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ABSTRACT 

Schmoll’s milkvetch (Astragalus schmolliae) is among the rarest of Colorado’s endemic plant 
species.  Its global distribution is constrained almost entirely to Chapin Mesa in Mesa Verde 
National Park and the Ute Mountain Ute Tribal Park.  Two outlying patches also are known from 
neighboring Park Mesa, east of Chapin Mesa in Mesa Verde National Park.  It is found primarily 
growing in red loess on mesa tops in old growth pinyon-juniper woodlands between 6,500 and 
7,500 feet in elevation.  It is considered “critically globally imperiled” by the Colorado Natural 
Heritage Program.  As such it is given a global imperilment rank of G1, used for species with a 
restricted range, a global distribution consisting of less than five occurrences, or with a very 
small population size.  It also is considered a species of concern by the U.S. Fish and Wildlife 
Service.  It is threatened by catastrophic fires, rapid development in the park, and noxious weed 
invasion.  Its limited global distribution renders it vulnerable to impacts to individuals and their 
habitat.  Although some important research has been done on this species, the plant remains 
poorly understood.  To facilitate appropriate management and conservation of this species, the 
complete range, density, and defining ecological parameters must be known.  Acquiring this 
baseline data will enable managers to act wisely on behalf of the conservation of this species and 
will allow for long-term monitoring and management plans to be developed. 

In 2001 the Colorado Natural Heritage Program was contracted by Mesa Verde National Park to 
conduct this population status survey.  This project will provide Mesa Verde National Park and 
the Ute Mountain Ute Tribal Park managers with information needed to manage Schmoll’s 
milkvetch.   
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INTRODUCTION 

This report presents the preliminary findings from an ongoing, two-year effort to study 
Schmoll’s milkvetch (Astragalus schmolliae C.L. Porter).  The need for this project was 
identified by natural resources personnel in Mesa Verde National Park who recognized the need 
to better understand the current status of this species in order to properly manage for its 
persistence.  Development, fire, mechanical fuels reduction activities, weed invasion, and visitor 
impacts are some of the factors that have had significant effects on Schmoll’s milkvetch and its 
habitat.  However, very little is known about the response of this species to these impacts, which 
creates a difficult situation for land managers who wish to ensure the health of this species and 
avoid or mitigate possible negative impacts.  This project was initiated in 2001 when the 
Colorado Natural Heritage Program was contracted by Mesa Verde National Park to conduct this 
study.  Fieldwork began on May 16, 2001 and continued to June 30, 2001.   

The global distribution of Schmoll’s milkvetch (SMV) consists of one large stand and a few 
other small peripheral stands.  The vast majority of the population occurs in one vast, nearly 
continuous stand of perhaps 2,500 hectares on southern Chapin Mesa from the area south of 
Farview in Mesa Verde National Park (MVNP) to somewhere near the southern tip of the mesa 
just north of the Mancos River in the Ute Mountain Ute Tribal Park (Hudson et al. 2001, pers. 
com. Marilyn Colyer 2001).  A moderately-sized stand of approximately 150 hectares, separated 
from the main stand by the upper reaches of Spruce Canyon, also is present in MVNP on the 
West Chapin Spur (Friedlander 1980).  Two other small stands were found east of Chapin Mesa 
near the western rim of Park Mesa in 1996.  The species was found there in an area burned by 
the Chapin 5 Fire in 1996 (Floyd-Hanna et al. 1997, 1998; Mesa Verde National Park 2001).  
Colyer (2002) speculates that the Park Mesa populations are the result of seeds and soil traveling 
down the Rock Quarry Side Canyon, across the narrow Soda Canyon bottom, and up another 
side canyon to the top of Park Mesa.  A nearly continuous belt of red loess links these disjunct 
stands in this area.  There are several specimens and observations that were taken on canyon 
bottoms around Chapin Mesa where seeds probably washed down from the mesa top.  In 2001 
SMV was found below the Cliff House Sandstone Formation on the steep sides of Chapin Mesa 
along the Spruce Canyon trail, Pictograph Point trail, and in other areas where seeds and red 
loess soil may have washed down from above.  There are probably many such areas at the cliff 
bases bordering Chapin Mesa, many of which are difficult to access due to the steep cliffs 
characteristic of the Cliff House Sandstone Formation throughout the park.  Very little is known 
about the distribution of SMV in the Ute Mountain Ute Tribal Park, where it is likely that the 
bulk of the population occurs.   It is known that the stand is dense on most of Chapin Mesa south 
of MVNP, and density of SMV is second only to mutton grass (Poa fendleriana) as a dominant 
understory plant (Colyer pers. com. 2002). 

Because its global range is highly restricted, SMV is currently considered “critically globally 
imperiled” (a natural heritage imperilment rank of G1) by the Colorado Natural Heritage 
Program (Colorado Natural Heritage Program 2001).  Typically, plants ranked as G1 have a 
global distribution consisting of less than five occurrences, and are somehow biologically 
susceptible to extinction.   SMV is not federally listed as threatened or endangered.  It was 
formerly listed as “Sensitive” (Category 3) by the US Fish and Wildlife Service following the 
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recommendations of Peterson (1981).  This listing was later amended to C2, but these 
designations were later dropped by the US Fish and Wildlife Service.   It is listed by the Center 
for Plant Conservation among their National Collection of Endangered Plants (Center for Plant 
Conservation 2001).   
 
Despite its global rarity, SMV is quite common within its extremely localized range.  Within its 
occupied area there are few areas larger than 0.25 hectares where plants are not present and the 
current study estimates that within MVNP alone there are more than a quarter of a million 
individuals.  SMV is arguably among the more common plants in the pinyon-juniper woodlands 
of southern Chapin Mesa.   
 
