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PREFACE 

This report is the result of a cooperative Challenge Cost Share project between the 
Institute for Applied Ecology (IAE) and the USDI Bureau of Land Management.  IAE is 
a non-profit organization dedicated to natural resource conservation, research, and  
education.  Our aim is to provide a service to public and private agencies and individuals 
by developing and communicating information on ecosystems, species, and effective 
management strategies and by conducting research, monitoring, and experiments.  IAE 
offers educational opportunities through internships.  Our current activities are 
concentrated on rare and endangered plants and invasive species.  
 
Questions regarding this report or IAE should be directed to: 
 
Andrea S. Thorpe, Conservation Research Program Director 
Institute for Applied Ecology 
PO Box 2855 
Corvallis, Oregon 97339-2855 
phone:  541-753-3099, ext. 401 
fax:  541-753-3098 
email:  andrea@appliedeco.org 
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EXECUTIVE SUMMARY  

Astragalus mulfordiae is a species of concern in eastern Oregon and western Idaho.  
Permanent large-mammal exclosures paired with open (unfenced) controls were 
established in 2008 to assess the influence of herbivory on population dynamics in 
Malheur County, Oregon.  Plots are located at five different sites: Snively, South Alkali, 
Double Mountain, Brown Butte, and North Harper.  Community monitoring transects 
were set up in 2009 in the same locations to collect information about community 
composition and invasive weeds that may impact A. mulfordiae.   
 
Grazing exclosures (third year of monitoring): 

·  The number and size of the plants decreased since 2009.  Inflorescences per 
reproductive plants increased.  The exclosures had no significant effect on either 
size or number of inflorescences. 

·  Fifty-seven plants did not survive from the previous year, although 35 seedlings 
were counted. 

·  A comparison of grazing inside and outside plant enclosures suggests that while 
rodent grazing affects only a small percentage of plants (2.5%), ungulates (both 
wild and domestic) damage approximately 20% of the plants.   

 
Community transects (second year of monitoring):  

·  Astragalus mulfordiae counted along the community transects increased 35% to 
178.  Plant density increased 38% to 1.8 plants m-2.  The mean cover remained the 
same at 5.2%. 

·  The mean cover of nonnative species was 1.4%, relatively unchanged since 2009.  
·  Bromus tectorum is the most prevalent nonnative species at the sites.  It was 

present at each site, but had no change in cover since 2009.      
·  Total ground disturbance decreased slightly to 2.4%.  

 
 In summary, both our grazing exclosures and community transects indicate that 
there is a moderate amount of turnover in individuals at each site.  Rates of seedling 
recruitment, maturation, and adult mortality varied by site.  This may mirror natural 
population trends or be due to differences in past or current site differences that will 
become apparent through repeated monitoring. The biggest impacts to these populations 
are ungulate grazing, followed by rodent grazing, and ground disturbance.   
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Figure 1.  Mulford’s milkvetch (Astragalus 
mulfordiae).  Photo by A.S. Thorpe. 

INTRODUCTION  

 Astragalus mulfordiae (Fabaceae, 
Mulford’s milkvetch; Figure 1) is 
listed as a Sensitive Plant Species by 
the USDI Bureau of Land 
Management, a Species of Concern by 
the United States Fish and Wildlife 
Service, and endangered by the state 
of Oregon Department of Agriculture 
(ORNHIC 2007).  In 1995, there were 
34 known A. mulfordiae populations in 
Idaho and 38 in Oregon (DeBolt 
1995).  Oregon Natural Heritage 
Information Center currently notes 29 
occurrences scattered over 1191 km2 
in Oregon with a total metapopulation 
size of less than 12,000 (ORNHIC 
2009).   
 Astragalus mulfordiae is found 
from the Owyhee Uplands of Malheur 
County, Oregon east to the Owyhee 
Front and Boise Foothills of western 
Idaho.  It primarily occurs in shrub-
steppe and desert shrub communities 
on sandy substrates derived from lacustrine and alluvial sediments, including old river 
deposits, sandy places near rivers, sandy bluffs, and dune-like talus.  Primary plant 
associates include Hesperostipa comata (needle-and-thread grass), Achnatherum 
hymenoides (Indian ricegrass), Chrysothamnus viscidiflorus (yellow rabbitbrush), 
Penstemon acuminatus (sharpleaf penstemon), and Poa secunda (Sandberg bluegrass).   
 Astragalus mulfordiae relies on environmental cues in late winter and early spring 
to initiate its regrowth and phenological stages (DeBolt 1995).  In general, regrowth 
begins in early March, followed by flowering in April, May, and sometimes into June.  
The pollination mechanism is unknown; flying insects or self-pollination are likely 
options (DeBolt 1995).  Fruits mature in June and July and plants senesce shortly 
thereafter.  Astragalus mulfordiae reproduces only by seed, which is dispersed by gravity 
and wind (DeBolt 1995).   
 Monitoring studies of A. mulfordiae provide evidence for a drastic decline in 
population sizes (CPC 2009).  Some populations have been extirpated through ORV use, 
cattle grazing, and fire.  Plants were typically absent after the third year of cattle grazing 
(DeBolt 2001).  In a study of areas seeded with Agropyron desertorum, fruits per 
inflorescence, inflorescences per plant, and adult plant survival were all lower in areas 
grazed by cattle (David Pyke, personal communication).  However, populations appear to 
vary in their ability to withstand disturbances (DeBolt 1995, 2001) and there may be a 
genetic difference between populations that are more susceptible or more tolerant of 
disturbance (DeBolt 2001).  
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 Competition with exotic plant species, particularly Agropyron desertorum (desert 
wheatgrass), Chondrilla juncea (rush skeletonweed), and Bromus tectorum (cheatgrass), 
may also impact populations of Astragalus mulfordiae.  Competition with exotic species 
appears to be particularly problematic in areas that have recently burned and/or are 
heavily grazed.   
 This project will provide data on the population biology and long-term trends of 
A. mulfordiae in the Owyhee Uplands of eastern Oregon.  In order to determine the 
effects of ungulates on A. mulfordiae, we are using small cages to protect groups of 
plants that experience different levels and types of grazing.  Data resulting from this 
project will provide valuable information to assist agencies making listing decisions for 
the species, managing livestock grazing in various allotments, and planning conservation 
strategies and recovery plans.  More specifically, this study is designed to: 

1. Document long-term trends in population size and structure. 
2. Determine the effect of grazing on population size and reproduction. 
3. Determine the role of climatic variation (e.g., annual changes in precipitation) in 

observed differences in population size and reproduction (requires 10 years of 
sequential data). 

