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Abstract: 
Leafy spurge (Euphorbia esula L.), an aggressive Eurasian forb, is invad-
ing native upland ranges dominated by bluebunch wheatgrass (Pseu-
doroegneria spicata [Pursh] A. Love) and Idaho fescue (Festuca 
idahoensis Elmer) in the Northern Rocky Mountain Province. Our objec-
tive was to determine cumulative effects of 3 summers (1992-1994) of re-
peated sheep grazing on a leafy spurge infested-Idaho fescue community. 
Targhee ewes were systematically rotated through paddocks in small pas-
tures. Leafy spurge stem and Idaho fescue and bluebunch wheatgrass plant 
densities, and frequencies of other species were determined before grazing 
in 1992, 1993 and 1994, and in 1995, 9 months after grazing ended. Num-
ber of viable leafy spurge seeds in seedbanks was determined in 1992 and 
1995. Plant heights were measured each year. Density of leafy spurge 
seedlings was low in grazed and ungrazed areas in 1992 and 1994, 
whereas density was higher in ungrazed than grazed areas in 1993 and 
1995. Grazing did not increase or decrease density of mature leafy spurge 
stems from 1992 to 1995. Grazing increased density of Idaho fescue but 
reduced density of bluebunch wheatgrass. Kentucky bluegrass, (Poa prat-
ensis L.), Sandberg bluegrass (Poa sandbergii Vasey), annual brome-
grasses (Bromus spp.), and sedge (Carex spp.) frequencies increased in 
grazed areas. Number of viable leafy spurge seeds in the seedbank was 
lower in 1995 than in 1992; this reduction was greater in grazed than un-
grazed areas. Three years of repeated sheep grazing reduced numbers of 
leafy spurge seed in the seedbank and seedling densities, but had no effect 
on density of mature leafy spurge stems. There was minimal effect on the 
cool season native grasses, possibly because the site was grazed primarily 
in midsummer when these grasses are dormant. Thus, a long-term com-
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mitment to repeated sheep grazing may help to control leafy spurge, al-
though grazed sites should be monitored regularly to ensure that other un-
desirable species do not increase at the expense of the native plant 
community.  
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weed, density, frequency, seedbank, bluebunch wheatgrass, Euphorbia 
esula, Festuca idahoensis, Pseudoroegneria spicata.  

 

Leafy spurge (Euphorbia esula L.), a deep-rooted perennial, was introduced to North 
America from Russia in the early 1800s and has become a noxious weed in the north cen-
tral United States and southern Canada (Best et al. 1980). It infests over 1. 1 million hec-
tares in the United States with severe infestations in Montana, North Dakota, Nebraska, 
South Dakota, and Wyoming (Lajeunesse et al. 1995). Once leafy spurge is established, it 
can reduce grass production up to 75% (Thompson et al. 1990). In North Dakota, leafy 
spurge reduces grazing capacity for cattle and thereby annual incomes for cattle produc-
ers by $8. 6 million (Leistritz et al. 1992).  

Herbicides will not eradicate extensive infestations of leafy spurge, although they can be 
used to control this noxious weed (Fay 1992). Selected herbicides control top growth, but 
treatments must be reapplied within 1 to 3 years (Lym and Messersmith 1985). In addi-
tion, caution must be exercised when applying most herbicides near irrigation canals, 
streams, rivers, and wooded areas.  

Sheep readily graze leafy spurge (Johnston and Peake 1960, Landgraf et al. 1984, Ol-
son et al. 1996). Although sheep will not eradicate leafy spurge, sheep may minimize its 
spread and reduce infestations over time. Sheep may be the only cost-effective method of 
controlling leafy spurge (Fay 1991). However, sheep will ingest leafy spurge seed and 
deposit viable seed in their manure, thus they have to be managed accordingly (Lacey et 
al. 1992, Olson et al. 1997a). Besides controlling leafy spurge, sheep, unlike herbicides, 
provide a source of income on leafy spurge-infested cattle-ranches (Williams et al. 1996).  