SMV was first collected in 1890 by Alice Eastwood, but because the specimen was no longer in 
flower it was misidentified as a relative of Astragalus coltonii (Peterson 1981).  It was not 
formally recognized as a separate species until 1945 when C.L. Porter described it (Porter 1945).  
It was named after Dr. Hazel Marquerite Schmoll, who was a curator of botany at the Colorado 
State Museum.  She collected the type specimen in 1925 that Porter used to describe the species.  
Rupert Barneby included SMV in his two volume Atlas of the North American Astragalus 
(1964).  Dr. Weber and Wittmann (2001) speculate that this species is the result of a 
hybridization event between Astragalus scopulorum and A. lonchocarpus.  The first thorough 
field assessment of SMV was done in 1979 and 1980 by Joseph Friedlander, then a graduate 
student at Colorado State University, as a part of his masters thesis research.  Along with SMV, 
Friedlander also studied the Cliff Palace milkvetch (Astragalus deterior) and the Mesa Verde 
stickseed (Hackelia gracilenta), also globally rare plants endemic to the Mesa Verde area.  
Friedlander was the first to thoroughly map the occurrences of these species in MVNP and his 
maps remain some of the best information on the overall distribution of these species.  Another 
field investigation was done in 1980 by William Harmon to assess the suitability for federal 
listing of SMV.  The report following from this work recommended that the species be federally 
listed as “sensitive” (category C3) (Peterson 1981).  This recommendation was later amended to 
C2 (Hessl and Spackman 1995).  Natural resource staff at MVNP have continuously monitored 
the three permanent plots established in 1980 by Friedlander (Colyer 1980-2000).  Following the 
Chapin 5 fire in 1996, two isolated patches of SMV were found on Park Mesa (Floyd-Hanna et 
al. 1997, 1998).  Plants in burned areas were observed to resprout and produce seeds the year 
after the fire.  Successful seedling recruitment was observed based on the presence of cotyledons 
(Floyd-Hanna et al. 1997, 1998).  Floyd-Hanna (1999) also observed a strong positive correlation 
between total annual precipitation and density of SMV and documented competitive interactions 
between musk thistle (Carduus nutans) and SMV.   
 
Overall there has been very little research on SMV and detailed studies are warranted.  
Information is lacking regarding the autecology and life history of SMV and such knowledge 
would make a significant contribution to the conservation and management of the species.   
 
Two spellings of the specific epithet for SMV are found in the literature.  The original spelling 
used by Porter (1945) and by Barneby (1964) is “schmollae.”  To remain consistent with 
recommendations in the International Code of Botanical Nomenclature, the ending of the epithet 
was changed to “schmolliae” sometime in the 1970’s or 1980’s (the first usage found of the new 
spelling was in Peterson (1981)).  Chapter 6, article 75(D) of the International Code of Botanical 
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Nomenclature (International Association of Plant Taxonomy 2000) offers recommendations for 
correct endings of epithets based on a personal name.  When an incorrect gender ending is 
originally applied by the author, as in the case of SMV, the correct ending (in this case “iae” 
instead of “ae”) can be applied without changing the original authorship.  Thus, although 
Porter’s original spelling of the epithet was technically incorrect, he remains cited as the original 
author of the species (“Astragalus schmolliae Porter”).    All this said, at least one author (Isely 
1998) has recently used the spelling “schmollae,” and because the code offers only 
recommendations in cases such as this, this too is an acceptable spelling in the literature.  The 
“schmolliae” spelling is used here to remain consistent with the International Code of Botanical 
Nomenclature recommendations and with most treatments of this taxon (Peterson 1981; Kartez 
1994; Weber and Wittmann 1996; Hartman and Nelson 2001; NatureServe 2001; USDA, NRCS 
2001; USDA, ARS, National Genetic Resources Program 2002; Missouri Botanic Garden 2002; 
International Legume Database and Information Service 2002; and other authors).  
 
SMV is a member of the family Fabaceae (legume family).  As such it has leaves typical of 
many of the legumes, with numerous small leaflets borne on a central rachis (Photo 1).  The 
foliage and stems of SMV are cinereous (ash-colored due to a covering of short hairs).  This is a 
useful diagnostic characteristic in telling it apart from Astragalus scopulorum, which also occurs 
throughout Chapin Mesa.  A. scopulorum has leaves that are sparsely hairy to glabrous, giving it 
a very green appearance.  SMV is a plant of modest stature, typically 30 to 60 cm tall with one to 
several stems branching from an underground root crown.  The flowers are creamy white and 
borne on a terminal raceme.  The fruit, a pod, is 3 to 4 cm long, pendulous, and usually slightly 
decurved (curving downward).  This is another useful diagnostic characteristic in discerning it 
from Astragalus scopulorum, which has recurved fruits with a deep sulcus (groove) on the 
abaxial surface.  For Barneby’s complete technical description of SMV see Appendix 1.   
 
The habitat for SMV is dense pinyon-juniper woodland of mesa tops in the Mesa Verde area 
(Friedlander 1980).  SMV is found in both sunny and shaded locations (Peterson 1981).  It 
prefers deep, reddish loess soils and is generally not found in profusion near cliff edges and in 
ravines where the soil is shallower.  The loess soils have been deposited on the mesa tops over 
the past one million years and are still being deposited today (Griffitts 1990).  It can also be 
found on the Quaternary gravels that are underlain by a thick caliche or pedasol layer (pers. com. 
Marilyn Colyer 2002).  SMV has a deep taproot that exceeds 40 cm in length and is probably 
much longer, which enables the plant to exploit water resources deep in the soil (Friedlander 
1980; pers. com. George San Miguel 2001).  From the low success rate of transplantation efforts 
it appears that it cannot survive if the taproot is severed (pers. com. San Miguel 2001).   
 
SMV plants emerge in early spring and usually begin flowering in early to late May.   Flowering 
continues into early or mid-June (Barneby 1964, Friedlander 1980, Peterson 1981, Spackman et. 
al. 1997).  Fruit set occurs through June and by late June most pods have dehisced and released 
their seeds.  Plants may live up to 20 years, but during very dry years they can remain dormant, 
with no above ground biomass production (pers. com. Marilyn Colyer 2002).  The species 
appears to respond favorably to wet winters, when most plants produce aboveground shoots.    
 