4. Compare Oregon population dynamics with Idaho population dynamics. 

METHODS 

Field sites 
 All sites are located near Vale, Oregon in the Vale District, BLM.  After initial 
site visits in 2007, six A. mulfordiae populations were chosen for plot establishment: 
Brown Butte, Double Mountain, North Harper North, North Harper South, South Alkali 
ACEC, and Snively (Table 1, Appendix B). 
 
Table 1.  Locations of plots and site history characteristics. 

Site 
(location of GPS pt) 

Location  
(Nad83, Zone11) 

Fire history Grazing # plots 

South Alkali #1 
(plot 648) 

0484252E 
4878746N 

unknown fall cattle grazing  3 caged 
3 uncaged 

South Alkali #2 
(plot 653) 

0486054E 
4878989N 

unknown fall cattle grazing  3 caged 
3 uncaged 

South Alkali #3 
(transect start) 

0485982E 
4877837N 

unknown fall cattle grazing  4 caged 
4 uncaged 

Brown Butte 
(transect start) 

0489997E 
4842103N 

Fire:  late 
90’s 

summer cattle 
grazing 

5 caged 
5 uncaged 

Snively 
(transect start) 

0484372E 
4840786N 

unknown not grazed 5 caged 
5 uncaged 

Double Mountain 
(transect start) 

0476635E 
4853382N 

Fire: 2005 sheep grazed 5 caged 
5 uncaged 

North Harper North 
(transect start) 

0481055E 
4857204N 

unknown cattle grazed 5 caged 
5 uncaged 

North Harper South 
(plot 675) 

0481446E 
4856682N 

unknown cattle grazed 5 caged 
5 uncaged 
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Herbivory study 
 In 2008, we established 10 or 20 plots at 
each study site to determine the effects of 
ungulates (primarily sheep and cattle) on 
Astragalus mulfordiae (Table 1).  Plot locations 
were systematically selected to maximize the 
number of individuals within a 1 m x 1 m area.  
Half of the plots were uncaged (Figure 2), the 
other half were caged (cover photo).  We did not 
use a random sampling design because we wanted 
to ensure that there were enough plants within 
each plot to detect differences in growth, survival, 
and reproduction; we additionally wanted the 
caged and control plots to be well distributed 
throughout the population.  All plots were marked 
in each corner with 10 inch steel nails and/or 
wooden stakes protruding from the soil surface.  
The plots were aligned with the cardinal 
directions; an aluminum tag noting the plot number was tied with wire around the plot 
marker in the southeast corner of each plot.   
 Caged plots allowed us to measure the approximate effects of grazing and 
trampling by sheep and cattle on A. mulfordiae when collected data was compared to data 
from uncaged plots.  The cage design also inhibited native ungulate grazing and 
trampling, but small mammals and birds could still access the space within the cages.  
Although we did not pair uncaged and caged plots, we attempted to locate one of each 
type within close proximity to control for the effects of microclimate and 
microtopography.  Each caged plot was covered on the top and sides with hogwire.  The 
cages stood approximately 0.3 m high and were slightly larger than 1 m2.  They were held 
in place with wire tied to wooden stakes sunk into the corners of the plots. 
 We divided each plots into four 0.5 m x 0.5 m subplots using a divided quadrat 
frame (Figure 2).  Within each subplot, we mapped all A. mulfordiae individuals using a 
grid system so that recruitment, mortality, and overall trends in the plants’ growth can be 
ascertained over time (Appendix A).  We  also measured the maximum diameter (cm), 
length of longest stem (cm), number of inflorescences, and evidence of insect and large 
ungulate grazing (yes/no) of every plant.  Similar methods have been used to monitor the 
population dynamics of A. tyghensis in the Tygh Valley (Prineville District, BLM; 
Thorpe and Kaye 2008). 

Population and community monitoring 
 This monitoring protocol follows the methods used by the Idaho Conservation 
Data Center to monitor populations of A. mulfordiae in southwestern Idaho (Mancuso 
2001, Mancuso and Colket 2005, ICDC 2008).  The monitoring protocol details 
procedures to collect A. mulfordiae and other plant species abundance, ground 
disturbance data, plant community information, and photo points.   

Figure 2.  Astragalus mulfordiae control 
(uncaged) monitoring plot.  The corners 
are marked with 10” nails.  Photo by A.S. 
Thorpe. 
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 Five monitoring transects were 
established in 2009. Each transect was 
20 meters long and monumented with 
a piece of red-painted rebar at the 
starting point and a large metal spike at 
the ending point.  Sampling occurred 
along a meter tape running between 
the rebar and spike (Figure 3).  A 1 m2 
quadrat frame was placed flush against 
the tape beginning at the 0 m mark.  
Sampling occurred at each consecutive 
meter mark along the transect tape.  
We documented the GPS coordinates 
of the starting and ending point, 
azimuth, and side of the tape sampled 
for each transect (Table 3).  We also 
completed a transect information form that included information to help relocate the 
transects. 
 Each Astragalus mulfordiae individual rooted within the quadrat was counted and 
assigned to one of three life stage class categories:    

·  Reproductive class (R) - individuals with flowers and/or fruits   
·  Non-reproductive class (N) - individuals >4 cm tall without flowers or fruits   
·  Seedling class (S) - non-reproductive individuals <4 cm tall (or taller if 

cotyledons present)    
Application of the size standard may inadvertently result in small plants greater than one 
year old being recorded as seedlings.  The seedling life stage should therefore be 
interpreted as possibly including individuals that did not recently germinate.  If two A. 
mulfordiae stems were less than 3 cm apart, they were considered one plant.    

