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EXECUTIVE SUMMARY 
 
  
Soapweed (Yucca glauca Nuttall) was approved for provincial listing as an Endangered species 
in 2003 by the Minister of Alberta Sustainable Resource Development. This vascular plant 
species has an obligate mutualistic relationship with its specialized moth pollinator, the yucca 
moth (Tegeticula yuccasella Riley), which is also considered Endangered both provincially and 
federally. There are two known natural populations; one population is on the Agriculture and 
Agri-food Canada Research Substation in Onefour and the other is on the Pinhorn Grazing 
Reserve along half a kilometre of southwest-facing coulee slope of the Milk River drainage. 
Little is known about the Pinhorn population of soapweed, except that there is little evidence of 
sexual reproduction at the site. In keeping with the province’s commitment to the Accord for the 
Protection of Species at Risk, the National Framework for the Conservation of Species at Risk, 
combined with requirements in Alberta’s Wildlife Act and SARA, a recovery plan was completed 
for the soapweed and yucca moth in 2006. To inform the development of recovery actions, a 
comprehensive inventory of the Pinhorn population of yucca was carried out in 2004. 
 
During the survey, clones (collections of soapweed rosettes separated by less than 15 cm of open 
soil) were counted. Evidence of previous flowering, number of inflorescences (flowering stalks), 
number of dead rosettes, number of live rosettes, number of fruit per clone and, number of 
emergence holes in fruit was also recorded. A much larger population of yucca was found at the 
Pinhorn site than previously reported, although this may be due to varying methods. Evidence of 
fruiting and larval emergence confirms that both sexual reproduction of soapweed and 
reproduction of yucca moth are occurring at the Pinhorn site, but at a very low rate, despite a 
substantial amount of flowering among clones. The limited number of yucca moths at the site 
could have major implications for the long-term health of the soapweed population, as well as the 
yucca moth population. Herbivory was observed on a number of inflorescences at the site, 
reducing the number of flowers and fruit produced. Translocation of moths to the Pinhorn site 
and ungulate-proof fencing should be considered to address these limiting factors.  
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1.0 INTRODUCTION 
 
Soapweed (Yucca glauca Nuttall) was approved for provincial listing as an Endangered 
species in 2003 by the Minister of Alberta Sustainable Resource Development. The 
species is listed as Threatened under the federal Species at Risk Act (SARA). This 
vascular plant species has an obligate mutualistic relationship with its specialized moth 
pollinator, the yucca moth (Tegeticula yuccasella Riley), which is also considered 
Endangered both provincially and federally. The female yucca moth lays her eggs next to 
the developing ovules of a yucca flower, climbs up to the style and actively transfers 
pollen from another inflorescence into the stylar canal (Hurlburt 2001). This is the only 
means by which a soapweed flower can produce seeds and these seeds are the only food 
for developing yucca moth larva. The larvae do not consume all of the seeds; therefore, 
both species are successful in reproducing sexually, but only in the presence of each other 
(Hurlburt 2001).  
 
Individual soapweed plants can produce rosettes, which are clusters of basal leaves 
growing in a circular pattern from one or more woody root crowns (Moss 1983, Alberta 
Native Plant Council 2001). Although individual plants are capable of asexual 
reproduction by increasing the number of rosettes, particularly if sexual reproduction is 
low (Kingsolver 1984 as cited in Csotonyi and Hurlburt 2000, Kingsolver 1986) this does 
not increase the genetic variability of a soapweed population. A lack of sexual 
reproduction may lead to a reduced ability of the population to survive in changing 
environments. Furthermore, lack of seed production means that plants can’t occupy new 
sites, and increases vulnerability to localized disturbances (Csotonyi and Hurlburt 2000).  
 
There are two known natural populations of soapweed in Canada and both are located in 
southeastern Alberta. One population is on the Agriculture and Agri-food Canada 
Research Substation in Onefour, along two kilometres of south-facing coulee slope of the 
Lost River. The other population is on the Pinhorn Grazing Reserve along half a 
kilometre of southwest-facing coulee slope of the Milk River drainage. The Onefour 
population has been researched extensively since 1998. Less is known about the Pinhorn 
population of soapweed. It was estimated that 404 clones (groups of plants originating by 
vegetative propagation from a single parent plant) made up the Pinhorn population and 
that there was no evidence of sexual reproduction occurring at the site since at least 1997 
(Csotonyi and Hurlburt 2000).  
 
