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SUMMARY OF KEY COMPONENTS FOR CONSERVATION OF
ASTRAGALUS ANISUS

Status

Astragalus anisus (Gunnison milkvetch) is a local endemic whose global distribution is limited to the upper
Gunnison Basin in Gunnison County, Colorado. About 75 percent of the documented occurrences are on federal lands,
but only 10 to 15 percent are on USDA Forest Service (USFS) land of the Gunnison National Forest. This species is
fairly common within the basin, and the population numbers are thought to be stable. However, due to its small global
distribution, NatureServe and the Colorado Natural Heritage Program rank this species as G2S2 (imperiled because
of rarity or other factors). The Rocky Mountain Region (Region 2) of the USFS does not currently list A. anisus as a
sensitive species although it was listed as such prior to November 2003. Astragalus anisus is included on the Bureau
of Land Management (BLM) Colorado State Sensitive Species List in the Gunnison Field Office. It is not listed as
threatened or endangered on the Federal Endangered Species List (ESA of 1973, U.S.C. 1531-1536, 1538-1540).

Primary Threats

Although Astragalus anisus is locally common and appears to have a stable population, its entire global range
is contained within the upper Gunnison Basin. Additive effects of threats to the population may be compounded
by this restricted range. Based on the available information, there are several tangible threats to 4. anisus. In order
of decreasing priority, these are road building, off-road vehicle use, non-motorized recreation, non-native species
invasion, grazing, residential development, fire suppression, resource extraction, and global climate change. A lack of
systematic tracking of population trends and conditions and a lack of knowledge about the species’ basic life cycle also
contribute to the possibility that one or more of these factors will threaten its long-term persistence.

Primary Conservation Elements, Management Implications and Considerations

Habitat and populations of Astragalus anisus in the upper Gunnison Basin are primarily on public lands.
Documented occurrences include nine sites on USFS lands of the Gunnison National Forest, and 64 sites on BLM
holdings of the Gunnison Field Office. Consequently, public land managers are in the best position to ensure the
continued survival and persistence of this species. Efforts by USFS and BLM personnel to perform basic population
monitoring and to maintain a basin-wide awareness and interest in A. anisus will contribute greatly to the knowledge
and preservation of the species. This level of awareness should contribute to ensuring that management actions do not
adversely affect the species’ persistence.
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INTRODUCTION

This assessment is one of many being produced
to support the Species Conservation Project for the
Rocky Mountain Region (Region 2) of the USDA
Forest Service (USFS). Astragalus anisus (Gunnison
milkvetch) is the focus of an assessment because it is
a local endemic and was designated a sensitive species
in Region 2 from 1993 to 2003. It is not currently so
designated (USDA Forest Service 2003). Within the
National Forest System, a sensitive species is a plant or
and animal whose population viability is identified as
a concern by a regional forester because of significant
current or predicted downward trends in abundance and/
or in habitat capability that would reduce its distribution
(FSM 2670.5(19)). A sensitive species or a species of
concern may require special management so knowledge
of its biology and ecology is critical.

This assessment addresses the biology of
Astragalus anisus throughout its range, all of which is
in Region 2. This introduction defines the goal of the
assessment, outlines its scope, and describes the process
used in its production.

Goal of assessment

Species assessments produced as part of
the Species Conservation Project are designed to
provide forest managers, research biologists, and the
public a thorough discussion of the biology, ecology,
conservation status, and management of certain species
based on available scientific knowledge. The assessment
goals limit the scope of the work to critical summaries of
scientific knowledge, discussion of broad implications
of that knowledge, and outlines of information needs.
The assessment does not seek to develop specific
management recommendations but provides the
ecological background upon which management must
be based. However, it does focus on the consequences of
changes in the environment that result from management
(i.e. management implications). Furthermore, it cites
management recommendations proposed -elsewhere
and, when management recommendations have been
implemented, the assessment examines the success of
the implementation.

Scope of Assessment

This assessment examines the biology, ecology,
conservation, and management of Astragalus anisus.
Although some, or even a majority, of the literature on
related species cited herein may originate from field
investigations outside the region, this document places

that literature in the ecological and social context of the
central Rockies. Similarly, this assessment is concerned
with reproductive behavior, population dynamics, and
other characteristics of 4. anisus in the context of
the current environment rather than under historical
conditions. The evolutionary environment of the species
is considered in conducting the synthesis, but placed in
a current context.