As with many legumes with papillionaceous flowers, SMV flowers require a strong insect for 
pollination, such as a bee, because the floral morphology is such that the insect must force itself 
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between the petals to pollinate the flower.  SMV appears to be an obligate entomophile, 
requiring pollination by insects to set fruit (Friedlander 1980).  Thus, any management actions on 
behalf of SMV will need to take into consideration the pollinators of the species.   
 
Many activities within and around the park have resulted in considerable localized impacts to 
SMV and such impacts are ongoing.  Some anthropogenic impacts within the occupied habitat of 
SMV include construction (roads, pathways, buildings, and buried cables and pipelines), visitor 
impacts, and mechanical reduction of hazardous woodland fuels accumulations.  Indirect human 
impacts that also may affect SMV include weed infestations and erosion.  Use of pesticides 
(including insecticides, herbicides, and algacides) throughout MVNP for weed or other pest 
control may also have impacts on SMV.  Decreasing air quality throughout the Four Corners 
Area is probably having a large biological impact on MVNP.  Over the last 10 years the pH of 
rainfall has dropped from 5.5 to 4.9, which may be affecting numerous biological processes 
including seed and seedling survival of SMV (pers. com. Marilyn Colyer 2002).   
 
GOALS OF THE PROJECT 
 

• Map the entire distribution of SMV 
 
• Measure population densities throughout the range of the species, emphasizing heavily-

used areas 
 
• Determine defining ecological parameters that control the temporal and spatial variation 

in population density and health 
 
• Provide information relative to SMV that will be useful in planning activities to enable 

land managers to reduce impacts on this species 
 
• Recommend additional research that would help fill information gaps about SMV 
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METHODS 
 
The distribution pattern of SMV is unusual for a rare plant.  The entire population (with the 
exception of a few small outlying stands) is found on Chapin Mesa in one vast stand of about 
2,500 hectares.  Within this patch, SMV is present almost continuously with few voids exceeding 
0.25 hectares.  Thus, assessing the range-wide status and density of this species requires atypical 
sampling methods for rare plant population assessment.  To assess the density of SMV, a 
sampling regime was developed that was rapid, repeatable, and that could be used to extrapolate 
density estimates for the entire area surveyed.  Selected environmental variables also were 
quantified to investigate species-environment relationships and census information was 
documented to assess the density and specific local impacts to the population.   
 
Mapping SMV 
 
One of the primary goals of this project is to generate accurate geographical data to permit 
managers to mitigate future impacts on SMV.  Determining the population density throughout 
the occupied area warranted the use of GPS/GIS and quantitative sampling.  The highly accurate 
mapping data generated by this project in 2001 will be a useful resource for land managers for 
planning activities in MVNP.   
 
Four types of geographical data were gathered in the field in 2001: polygons, lines, points, and 
transects.  These are discussed in detail below.  A Trimble GPS datalogger was used in the field 
in 2001 to generate these features.  The datalogger was set to record a point every five seconds.  
When mapping line, polygon, or transect features, the points are connected to create the feature.  
To create a point feature, 60 points were taken in series at a location and the average of the 
points was used to generate a final point.  During times of poor GPS satellite geometry (PDOP 
greater than 6.0) data could not be collected.  There were recurring problems with the battery and 
cabling that resulted in some loss of data.  In two cases the GPS failed on transect lines and the 
transects were completed without using the datalogger. 
 
Each feature was attributed in the field using a data dictionary that was custom-made for this 
project.  Items that were qualified or quantified in the data dictionary were associated weed 
species, estimated canopy cover, disturbance, number of individuals, buffer direction and width, 
association with bitterbrush or yucca, and overall quality of the occurrence of SMV (excellent, 
good, fair, poor).  Additional data and comments concurrently were documented for each feature 
in a field notebook.  These mainly included general observations regarding SMV or other species 
and technical notes (recording datalogger files, dates, problems with the GPS equipment).   
 
All GPS data were post-processed and differentially corrected to create highly accurate map 
features.  The estimated locational accuracy was recorded in the attribute table of each feature in 
the ArcView shapefiles, which are one of the final products of this research.  All data were 
reprojected to UTM zone 13 for work done at CNHP, because all of our in-house maps and other 
data layers also are in zone 13.   
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Polygons 
 
Discrete, bounded patches of SMV were mapped using polygons.  The boundaries of these 
polygons often followed roads, trails, building edges, or natural features such as cliffs.  Polygons 
were used to map SMV in highly-developed areas (research, maintenance, and headquarters 
loops).   All plants within 10 meters of the polygon edge were counted to allow for extrapolation 
of the population size within the polygon.  All plants were counted in polygons 20 meters in 
diameter or less.   

Lines 
 
Lines were used to map the edges of the population of SMV.  Edges may be along the cliffs of 
Chapin Mesa or they may be in the vicinity of deve loped areas.  Lines were used where the 
boundaries of occupied areas were too large to use polygons.  10-meter buffers were applied to 
lines on the side occupied by SMV and all plants within the buffer were counted to allow for 
extrapolation of population density.   

Points 
 
Points were used to map very small occurrences.  A buffer size was entered into the data 
dictionary equal to the radius of the occurrence.  All plants were counted within these 
occurrences.  Points occasionally were used to mark where a line began or ended, or to mark 
other features of interest.  Occurrences of other rare plant species (Astragalus deterior) also were 
marked with points when they were encountered.     

Belt Transects 
 
Belt transects were used to assess the density of SMV throughout its occupied habitat in MVNP 
on Chapin Mesa in 2001.  As with Friedlander’s transects sampled in 1979 and 1980, their 
function was to determine the population density and extrapolate a population size estimate.  
However the 2001 sample design also enabled us to interpolate a population density surface 
throughout the area sampled in 2001.    
 