Historically, leafy spurge infested abandoned crop- and haylands, partly because leafy 
spurge seed often contaminated seed of common hay species such as smooth brome 
(Bromus inermis Leys) and alfalfa (Medicago sativa L., reviewed in Dunn 1985). Many 
of the associated grasses on these lands are introduced, rhizomatous (sodformers) species 
such as smooth brome and Kentucky bluegrass (Poa pratensis L.). In Montana, leafy 
spurge has not spread as rapidly onto native rangelands dominated by bunchgrasses. This 
could reflect that bunchgrasses are more competitive with leafy spurge than rhizomatous 
grasses, that herbivores prefer leafy spurge to native bunchgrasses, or that leafy spurge 
simply has not been transported to these upland sites. Our objective was to assess cumu-
lative effects of 3 summers of repeated grazing by sheep on a leafy spurge infested-Idaho 
fescue plant community dominated by native bunchgrasses.  
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Methods and materials 
 

Our study site was located in Gallatin County in southwestern Montana (111°33' W 
45°40' N), 1,480m above sea level on northeast-facing terraces above the Madison River. 
The site is about 50 km west of Bozeman, Mont., which has the nearest long-term re-
cording weather station. Soils are classified as loamy skeletal mixed Aridic Calciborolls. 
The rangeland cover type is Idaho fescue (Festuca idahoensis)-bluebunch wheatgrass 
(Agropyron spicatum; Shiflet 1994). Until the early 1990s, the area was most recently 
grazed by yearling cattle during summer.  

Grazing treatments 

Each year, 2 groups of yearling Targhee ewes were used for a concurrent study on the 
role of experience in sheep grazing leafy spurge (Olson et al. 1996). One group of year-
lings (naive) had no previous exposure to leafy spurge as lambs on the summer foothill 
rangeland with their ewes, whereas the second group (experienced) grazed a leafy 
spurge-infested (25% canopy coverage) foothill rangeland as lambs with their mothers.  

Our 5. 1 ha site was subdivided into three 1. 7-ha pastures (blocks). Each block was 
further divided into 2 lanes, one for an experienced group, and one for a naive group of 
yearlings. Each lane was further subdivided so yearlings could be rotated among 3 small 
paddocks. In 1992, 5 yearlings grazed each lane, whereas 4 yearlings grazed each lane in 
1993 and 1994. Grazing began in late May or early June, depending on the year. Year-
lings were rotated from Paddock 1 to Paddock 2 to Paddock 3, and then back to Paddock 
2 (Fig. 1). Paddock 2 was approximately twice the size of Paddocks 1 and 3. This cycle 
was repeated each year. Thus, plants in Paddocks 1 and 3 had an equal probability of be-
ing grazed at least twice each summer, whereas those in Paddock 2 could have been 
grazed at least 3 times each summer. The stocking rate was 2. 9 AUMs ha-1 in 1992, 3. 1 
AUMs ha-1 in 1993, and 2. 4 AUMs ha-1 in 1994.  

Canopy coverage of leafy spurge varied from 35-65% across the site, other forbs 
comprised 1-10%, and cool-season perennial grasses comprised the remainder of the 
plant community in each paddock. The distribution of leafy spurge was nonuniform 
within each paddock.  

Plant community response 

Before sheep grazing began in May 1992, we randomly located 2 exclosures in each 
paddock. Ten plots (0. 25 m2) were established at 1 m intervals along paired, 10 m per-
manent transects inside and outside each exclosure. Densities of leafy spurge seedlings 
and mature stems, and Idaho fescue and bluebunch wheatgrass plants were determined. 
Frequency of dandelion (Taraxacum officinale Weber), Kentucky bluegrass, Sandberg 
bluegrass (Poa sandbergii Vasey), annual bromegrasses (predominately cheatgrass Bro-
mus tectorum L.), western wheatgrass (Pascopyron smithii Rydb. Love), sedge (Carex) 
spp. and blue grama (Bouteloua gracilis (H. B. K.) Lag.) was recorded. Density and fre-
quency were remeasured before grazing in 1993 and 1994 and in May 1995, the year fol-
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lowing the last grazing. Heights 
of leafy spurge stems, Idaho fes-
cue leaves, and bluebunch wheat-
grass leaves were measured 
midsummer each year. Utilization 
(percent canopy removed) of 
marked stems (leafy spurge) and 
plants (Idaho fescue, bluebunch 
wheatgrass) was estimated 3 
times in the summers of 1993 and 
1994 (Table 1).  