In producing the assessment, refereed literature,
non-refereed publications, research reports, and data
accumulated by resource management agencies were
reviewed. There are no refereed publications devoted
entirely to Astragalus anisus, although it is mentioned
in a variety of sources. Because basic research has not
been conducted on many facets of the biology of 4.
anisus, literature on its congeners was used to make
inferences. Therefereed and non-refereed literature on the
genus Astragalus and its included species is somewhat
more extensive and includes many endemic or rare
species. Not all publications that include information on
A. anisus or other Astragalus species are referenced in
the assessment. Material treating common or non-native
species of Astragalus was generally omitted, as was
material that included only brief mention of 4. anisus
without providing new information. The assessment
emphasizes refereed literature because this is the
accepted standard in science. Non-refereed publications
or reports were regarded with greater skepticism. Some
non-refereed literature was used in the assessment,
however, due to the lack of refereed material directly
pertaining to 4. anisus. Non-refereed literature included
reports prepared by and for state and federal agencies,
online articles, and student research. Unpublished data
(e.g. Natural Heritage Program records, Bureau of Land
Management survey data) were important in estimating
the geographic distribution of the species. These data
required special attention because of the diversity of
persons and methods used in their collection.

Treatment of uncertainty in
assessment

Science represents a rigorous, systematic
approach to obtaining knowledge. Competing ideas
regarding how the world works are measured against
observations. However, because our descriptions of
the world are always incomplete and our observations
are limited, science focuses on approaches for dealing
with uncertainty. A commonly accepted approach to
science is based on a progression of critical experiments
to develop strong inference (Platt 1964). However, it
is difficult to conduct experiments that produce clean
results in the ecological sciences. Often, observations,




inference, good thinking, and models must be relied
on to guide our understanding of ecological relations.
Confronting uncertainty then is not prescriptive. In this
assessment, the strength of evidence for particular ideas
is noted, and alternative explanations are described
when appropriate.

Treatment of this document as a web
publication

To facilitate use of species assessments in the
Species Conservation Project, they are being published
on the Region 2 World Wide Web site. Placing the
documents on the Web makes them available to agency
biologists and the public more rapidly than publishing
them as reports. More importantly it facilitates revision
of the assessments, which will be accomplished based
on guidelines established by Region 2.

Peer review of this document

Assessments  developed for the species
Conservation Process have been peer reviewed prior
to release on the Web. This assessment was reviewed
through a process administered by the Society
for Conservation Biology, employing at least two
recognized experts in this or related taxa. Peer review
was designed to improve the quality of communication
and to increase the rigor of the assessment.

MANAGEMENT STATUS AND
NATURAL HISTORY

Management Status

Astragalus anisus is not currently considered
a sensitive species in Region 2 of the USFS, and
because it occurs only in Colorado, it is not included
on any other USFS special status listings in the United
States. It is listed on the Sensitive Species List for
the BLM Gunnison Field Office. About 75 percent
of the documented occurrences are on federal lands
that are either owned or managed by the Gunnison
Ranger District of the Gunnison National Forest or the
Gunnison Field Office of the BLM (Figure 1). Of the
nine USFS occurrences, only the one in the West Elk
Wilderness Area is on land protected from some man-
made threats (e.g. motorized vehicle use). Of the 64
occurrences on BLM land, nine are on lands that receive
protection as part of the West Antelope Creek and South
Beaver Creek Areas of Critical Environmental Concern
(ACEC). None of these lands are specifically managed
for the conservation of 4. anisus. This species was also
listed as Rare in 1997 IUCN Red List of Threatened
Plants (Walter and Gillett 1998), but it is not included
in the most recent version of the Red List (International
Union for Conservation of Nature and Natural
Resources 2003).
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Figure 1. Distribution of Astragalus anisus and land ownership of the Gunnison Basin.




The NatureServe and Colorado Natural Heritage
Program (NHP) ranks for Astragalus anisus are G2
and S2, respectively. The global (G) rank is based on
the status of a taxon throughout its range. This species
is ranked G2, imperiled globally, because of its rarity
(6 to 20 occurrences) or because of other factors
demonstrably making it very vulnerable to extinction
throughout its range. The state (S) rank is based on the
status of a taxon in an individual state. In Colorado, this
species is ranked S2, imperiled in state, because of its
rarity (6 to 20 occurrences) or because of other factors
demonstrably making it very vulnerable to extirpation
from the state. The factor weighing most heavily in the
rankings of 4. anisus is its small global distribution, and
thus its vulnerability to extinction; the number of known
occurrences is a secondary consideration in this case.