The belt transects were oriented in an east-west direction and extended across the mesa from 
edge to edge (see map 1).  They were 10 meters wide and spaced 500 meters apart following 
UTM northing lines projected in NAD 27 Datum, Zone 12T.  Each belt transect was broken into 
100-meter segments within which a census of the observed plants was taken and tallied.  Thus, 
course variation in population density could be measured in two dimensions throughout the study 
area.  In all, 17,236 linear meters of belt transects were sampled in 2001, for a total sampled area 
of 172,360 square meters.  Transects were walked using a compass to head in the correct 
trajectory, a small recreation-grade GPS (Garmin model 12 CX) to follow the UTM northing 
lines, and a Trimble datalogging GPS to record the position of the transect.  Because the 
accuracy of the hardware used for orienting transects was somewhat limited, the transect lines 
strayed up to 15 meters north or south of the UTM northing lines.  However, the use of the 
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datalogger to record the precise position of the transect line and the post-hoc differential 
correction of the data will allow transects to be repeated at a future date using a real-time GPS.  

A point shapefile was generated from the 100-meter belt transect segments using Arc View 3.2 
(ESRI 1992-1999), resulting in 197 attributed points.  From these points, a density grid was 
interpolated using the splining algorithm in Spatial Analyst 2.0 (ESRI 1992-1999).  The results 
of this analysis are shown on Map 2.  In the final report, the grid extent will be refined after the 
remaining population boundaries are captured.   

All apparent impacts on SMV were documented as they were observed.  These impacts are 
summarized in the Results section.  Two impacts, browsing and caterpillar damage, were 
quantified along belt transects by counting the number of affected individuals.   

It is hoped that in 2002 this sampling regime can be continued to the south to include the 
remainder of the known occupied area on the Ute Mountain Ute Tribal Park. 

Resampling Friedlander’s Permanent Plots for Schmoll’s Milkvetch 

As a part of his masters thesis research, Joseph Friedlander established three permanent plots in 
1980 to enable the park to monitor the population of SMV.  Census data were gathered from two 
of the three permanent plots in 2001.  Permanent plot #1 was not resampled because the 
boundaries could not be discerned.  GPS points were obtained at each plot to facilitate future 
relocation.  Number of individuals, age class (mature, immature, dead), species richness, and 
percent canopy cover were noted at each plot.  MVNP Park staff has data from these plots from 
1980 to 2000.   

Other Rare Plant Occurrences 

The Cliff Palace Milkvetch (Astragalus deterior) was encountered in several locations in 2001.  
Four previously documented occurrences were updated and two small previously-unknown 
patches were identified in 2001.  Element occurrence data gathered regarding this species will be 
entered into the Colorado Natural Heritage Program’s Biological and Conservation Database 
(BCD) as time and funding permit.   

RESULTS 

Population Distribution, Density, and Size  

Map 1 shows the extent of SMV in MVNP as mapped in 2001.  Several unsurveyed areas remain 
to be mapped in 2002 if possible.  Some recurring patterns of distribution were observed in 2001.  
Generally, plants were not found on the distal portions of points and promontories, such as the 
Balcony House overlook area, where a side canyon causes a narrowing of the mesa top.  Soils 
tend to be thin in these areas and they may not contain the deep soil water resources necessary to 
SMV due to better drainage and exposure to wind.  Near the edges of the mesa top, density 
usually dropped off also among patches of exposed bedrock.  Plant distribution tends to follow 
ravines and pouroffs far downslope and SMV may continue well into the canyons in some cases.  
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No plants were observed on the canyon bottoms in 2001, although historical reports have noted 
plants on the side canyon bottoms where red loess has collected (Colorado Natural Heritage 
Program 2001).  The Cliff House Sandstone Formation is a formidable barrier to searching the 
slopes of the mesa, but wherever these slopes could be accessed, both scattered plants and 
clumps were found.  These areas included the Pictograph Point trail and Spruce Canyon below 
the Headquarters Loop.  It is likely that many of the inaccessible slopes of Chapin Mesa also are 
populated by occasional patches or individuals of SMV.    

In 1980, Friedlander observed an average density of 0.2 plants per square meter, which is almost 
four times greater than the average density observed in the present study (.058).  From this he 
extrapolated a total population size estimate of 2,100,000 plants, using 1,050 hectares as the 
“total habitat size” for SMV.  It is assumed here that this population size estimate is for MVNP 
only.  Because one large patch in MVNP west of Spruce Canyon was not visited in 2001, the 
population size estimate determined from the 2001 data does not include this area.  The 
estimated occupied area within MVNP (see table 1) was determined with the “calculate area” 
function in ArcView 3.2 (ESRI 1992-1999), using 2001 data to determine an approximate 
polygon of SMV.   

Several factors may account for the differences between the 1980 and 2001 density observations.  
In the present study, different sampling methods were used and a much larger area of Chapin 
Mesa was sampled.  Aboveground growth is reduced in dry years (such as 2000 and 2001), and 
enhanced in summers after wet winters (Colyer 1980-2000, pers. com. Marilyn Colyer 2002).  
Because SMV can remain dormant in dry years, comparing average number of plants with 
aboveground parts per unit area between years does not equate to measuring changes in the true 
density or population size.  Alternatively, the observed difference may reflect an actual decrease 
in the population size due to climate change, acid rain, increased impacts from herbivory, lack of 
pollinators, fire suppression, or other factors.   

Table 1.  Density and Population Size Extrapolated From 2001 Transect Data in Mesa Verde 
National Park.   