Before seed set in 1992, 10 
soil cores were extracted from the 
area between grazed and ungrazed tra
paddock × 3 paddocks per lane × 2 l
initial seedbanks of leafy spurge. Th
(5.7 cm dia.) placed 7. 5 cm deep in
samples, were air-dried and placed in
tracted along grazed and ungrazed t
cores along ungrazed transects per bl
1992 and 1995 were washed through
was dried at 37° C for 48 hours and e
recovered from each transect were co
to 100 seeds were maintained in grou
Petri dishes were placed in a greenh
tures, and protected from direct sun
were counted and removed every 2 d
storage for 4 weeks. Petri dishes were
counted and removed every 2 days fo
for viability with tetrazolium (Grabe 
those that tested positive with tetrazo

 

Table 1. Utilization (% canopy remo
wheatgrass during the summers of 19
ured during the summer of 1992.  

 

Year 
Grazing period  1 
Species �����������

Leafy spurge  50 
Idaho Fescue 34 
Bluebunch wheatgrass  28 

 
 
 
 

Fig. 1. Grazing rotation of the yearlings among
Paddocks 1, 2, and 3. The schedule varied within
years and from year to year based on forage
availability. On the time lines, �E� indicates when
grazing ended for that particular sequence.  
nsects associated with each exclosure (20 cores per 
anes per block = 120 cores per block) to determine 
ese soil cores were removed with a tulip bulb corer 
 the soil, which extracted 191 cm3 of soil. These 

 cold storage (4° C). In 1995, 10 soil cores were ex-
ransects (120 cores along grazed transects and 120 
ock), and air-dried. In 1995, seedbank samples from 
 sieves to remove fine material. Remaining material 
xamined for leafy spurge seeds. Leafy spurge seeds 
mbined and then tested for percent germination. Up 
ps of 20 seeds on moist blotter paper in petri dishes. 
ouse with 21° C daytime-13° C nighttime tempera-
light. Germinating seeds (radicle length > 10 mm) 
ays for 20 days. Petri dishes were placed into cold 
 returned to the greenhouse, germinating seeds were 
r 14 days. Seeds that did not germinate were tested 

1970). In the results, number of viable seed includes 
lium, and those that germinated in the petri dishes.  

ved) of leafy spurge, Idaho fescue, and bluebunch 
93 and 1994. Percent canopy removed was not meas-

1993 1994 
2 3 1 2 3 

���������� % canopy removed ��������������������� 
49 43 37 82 78 
39 40 26 43 47 
45 26 26 29 26 
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Statistical analyses 

Densities, frequencies, and pregrazing 
heights in 1992 to 1994, and early summer 
1995, 9 months after the last grazing, were 
analyzed with univariate repeated meas-
ures analysis of variance in a randomized-
complete-block design (n = 3 blocks; 
GLM, SAS 1988). Between subject fac-
tors were paddock (1,2,3), previous ex-
perience of sheep (naive, experienced), 
grazing (yes, no), and their interactions. 
The within subject effect was year. The 4 
way interaction (year by paddock by ex-
perience by grazing) was never signifi-
cant. At times one or more of the 3 way 
interactions was significant but it always 
reflected a difference in magnitude not 
response, so only grazing by year is em-
phasized in the results. Percent change in 
number of viable seed in seedbanks from 
1992 to 1995 were analyzed with analysis 
of variance using the same main effects 
and interactions. Percent data were arcsine 
square root transformed, but arithmetic mean
models as a random effect (Sokal and Rohl
separately. Residuals from analyses of varianc

Results 
Plant community response 

Leafy spurge seedling density was unifo
1992 and 1994 (Fig. 2), while density was hi
and 1995 (grazing by year, P < 0. 0001). Gra
spurge stems from 1992 to 1995 (grazing b
greater in grazed and ungrazed areas in 1994 t

Grazing increased the density of Idaho fe
year, P < 0. 0002). Grazing tended to reduce 
ing by year, P < 0. 08), partly reflecting tha
grazed than ungrazed transects. Grazing incre
Kentucky bluegrass (P < 0. 03), Sandberg blu
< 0. 02), and sedges (P < 0. 005) from 1992 
had no effect on western wheatgrass (P = 0. 19
Fig. 2. Densities of leafy spurge seedlings and
mature stems from 1992 to 1995 in grazed
and ungrazed areas. Densities in 1992 were
determined before the sheep first grazed the
pastures. Densities in 1995 were those deter-
mined after 3 years of sheep grazing. Error
bars represent ± 1 S. E. of least square means. 
s are reported. Block was included in all 
f 1995). Each plant species was analyzed 
e were normally distributed.  