The location of each A. mulfordiae plant was recorded by referencing the 
appropriate quadrat cell in which it 
occurred.  We divided the quadrat frame 
into 9 equal cells referenced by the letters 
“A” through “I” (Figure 4).  Cell “A” was 
positioned at the top left corner and cell 
“I” at the bottom right corner, similar to 
reading a page of text.  Cells “G”, “H”, 
and “I” were positioned flush against the 
transect tape, whether sampling started on 
the left or right side of the tape (Figure 4).    
 Each A. mulfordiae plant was 
inspected for evidence of insect/disease 
damage and non-insect 
herbivory/trampling damage. These data 
were recorded as yes or no values. 

The canopy cover of each native 
and non-native plant species (shrubs, 

Figure 3.  Sampling transect at South Alkali. 

Table 2.  Location of Astragalus mulfordiae 
population and community monitoring 
transects. 

Area Transect 

Azimuth/side 
of tape 

monitored 

Brown Butte 198 182º/east 
Double Mountain 196 2º/east 
North Harper North 200 354º/west 
Snively 199 281º/south 
South Alkali 197 24º/west 
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graminoids, and forbs) rooted or hanging over each quadrat was estimated and assigned a 
cover class (Table 2).  Ground covers of basal vegetation, bare ground, biological crust, 
rock/gravel (�  2mm), litter (< 2mm, including scat), completely dead attached shrub, and 
detached wood (�  2mm from shrub or tree) were also estimated and assigned cover 
classes.  These data were recorded at each quadrat along the length of the belt transect.  
Nomenclature followed the U.S. Department of Agriculture Plants Database (USDA 
2010).    
 The total area occupied by surface disturbances (e.g. ORV tracks, wildlife and 
cattle prints, gopher tunnels) within each quadrat was estimated and assigned a cover 
class (Table 2).  Surface disturbance were additionally broken down by disturbance type; 
the cover class represented the percentage of ground surface within the quadrat that was 
clearly broken, crushed, or sloughed.  

We took a minimum of 6 photos at each monitoring site.  The origin rebar served 
as the reference point for four photos, taken at bearings of 0°, 90°, 180°, and 270°; these 
provided a panoramic overview of the monitoring area.  We took a fifth photo standing 3 
m behind the origin rebar looking towards the end spike; a sixth photo was taken standing 
3 m behind the 
end spike 
looking towards 
the origin rebar.  
We took 
additional 
photos to show 
the plant 
community, 
disturbances, 
and other 
landscape 
features as 
needed.  

Table 3.  Cover classes used when monitoring plant species, 
ground cover, and surface disturbances in A. mulfordiae plots. 

Cover class Percent cover 
range (%) 

Midpoint to convert to 
(%) 

0 0 0.0 
1 <1 (trace) 0.5 
2 1-4.9 3.0 
3 5-9.9 7.5 
4 10-24.9 17.5 
5 25-49.9 37.5 
6 50-74.9 62.5 
7 75-94.9 85.0 
8 95-100 97.5 

  

Figure 4.  Position of the quadrat and cells relative to the transect tape. 
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Data analysis 
 Population and community monitoring data were summarized descriptively. All 
data given cover classes were converted to midpoint percent cover values (Table 2).  The 
effect of the hogwire cages on the number of inflorescences per reproductive plant was 
tested using a Generalized Linear Model (Wald Chi-Square) with log-transformed data 
and a negative binomial probability distribution.  We tested the effect of the cages on 
average plant diameter using ANOVA.  Site and treatment were fixed factors, 2010 plant 
diameter or mean inflorescences per reproductive plant were the dependent variables, and 
the 2008 and 2009 data of the same categories were covariates (SPSS 17.0 2009).  Plots 
661 at South Alkali (uncaged), 668 at North Harper South (uncaged), and 685 at Double 
Mountain (caged) were either damaged or not relocated, and their corresponding 2008 
data were not included in statistical analyses. 
 

RESULTS AND DISCUSSION 

Herbivory study 
 In 2010, 278 A. mulfordiae plants 
were sampled in 67 experimental plots, 
including 144 plants in caged plots and 134 
plants in uncaged plots.  The average 
diameter of plants was 24.6 cm, and did not 
differ significantly between caged and 
uncaged treatments (25.5 cm and 23.8cm, 
respectively; p=0.63; Figure 5).  220 plants 
(79.1%) were reproductive; they averaged 
53.6 (caged) and 67.0 (uncaged) 
inflorescences per reproductive plant 
(Figure 6).  There was no significant 
interaction between study site and treatment 
(p=0.53) on the number of inflorescences 
per reproductive plant (Figure 6).     
 The degree of herbivory on A. 
mulfordiae plants varied by treatment.  Ten plants (3.6%) inside the cages were grazed by 
ungulates, compared to 48 plants (17.2%) outside the cages.  An additional seven plants 
(2.5%) inside cages were grazed by rodents, although no instances were found outside the 
cages.  Cages had little impact on insect herbivory, with grazing evident on 66 plants 
(23.7%) inside cages, compared to 20 plants (7.2%) outside cages.  A summary of A. 
mulfordiae measurements from 2008 – 2010 delineated by site and treatment is available 
in Appendix D. 
 Yearly population fluctuations have been documented in other parts of 
 Astragalus mulfordiae’s range (ICDC 2008) and appear to be due to several biotic 
and abiotic factors.  Fifty-seven plants that did not survive from the previous year 
were buffered by 35 seedlings recorded throughout all plots (Table 4).  Twenty-eight 
percent of the total plants (16) lost were at Snively.  This site had considerable loss 

Table 4.  Number of dead plants and 
seedlings found in caged and uncaged 
plots.  