Various factors can have an effect on the reproduction of soapweed and yucca moth. 
Herbivory by cattle and/or wild ungulates has been identified as a significant threat to the 
Pinhorn population of soapweed and yucca moth (Alberta Sustainable Resource 
Development 2002, Csotonyi and Hurlburt 2000). Wild ungulates are known to eat both 
individual soapweed flowers and entire flowering stalks (Alberta Sustainable Resource 
Development 2002). If flowers are browsed at a low intensity, there may be little to no 
effect upon the reproductive success of the soapweed; however, higher levels of browsing 
may have a major effect on reproduction (Alberta Sustainable Resource Development 
2002). However, if the flowers that the yucca moths and their larvae reside in are 
consumed, even a small amount of herbivory could have an affect on the yucca moth 
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population (Csotonyi and Hurlburt 2000). Even the smallest grazing pressure may be 
enough to negatively impact the reproductive output in a small and unpredictable 
population of soapweed like that found in the Pinhorn Grazing Reserve. The small 
number of moths previously documented in the Pinhorn population may be a result of 
many years of herbivore pressure on the yucca moth population. Sexual reproduction of 
soapweed at Pinhorn has been effectively halted and the population will gradually 
disappear as older clones die (D. Hurlburt, pers. comm.). Browsing of fruit also occurs. A 
substantial number of moths need to emerge as less than 12% will survive the winter to 
maturity; and a large number of seeds must be produced, as less than 1 in 5000 seeds will 
germinate (D. Hurlburt, pers. comm.). 
 
Through the province’s commitment to the Accord for the Protection of Species at Risk, 
the National Framework for the Conservation of Species at Risk, combined with 
requirements in Alberta’s Wildlife Act and SARA, recovery programs are developed for 
species designated as Threatened or Endangered. A recovery plan was completed for the 
soapweed and yucca moth in 2006. Up-to-date information on both the Pinhorn and 
Onefour populations was needed for recovery planning.  The Onefour population has 
been studied extensively and was last surveyed the summer of 2003 (Snell 2004). 
However the Pinhorn population had not been surveyed since the summer of 1998 
(Csotonyi and Hurlburt 2000). Therefore, a comprehensive inventory of the Pinhorn 
population of yucca was carried out in 2004.  

 
2.0 STUDY AREA 

 
Soapweed is at the very northern edge of its North American range in Alberta. It is 
restricted to the Dry Mixedgrass Subregion of the Grassland Natural Region of the 
province, and is only found in very close proximity to the 49th parallel. A mean 
temperature of 16o C and a total annual precipitation of 260-280 mm characterize the 
climate of the Dry Mixedgrass Subregion during the growing season (ANHIC 2004). The 
Pinhorn population of soapweed spans an area of 2.65 ha. This area includes flat prairie 
and eroding coulee slopes along the Milk River drainage. The dominant grasses are 
needle and thread grass (Stipa comata), blue grama grass (Bouteloua gracilis), and 
western wheat grass (Agropyron smithii). Shrubs like creeping juniper (Juniperus 
horizontalis), silver berry (Elaeagnus commutata), and sagebrush (Artemisia cana) are 
present. Forbs include prickly pear cactus (Opuntia polyacantha), and blazing star 
(Liatris pycnostachya). Current land use practices include cattle grazing during the 
summer months, and extraction of natural gas in the surrounding area.  

 
3.0 METHODS 

 
In October of 2004 a comprehensive inventory of the Pinhorn populations of soapweed 
and yucca moth was conducted. The 1998 Pinhorn population survey involved running 
transects to collect demographic measurements for the entire population and using a 
spotting scope to estimate the number of clones, all of which was completed over a two-
day period for both the Pinhorn and Lost River (Onefour) populations (Csotonyi and 
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Hurlburt 2000). The 2004 survey attempted to count each individual plant to complete a 
more comprehensive inventory for the site.  
 
A soapweed clone consists of all the rosettes propagated asexually from a parent plant. 
For the 2004 survey, soapweed clones were distinguished as collections of rosettes 
separated by a minimum of 15 centimeters of open soil separating the plant from other 
collections of rosettes. Many of the clones were separated by more than 15 cm and 
therefore collections of rosettes were easy to distinguish. When plants were in close 
proximity, they were checked for connectivity. Due to the time of year, flower colour 
could not be used to distinguish collections of rosettes (as specified in Hurlburt 2004). 
Each yucca clone was given a unique identification number and data were collected on 
various aspects of plant size and reproductive status. Data collected included:  
 

• evidence of previous flowering; 
• number of inflorescences (flowering stalks); 
• number of dead rosettes having spent inflorescences (including this year’s);  
• number of live rosettes; 
• number of fruit per clone and;  
• number of emergence holes in fruit, which indicates the number of moth larvae 

that have emerged from the fruit. 
 