rmly low in grazed and ungrazed areas in 
gher in ungrazed than grazed areas in 1993 
zing did not affect density of mature leafy 
y year, P = 0. 87), but stem density was 
han the other years (year, P < 0. 0001).  

scue from 1992 to 1995 (Fig. 3; grazing by 
the density of bluebunch wheatgrass (graz-
t initial plant densities were greater along 
ased frequency of dandelion (P < 0. 0001), 
egrass (P < 0. 001), annual bromegrasses (P 
to 1995 (Fig. 4; grazing by year). Grazing 
) or blue grama (P = 0. 15).  
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Plant heights 

Grazing reduced heights of leafy 
spurge stems and Idaho fescue plants 
from 1992 to 1995, whereas they each 
increased in height without grazing (Fig. 
5; grazing by year, both species P < 0. 
0001). Heights of bluebunch wheatgrass 
increased from 1992 to 1995 with and 
without grazing, although the increase 
was greater on ungrazed plants (grazing 
by year, P < 0. 015).  

Seedbanks 

Number of viable seeds in the seed-
bank was lower in 1995 than in 1992 
(Table 2). The reduction was greater in 
grazed (65%) than ungrazed areas (45%; P 
< 0. 009). Sixty-three percent of the leafy 
spurge seed collected from seedbanks 
sampled in 1992 was viable. Forty-four 
percent of leafy spurge seed collected 
from seedbanks sampled in 1995 was vi-
able. Of the nonviable seed, most were 
empty.  

 

Table 2. Number of viable leafy spurge seed (m-2; mean and standard error) and percent 
change of number of viable leafy spurge seed in the soil seedbank from 1992a to 1995 along 
grazed and ungrazed transects.  

a seedbank soil cores were collected between grazed and ungrazed transects in 1992 to avoid areas that would be sam-
pled in 1995.  

b % change = (seeds m-2 in 1992-seeds m-2 in 1995) seeds m-2 in 1992) × 100.  

Discussion 
 
Sheep tend to prefer leafy spurge more than some perennial grasses, e. g. crested 

wheatgrass, but less than others, e. g., Kentucky bluegrass (Johnston and Peake 1960), 
possibly because of differences in plant phenology, palatability, or their lack of experi-
ence with leafy spurge. Preferred grasses will be at a competitive disadvantage to leafy 
spurge (Briske 1990), especially when grazed at certain developmental stages (Olson and 

  x SE % changeb 
1992  baseline  2,001  436  NA 
1995  grazed  685  98  -65 
 ungrazed  1,103  122  -45 

 

Fig. 3. Density of Idaho fescue and bluebunch
wheatgrass plants from 1992 to 1995 in
grazed and ungrazed areas. Error bars repre-
sent ± 1 S. E. of least square means.  

Bethany R Redlin
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Richards 1988). If sheep grazing negatively affects leafy spurge and associated native 
grasses, undesirable species such as cheatgrass and spotted knapweed (Centaurea macu-
losa Lam.) could invade the site.  

Plant community response 

Leafy spurge spreads by seeds and lateral roots. Three years of repeated sheep graz-
ing reduced seed numbers in the seedbank compared with ungrazed areas, probably be-
cause sheep consume seed capsules and thereby reduce seed rain onto the soil surface 
(Olson et al. 1997a). In Saskatchewan, continuous summer-long sheep grazing reduced 
the size of a leafy spurge seedbank from more than 3,500 seeds m-2 to 15 seeds m-2 after 
8 years (Bowes and Thomas 1978). Seedbanks and perennial shoot densities should be 
reduced concurrently to control any competitive species over the long term (Bowes and 
Thomas 1978, Marlette and Anderson 1986).  

Number of viable seeds in seedbanks was lower in 1995 than in 1992 in grazed and 
ungrazed areas. The number of seeds in seedbanks varies widely from year to year (e. g. 
Coffin and Lauenroth 1989) because seed production in previous years and weather of 
the current year can vary widely. For example, seed production was low during the drier 
summer of 1994 (Olson et al. 1997a) which could explain reduced seed numbers in the 
seedbank in 1995.  

