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Maintaining Plant Community Diversity in a Waterfowl Production Area by 
Controlling Canada Thistle (Cirsium arvense) Using Glyphosatel 

JANE KRUEGER-MANGOLD, ROGER L. SHELEY, and BOBBI D. ROOS2 

Abstract: Our objective was to maximize Canada thistle control and plant community diversity in 
a waterfowl production area administered by the U.S. Fish and Wildlife Service. We tested three 
rates (1.5, 3.0, and 4.5 ailha) of glyphosate applied during spring, summer, or fall using two appli- 
cation methods. The lowest rate of glyphosate decreased the Canada thistle density by about 30% 
relative to the control. Glyphosate applied in the fall decreased Canada thistle density below that of 
the control more consistently than when applied in spring or summer. Wick application generally 
resulted in less Canada thistle biomass than did broadcast application. Species richness was generally 
higher when glyphosate was wick applied, and all rates of this application method increased species 
richness when compared with the control. We recommend fall wick application of glyphosate at 1.5 
kg ai/ha to control Canada thistle near the riparian areas. This application provided optimum Canada 
thistle control, while maintaining species richness important for waterfowl. 
Nomenclature: Glyphosate; Canada thistle, Cirsium arvense L. #3 CIRAR. 

INTRODUCTION 

Riparian areas represent only 1 to 3% of the land area 
in the northern Great Plains and the northern Rocky 
Mountains (Naiman and Decamps 1997). These areas 
provide vital wildlife habitat with high structural diver- 
sity and biomass production (Windell 1992). The diverse 
vegetative structure of riparian areas is especially im- 
portant for providing food and protection necessary for 
successful nesting. These areas are often subject to deg- 
radation by natural and human-caused disturbances, such 
as flooding and agricultural development (Faber et al. 
1989; Patten 1998). 

Because riparian areas are frequently disturbed, they 
are at high risk of invasion by exotic species such as 
Canada thistle (Burke and Grime 1996; Elton 1958; Py- 
sek and Prach 1993). Canada thistle is common through- 
out most of North America. Its range extends from 35 
to 59?N. Canada thistle has the ability to invade many 
different habitats and is especially difficult to manage on 
low-lying, moist sites typically found in riparian areas. 
Like many invasive species, this weed has the potential 
to displace desirable grasses and forbs, forming very 
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dense monocultures (Sheley et al. 1999). These mono- 
cultures may no longer provide the required cover and 
associated biota necessary for successful bird reproduc- 
tion or for maintaining high avian diversity (Patterson 
and Best 1996). 

Currently, herbicides that effectively control Canada 
thistle, such as picloram and clopyralid, are available. 
However, the use of some herbicides in riparian areas, 
where open water or a shallow water table exists, is in- 
appropriate according to the product labeling. Glyphos- 
ate (Rodeo?) is labeled for use in these areas (Anony- 
mous 1998) and can be effective for controlling Canada 
thistle. Because glyphosate is a nonselective herbicide, 
it is important to determine the appropriate rate, season, 
and method of application to optimize Canada thistle 
control, while maintaining plant community diversity. 
We hypothesized that a fall application by using the wick 
method would optimize Canada thistle control, species 
diversity, and wildlife habitat over that of a spring or 
summer broadcast application. 

MATERIALS AND METHODS 

Study Site. The study was conducted from 1998 to 2000 
in northeastern Montana in a waterfowl-nesting area ad- 
ministered by the U.S. Fish and Wildlife Service. The 
area is part of the Medicine Lake National Wildlife Ref- 
uge that encompasses about 13,000 ha. The Refuge has 
associated waterfowl production areas encompassing an- 
other 5,000 ha. The site is located at 48?49'N, 105015'W, 
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at an elevation of 820 to 850 m, and in a precipitation 
zone of 35 to 40 cm annually. The soil is a typic flu- 
vaquent with poor drainage and 0 to 2% slope. The site 
was dominated by smooth brome (Bromus inermus L.) 
and Canada thistle. 