A sample of clones from the population was examined to determine:  

• how many axils and flowers each of their inflorescences had;  
• presence and number of noticeably enlarged pedicels as this is a sign that an 

inflorescence set fruit but that it was eaten;  
• length of longest leaf per clone and;   
• evidence of herbivory.  

 
After the inventory was completed, clones along the perimeter of the population were 
marked with GPS waypoints. This information was collected to facilitate mapping of the 
area of occupancy of the Pinhorn soapweed population.  
 
The relative age distribution of soapweed was estimated from maximum leaf length and 
number of rosettes (number of rosettes includes live rosettes and those that produced 
inflorescences in 2004). These measurements were used by Csotonyi and Hurlburt (2000) 
to infer relative age structure.   

 
4.0 RESULTS 

 
A much larger population of yucca was found at the Pinhorn site (Table 1) than 
previously reported by Csotonyi and Hurlburt (2000). Similarly, Csotonyi and Hurlburt’s 
1998 survey of this site found considerably more rosettes (1383) than previously counted 
in 1977 (450), although the number of clones was similar in the 1977 and 1998 estimates 
(see Csotonyi and Hurlburt 2000). The increased number of rosettes counted in 2004 may 
reflect ongoing vegetative production over time. However, the apparent increase in 
abundance in the 2004 survey, of both rosettes and clones, is likely attributed at least in 
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part to the different methods used in each study, as well as the time of year each study 
was done.  
 

4.1 Evidence of fruit production and larval emergence 
 
Five fruit, and six emergence holes were counted in the population (Table 1). Seventy-
four noticeably enlarged pedicels were counted, which suggests that additional fruit may 
have been produced but eaten, along with any larvae inside. Evidence of fruiting and 
larval emergence confirms that both sexual reproduction of soapweed and reproduction 
of yucca moth are occurring at the Pinhorn site, but at a very low rate, despite a 
substantial amount of flowering among clones. Only 0.41% of clones that flowered were 
counted with fruit; 1.51% of flowering clones had enlarged pedicels (suggesting fruit 
were produced but browsed). 
 

4.2 Evidence of seedlings 
 
Csotonyi and Hurlburt (2000) encountered only one plant with a maximum leaf length 
under 15 cm. In the 2004 inventory 60 clones were found with a maximum leaf length 
under 15 cm (Figure 1). Csotonyi and Hurlburt (2000) suggest that a maximum leaf 
length of less than 15 cm for a clone likely reflects a recently germinated seedling; this is 
substantiated by examining the 2004 data more closely. Of the 60 clones with maximum 
leaf length less than 15 cm, 54 of them have only one rosette (four of the clones have two 
rosettes, and one has three rosettes), suggesting a new rosette derived from seed. 
Therefore, if it is assumed that maximum leaf length can be used as a surrogate measure 
for age, and that plants with maximum leaf length less than 15 cm are young, 
approximately 4% (60/1366) of the clones counted in 2004 for the Pinhorn population are 
from seedlings that have germinated relatively recently.  
 
As was suggested in the 1999 study, the number of individual rosettes per clone was also 
used here to infer information about the population’s age structure (Figure 3). 28% (386) 
of the 1366 clones are comprised of only a single rosette. Assuming that the number of 
rosettes per clone is indicative of age, this suggests that germination has occurred 
relatively recently. The difference in the number of clones counted in 1998 and 2004 is 
substantial (404 to 1366), and the increase may attributable in small part to the addition 
of new clones to the population.  
 
 

4.3 Population age structure 
 
Whereas the maximum leaf length per clone suggests a normally distributed population 
(Figure 1), with a few germinated seedlings filling in the left tail of the curve, the 
frequency histogram infers age distribution that is skewed to the right (Figure 2). The 
number of rosettes per clone indicates a population dominated by clones comprised of 
relatively few rosettes, and there are only a very few clones with large numbers of 
rosettes (note there are clones with 20 to 46 rosettes). The average number of rosettes per 
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clone is 3.73 and the median 3. Only 6.2% of the 1366 clones have 10 or more rosettes; 
1.4% have more than 15 rosettes. 
 