Mean density of SMV in MVNP (determined using belt transect 
data): 

0.058 plants / m2 

Estimated occupied area in MVNP (not including the area west of 
Spruce Canyon and other outlying patches):  

858 hectares 

Estimated population size of SMV in MVNP (not including the area 
west of Spruce Canyon and other outlying patches): 

497,640 plants 

Densities of SMV in the belt transect segments were used to estimate mean local densities 
throughout the occupied area in MVNP. Density of SMV was consistently high approaching 
the western rim of Cliff Canyon in the area east of the Mesa Top Loop Road.  Pockets of high 
density also were found west of The Glades and elsewhere around the Mesa Top Loop area.   
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Plant-Environment Relationships 

Fine-scale (10 to 100 meters) variation in density also was observed.  Scattered SMV individuals 
are present in most areas but most of the observed individuals were found in clumps containing 
10 to 100 or more individuals.  The clumps varied in size but are generally 4 to 15 m2 in size.  
Although no quantitative data were routinely gathered regarding the association of the clumping 
pattern with environmental variables, many informal observations were recorded in an attempt to 
elucidate the underlying causes of the pattern.   

Although no soil moisture measurements were taken, some clumps of SMV appeared to be 
associated with slightly more mesic microsites, based on the patterns of drainage and topography 
observed in their vicinity.  The clumps often were associated with flat, mostly bare patches of 
soil that were observed throughout Chapin Mesa.  Many of these features appeared to be slightly 
depressed areas where water might pool briefly during heavy rainfall events or perhaps where 
meltwater may linger a bit in the winter and springtime.  The reason for the lack of duff and litter 
on these features is not known.  However, it is possible that ants are clearing detritus in these 
areas.  Some of these features had ant mounds within them.  Colyer (pers. com. 2002) speculates 
that ants may be the cause of the clumped distribution, since ants can create areas with friable 
soil, reduced bulk density, enhanced precipitation penetration, and enhanced soil nutrient levels.  
Plants often were found in small drainages and erosional features, although not consistently.  It is 
possible that although these areas are more moist, they are not suitable microsites for SMV 
because the soil is shallow in them and SMV prefers deep soils.   

SMV plants sometimes were observed in high numbers rooted under the canopy of bitterbrush 
(Photo 2).  In some locations this association seemed very strong and had all the appearances of a 
nurse plant relationship such as those observed often in desert ecosystems (Niering et al. 1963; 
Barbour et al. 1987).  It is possible that plants growing beneath the canopy of bitterbrush were 
protected from browsing, and percent soil moisture may have been higher as well in these 
microsites due to reduced insolation.  It also appeared that plants growing under bitterbrush were 
less likely to be attacked by butterfly larvae (see discusion of insect larvae impacts on the 
following page).  Interestingly, Friedlander (1980: 55) noted that SMV was not found in forest 
openings dominated by bitterbrush.    

Species-environment relationships also can be explored with percent canopy cover, disturbance, 
slope, and soil color data that were gathered in 2001.  These data will be analyzed (probably 
using linear regression) and presented in the final report. 
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Apparent Impacts to Schmoll’s Milkvetch 

Apparent impacts to individuals or populations that were observed in 2001 are summarized 
below. 

Early Senescence 

Throughout the distribution of SMV, plants were observed with dead above ground parts (Photo 
3).  On affected plants, the entire aboveground portion of the plant was dried and withered, 
having apparently grown in the spring but subsequently senesced.  Disease or attack of the roots 
by an insect are the probable causes.  No plants were excavated to explore the latter hypothesis.  
It is not known if these plants were killed or were merely injured.   

Aphids 

Numerous plants were observed on which portions of the plant, usually the flower stalk and 
upper stems, were almost completely encrusted with black aphids (Photo 4).  No plant mortality 
resulting from aphid attack was observed in 2001.  However, most plants that had been attacked 
by aphids appeared to have failed to produce seeds in 2001.  Stunted flowers and fruits were seen 
on these plants.  Aphids were not observed on SMV outside of the Mesa Top Loop area, with the 
most pronounced infestations observed on plants at the comfort station (shown in Photo 4).   

Insect Larvae 

The most destructive insect pests observed for SMV in 2001 were butterfly larvae.  Of the 
10,026 plants counted along belt transects in 2001, 712 (7.1% of the sample population) had 
been attacked by caterpillars.  The impact of the butterfly larvae on the SMV was first noted on 
June 6, 2001 along a belt transect in the Mesa Top Loop area (Zone 12 N4117000 E723769).  
Observations were made of up to three larvae per SMV individual in 2001 (Photo 5).  It appeared 
from our observations that a single butterfly larva was capable of completely defoliating a plant, 
leaving only the stems and some of the leaf midveins.  Because plants in this condition were 
extremely difficult to see in the field, it is possible that some of these individuals were missed 
during the census of affected plants.  By mid-June no more larvae were observed and some 
plants were seen that had been defoliated but were beginning to sprout new leaves.  Thus, it is 
likely that SMV individuals can survive intense periodic insect herbivory if it does not occur 
every year. 

The species that attacked the SMV in 2001 is the clouded sulphur butterfly (Colias philodice 
Goddart 1819) (G. Doyle and P. Pineda pers. com. 2001).  This species is common throughout 
North America in both natural and cultural vegetation (Wright, 1993; NatureServe 2001).  They 
subsist on a diet of legumes and they are an occasional agricultural pest of clover and alfalfa 
fields.  Because Friedlander made no note of this species in 1980, it is possible that it is a 
newcomer to MVNP, or that its populations in the area fluctuate greatly depending on climatic 
variation or other factors. 
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Seed Predation 

Low levels of seed predation were observed on SMV in 2001.  These impacts also were noted by 
Friedlander (1980) and they were attributed to the larvae of weevils or snout beetles.  The larvae 
eat the seeds while they are still inside the pod and then exit through a small bore hole.  The bore 
hole is the only outward manifestation of the predation but when the pods are opened there are 
no seeds inside.  These impacts were not quantified in 2001.   