Area Dead Seedling 

Brown Butte 4 7 
Double Mountain 8 0 
North Harper North 9 12 
North Harper South 9 0 
Snively 16 0 
South Alkali 11 16 
Total 57 35 
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in 2009, possibly due to effects of erosion.  Double Mountain and North Harper South 
also lost plants and had no seedling recruitment (Table 3).  Although a significant percent 
of previous years’ plants died at South Alkali, North Harper North, and Brown Butte, 
seedling recruitment was greater than plant loss and resulted in a net gain in population 
size at these sites.    

Figure 5.  Average diameter (cm) of A. mulfordiae plants in the herbivory study at 
each in 2010.  Error bars are ± 1 S.E.  
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Population and community monitoring 
 In 2010, a total of 178 A. mulfordiae plants were observed within quadrats along 
five transects, a 35% increase over 2009 (Table 5).  Mean density of the plants increased 
38% to 1.8 plants/m2.  Reproductive plants accounted for 49% of the total observed.  
Non-reproductive plants (>4cm tall) constituted 40%, with the remaining 10% being 
seedlings (<4cm tall).  The number of reproductive plants at each site either decreased or 
remained the same since 2009.  
Nonreproductive plants decreased at South 
Alkali, increased at Brown Butte, and 
remained stable at North Harper North and 
Snively.  The one nonreproductive individual 
counted at Double Mountain was probably 
counted as reproductive in 2009 but  did not 
flower this year.  Seedling recruitment showed 
the greatest variability across all sites.  South 
Alkali and North Harper North saw the 
greatest increases in seedlings since 2009, 
most likely due to the large number of 
reproductive plants noted at each site in the 
previous year (Table 5).  Snively was the only 
area to decrease in number, losing three 
seedlings since 2009.  Double Mountain, an 
area with extreme denudation, had a second year of no seedling recruitment (Figure 7).   
 Of the nine non-native species recorded along transects in 2010, three were 
graminoids and six were forbs (Table 5).  Of the three graminoid species, two were 
annual and one (Poa bulbosa) was perennial.  All of the six forb species were annuals.  

Figure 6.  Average number of inflorescences per reproductive plant in the herbivory 
study at each site in 2010.  Error bars are ± 1 S.E. 

Figure 7.  A. mulfordiae plant at 
Double Mountain with root 
exposed by wind activity.  
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Bromus tectorum was the only invasive species observed at each transect and was by far 
the most abundant non-native plant (Table 5).  Changes in the invasive species 
composition for 2010 include the presence of Holosteum umbellatum and Lactuca 
serriola, and the absence of Tragopogon dubius.  Mean cover for invasives remained 
relatively constant, although a few species saw drastic declines.  Salsola tragus and 
Sisymbrium altissimum appeared to decline since last year (79% and 65% decrease, 
respectively), but this may be an artifact of plant phenology.  Although transects were 
sampled during the same week as in 2009, most invasive species appeared to be early in 
development.  Non-native species cover could be significantly higher if the transects 
were monitored later in the growing season.  The proportion of native to invasive species 
cover varied by site.  Brown Butte had 38.9% native cover and 13.7% invasive cover.  
Double Mountain had 29.2% native cover, and the lowest invasive cover of all sites, 
2.1%.   North Harper had the highest native cover of all sites, 62.4%, and 15.5% invasive 
cover.  Native cover at Snively was 37.8%, with 14.5% invasive cover.  South Alkali had 
the lowest native cover of all sites at 20%, and the highest invasive cover at 18.5%.   

The loose, sandy substrate characterizing A. mulfordiae habitat readily leaves 
evidence of physical disturbances.  Disturbances recorded in 2010 included anthill, bird 
feces, burrow, cattle feces (>1 year old), divot, human footprints (researcher), insect 
burrow, ungulate feces, and rills (Table 7).  The pronghorn feces category was changed to 
ungulate feces, as the exact source of the scat could not be determined.  Among all sites, 
the average ground disturbance in all categories totaled 2.4%.  Individual categories with 
the highest average covers included researcher footprints (3.3%), cattle feces older than 
one year (0.6%), burrows (0.6%), and ungulate feces (0.4%). 

  Insect damage, herbivory, and trampling damage to Astragalus mulfordiae 
occurred on 22 plants (12.4 %).  One plant each at Snively and South Alkali had evidence 
of insect damage and disease.  Although herbivory and trampling were present at four of 

Table 5.  Number and class of Astragalus mulfordiae found on population and community 
transects in 2009 and 2010.    

Area Year Reproductive 
Non-

reproductive Seedling TOTAL 

Brown Butte 2009 13 0 3 16 
 2010 8 11 6 25 
Double 
Mountain 2009 3 0 0 3 
 2010 2 1 0 3 
North Harper 
North 2009 22 4 11 37 
 2010 19 4 28 51 
Snively  2009 21 1 3 25 
 2010 21 1 0 22 
South Alkali 2009 40 10 1 51 
 2010 38 0 39 77 
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five sites (neither were recorded at Snively), 15 out of 20 noted occurrences were 
recorded at North Harper.  North Harper had the highest percent cover of ungulate feces 
(1.1%) and burrows (3%).  Brown Butte had the highest overall disturbance (3.7%).  No 
one form of disturbance was found at every transect.   
  Thirty-five species were recorded in the five transects in 2010 (Table 6).  Species 
present in at least four transects included (with average percent cover): A. mulfordiae 
(5.2%), Achnatherum hymenoides (2.9%), Balsamorhiza sagittata (3.4%), Bromus 
tectorum (10.7%), Chrysothamnus viscidiflorus (9.1%), Mentzelia albicaulis (0.6%), 
Salsola tragus (0.4%), and Sisymbrium altissimum (0.6%).  Other locally important 
species with at least 5% cover included: Opuntia polyacantha, Linanthus pungens, 
Hesperostipa comata ssp. comata, Atriplex confertifolia, Penstemon acuminatus and Poa 
secunda.  The plant community can be best described as an open shrubland with scattered 
graminoids and forbs.  While most of the non-native taxa were annuals, native species 
were a mix of perennials and annuals.  The non-vegetated ground surface was dominated 
by bare ground (average 56.4% cover) and litter (18.6% cover); smaller amounts of 
rock/gravel, dead shrub, biological crust, and basal vegetation were also present (Table 
6).   
 