Maximum leaf length per clone suggests an approximately normally distributed age 
structure, whereas number of rosettes per clone suggests a population dominated by 
relatively young clones, with very few older ones. A linear regression of the two 
surrogate measures of age structure used (maximum leaf length per clone and taking the 
natural log of the number of rosettes per clone) indicates that approximately 41% in the 
variation in maximum leaf length per clone is explained by the number of rosettes per 
clone – clones with more rosettes clearly have larger maximum leaf length (P<0.0001, 
n=1205). However, there is a fair amount of variation in maximum leaf length that is 
unexplained by colony size. Results are similar to those found by Csotonyi and Hurlburt 
(2000). 
 

4.4 Population measurements in 2004 compared to pre-2004 
 
Reproductive potential and other population measures in 2004 can be compared to those 
from previous years based on evidence collected in the field in 2004 (Table 2). Individual 
rosettes die a couple of years after flowering (Alberta Sustainable Resource Development 
2002), and dead rosettes can persist on the landscape for at least seven or eight years (D. 
Hurlburt, pers. comm.), which allows for some comparisons to be made between the 
current survey year and previous years. The proportion of average dead to live rosettes 
for clones that flowered in 2004 is slightly greater than that of clones with evidence of 
past flowering. This supports the idea that there is a balance or trade off between sexual 
and asexual reproduction for soapweed, as there were more flowering stalks per clone, 
and relatively fewer live rosettes per clone, in 2004 than might have been the case in the 
previous few years. Maximum leaf length was slightly larger in 2004, suggesting this 
measure may be reflective of population age, as previously discussed.  
 

Table 1. Descriptive values of Yucca glauca Pinhorn population health and reproductive 
output in 2004. 

Population Totals No. % of Population
Total Clones in population 2004 1366 100 
Total Inflorescences 1589 100 
Total Live Rosettes 3510 100 
Total Fruit 5 100 
Number of Fruit Possible (based on enlarged pedicels) 74 100 
Total Yucca Moths Emerged 6 100 
Number of Clones Flowered before 2004 951 69.62 
Number of Clones Flowered in 2004 726 53.15 
Number of Clones with Possible Fruit (based on enlarged 
pedicels) 11 0.81 
Number of Clones with Fruit (disregarding enlarged pedicels) 3 0.22 
Number of Clones Browsed 142 10.40 
Number of Inflorescences Eaten 317 19.95 
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Figure 1. Distribution of maximum leaf length per clone for the Pinhorn population of 
Yucca glauca in 2004 (N=1205). 
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Figure 2. Distribution of live rosettes per clone for the Pinhorn population of Yucca 
glauca in 2004 (N=1366). 
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Table 2.  Descriptive statistics of Yucca glauca Pinhorn population measurements in 
2004 and pre-2004. 

Averages per Clone Average N SD Max Min 
 
1998 (Csotonyi and Hurlburt 2000)      

Clones Flowered   951    
Dead Rosettes 8.25 951 8.56 82 0 
Live Rosettes 3.16 951 2.81 28 0 
Max Leaf Length 34.40 830 7.46 59 7 

 
2004      

Clones Flowered   726    
Dead Rosettes 9.54 726 9.21 82 0 
Live Rosettes 2.98 726 3.04 28 0 
Max Leaf Length 35.76 627 - 59 17 
Number of Inflorescences 2.19 726 1.76 18 1 

All Clones  1336    
Dead Rosettes 5.91 1336 8.11 82 0 
Live Rosettes 2.60 1336 2.56 28 0 
Max Leaf Length 30.66 1205 9.26 59 7 
Number of Inflorescences 1.19 1336 1.69 18 0 
Fruit Set 0.004 1336 0.09 3 0 

 
 

5.0 DISCUSSION 
 
It is reasonable to conclude that there has been some germination success in the Pinhorn 
population in recent years, though at an extremely low rate. There are moths within the 
area as fruit were found with emergence holes, indicating the presence of larvae. 
However, the number of fruit with emergence holes was exceedingly small (< 1% of the 
soapweed population), suggesting the moth population is very limited. The germination 
success of soapweed seeds is naturally extremely low in Alberta (Alberta Sustainable 
Resource Development 2002). The low rate of sexual reproduction at the Pinhorn site is 
likely further obstructed by herbivory. Based on the number of enlarged pedicels counted, 
fruit production could possibly have been 15 times higher in 2004 if no fruit were 
browsed.  