Existing Regulatory Mechanismes,
Management Plans, and Conservation
Strategies

Astragalus anisus is not listed as threatened
or endangered in accordance with the Endangered
Species Act, and therefore there are no laws concerned
specifically with its conservation. As of this writing,
neither the USFS nor any other federal agency has
written a conservation strategy for this species at a
national or regional level. Almost all occurrences of
A. anisus on USFS and BLM holdings in the Gunnison
Basin are on lands managed for multiple uses.

Almost all known occurrences of Astragalus
anisus fall within the Gunnison Basin Potential
Conservation Area (PCA), designated by the
Colorado NHP as having natural heritage significance
(Rocchio et al. 2003; Appendix). The Gunnison PCA
encompasses federal, state, and private lands (Figure
1) and is considered to have irreplaceable biodiversity
significance. It is assigned a B1 ranking by the Colorado
NHP. PCA boundaries do not confer any regulatory
protection of the site, nor do they automatically exclude
all activity. Colorado NHP staff hypothesize that some
activities will prove degrading to the elements or the
ecological processes on which the PCA is based, while
other activities will not. PCA boundaries represent the
best professional estimate of the primary area supporting
the long-term survival of the targeted species or plant
associations and are presented for planning purposes.
They delineate ecologically sensitive areas where land-
use practices should be carefully planned and managed
to ensure that they are compatible with protection of
natural heritage resources and sensitive species. PCA
boundaries are based primarily on factors relating to
the ecological systems, not on an analysis of human

context and potential stresses. All land within the PCA
planning boundary should be considered an integral
part of a complex economic, social, and ecological
landscape that requires wise land-use planning at all
levels (Rocchio et al. 2003).

A primary consideration influencing the extent and
boundaries of the Gunnison Basin PCA is the Gunnison
sage grouse (Centrocercus minimus gunnisonii), a
species of special concern in Colorado and a candidate
for listing under the federal Endangered Species Act.
The Gunnison sage grouse also serves as an indicator
species for the sagebrush shrublands and steppe habitat
of the Gunnison basin where Astragalus anisus occurs
(Young 1994, Young 2003), and it is a Management
Indicator Species for the Grand Mesa, Uncompahgre,
and Gunnison National Forests. The long-term decline
in the grouse population has been attributed to the loss
of suitable habitat. Habitat overlap for the sage grouse
and the milkvetch is primarily in leks, which are the
breeding grounds for the grouse (Johnston personal
communication 2003). Management activities intended
to improve grouse habitat will not automatically have
a positive impact on A. anisus. However, any attention
directed to the sagebrush habitat on a basin-wide
level is likely to ensure that impacts and changes to
A. anisus habitat are also noted as a side effect. The
basin is a Colorado Division of Wildlife Colorado
Species Conservation Partnership target area (Colorado
Division of Wildlife 2003).

Adequacy of current laws and regulations

There is currently no evidence to suggest that
populations of Astragalus anisus are anything but stable.
However, in the absence of formal laws, regulations or
a detailed conservation strategy, assessing the adequacy
of current management practices is difficult due to the
lack of quantitative information on population trends
for A. anisus. There is no way to know whether current
management practices on lands supporting 4. anisus
populations will be effective in protecting the species
in the long term.

The single USFS occurrence in the West Elk
Wilderness Area and the nine locations within BLM
ACEC boundaries are likely to be somewhat better
protected than occurrences on lands where more use
is permitted. On a regional-landscape scale, protection
and improvement of sage grouse habitat are also likely
to help protect Astragalus anisus (e.g. through control
of livestock grazing, control of invasive species,
restoration of native species). However, the real
impacts of sage grouse protection efforts for individuals
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or populations of A. anisus have not been explicitly
investigated.

Adequacy of current enforcement of laws and
regulations

There have been a few known instances in which
populations of Astragalus anisus have been extirpated by
human activities, and it is possible that other populations
have been obliterated without notice. One known
occurrence (Johnston and Lucas 1978) was eliminated by
the creation of Blue Mesa Reservoir. Another population
that occurred on uranium mine tailings (Anderson 1990)
was destroyed when the tailings were removed (J. Coles
as communicated to Lucy Jordan, quoted in memo from
Keith Rose, 20 July 1993, Colorado NHP files). These
isolated incidents do not appear to have threatened or
endangered the persistence of the species. However,
a steady but gradual loss of individual populations
over time through a variety of causes could go largely
unnoticed for many years.