Comparison with Idaho populations 

At the time of this report, 2010 data from Idaho was not available.  We will delay 
comparing population dynamics from the two states until 2011, when more than one year 
of data is available.   

 CONCLUSIONS 

 The population dynamics of Astragalus mulfordiae are difficult to discern from 
three years of data.  There were few similarities in the population trends of A. mulfordiae 
between the exclosures and along the transects. The number of total and nonreproductive 
plants increased in the transects, but decreased in the exclosures.  However, we observed 
both an increase in seedlings and decrease in reproductive plants in both studies.  The 
different patterns observed between the grazing study and monitoring transects may be an 
artifact of how plot and transaction locations were selected.  The herbivory study was 
established specifically to determine the impact of native and domestic herbivores on A. 
mulfordiae, so plots were specifically laid out to include 2-4 plants.  Thus, although there 
is some variation in population sizes/trends between sites, we wouldn't expect differences 
based on plot locations  In contrast, the transects sample a more representative portion of 
the population.  Continued monitoring at regular intervals will help elucidate patterns of 
A. mulfordiae population dynamics. 
 There was little evidence that grazing by cattle and/or sheep directly affected A.  
mulfordiae population size and reproductive success.  Grazing by ungulates occurred 
more frequently outside the enclosures.  Few plants were definitely grazed by cattle; 
those that were grazed were extensively damaged.  It will take some time for the effects 
of this grazing on fecundity and seedling recruitment to become apparent.  Cattle and 
sheep may affect A. mulfordiae populations indirectly by disturbing the ground surface 
either in or adjacent to plots.  The loose, sandy, and exposed nature of the soil means that 
ground disturbance can propagate disturbance to adjacent areas.  Cattle and human prints 
could alter surface hydrology and potentially cause some of the erosion events that led to 
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plant mortality in plots at South Alkali and Snively. Inversely, ground disturbance at 
Double Mountain may have facilitated sediment deposition into plots.  Limiting ground 
disturbance through larger fencing plots (see Massatti et al. 2009) would be one way test 
this hypothesis. 

Invasive species were ubiquitous in A. mulfordiae sampling plots.  Bromus 
tectorum was abundant at every site and other invasive species were locally important.  
These species appeared to be more abundant in areas with higher disturbance by grazing.  
Continued population community monitoring will determine if invasive species are 
becoming more abundant and what impact they are having on A. mulfordiae populations.  

Comparison of Oregon and Idaho A. mulfordiae population dynamics should 
commence cautiously and only on a same-year basis; Idaho Conservation Data Center 
(ICDC) data show A. mulfordiae population densities can fluctuate from year-to-year.  
The establishment of population transects in 2009 using the same protocol as the ICDC 
(2008), and subsequent monitoring through 2011, will facilitate future region-wide 
population comparisons.
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Table 6.  Average percent cover of all vascular plant species and ground cover categories recorded at the five 
transects sampled in 2010.  Plants are organized by native status and growth habit, with the ground cover 
categories occurring at the end of the list.  Abbreviations include: “N” = native, “I” = invasive, “F” = forb, “G” 
= graminoid, “S” = shrub, “P” = perennial, and “A” = annual/biennial.  Continued on next page. 

 
 

Species 
Common 
Name 

Native 
Status 

Growth 
Habit 

Life 
form 

Average % cover 

North 
Harper 
North 

Double 
Mtn 

South 
Alkali 

Brown 
Butte 

Snively Mean 

Astragalus 
mulfordiae 

Mulford's 
milkvetch 

N F P 5.9 4.0 4.2 4.9 6.9 5.2 

Achnatherum 
hymenoides 

Indian 
ricegrass 

N G P 4.0 5.5 0.0 3.1 1.7 2.9 

Alyssum 
desertorum 

desert 
madwort 

I F A 0.0 0.0 0.5 0.0 0.0 0.1 

Ambrosia 
artemisiifolia 

annual 
ragweed 

N F A 0.0 0.0 0.0 0.5 0.0 0.1 

Amsinckia 
tessellata 

bristly 
fiddleneck 

N F A 0.0 0.0 0.0 2.3 0.0 0.5 

Atriplex 
confertifolia 

shadscale 
saltbush 

N S P 0.0 0.0 0.0 7.5 0.0 1.5 

Balsamorhiza 
sagittata 

arrowleaf 
balsamroot 

N F P 8.5 4.0 3.5 0.5 0.5 3.4 

Bromus 
tectorum cheat grass 

I G A 14.0 2.1 16.0 9.0 12.5 10.7 

Chrysothamnus 
viscidiflorus 

green 
rabbitbrush 

N S P 6.4 12.5 4.6 10.8 11.3 9.1 

Comandra 
umbellata 

bastard 
toadflax 

N F P 0.0 0.0 0.0 2.8 0.0 0.6 

Crepis 
acuminata 

tapertip 
hawksbeard 

N F P 2.0 0.0 1.4 0.3 0.0 0.7 

Cymopterus 
acaulis 

plains 
springparsley 

N F P 0.0 0.0 0.5 0.0 0.0 0.1 

Descurainia 
pinnata 

western 
tansymustard 

N F A, P 0.5 0.0 0.0 0.5 0.0 0.2 

Elymus 
elymoides ssp. 
elymoides squirreltail 

N G P 1.9 2.3 1.6 0.0 0.0 1.1 

Erodium 
cicutarium 

redstem 
stork's bill 

I F A 0.0 0.0 0.0 1.9 0.0 0.4 

Hesperostipa 
comata ssp. 
comata 

needle-and-
thread grass 

N G P 7.7 0.0 0.0 2.8 5.8 3.3 

Holosteum 
umbellatum 

jagged 
chickweed 

I F A 0.0 0.0 0.0 0.5 0.0 0.1 

Lactuca 
serriola 

prickly 
lettuce 

I F A 0.0 0.0 0.5 0.0 0.0 0.1 

Linanthus 
pungens 

granite 
prickly phlox 

N S P 6.1 0.0 0.0 0.0 0.5 1.3 
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Species 
Common 
Name 