 
Clones at the Pinhorn site were able to produce many flowers – 53% of the clones 
flowered in 2004. Therefore, flower abundance was not a constraint for fruit production. 
The limited yucca moths at the site could have major implications for the long-term 
health of the soapweed population, as well as the yucca moth population. With so few 
fruit produced, and low potential success for the few seeds that are produced, there is 
likely to be little to no successful germination at the Pinhorn site unless limiting factors 
are addressed. 
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5.1 Herbivory 
 
Many clones were observed with the dry flowers still attached or collected in the leaves. 
This suggests that flower herbivory may not have been particularly intense in 2004. 
However, there were 317 stalks that had experienced herbivory in the form of a portion of 
the stalk being eaten. This could have had an effect on moth survival and reproduction in 
the following three ways: 
 

1. Flowers in which the moths were residing during the day were eaten, and 
the moths were consumed directly, although inadvertently; 

2. Pollinated and unpollinated flowers were taken from the population, 
lowering the flowers available for pollination and oviposition; or 

3. Fruit was eaten after it had developed but before the seeds or moth larvae 
could disperse. 

 
The first and third situations appear to pose the most serious threats to the persistence of 
the moth population. The third scenario may have occurred in 74 instances in the 
population in 2004.  
 
Fruit production was noted to occur in a dense area of Y. glauca along the edge of and 
down the coulee slope. This area may have been somewhat less accessible to ungulates, 
or may have provided alternate plants for browsing. Possible yucca herbivores include 
pronghorn, mule deer (observed at the site) and domestic cattle (cattle prints and dung 
were observed beside several browsed plants).  
 

5.2 Age structure of the Pinhorn population 
 
The Pinhorn population appears to have a normally distributed age population, according 
to a surrogate age measure of maximum leaf length per clone. If the number of rosettes 
per clone is used as an indication of age, the population is dominated by apparently 
‘younger’ clones – the average number of rosettes per clone is just under four, and very 
few clones have more than 10 or 15 rosettes. Although the number of rosettes per clone 
may be a good indication of how many very old clones exist in the population; it 
shouldn’t perhaps be assumed that all clones with only a few rosettes are very young. In 
fact, in Alberta soapweed only flowers after 15-20 years of age (Alberta Sustainable 
Resource Development 2002), and 16% of the clones with evidence of only one rosette 
were in flower in 2004, demonstrating a not all clones with few rosettes are recent 
germinants, but may be relatively old. This combined with the fact that maximum leaf 
length is normally distributed suggests that some of the clones with few rosettes may be 
older clones that simply haven’t expanded through vegetative propagation. Further study 
is needed to better understand what drives and constrains vegetative propagation in order 
to relate colony size to age structure of the population. 
 
 



 9

 
6.0 MANAGEMENT IMPLICATIONS AND FURTHER DIRECTIONS 

 
Given the status designation of these species, the immediate and long-term health and 
persistence, reproductive success and recovery of the Pinhorn populations of soapweed 
and yucca moths are a major conservation priority. 
 
Continued annual monitoring of soapweed and yucca moth reproduction and levels of 
herbivory at the Pinhorn site are needed to better understand what is driving and 
constraining the reproductive success of the populations, and to monitor the impact of 
herbivory/lack of herbivory on the populations.  
 
During flowering, discerning separate clones can be accomplished by noting variation in 
flower morphology (Hurlburt 2004). Because soapweed clones can have extensive 
underground root systems, this inventory may have overestimated the total number of 
clones in the Pinhorn population. Future inventories of flowering should be conducted at 
a standard time of year, during flowering, in order to use more robust methods for 
delineating clones (i.e., flower morphology), for comparison of results across study years, 
and for inventorying the number of adult moths.  Follow up visits should be scheduled at 
an appropriate time of year in the fall to count moth emergence.  
 
Two other moth taxa depend upon Y. glauca for existence, Prodoxus quinquepunctellus 
and Tegeticula corruptrix; both of these species are currently being assessed by 
COSEWIC and are potentially at risk. Summer inventories of soapweed and yucca moth 
at the Pinhorn site should include inventories of these taxa.  
 
The critical habitat identified for these species should be adequately protected to ensure 
no loss of or damage to developing fruit and larvae, or overwintering larvae underground.  
 
Possible translocation of moths from the Onefour population should be studied and 
considered by the recovery team. Part of the population should be enclosed by ungulate – 
proof fences to protect translocation from trampling and also to protect soapweed flowers 
and fruit from herbivory. After the fruit has had time to desiccate and become unpalatable 
to herbivores the fence could be made permeable to allow for grazing of the surrounding 
grasses. The fenced off area could act as a source of moths for the entire population once 
they have had time enough to build up their numbers. A sample of soapweed within and 
without the fenced area would be monitored for successful fruit production and larvae 
emergence to assess the value of this recovery action. 
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