrogen cycling, 
and the response variable, abundance of Canada thistle, I used 
structural equation models (McCune and Grace, 2002) for the 
Minnesota sites. I took a model-generating approach (Jöreskog 
and Sörbom, 1996) to develop the model with data from 2005 
to 2007 with the aim of understanding what factors most influ-
enced Canada thistle cover in 2007. I started with a model that 
included percent sand, percent clay, and nitrification, as well 
as Canada thistle cover in 2005, 2006, and 2007 and cover of 
planted species in 2006 (fig. 19). 

Minnesota Sites

Because nitrification was never significant for either the 
full model or the multigroup model (in which model struc-
ture and parameters were compared among the three planting 
methods), I removed it from the model. Likewise, I removed 
pathways that were never significant and for which I had no 
compelling biological rationale for their preservation. The 
resulting model (fig. 20) fit the data well for all three planting 
methods (Chi-square = 16.73, df = 12, P = 0.160). The total 
standardized effects point out several useful patterns in the 
data (table 6). First, cover of planted species in 2006 had a 
weak but significant negative effect on thistle cover in 2007 in 
both the dormant broadcast and summer drill plots; the effect 
was not significant in the summer broadcast plots (fig. 20). 
This result suggests that cover of planted species had already 
begun to influence Canada thistle populations, at least in these 
two planting methods.

Second, the negative effect of percent sand on cover of 
planted species was much larger in plots that were planted in 

the summer than in the dormant season plots (fig. 20), proba-
bly because of reduced water availability in sandy soils. Sandy 
sites may therefore benefit from a dormant broadcast planting 
method because increased cover of planted species ultimately 
also should mean less cover of Canada thistle (table 6). In 
contrast, clay strongly favored Canada thistle in all three plant-
ing methods.

Third, thistle cover in 2006 strongly influenced thistle 
cover in 2007 in all three planting methods; the effect of 2005 
on 2006 Canada thistle cover was not as strong (table 6). The 
implication of this result is that Canada thistle is not (yet, at 
least) regulated by density dependence. It would be tempt-
ing to conclude that, given the strong influence of previous 
thistle cover on subsequent thistle cover, rapid control of 
incipient infestations would benefit new restorations. Canada 
thistle cover, however, did not increase between 2006 and 
2007 at two study sites (Fahl and Meeker; fig. 5), and no 
control efforts were mounted at these sites. Future surveys, 
planned for 2009, will help discern if, by improving cover and 
diversity of planted species, managers can adequately control 
Canada thistle without resorting to herbicides or other disrup-
tive methods.

Iowa Sites

Canada thistle occurred on only 12 of 110 plots for which 
we have soil data at Neal Smith NWR in 2007. (By contrast, 
116 of 214 plots with soil data in Minnesota contained Canada 
thistle in 2007.) Five of the 12 Iowa plots had been infested 
in 2006, but none of these had been infested in 2005. The 
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Table 6. Standardized total effects for the dormant broadcast, summer broadcast, and summer drill planting methods at Minnesota 
sites. 

[Total effects take into account all the path coefficients between the variable in the column title and the variable in the row title (refer to fig. 14 to see the paths 
between the variables). For example, the total effect of percent (%) clay on thistle cover in 2007 dormant broadcast plots was 0.562, which means that for every 
increase of 1 standard deviation in percent clay, thistle cover in 2007 increased by 0.562 standard deviations. Entries of 0.000 indicate paths that were not pres-
ent in the model]

Response
variable

% Clay
Thistle cover

2005
% Sand

Thistle cover
2006

Planted cover
2006

Dormant broadcast

Thistle cover 2005 0.176 0.000 0.000 0.000 0.000
Thistle cover 2006 .046 .323 -.432 .000 .000
Planted cover 2006 .000 .000 -.284 .000 .000
Thistle cover 2007 .562 .177 -.182 .547 -.194

Summer broadcast

Thistle cover 2005 0.211 0.000 0.000 0.000 0.000
Thistle cover 2006 .493 .104 -.141 .000 .000
Planted cover 2006 .000 .000 -.668 .000 .000
Thistle cover 2007 .688 .061 .003 .585 -.128

Summer drill

Thistle cover 2005 0.242 0.000 0.000 0.000 0.000
Thistle cover 2006 .271 .252 -.318 .000 .000
Planted cover 2006 .000 .000 -.700 .000 .000
Thistle cover 2007 .651 .146 -.075 .581 -.158
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two plots that had Canada thistle in 2005 were free of thistle 
in 2006 and 2007. Under these circumstances, any statistical 
model for the Iowa sites would be tenuous at best and likely 
to lead to false conclusions. It would seem that there is a 
strong component of chance with respect to infestation at Neal 
Smith NWR, which suggests that a landscape perspective may 
be valuable in understanding Canada thistle establishment. 
Because the study sites at Neal Smith NWR are surrounded 
by refuge lands, their proximity to thistle propagules may be 
substantially less than that of the Minnesota sites, which are 
surrounded by agricultural lands, roads, irrigation ditches, and 
the like.
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46  Evaluation of Restoration Methods To Minimize Canada Thistle (Cirsium arvense) Infestation

Appendix 2. Species in the Minnesota seed mixes. 