Browsing 

A small number of plants were observed in 2001 that had been browsed (24 of 10,026 along belt 
transects).  In most cases the flower stalk was the target of the browser and the vegetative 
portions of the plants were mostly left alone.  However, there were some instances in which most 
or all of the plant had been browsed, leaving only the bases of the stems.  No direct observations 
of browsing were made in 2001.  Several species are potential browsers of SMV including mule 
deer, jackrabbits, cottontails, and mice.   

Infrastructure and Construction 

A considerable portion of Chapin Mesa has been developed to enable visitors to access selected 
areas and to provide facilities that permit the operation of the park.  These areas are limited 
almost entirely to the research, maintenance, and headquarters loops, roads, and the viewing 
areas for the ruins.  The vast majority of the area occupied by SMV is not directly impacted by 
construction activities.  Historically these activities have resulted in considerable loss of plants 
and some attrition from large construction activities is continuing.  The construction of the large 
parking lot southeast of the old CCC complex in 2000 undoubtedly resulted in considerable 
mortality of SMV plants, as the population surrounding this lot is rather dense.  The removal of 
the island of vegetation at the three-way intersection (junction of the Mesa Top Loop road and 
the Cliff Palace Loop road) in 2001 also resulted in an unquantified loss of SMV plants.  Perhaps 
the greatest recent impact has been the thousands of meters of underground fiber optic cables 
throughout the developed areas of the park, although observations suggest that SMV may 
respond favorably to this kind of disturbance if it is not constantly repeated or followed up with 
additional disturbances (Colorado Native Plant Society 1997). 

Secondary effects of construction also are issues that may impact SMV in the surrounding areas.  
Construction areas are excellent corridors for weed invasion and close monitoring of them in 
coming years may help identify new weed invasions and avoid costly eradication efforts later.  
Bur buttercup (Ceratocephala orthoceras) was frequently observed in areas disturbed by fiber 
optic cables and construction.  Localized erosion impacts to SMV also may result from 
construction activities, but such impacts were not observed in 2001.   

Weed Invasion 

In many areas, primarily those of intense anthropogenic disturbance, weeds co-occurred with 
SMV (Photo 6).  Table 2 lists the weeds found with SMV with general comments.  In heavily-
infested areas, overspray during weed management and eradication efforts may represent an 
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additional threat to SMV.  Careful application and use of herbicides that do not affect SMV will 
help to reduce impacts to this species.   

Table 2.  Noxious weeds and weedy exotic species observed with SMV in MVNP in 2001.  

Weed Scientific 
Name 

Weed Common 
Name 

Comments 

Bromopsis inermis Smooth Brome Common in the vicinity of roads and structures; forms dense 
stands in some sites.  Co-occurs with SMV more commonly than 
any other weed species. 

Ceratocephala 
orthoceras 

Bur Buttercup Common and sometimes dense, but apparently it has not yet 
spread throughout occupied habitat of SMV.  It is more prevalent 
in wet years (pers. com. Marilyn Colyer 2002).  Commonly co-
occurs with SMV; impacts to SMV are unknown but it is 
allelopathic.  Because it is a spring annual it may have negative 
effects on SMV seedling establishment in heavily-infested areas. 

Carduus nutans Musk Thistle As Mesa Verde’s greatest noxious weed threat, this species 
should be eradicated wherever found on Chapin Mesa.  It already 
co-occurs with SMV in many locations, particularly in the 
headquarters, maintenance, and research loop areas.   This species 
is known to compete with SMV on Park Mesa (Floyd-Hanna 
1999).  This species is not a problem in the backcountry of lower 
Chapin Mesa at present, but it seems to follow in the footsteps of 
human activities such as mechanical fuels reduction and with fire.  
At lower elevations on Chapin Mesa, the Ute Mountain Ute 
Tribal Park may be too hot and dry for this species.   

Breea arvensis 
(Cirsium arvense) 

Canada Thistle Specific to wetter sites; can form extremely dense and pernicious 
stands; competitively excludes SMV completely where they 
occur together. 

Agropyron 
cristatum 

Crested 
Wheatgrass 

Found in many roadside locations.  Though not widespread, this 
species presents a threat to SMV because it is allelopathic and it 
is a strong competitor. 

Alyssum 
alyssoides 

Hairy Allyssum Common but patchily distributed; impacts to SMV are unknown. 

Visitor Impacts 

Because backcountry travel is prohibited in the park, visitor impacts to SMV are extremely 
localized.  All observed human impacts were in the vicinity of trails, roads, parking lots, 
buildings, and developed archaeological sites.  Due to the close attention paid by the park to 
limiting visitor impacts to designated areas, visitors have a very minor impact to SMV compared 
to other impacts.  The only impact observed in this category was trampling damage to plants 
growing adjacent to pathways and trails.  Plants that had been stepped on were observed on the 
Pictograph Point trail at several locations.  Plants grow extremely close to the trail along much of 
its mesa top stretch.  Several plants crushed by car wheels on the edges of gravel roads in the 
Research Loop and Picnic Area also were observed. 

Mechanical Fuels Reduction 

Strategic removal of live trees and woody debris is ongoing in MVNP to reduce the danger and 
potential impact of a catastrophic fire on lower Chapin Mesa.   Fuels reduction activities have 
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applied two kinds of treatments resulting in areas where there are no trees or woody debris and in 
other areas where the trees have merely been thinned and the woody debris removed.   

In both treatments the ecological conditions at the surface for SMV are very different from those 
of the pinyon-juniper woodland habitat.  In locations that were thinned in 2000, there appears to 
have been a proliferation of muttongrass (Poa fendleriana), probably in response to increased 
insolation or competitive release from the overstory species.  SMV individuals found in these 
areas were growing among large, crowded bunches of muttongrass and appeared small and 
unhealthy.  In these situations it appeared as though the muttongrass had become much more of a 
dominant species and was potentially outcompeting other understory species such as SMV.    