Native 
Status 

Growth 
Habit 

Life 
form 

Average % cover 

North 
Harper 
North 

Double 
Mtn 

South 
Alkali 

Brown 
Butte 

Snively Mean 

Mentzelia 
albicaulis 

whitestem 
blazing star 

N F A 0.5 0.0 0.5 1.4 0.5 0.6 

Microsteris 
gracilis slender phlox 

N F A 0.0 0.0 0.0 0.5 0.0 0.1 

Oenothera 
pallida 

pale evening 
primrose 

N F A, P 0.0 0.0 0.5 0.0 0.0 0.1 

Opuntia 
polyacantha 

plains prickly 
pear 

N F P 7.5 0.0 0.0 0.0 0.0 1.5 

Pascopyrum 
smithii 

western 
wheatgrass 

N G P 0.0 0.9 0.0 0.0 2.7 0.7 

Penstemon 
acuminatus 

sharpleaf 
penstemon 

N F P 5.2 0.0 2.3 0.0 7.5 3.0 

Phacelia 
heterophylla 

varileaf 
phacelia 

N F A, P 0.5 0.0 0.0 0.0 0.0 0.1 

Phacelia 
linearis 

threadleaf 
phacelia 

N F A 0.5 0.0 0.5 0.0 0.5 0.3 

Poa bulbosa 
bulbous 
bluegrass 

I G P 0.0 0.0 0.0 0.0 0.5 0.1 

Poa secunda 
Sandberg 
bluegrass 

N G P 5.2 0.0 0.5 0.5 0.0 1.2 

Salsola tragus 
prickly 
Russian thistle 

I F A 0.5 0.0 0.5 0.5 0.5 0.4 

Sisymbrium 
altissimum 

tall 
tumblemustard 

I F A 0.5 0.0 0.5 1.3 0.5 0.6 

Sphaeralcea 
grossulariifolia 

gooseberryleaf 
globemallow 

N F P 0.0 0.0 0.0 0.5 0.0 0.1 

Vulpia myuros rat-tail fescue I G A 0.5 0.0 0.5 0.5 0.5 0.4 
Unknown 
Milky 
Asteraceae  

- -  0.0 0.0 0.5 0.0 0.5 0.2 

Unknown Shrub     S P 0.0 0.0 0.0 0.0 9.0 1.8 

Basal veg             
(cut off at 
ground)  

   7.5 6.6 12.7 5.8 8.0 8.1 

Bare ground     52.6 91.5 20.0 70.6 47.4 56.4 
Biological 
crust  

   3.0 0.0 1.4 0.5 9.0 2.8 

Rock/gravel           
( �  2mm )  

   0.0 4.5 2.3 7.2 5.8 4.0 

Litter ( < 
2mm), 
including scats 

 
   18.3 4.7 24.5 11.8 34.0 18.6 

completely 
dead shrub, 
attached 

  
      5.8 4.0 4.5 4.8 7.0 5.2 
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Table 7.  Average percent cover of ground disturbances recorded at the five transects 
sampled in 2010.  The total ground disturbance was collected in the field and is not a 
sum of all listed disturbances. 

Disturbance Category 

Average % Cover 

North 
Harper 
North 

Double 
Mtn 

South 
Alkali 

Brown 
Butte 

Snively Mean 

anthill 0 0 0.5 0 0 0.1 
bird feces (other) 0.5 0 0 0 0 0.1 
burrow 3 0 0 0 0 0.6 
cattle feces-older (>1 yr) 2 0 0.5 0.5 0 0.6 
divot  0 0 0.5 0.5 0 0.2 
human footprints (researcher) 0 0 0 0.5 3.3 0.8 
insect burrow (diameter <1 cm) 0 0 0.5 0.5 0 0.2 
ungulate feces 1.1 0 0.5 0.5 0 0.4 
rills (erosion) 0 0.5 0 0 0 0.1 
Total ground disturbance 2.2 .5 3 3.7 2.6 2.4 
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APPENDIX A.  DATASHEET FOR ASTRAGALUS MULFORDIAE MONITORING  

 
Astragalus mulfordiae demographic monitoring plot      
Site:           
Plot #:     Caged    or    Uncaged    
Date:           
Names:           
Note location of rebar posts and compass bearing to top of page     
Compass bearing:       
           

                     

                     

                     

                     

                     

                     

                     

                     

                     

                     
       Herbivory   

Plant # 
X-

coord 
Y-

coord 
Diam 
(cm) 

longest 
stem 
(cm) #Infl.   Insect 

Deer / 
Cattle Notes   
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APPENDIX B.  ASTRAGALUS MULFORDIAE SITE MAPS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Driving route to Snively from State Route 201.  Written driving directions can be 
found in Appendix C.  

 
 

Owyhee Ave. 

Owyhee Lake Rd. 
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South Alkali field site.  Blue polygons represent known populations of A. mulfordiae. 
11T 0485982E 4877837N (start of transect at population 3, Nad83) 
 

Close-up of the plot layout at Snively.  Park at the river turnoff across the road.  
Several undeveloped campsites can be found along the river.  Note scale bar at lower 
left corner of the photo (163 ft).   
11T 0484372E 4840786N (transect start point, Nad83), GPS accuracy ±25 ft. 
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Driving route to South Alkali 1, 2, and 3. From Jordan Waterhole, it is advisable to 
drive clockwise around the loop, visiting S. Alkali 1 first.  The road basically stays on 
top of a ridgeline all the way around this valley.  Follow the 7.5” USGS topo map and 
written driving directions (Appendix C) carefully, especially once you are on Valley 
View Road. 

Lagoon Dr. 

Foothill Dr.  