[N refers to the number of plots in which the species was encountered; proportion refers to the number of plots 
in which the species was encountered divided by the number of plots in which the species was planted. For all 
mixes, the maximum number of plots is 648; for medium and high, 432; and for high, 216]

Seed mix diversity Species N Proportion
All Andropogon gerardii 573 0.88
All Aster novae-angliae 277  .43
All Bouteloua curtipendula 531  .82
All Dalea purpurea 279  .43
All Elymus canadensis 646 1.00
All Helianthus maximiliani 523  .81
All Monarda fistulosa 525  .81
All Schizachyrium scoparium 279  .43
All Sorghastrum nutans 159  .25
All Verbena stricta 301  .46
Medium and High Artemisia ludoviciana 252  .58
Medium and High Coreopsis palmata 255  .59
Medium and High Dalea candida 180  .42
Medium and High Heliopsis helianthoides 403  .93
Medium and High Lespedeza capitata 150  .35
Medium and High Panicum virgatum 300  .69
Medium and High Potentilla arguta 114  .26
Medium and High Solidago rigida 218  .50
Medium and High Sporobolus asper 104  .24
Medium and High Zizia aurea 118  .27
High Allium stellatum 27  .13
High Asclepias verticillata 104  .48
High Aster laevis 19  .09
High Carex bicknellii 0  .00
High Carex vulpinoidea 5  .02
High Desmodium canadense 111  .51
High Echinacea angustifolia 77  .36
High Elymus trachycaulus 240 1.11
High Liatris aspera 0  .00
High Ratibida columnifera 180  .83
High Rudbeckia hirta 158  .73
High Solidago speciosa 131  .61
High Stipa viridula 116  .54
High Vernonia fasciculata 14  .06



Appendix 3. Species in the Iowa seed mixes. —Continued

[N refers to the number of plots in which the species was encountered; proportion refers to the number of plots in which 
the species was encountered divided by the number of plots in which the species was planted. For all mixes, the maxi-
mum number of plots is 432; for medium to extra-high, 324; for high and extra-high, 216; and for extra-high, 108]

Seed mix diversity Species N Proportion
All Andropogon gerardii 347 0.80
All Aster novae-angliae 11 .03
All Bouteloua curtipendula 344 .80
All Dalea purpurea 68 .16
All Elymus canadensis 404 .94
All Helianthus occidentalis 9 .02
All Monarda fistulosa 224 .52
All Schizachyrium scoparium 146 .34
All Sorghastrum nutans 297 .69
All Verbena stricta 2 .00
Medium to Extra-high Artemisia ludoviciana 12 .04
Medium to Extra-high Coreopsis palmata 8 .02
Medium to Extra-high Dalea candida 92 .28
Medium to Extra-high Heliopsis helianthoides 232 .72
Medium to Extra-high Lespedeza capitata 177 .55
Medium to Extra-high Panicum virgatum 241 .74
Medium to Extra-high Potentilla arguta 34 .10
Medium to Extra-high Solidago rigida 35 .11
Medium to Extra-high Sporobolus asper 162 .50
Medium to Extra-high Zizia aurea 258 .80
High and Extra-high Asclepias verticillata 126 .58
High and Extra-high Aster ericoides 43 .20
High and Extra-high Aster laevis 3 .01
High and Extra-high Echinacea pallida 169 .78
High and Extra-high Elymus virgincus 131 .61
High and Extra-high Liatris aspera 1 .00
High and Extra-high Phlox pilosa 0 .00
High and Extra-high Pycnanthemum virginianum 9 .04
High and Extra-high Ratibida pinnata 130 .60
High and Extra-high Rudbeckia hirta 142 .66
High and Extra-high Solidago speciosa 17 .08
High and Extra-high Tradescantia ohiensis 61 .28
High and Extra-high Tridens flavus 20 .09
High and Extra-high Vernonia fasciculata 19 .09
Extra-high Amorpha canescens 0 .00
Extra-high Anemone cylindrica 23 .21
Extra-high Asclepias tuberosa 47 .44
Extra-high Aster azureus 0 .00
Extra-high Astragalus canadensis 22 .20
Extra-high Baptisia leucantha 75 .69
Extra-high Cassia fasciculata 147 1.36
Extra-high Coreopsis tripteris 0 .00
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48  Evaluation of Restoration Methods to Minimize Canada Thistle (Cirsium arvense) Infestation

Appendix 3. Species in the Iowa seed mixes. —Continued

[N refers to the number of plots in which the species was encountered; proportion refers to the number of plots in which 
the species was encountered divided by the number of plots in which the species was planted. For all mixes, the maxi-
mum number of plots is 432; for medium to extra-high, 324; for high and extra-high, 216; and for extra-high, 108]

Seed mix diversity Species N Proportion

Extra-high Delphinium virescens 25 0.23
Extra-high Desmodium canadense 44 .41
Extra-high Eryngium yuccifolium 5 .05
Extra-high Gentiana flavida 0 .00
Extra-high Helenium autumnale 11 .10
Extra-high Heuchera richardsonii 1 .01
Extra-high Liatris pycnostachya 1 .01
Extra-high Parthenium integrifolium 61 .56
Extra-high Penstemon digitalis 7 .06
Extra-high Ruellia humilis 16 .15
Extra-high Sporobolus heterolepis 0 .00
Extra-high Stipa spartea 30 .28
Extra-high Thalictrum dasycarpum 35 .32
Extra-high Tradescantia bracteata 0 .00
Extra-high Veronicastrum virginicum 1 .01
Extra-high Viola pedatifida 2 .02
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