Weather may have had a major effect on the density of leafy spurge seedlings. Seed-
ling densities were uniformly low in grazed and ungrazed areas (less than 36 seedlings 
m-2) in 1992 and 1994. Mean temperatures in April and May of 1992 and 1994 (Table 3) 
were considerably higher than the long term average, which may have hindered seed 
germination and seedling survival. In contrast, cool to normal mean temperatures com-
bined with above average precipitation in April 1993 and 1995 may have promoted seed 
germination and seedling survival. Seedling densities were high during the summers of 
1993 and 1995, averaging over 800 seedlings m-2 in ungrazed and 534 seedlings m-2 in 
grazed areas. In dense leafy spurge, stands, seedling densities can reach 1,073 seedlings 
m-2 (Selleck et al. 1962). The low seed production in 1994 and high seedling densities in 
1995 could explain the relatively low number of seeds in the seedbank in 1995. We did 
not monitor percent survival of marked leafy spurge seedlings, however, many second 
year plants were observed in 1994. Typically, survival of leafy spurge seedlings is low 
(Selleck et al. 1962, Bowes and Thomas 1978, Best et al. 1980), but the few seedlings 
that become established can become an epicenter of a new infestation on disturbed sites 
(Selleck et al. 1962).  

In 1993 and 1995, the lower density of leafy spurge seedlings in grazed than in un-
grazed areas could reflect one or more factors. First, sheep consume seed capsules of 
leafy spurge (Bowes and Thomas 1978, Olson et al. 1997a), and seed viability is reduced 
after passing through the gastrointestinal tract (Lacey et al. 1992, Olson et al. 1997a).  

 



Table 3. Thirty-year averages (1961-1990) and 1992-1995 mean temperatures and total pre-
cipitation for April through August, Bozeman, Mont.  

 

This reduces the number of viable seeds contributed to the seedbank. Second, re-
peated sheep grazing may have reduced the ability of the shoots to produce flower heads. 
Few flower heads are produced when leafy spurge is clipped repeatedly at moderate and 
heavy levels of defoliation (Al-Rowaily 1996). Third, conditions for germination may be 
less favorable on areas grazed regularly by sheep because of greater fluctuations in soil 
temperature and water content, and high wind speeds associated with grazing and tram-
pling. On the other hand, conditions could be more favorable for germination because 
leafy spurge seedlings establish more readily on mineral soil than in undisturbed vegeta-
tion (Best et al. 1980). Apparently, negative effects of greater fluctuations in microcli-

 Temperature Precipitation 
Month 30-year 

average 1992 1993 1994 1995 
30-year
average 1992 1993 1994 1995 

 ���������������� (°C) ���������������� ���������������� (mm) ��������������� 
Apr 5. 9 8. 6 6. 4 7. 8 5. 6 48 80 81 49 70 
May 10. 8 13. 5 13. 5 13. 5 9. 9 81 71 84 37 68 
Jun 15. 6 16. 7 14. 1 16. 1 15. 2 73 139 107 89 47 
Jul 19. 6 16. 9 14. 8 19. 7 19. 5 34 44 126 69 71 
Aug 18. 8 17. 8 16. 0 20. 7 19. 6 38 23 73 15 67 
Fig. 4. Frequency of dandelion, Kentucky bluegrass, Sandberg bluegrass, cheatgrass, west-
ern wheatgrass, sedge, and blue grama from 1992 to 1995 in grazed and ungrazed areas. 
Error bars represent ± 1 S. E. of least square means.  
Page 8 of 12 
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mate on seedling establishment offset any positive effects associated with greater 
amounts of mineral soil caused by grazing.  

Grazing did not increase or decrease the density of mature leafy spurge stems from 
1992 to 1995. Leafy spurge has a deep, extensive root system (Bakke 1936), which is 
relatively impervious to any disturbance, including herbivory, herbicides, mowing, or 
fire. Often, such aboveground disturbances will actually increase stem densities by re-
moving apical dominance and stimulating growth of root buds (Selleck et al. 1962). 
However, others have found that continuous sheep grazing will reduce stem densities of 
leafy spurge. In Saskatchewan, summer-long continuous sheep grazing had no effect on 
stem densities for the first 3 years, after which they declined dramatically (Bowes and 
Thomas 1978).  