Procedures. We tested three glyphosate rates (1.5, 3.0, 
and 4.5 kg ai/ha), three seasons of application (spring, 
summer, and fall), and two methods of application 
(broadcast and wick). Treatments were applied to 2- by 
3-m plots during 1998 and 1999. Each plot received one 
annual herbicide application during spring, summer, or 
fall. The spring applications were performed on June 25 
in 1998 and on June 3 in 1999. The summer applications 
were performed on August 25 in 1998 and on August 6 
in 1999. The fall application was performed on October 
20 in 1998. Only one fall application was performed 
because sampling in 1999 occurred before a second fall 
application would have been appropriate. We did not an- 
ticipate sampling in 2000 because of uncertainty about 
adequate funding and, therefore, did not perform a fall 
application after sampling in 1999. Broadcast spraying 
was done using a C02-pressurized backpack sprayer de- 
livering 373 L/ha. Wick application rates were deter- 
mined on a herbicide per unit area basis. Wick applica- 
tion was performed by wiping the entire quantity of her- 
bicide solution onto the Canada thistle foliage with an 
acrylic fleece applicator. The experimental design was a 
split plot in time, with the herbicide treatment as the 
whole plot and the year of sampling as the subplot. 
Treatments were replicated four times. 

Sampling. Sampling was conducted 1 (1999) and 2 yr 
(2000) after the initial herbicide application. Sampling 
dates were October 5, 1999 and August 27, 2000. Den- 
sity of all species was determined by counting the num- 
ber of plants or tillers in a 0.2- by 0.5-m frame placed 
randomly within each plot. Biomass of all species was 
determined by clipping plants at ground level within the 
same frame used for density measurements. Plant ma- 
terial was separated by species, dried at 60 C for 72 h, 
and weighed. 

Analysis. For treatment effect on biomass and density, 
species (Table 1) were categorized into functional cate- 
gories (grasses, forbs, and shrubs) because some species 
occurred too infrequently. ANOVA was used to deter- 
mine the effects of herbicide treatment on density and 
biomass of Canada thistle and functional groups. When 
a significant P value (P ' 0.05) was calculated, means 
were separated using Fisher's protected LSD test (Peter- 
son 1985). 

Table 1. Species present at the site. 

Wheatgrass spp. (Agropyron spp.) 
Aster spp. (Asteraceae spp.) 
Mustard spp. (Brassica spp.) 
Smooth brome (Bromus inermis Leyss. #BROIN) 
Canada thistle (Cirsium arvense L.) 
Field bindweed (Convolvulus arvensis L. #CONAR) 
Horsetail spp. (Equisetum spp.) 
Wild licorice [Glycyrrhiza lepidota (Nutt.) Pursh #GYCLE] 
Lupine spp. (Lupinus spp.) 
Alfalfa (Medicago sativa L. #MEDSA) 
Bluegrass spp. (Poa spp.) 
Wild rose spp. (Rosa spp.) 
Canada goldenrod (Solidago canadensis L. #SOOCA) 
Perennial sowthistle (Sonchus arvensis L. #SONAR) 
Snowberry spp. (Symphorocarpus spp.) 
Western salsify (Tragopogon dubius Scop. #TRODM) 

For treatment effects on diversity and species richness, 
species were analyzed separately. Canada thistle was in- 
cluded in the analysis. The Simpson's diversity index 
was used to calculate diversity: 

ni(ni - 1) 
i=1 N(N - 1) 

where ni is the number of species, and N is the sample 
size (total number of individuals) (Begon et al. 1990). 
Species richness was calculated as the number of species 
present in each sampling frame (Begon et al. 1990). 

RESULTS AND DISCUSSION 

Canada Thistle. Density. Canada thistle density was af- 
fected by a four-way interaction among rate, method, 
season, and year (P = 0.0187; Table 2). Wick-applied 
glyphosate at 1.5 kg ai/ha in the fall decreased Canada 
thistle density the most in both 1999 and 2000 (4.4 
plants/M2; Figure la). Glyphosate is recommended for 
application at or beyond the bud growth stage to control 
Canada thistle (Morishita 1999). Fall application of gly- 
phosate caused the most consistent decrease in Canada 
thistle density in this study. In other research, applying 
glyphosate at half the recommended rate (3.0 kg ailha) 
in the fall (rosette stage of Canada thistle development) 
resulted in consistently fewer shoots 2 and 3 yr after the 
treatment (Hunter 1996). 

In 2000 the summer wick application of 3.0 kg ai/ha 
resulted in similar densities as did 1.5 kg ai/ha applied 
in the fall. In 1999, 4.5 kg ai/ha wick-applied glyphosate 
in summer also decreased Canada thistle density to sim- 
ilar levels as 1.5 kg ailha wick applied in the fall. By 
2000 Canada thistle density had increased by 10 plants/ 
m2 in the 4.5 kg ai/ha summer wick treatment. In 1999 
the broadcast application of 3.0 or 4.5 kg ai/ha in sum- 
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Table 2. ANOVA P values for biomass and density of Canada thistle and plant functional groups. 