The mechanical fuels reduction activities result in a low to moderate level of surface disturbance.  
Musk thistle (Carduus nutans) appears to be capitalizing on this disturbance regime because 
numerous plants were found in all areas visited where mechanical fuels reduction activities were 
taking place.  The most significant problem area noted was the fuels reduction zone adjacent to 
the main road east of the Research Loop.  The area surrounding the “million gallon water tank” 
north of the Research Loop also was heavily infested although control measures were underway 
during the 2001 fieldwork.  This area has been disturbed periodically since 1948 and has had no 
revegetation work (pers. com. Marilyn Colyer 2002).  Periodic water releases also encourage the 
proliferation of weeds at this site.   

Currently there are not enough data ava ilable to make a definitive statement regarding the effects 
of mechanical fuels reduction on SMV.  However, given the qualitative observations cited above 
it appears likely that significant negative effects are occurring.  Monitoring the effects of the 
mechanical fuels reduction treatments may allow managers to mitigate some of the negative 
impacts to SMV in the future.  Given the potential impact of a catastrophic fire on lower Chapin 
Mesa, it may be necessary for managers to choose the “lesser of two evils” with regard to SMV.  
Lisa Floyd-Hanna established SMV monitoring plots in a large fuel break cut along the MVNP/ 
Ute Mountain Ute Tribal Park boundary line in 2001.  These plots should provide MVNP with 
the necessary quantitative data on fules reduction impacts on SMV. 

Fire 

No data regarding contemporary fire impacts to SMV were gathered in 2001, although data were 
gathered separately in The Glades to analyze species-environment relationships in areas of 
historic fire.  This data has not been analyzed and will be presented in the final report.  The habit 
of this species suggests that it is tolerant of fire, with its deep taproot and shallowly buried root 
crown, to which the plant dies back during winter months.  Plants can evidently resprout 
following a low intensity fire if the root crown is not damaged (Floyd-Hanna et al. 1997, 1998).  
The outlying patches on Park Mesa are the only known locations where exposure to fire has been 
documented.  These sites avail us of the opportunity to investigate the response of SMV to fire 
and it is hoped that these areas can be surveyed in 2002.  In light of the high probability of 
catastrophic fire on lower Chapin Mesa sometime in the future fire behavior of SMV should 
have a large influence on management plans for the species. 
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Grazing 

No grazing impacts were observed on SMV inside Mesa Verde National Park.  Light grazing by 
horses that have trespassed from the Ute Mountain Ute Tribal Park is the only grazing pressure 
on SMV on the northern portion of Chapin Mesa.  There is the potential for grazing impacts on 
the Ute Mountain Ute Tribal Park due to the presence of cattle and horses there.  The effects of 
grazing on SMV have not been documented.  

MANAGEMENT SUGGESTIONS 

Maintain a strong noxious weed management and eradication program in the park.  Be 
aware of other encroaching species that could become serious weed problems and eradicate them 
when they first arrive.  Examples of species that could become serious problems include Russian 
knapweed, purple and yellow starthistle, medusahead, camelthorn, and African rue.  Although it 
was not observed often on Chapin Mesa, the musk thistle (Carduus nutans) may arguably 
present the greatest threat to SMV.  Its post- fire behavior in Mesa Verde gives cause for worry in 
the face of possible catastrophic fires on Chapin Mesa (Floyd-Hanna et al. 1999).  Maintaining 
close observations and diligent management of musk thistle in the mechanical fuels reduction 
areas on Chapin Mesa will help avert threats to SMV and expensive future mitigation efforts.  
Some have considered bur buttercup (Ceratocephala orthoceras) and hoary allysum (Allysum 
allysoides) to be greater threats to the native ecosystem of MVNP, but these small annuals are 
often overlooked and dry up by April (pers. com. Marilyn Colyer 2002). 

Keep human impacts to a minimum.  Current park management with regard to visitors appears 
favorable to the persistence of SMV.  Maintain current park policies controlling backcountry 
travel.  Minimize human activities in areas of high SMV density and plan future park 
development with respect to these areas.  Limit development sprawl in headquarters, 
maintenance, and research loop areas.  Reducing the footprint size of development on Chapin 
Mesa will leave more habitat available for SMV.   

Continue to monitor SMV.  The permanent plots established by Friedlander are a valuable 
source of data on long-term population variation.  Upgrading these plots would ensure that they 
could be reliably resampled far into the future.  The plots currently are marked with an aluminum 
stake, which would not withstand a catastrophic fire due to the low melting temperature of 
aluminum.  However, valuable scientific information could be gleaned from these plots after a 
fire if the plots could be relocated.  Thus, using a more durable steel stake with engraved 
numbers to mark the plots is recommended.  Clear marking of the plot corners with rebar also is 
needed.  If the park if concerned about tampering, the rebar can be pounded in flush with the 
surface and relocated using a metal detector.  However, because backcountry travel is not 
permitted at MVNP, this is probably an unnecessary precaution and the rebar can be left 
protruding a few inches to allow for visual relocation.  During resampling, a meter tape could be 
strung tightly between each rebar corner to improve accuracy and reduce observer bias.  A 
photomonitoring component should be added to Friedlander’s plots, with photos taken at 
designated, well described points in an easily repeatable fashion at each plot.  Documenting 
height above the ground, bearing, lens focal length, aperture, and f-stop for each photo would 
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increase the accuracy of resampling the photoplots.  This technique is powerful and would be 
extremely useful to managers, not just with respect to SMV.  Other monitoring plots should be 
established as well using uniform methodology and plot size.  Plots established in both disturbed 
and undisturbed areas would shed light on the effects of factors such as roads, mechanical fuels 
reduction, and fire on SMV, and potentially on other species as well.  The plots established by 
Lisa Floyd-Hanna in 2001 are a good start to this effort.   