Grazing increased the density of Idaho fescue plants from 1992 to 1995. Increases in 
density could reflect actual increases in the number of new plants or fragmentation of ex-
isting plants (Briske 1990). We did not monitor changes in plant basal area during the 4 
years of the study. If increased density was 
associated with reduced basal area on a per 
plant basis, the competitive ability of indi-
vidual grasses may be compromised.  

Grazing increased frequency of dande-
lion, Kentucky bluegrass, Sandberg blue-
grass, annual bromegrasses, and sedges 
from 1992 to 1995. All of these species in-
crease with cattle grazing, and have differ-
ent strategies for tolerating defoliation 
(USDA Forest Service 1937). Dandelion is 
a prolific seed producer, and its flower 
stalks become more prostrate with defolia-
tion or mowing. Kentucky bluegrass is also 
an abundant seed producer, a sodformer, 
and highly resistant to defoliation. Sandberg 
bluegrass has a deep, penetrating mass of 
coarse roots which allows it to withstand 
trampling well. Threadleaved-sedge (Carex 
filifolia Nutt. ; USDA Forest Service 1937) 
is also resistant to defoliation. Cheatgrass, 
the most common annual bromegrass at this 
site, is a prolific seed producer and is only 
palatable for a relatively short time. Be-
cause of the potential of these less desir-
able species to increase, an entire plant 
community grazed repeatedly by sheep 
should be monitored, not just leafy spurge 
and the dominant bunchgrasses.  

Fig. 5. Heights of leafy spurge, Idaho fescue, 
and bluebunch wheatgrass in grazed and 
ungrazed areas before grazing in 1992 to 
1994, and in early summer 1995, 9 months 
after the last grazing event. Error bars rep-
resent ± 1 S. E. of least square means.  
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Plant heights 

Grazing can also affect plants by reducing plant heights. Stem or leaf heights have of-
ten been used as an indicator of plant vigor (Mueggler 1975, Cook and Stubbendieck 
1986). For example, 1 year after grazing, stem heights of crested wheatgrass tillers are 
lower on plants grazed during internode elongation than those grazed before internode 
elongation (Olson and Richards 1988). In this study, heights of leafy spurge stems and 
Idaho fescue leaves along grazed transects were lower than along ungrazed transects from 
1992 to 1995. Repeated sheep grazing reduces heights of Idaho fescue but does not re-
duce heights of spotted knapweed in a spotted knapweed-infested, Idaho fescue commu-
nity (Olson et al. 1997b).  

Heights of bluebunch wheatgrass increased from 1992 to 1995 with and without graz-
ing, although the increase was greater on ungrazed plants. The increases in heights of 
bluebunch wheatgrass may reflect that sheep grazed bluebunch wheatgrass less than 
Idaho fescue or leafy spurge (Table 1), that most of the grazing occurred when bluebunch 
wheatgrass was dormant, or both. Therefore, bluebunch wheatgrass may be able to main-
tain a competitive advantage when sheep are the primary grazers in mid-summer.  

Conclusions 
 

Three years of repeated sheep grazing of leafy spurge significantly reduced seeds in 
the seedbank and seedling densities potentially minimizing the rate of spread by seeds. 
But repeated sheep grazing had no effect, positive or negative, on mature stem densities 
which has greater implications for affecting native vegetation over the long-term. Al-
though stem densities were not reduced, stem heights were reduced indicating that the 
competitive ability of leafy spurge may have been reduced in the short-term. Response of 
the associated plants was mixed. Plant species that commonly increase with grazing such 
as dandelion, Kentucky bluegrass, and annual bromegrasses, increased. Densities of 
Idaho fescue and especially bluebunch wheatgrass were not significantly affected by the 
repeated grazing, possibly because most of the grazing occurred while these grasses were 
dormant. However, shorter leaves on Idaho fescue may indicate reduced vigor, similar to 
the shorter stems observed on leafy spurge. Our results indicate that sheep grazing was 
having a negative effect on the recruitment stages of leafy spurge: leafy spurge seed in 
the seedbank and seedling densities. Thus, a long-term commitment to repeated sheep 
grazing may help to control leafy spurge. However, grazed sites should be monitored 
regularly to ensure that other undesirable species do not increase at the expense of the 
native plant community.  
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