Vale View Rd. 
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Close-up of the plot layout at South Alkali 1. Plots 646 – 649 are on the north side of 
the dirt access road, and plots 650 and 651 are on the south side of the dirt access road 
(road indistinguishable).  Note the scale bar at the bottom left of this photo (75 ft). 
11T 0484252E 4878746N (Nad83, plot 648), GPS accuracy ±25 ft. 
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Close-up of the plot layout at South Alkali 2. Note the scale bar at the bottom left of 
this photo (181 ft).  The red line represents an estimate of the dirt access road. 
11T 0486054E 4878989N (Nad83, plot 653), GPS accuracy ±25 ft. 
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Close-up of the plot layout at South Alkali 3. The dirt access road is to the east (right).  
Note the scale bar at the bottom left corner of the photo (88 ft). 
11T 0485982E 4877837N (Nad83, transect start point), GPS accuracy ±25 ft. 
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Driving route to North Harper from Lytle Blvd. Vale is north (up) on Lytle Blvd. If 
you drive past the dump, you went too far south on Lytle. Follow the 7.5” USGS topo 
quad and written driving directions carefully (Appendix C).  An alternative route 
through Cow Hollow to North Harper South and North is marked on the Double 
Mountain overview map. 
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Close-up of the plot layout at North Harper North.  Note the scale bar at the bottom 
left corner of the photo (89 ft).  See map of driving directions for North Harper South.  
11T 0481055E 4857204N (transect start point, Nad83), GPS accuracy ±25 ft. 
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Close-up of the plot layout at North Harper South.  Note the scale bar at the bottom 
left corner of the photo (609 ft).  If area is approached from Lytle Blvd., the parking 
place for sampling North Harper South is marked (upper right).  If area is approached 
from Cow Hollow, you can drive from park at North Harper South to North.  Be 
careful here – Astragalus mulfordiae grows in the road.  
11T 0481446E 4856682N (Plot 675, Nad83), GPS accuracy ±25 ft. 
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Driving route to Double Mountain (red) and alternative route to North Harper South 
(green). Highway 20 is north on Russell Road.  Follow the 7.5” USGS topo quad and 
written driving directions carefully (Appendix C).   

Russell Rd. 
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Close-up of plot layout at the Double Mountain sampling site.  The label for 677 is 
hidden within the group to the east (right).  Plot 685 is not plotted because the cage 
was found rolled up in 2009.  Note the scale bar in the lower left corner of the photo 
(199 ft). 
11T 0476635E 4853382N (transect start point, Nad83), GPS accuracy ± 25 ft. 
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Driving route to Double Mountain (red) and alternate route to North Harper South and 
North (green).  Highway 20 is north on Russell Rd.   Follow the 7.5” USGS topo quad and 
written driving directions carefully (Appendix C).  
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Driving route to Brown Butte sampling site from State Route 201. See Appendix C for 
written directions.  After Clover Lane, follow the written directions carefully. 

Mendiola Rd.

Clover Ln.. 
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Close-up of the plot layout at Brown Butte. The faint trail bisecting the photo is the 
top of the ridge. Access road is 165 meters northeast of plot 545 (north is up).  Note 
scale bar in lower left corner of photo (95ft). 
11T 0489997E 4842103N (Nad83, transect starting point), GPS accuracy ±25 ft. 
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APPENDIX C.  ASTRAGALUS MULFORDIAE CONTACTS, GEAR LIST , AND DIRECTIONS  

Contacts 
Vale District BLM:  Gillian Wigglesworth, (541) 473-3144 
 
Gear List 
Camping Box 
Dry foods box 
Water jug *2 
Camp table 
Camping chairs (one/person) 
Large cooler & soft cooler 
Health and Safety Box 
Small trowel 
 
Last year’s report 
Last year’s data 
Maps (USGS 7.5” topos, Gazetteer, BLM overview topo) 
Datasheets 
Printout of text file including GPS pts for all plots (in ASMU folder) 
Clipboards (tatum + 3 extra)  
Mechanical pencils 
3 50m tapes 
Ruler—one per person 
2 pieces rebar 
5 10” steel nails 
5 wooden stakes 
Mallet 
Compasses (at least 2) 
5 plot frames 
string to divide frames 
GPS unit 
Flora (H&C, Jepson) 
Plot tags 
Wire 
Wire cutters 
Work gloves 
Fencing (small amount if replacements necessary) 
4 candy canes 
flagging 
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Directions – Update directions as needed for future sampling. DO NOT assume 
directions, especially mileages, are precise.  You can use the Google maps (above) and a 
compass to ensure you are always basically going in the right direction. Leave all gates as 
you find them (open or closed)! 
 
South Alkali Field Site 
In Vale, get onto 10th Street and go north. 10th curves to the right and turns into Lagoon 
Dr.  Lagoon parallels railroad tracks until it dead ends, go left (north) onto Foothill Dr. At 
intersection, Foothill turns right, stay straight, road changes to Vale View Rd. At the left 
hand turn in the road, there will be a gravel road with a stop sign (may look like a 
driveway).  Follow this road until it comes to a T.  Go to the right.  Follow the road and 
go through a gate that has two rock columns.  Continue on this road to the left (by Jordan 
Water Hole).  The road goes up into the hills, along a ridge, with the valley on your right.  
Towards the top of the ridge, you will go through another gate.  Follow the road until you 
reach S Alkali 1.   
 
Double Mountain Field Site (from BLM office in Vale) 
Turn right out of the BLM visitor’s parking lot.  Turn left onto 14th street. Turn right onto 
Hope Street.  Turn left onto 17th street. Turn right onto Washington (20W).  Take 20W 
past Vale. Turn left onto Russell Rd. Go 2 miles and turn left onto Dry Creek.  Go 
through gate on left after a mile (it may be closed). Continue to site. 
 
Brown Butte/Blackjack Field Site 
Mendiola Road to Clover Lane (will see stand of trees); where pavement ends, turn left 
on far side of irrigation ditch; cross canal and make a hard right turn (onto Road E).  Bear 
right, drive along base of butte, next to canal; cross over cattle guard, continue into 
pasture; at intersection under power lines, make a right turn (follow power lines for 3 mi); 
near gravel pit.  Park and walk ~.2 miles. 
 