CT Forbs Shrubs Grass 

Source df Bio Den Bio Den Bio Den Bio Den 

Rep 3 0.2679 0.2405 0.0002 0.0002 0.0014 0.0551 0.0700 0.0693 
Meth 1 0.0041 0.0294 0.9497 0.3959 0.1311 0.0878 0.0003 0.0001 
Rate 2 0.0213 0.0919 0.5563 0.4007 0.3017 0.3839 0.0043 0.0023 
Seas 2 0.0569 0.3335 0.2858 0.4137 0.2663 0.1365 0.1502 0.0501 
Meth by rate 2 0.1440 0.8329 0.6994 0.6274 0.6131 0.2742 0.4118 0.0018 
Meth by seas 2 0.1551 0.3104 0.6313 0.8286 0.0464 0.2666 0.0013 0.2060 
Rate by seas 4 0.6608 0.2072 0.5399 0.1789 0.9431 0.6276 0.0288 0.1036 
Meth by rate by seas 4 0.1327 0.3167 0.7347 0.5427 0.9596 0.2782 0.0722 0.4228 
Error A 54 
Year 1 0.0260 0.0707 0.0007 0.0001 0.5807 0.5763 0.0001 0.0009 
Meth by year 1 0.1658 0.5240 0.7303 0.7994 0.4034 0.7232 0.0790 0.2130 
Seas by year 2 0.1236 0.0254 0.1726 0.5976 0.9627 0.4363 0.0110 0.0016 
Rate by year 2 0.3672 0.2021 0.7290 0.0542 0.6663 0.6866 0.6920 0.2244 
Rate by seas by year 4 0.8510 0.3569 0.8419 0.4536 0.5741 0.3264 0.0325 0.2270 
Meth by rate by year 2 0.0629 0.0554 0.7613 0.8996 0.5029 0.7377 0.3336 0.1108 
Meth by seas by year 2 0.1982 0.4868 0.8757 0.6451 0.4776 0.4492 0.2094 0.1914 
Meth by rate by seas by year 4 0.5216 0.0187 0.8005 0.2896 0.6205 0.3977 0.1328 0.9051 
Error B 57 

a Abbreviations: CT, Canada thistle; df, degrees of freedom; Bio, biomass; Den, density; Meth, method; Rep, replication; seas, season. 

mer reduced densities as much as did the wick applica- 
tion of 1.5 kg ai/ha in the fall and more than the 3.0 or 
4.5 kg ai/ha wick applied in summer. However, the sum- 
mer broadcast rates of 3.0 and 4.5 kg ai/ha resulted in 
Canada thistle densities of 32.5 and 28.1 plants/M2, re- 
spectively, by 2000 (Figure lb). Canada thistle density 
in the control plots averaged 25.6 plants/M2 in 1999 and 
24.4 plants/M2 in 2000. 

Biomass. The application rate affected thistle biomass. 
A rate of 1.5 kg ai/ha decreased Canada thistle biomass 
(37.1 g/m2) more than 3.0 kg ai/ha (66.8 g/m2) or 4.5 kg 
ai/ha (74.9 g/m2), although none of these rates resulted 
in a biomass that was different from that of the control 
(55.3 g/m2) (Figure 2). Glyphosate wick applied at the 
lowest rate decreased Canada thistle biomass by 33% 
compared with the control, whereas density was greater 
at higher rates. Although this has not been reported in 
the literature, most studies on controlling Canada thistle 
using glyphosate have been conducted on fallow ground 
or in association with other treatments, such as cultiva- 
tion, where the desired forbs and grasses are absent 
(Friesen 1968; Hodgson 1958; Zimdahl and Foster 
1993). In this study higher herbicide rates may have af- 
fected the desirable forbs and grasses to a greater degree, 
therefore, making them less competitive with the resid- 
ual Canada thistle and allowing Canada thistle biomass 
to increase. 