Continue to fund research on SMV.  There is much to be learned regarding the autecology of 
SMV, as with many other rare plant species.  Gaining an understanding of its fire ecology, 
pollination ecology, physiological ecology, and population ecology would allow the wise 
management of this species and would make valuable scientific contributions.  Because it is 
abundant within its range, it is an ideal species for ecological studies, in that a small amount of 
destructive sampling would not serve to further imperil the species.  Although it cannot 
reasonably be excavated from the wild for greenhouse studies, it can be grown from seed, as 
evinced by the success of the Denver Botanical Garden in growing it in a demonstration garden.  
Thus it also may be suitable for greenhouse experiments on nutrient relations, competition, etc.  

Promote SMV as a valuable part of the natural heritage of the Mesa Verde area.  As one of 
Colorado’s rarest endemic plants, it is part of what makes this area unique and could help foster 
an interest in rare plant conservation and conservation in general among the general public.  
Along with other natural and cultural resources, it lends global significance to MVNP and the 
Ute Mountain Ute Tribal Park.  Increasing awareness and educating the local public about SMV 
could help actualize management goals by building public support for its conservation.  

GOALS FOR 2002 

Continue mapping and belt transect sampling in the Ute Mountain Ute Tribal Park portion 
of Chapin Mesa.  Permission has not yet been granted from the tribe for this work but we would 
like to get it for 2002.   

Complete mapping of the population boundary of SMV in MVNP.  Areas needing this work 
in order of priority include the known sites on Park Mesa, the West Chapin Spur, the east rim of 
Cliff Canyon, and the rim of Fewkes Canyon. 

Complete belt transect sampling in MVNP in areas not sampled in 2001.  Map 1 shows the 
existing gaps in belt transects and the areas where the edge has not yet been mapped.  The 
highest priority area for this work is the West Chapin Spur.  

If time permits, assist with work on permanent plots in MVNP.  This includes assisting with 
the establishment of new permanent plots as well as upgrading and resampling the existing 
permanent plots for SMV.   



17

MAPS 
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PHOTOS 

Photo 1.  Schmoll’s milkvetch (Astragalus schmolliae) in fruit.  

Photo 2.  Schmoll’s 
milkvetch (just below center 
of frame) rooted under the 
canopy of bitterbrush 
(Purshia tridentata).   
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Photo 3.  Senescent Schmoll’s milkvetch individuals such as this were 
frequently observed in 2001.  The cause of the senescence is unknown, but it 
appears to have occurred suddenly.   

Photo 4.  Black aphids encrusted on the terminal raceme of Schmoll’s 
milkvetch at the Mesa Top Loop comfort station.  All flowers have fallen off 
and the stem is abnormally twisted. 
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Photo 5.  Larvae of the clouded sulphur butterfly devouring a Schmoll’s milkvetch in 
the Mesa Top Loop area.  Note the lack of any remaining leaflets on the plant.   

Photo 6.  Musk thistle (Carduus 
nutans) adjacent to a Schmoll’s 
milkvetch (lower left of photo) near 
the large water tank north of the 
Research Loop. 
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APPENDIX 1 

Technical Description (From Barneby 1964) 

Tall and robust, strigulose throughout with fine, appressed hairs up to 0.4-0.55 mm. long, the 
stems green or purplish at base, the herbage cinereous, the leaflets pubescent on both sides, the 
inflorescence ± black-hairy; stems few, erect and ascending from the shallowly buried root-
crown, 3-6 dm. long, ribbed and fistular below, shortly branched at 1-4 nodes preceding the first 
peduncle, the internodes below the first branch mostly short and lacking developed leaves, the 
upper ones much longer, flexuous; stipules 2-7 mm. long, dimorphic, the lowest papery, 
castaneous or purplish brown, adnate to the vestigial petiole to form an obtuse or bidentate 
sheath, decurrent around ½ to nearly the whole stem’s circumference, the median and upper ones 
herbaceous, obscurely adnate, with deltoid-acuminate, triangular, or lanceolate, mostly deflexed 
blades; leaves 4-10 cm. long, shortly petio led or the uppermost subsessile, with (7) 11-21 
opposite or scattered, linear, linear-oblong, or –elliptic, obtuse or retruse, flat leaflets 6-25 (30) 
mm. long, all articulate; peduncles erect, 9-21 cm. long, the first 1 or 2 usually very stout and
long, the inflorescence mostly projected well beyond the main stem-axis; racemes loosely (7) 10-
28 flowered, ultimately second, the axis (2.5) 4.5-20 cm. long in fruit; bracts membranous,
lanceolate or lance-ovate, 1.5-3 mm. long; pedicels at anthesis 1-1.3 mm. long, in fruit widely
spreading, arcuately recurved, or deflexed, a trifle thickened, 2-2.5 mm. long; bracteoles 0-2,
minute when present; calyx 6-705 mm. long, rather densely and loosely black –strigulose, the
slightly oblique disc 1-1.2 mm. deep, the cylindric or cylindro-campanulate tube (5) 5.5-6 mm.
long, 2.6-3.2 mm. in diameter, the triangular-subulate teeth 1-1.7 mm. long, all crowded toward
the dosal side of the calyx, the ventral sinus wide and deeply cut back; petals ochroleucous,
concolorous; banner recurved through ± 45°, rhombic-elliptic, deeply notched, 14.5-18 mm.
long, ± 7-8 mm. wide, incurved through 95° to the broadly triangular, obtuse, obscurely porrect
apex; anthers 0.6-6.5 mm. long; pod pendulous, stipitate, the straight, slender stipe 5-10 (12)mm.
long, the body linear-oblanceolate in profile, (2.5) 3-4 cm. long, 3.5-5 mm. in diameter, nearly
straight to gently decurved, tapering gradually downward into the stipe, shortly acuminate or
cuneately acute and cuspidate at apex, obcompressed-triquetrous, with low-convex lateral and
shallowly but narrowly grooved dorsal faces, carinata ventrally by the prominent, thick suture,
the thinly fleshy, green, strigulose valves becoming stiffly paper, stramineous, cross-reticulate;
ovules 18-20; seeds (not seen quite ripe) ± 3 mm. long.