North Harper (North and South)  ** Do S first, then continue up road to N** 
From Cow Hollow 
From Vale, take 20 west. Turn left onto Russell Rd.  Turn left onto Dry Creek/Twin 
Spring (Cow Hollow) and go through clipped gate to left.  After ~4mi, turn left onto 2 
track, drive fence line, go past cattle station (road goes through big thicket of Russian 
thistle, kind of invisible), continue to gate on left. Go through the gate on left and 
continue to drive the fenceline to the right.  You will next come to a locked gate, follow 
the road to the left and up into the hills (along a drainage). This road will take you 
directly to the site.  Do not go up the large steep hill, this is too far. 
 
From Lytle Blvd. 
Turn right onto dirt road (if coming from Vale) that cuts to northwest and goes behind 
ridge paralleling road. If you pass the dump, you went too far. Keep on dirt road for ~2.5 
miles (always going ±NW) until you come to a triangle junction, turn left (towards water 
tower). Road runs ~SW for 0.9 miles before turning WNW (near the water tower). Drive 
1.5 miles (total from last triangle junction), go through fence and turn left (south). Road 
will follow fenceline for ~1.25 miles until it reaches another triangle junction, take right 
fork, which will spit you out going west on new road after 1.35 total miles from last 
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junction.  After 0.1 miles, take left fork. In 0.3 miles you will reach another fork (with a 
large patch of Oenothera cespitosa). Go left and park at top of hill to walk down and 
sample N. Harper South, go right, drive 0.4 miles west, and park to sample N. Harper 
North. Follow USGS 7.5” topo carefully. 
 
Snively Field Site 
Take 201 South past Nyssa.  If you get to Adrian, you’ve gone too far.  Turn right onto 
Owyhee Avenue. Turn left onto Owyhee Lake Road.  Follow past Snively Hot Springs, 
field site is across the road from a campground with cottonwoods. 
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APPENDIX D.  SUMMARY OF ASTRAGALUS MULFORDIAE DATA FROM CAGED /UNCAGED PLOTS 

 
 
 

Astragalus mulfordiae characteristics in caged and uncaged (open) plots at six sites in the Vale District BLM in 
2010.  All herbivory in caged plots marked as “ungulate” was the result of rodents. 

Site Treatment 
Total 
plants 

 ave. 
diameter 

(cm) 
ave. longest 
stem (cm) 

ave. 
inflo 

Total 
insect 

herbivory 

Total 
ungulate 
herbivory 

Brown Butte caged 21 33.6 22.9 76.8 15 2 
Brown Butte open 25 26.9 18.7 64.8 4 4 
Double Mtn caged 17 18.7 13.3 8.1 10 7 
Double Mtn open 17 16.2 11.4 3.5 0 14 

N. Harper North caged 36 27.2 21.3 42.3 24 3 
N. Harper North open 28 15.7 14.8 26.8 8 4 
N. Harper South caged 11 27.7 23.2 61.1 1 3 
N. Harper South open 17 31.6 19.3 49.7 0 13 

Snively caged 20 19.0 16.5 15.9 2 0 
Snively open 5 29.8 25.1 34.2 3 1 

South Alkali caged 39 26.6 22.1 51.5 14 1 
South Alkali open 42 22.2 16.4 68.0 5 13 

TOTALS:  278 24.6 18.8 41.9 86 65 
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Astragalus mulfordiae characteristics in caged and uncaged (open) plots at six sites in the Vale District BLM in 
2009.  All herbivory in caged plots marked as “ungulate” was the result of rodents. 

Site Treatment 
Total 
plants 

 ave. 
diameter 

(cm) 
ave. longest 
stem (cm) 

ave. 
inflo 

Total 
insect 

herbivory 

Total 
ungulate 
herbivory 

Brown Butte caged 19 33.2 21.9 42.6 4 4 
Brown Butte open 20 25.6 19.8 15.0 3 7 
Double Mtn caged 16 25.7 17.9 14.4 2 5 
Double Mtn open 25 23.9 15.2 18.9 2 11 

N. Harper North caged 30 35.8 23.9 47.2 3 10 
N. Harper North open 27 31.6 20.9 41.9 1 10 
N. Harper South caged 19 26.9 18.6 26.4 5 2 
N. Harper South open 19 26.2 17.2 33.2 0 2 

Snively caged 27 24.4 21.1 17.9 0 0 
Snively open 12 34.2 22.8 42.8 1 2 

South Alkali caged 43 25.8 20.4 11.2 6 1 
South Alkali open 29 33.0 23.0 25.0 5 14 

TOTALS: 286 28.9 20.2 28.0 32 68 
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Astragalus mulfordiae characteristics in caged and uncaged (open) plots at six sites in the Vale District BLM in 
2008.  All herbivory in caged plots marked as “ungulate” was the result of rodents. 

Site Treatment 
Total 
plants 

 ave. 
diameter 

(cm) 
ave. long stem 

(cm) 
ave. 
inflo 

Total 
insect 

herbivory 

Total 
ungulate 
herbivory 

Brown Butte caged 19 19.4 13.2 13.8 0 5 
Brown Butte open 21 16.7 12.4 14.4 0 2 
Double Mtn caged 21 21.7 13.6 13.0 0 0 
Double Mtn open 28 20.2 13.4 31.6 1 5 

N. Harper North caged 29 27.3 18.0 44.5 1 11 
N. Harper North open 27 29.0 20.4 58.6 0 13 
N. Harper South caged 19 22.7 15.6 19.7 0 1 
N. Harper South open 20 21.0 14.1 20.2 1 0 

Snively caged 38 12.3 11.5 8.8 1 0 
Snively open 22 19.7 17.3 17.5 0 0 

South Alkali caged 56 21.9 17.0 35.8 0 2 
South Alkali open 38 28.3 19.6 55.9 0 1 

TOTALS: 338 21.7 15.5 27.8 4 40 
  