The method of application also affected the Canada 
thistle biomass (P = 0.0041; Table 2). A wick applica- 
tion reduced biomass more than did a broadcast appli- 
cation (42.3 vs. 76.9 g/m2, respectively), but both were 

similar to that of the control (55.3 g/m2) (Figure 3). Al- 
though the broadcast application provided acceptable 
control of Canada thistle when performed in the fall and 
in summer (54 and 65%, respectively, in 1999), wick 
application produced less Canada thistle biomass than 
did broadcast application. While density decreased, the 
remaining Canada thistle plants may have used newly 
available resources to increase their biomass. Increased 
growth and reproduction with declining plant numbers 
have been associated with resource availability (Rados- 
evich et al. 1997). 

Forbs. Density. Residual forbs were favored by control 
of Canada thistle. The effect of herbicide rate on forb 
density was dependent on the year (P = 0.0001; Table 
2). In nontreated plots forb density averaged 1.88 plants/ 
m2 in 1999 and 6.25 plants/M2 in 2000. All herbicide 
rates resulted in densities similar to that of the control 1 
yr after application (1999) (Figure 4). In 2000 forb den- 
sity was higher in all plots. Applying either 1.5 or 3.0 
kg ai/ha glyphosate resulted in a nearly doubled forb 
density over that of the control 2 yr after the initial ap- 
plication. The highest forb density in 2000 resulted from 
the 4.5 kg ai/ha rate (18.3 plants/M2). An increase in forb 
density biomass is important for enhancing the habitat 
for birds because they require variety in vegetative struc- 
ture and strata for successful nesting (Stauffer and Best 
1980). The waterfowl habitat may be further enhanced 
by continued control of Canada thistle if forb density 
continues to increase. 

Biomass. Forb biomass increased from 1.1 g/m2 in 1999 
to 16.3 g/m2 in 2000 across all treatments (P = 0.0007; 
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Figure 3. Glyphosate method of application effect on Canada thistle biomass. 

Table 2). Similar to forb density, an increase in forb bio- 
mass will enhance the bird habitat. 

Shrubs. Density. Shrub density was not affected by any 
treatment. 

Biomass. Residual shrub biomass was favored by con- 
trolling Canada thistle. Method and season of application 
interacted to affect the shrub biomass (P = 0.0464; Table 
2). Shrubs increased from 1.25 g/m2 in the control to 
8.75 g/m2 when glyphosate was wick-applied in summer 
(Figure 5). No other treatment affected the shrub bio- 
mass. As with forbs, the waterfowl habitat may be fur- 
ther improved by continued control of Canada thistle if 
the shrub biomass continues to increase. 

Grass. Density. Because a nonselective herbicide can af- 
fect monocots as well as broadleaf species, we expected 
declines in grass tiller density and biomass. Grass tiller 
density was affected by the method and the rate of ap- 
plication (P = 0.0018; Table 2). Glyphosate wick ap- 
plied at 3.0 kg ai/ha or broadcast at 1.5 kg ailha resulted 
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Figure 5. Method of glyphosate application by season effect on shrub bio- 
mass. Sp = spring, Su = summer, F = fall, Br = broadcast, Wi = wick. 

in a grass tiller density similar to that of the control 
(Figure 6). A wick application of 1.5 kg ai/ha also re- 
sulted in a similar density to that of the control but not 
as high as wicking at 3.0 kg ai/ha. The two highest rates 
broadcast applied decreased grass tiller density more 
than did any other treatment. 

Season and year also interacted to affect grass tiller 
density (P = 0.0016; Table 2). Densities were higher in 
2000 than in 1999, except for the summer application 
(Figure 7). The control and the fall glyphosate applica- 
tion had the highest densities in 2000, when averaged 
among treatments. It appeared that the fall treatment was 
more effective because it targeted Canada thistle, while 
having minimal impact on the senesced desirable spe- 
cies. 

Biomass. Maintenance of grass biomass is important be- 
cause it provides good habitat for waterfowl such as 
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Canada geese (Branta canadensis) (Hansen et al. 1995). 
Grass biomass was affected by the method and the sea- 
son of application (P = 0.0013; Table 2). When gly- 
phosate was wick applied in spring, there was no change 
in the grass biomass compared with that of the control. 
Broadcast spraying during spring or summer decreased 
grass biomass the most. Wick application in summer or 
in the fall, or broadcast in the fall also decreased grass 
biomass below that of the control, but the decrease was 
not as large as when broadcast in spring or summer. 

Rate, season, and year also interacted to affect grass 
biomass (P = 0.0325; Table 2). In general, grass biomass 
was lower in 1999 than in 2000 (Figure 8). In 1999 all 
treatments decreased grass biomass when compared with 
that of the control. Grass biomass was least impacted by 
1.5 kg ai/ha glyphosate applied in summer. By 2000 
grass biomass was the highest in the control and in 1.5- 
kg ailha spring treatment plots. The fall treatments at any 
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Figure 8. Rate by season by year effect on grass biomass response to gly- 
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Table 3. ANOVA P values for species richness and Simpson's diversity 
indexa 

Simpson's 
Species diversity 

Source df richness index 

Rep 3 < 0.0001 0.0001 
Meth 1 0.0006 0.6058 
Rate 2 0.3412 0.0131 
Seas 2 < 0.0001 0.0602 
Meth by rate 2 0.0116 0.9676 
Meth by seas 2 0.1158 0.0001 
Rate by seas 4 0.0041 0.0182 
Meth by rate by seas 4 0.0232 0.0001 
Error A 54 
Year 1 < 0.0001 0.0144 
Meth by year 1 0.1705 0.4344 
Rate by year 2 0.0203 0.1055 
Seas by year 2 0.5118 0.0221 
Rate by seas by year 4 0.4779 0.5600 
Meth by rate by year 2 0.6408 0.1983 
Meth by seas by year 2 0.0931 0.9764 
Meth by rate by seas by year 4 0.4512 0.0018 
Error B 57 

aAbbreviations: df, degrees of freedom; Meth, method; Rep, replication; 
seas, season. 

rate decreased grass biomass below that of the control 
but not as much as the remaining spring and summer 
treatments. 

Species Diversity. Rate, season, method, and year inter- 
acted to affect the Simpson's diversity index (P = 
0.0018; Table 3). The diversity index ranged from 1.09 
to 3.09 (Figure 9). No clear trends were evident in the 
treatments. The highest diversity resulted in 2000 from 
4.5 kg ai/ha broadcast applied in summer. Glyphosate (3 
kg ai/ha) broadcast applied in spring also increased di- 
versity over that of the control in 2000 but was 0.9 point 
lower on the diversity index than 4.5 kg ai/ha broadcast- 
applied in summer. 

Species Richness. Although species diversity showed no 
clear trends, some treatments appeared to enhance spe- 
cies richness. Species richness is the number of plant 
species occurring within a given area and has been used 
as a measure for evaluating the variety in vegetative 
structure favored by nesting birds (Begon et al. 1990; 
Santillo et al. 1989). Species richness was affected by 
an interaction between the method of application and the 
rate (P = 0.0116; Table 3). The only treatment that in- 
creased species richness over that of the control was the 
wick application of 4.5 kg ai/ha glyphosate (Figure 10). 
Because the herbicide was applied only to Canada this- 
tle, other desirable species were minimally affected. 

The rate and the year also interacted to affect species 
richness (P = 0.0203; Table 3). All treatments other than 
the control had increased species richness in 2000 com- 
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Figure 11. Glyphosate rate by year effect on species richness. 1.5 = 1.5 kg 
ai/ha, 3.0 = 3.0 kg ai/ha, 4.5 = 4.5 kg ai/ha glyphosate, C = control. 

pared with that in 1999 (Figure 11). In 2000 all rates of 
glyphosate application increased species richness over 
that of the control. This effect is the opposite of what 
occurred in 1999, when all rates had lower species rich- 
ness compared with that of the control. After 2 yr of 
herbicide application, we believe that Canada thistle was 
controlled sufficiently to allow other species to increase 
in richness, which may be associated with enhanced avi- 
an occurrence. Conversely, a broadcast application of 
glyphosate reduced species richness, as well as structural 
and floral complexity of vegetation on clearcuts in 
Maine, resulting in a lower overall abundance of birds 
(Santillo et al. 1989). 

The timing of application also had an effect on species 
richness (P < 0.0001; Table 3). Fall-applied glyphosate 
increased species richness when compared with either 
the spring or summer treatments, or the nontreated con- 
trol. As with forb density and biomass, shrub biomass, 
and grass density, the fall treatment had minimal effect 
on nontarget species because many of these had already 
senesced by the time glyphosate was applied. The fall 
treatment also resulted in the highest control of Canada 
thistle. 

We recommend fall wick application of glyphosate at 
1.5 kg ai/ha to control Canada thistle near riparian areas. 
This application provided optimum Canada thistle con- 
trol, while maintaining species richness important for 
waterfowl. 
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