The primary factor impeding the protection of
Astragalus anisus populations is the lack of a systematic
awareness of the impacts of development, disturbance
(e.g. road construction and maintenance, herbicide
application), and other habitat loss on the species, both
as individual plants and as populations in a basin-wide
context. It is unlikely that the species could be suddenly
decimated by anthropogenic activities, but without
basin-wide monitoring of the species, individual
populations could decline and disappear without much
fanfare.

Biology and Ecology

Classification and description

Astragalus anisus is a member of the Pea Family
(Fabaceae, sometimes known as Leguminosae).
This family is a member of the Class Angiospermae
(flowering plants), Subclass Dicotyledoneae (dicots),
Superorder Rosidae, Order Fabales (formerly Order
Leguminales) (Heywood 1993). The Fabaceae is among
the largest of the plant families, containing something
on the order of 600 to 700 genera and 13,000 to 18,000
species (Smith 1977, Heywood 1993, Zomlefer 1994).
Within this large family, the genus Astragalus falls
under the subfamily Papilionoideae (also known as
Lotoideae or Faboideae). The Papilionoideae are
characterized by having papilionaceous, or butterfly-
like, flowers. More than two thirds of the Fabaceae are

in this group, including most of the commonest species
(Zomlefer 1994).

Within the subfamily Papilionoideae, Heywood
(1993) recognizes 10 to 11 tribes. The genus Astragalus
is part of the tribe Galegeae (characterized by pinnate
leaves, with five or more leaflets), of which it is
the largest member, comprising some 1600 to 2000
species worldwide (Smith 1977, Zomlefer 1994). The
worldwide distribution of Astragalus is cosmopolitan
outside the tropics and Australia, and the largest center
of distribution for Astragalus is southwestern Asia
(Allen and Allen 1981). Species commonly occur in
prairies, steppes, and semi-desert areas (Allen and Allen
1981). Western North America is a center of Astragalus
diversity for the western hemisphere, and many of our
species are endemic to some degree (Barneby 1964).

The origin of the generic name Astragalus is
thought to be the Greek word astragalos (actpdyorog),
meaning ankle-bone. These bones were apparently once
used as a form of dice, and the rattle of dry seeds in the
pod of Astragalus mimics the sound of dice in the cup
(Barneby 1964, Allen and Allen 1981).

As a modern genus, Astragalus was first
delineated in 1700 by Tournefort (cited in Barneby
1964), who separated a group within the Leguminoseae
by its bilocular (two-chambered) pod. Ever since that
time, this character has been highly influential in the
taxonomy of Astragalus. Early monographic studies
of Astragalus were Eurasian in focus (Pallas 1800 and
DeCandolle 1802, as cited in Barneby 1964), and it
was not until the first half of the 19" century that the
North American species received systematic treatment.
Beginning with Flora of North America (Torrey and
Gray 1838), North American Astragalus species have
largely been considered separately from the Old World
species. North American treatments have tended to
focus on characters of the fruit, while European and
Asian species have historically been differentiated by
characters involving the stipules, leaves, vesture, calyx,
and petals (Barneby 1964).

Barneby (1964) notes that “Perhaps the most
remarkable single characteristic of the genus Astragalus
as a whole, and it is especially marked in North America,
is that there are hardly two species, even very closely
related, which do not differ one from another in form
or structure of the fruit”. This characteristic allows for
easy description of individual species, but at the same
time it is less valuable as an indicator of phylogeny.
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During the period between Torrey and Gray
and Barneby, the two most important and disputatious
monographers of North American Astragalus were
Marcus Eugene Jones and Per Axel Rydberg. Jones
lived and worked in Salt Lake City for many years,
in one of the centers of Astragalus speciation. He
explored the Colorado Plateau and the Great Basin,
collecting and describing many of our species. His
self-published revision of the genus (Jones 1923),
which draws on materials from his own work as well
as from the California Academy of Sciences (CAS),
Brandegee collections and others, presents 30 sections
of Astragalus with 273 species and 144 subordinate
varieties (Barneby 1964). Working at about the same
time as Jones, Per Axel Rydberg produced a monograph
for North American Flora (1929). Rydberg breaks
Astragalus into 28 genera and 564 species. Rydberg had
a perhaps unreasonable aversion to the use of variety
and subspecies, always “preferring a binomial name to a
trinomial for the sake of convenience” (Rydberg 1923).
Critics have since pointed out that his treatment falls
apart due to a rigid adherence to a system of fruiting
characters without any recognition of the dynamic
evolutionary processes operating on such characters
(Barneby 1964).

The monumental revision of Barneby (1964)
presents one genus with 368 species and 184 varieties,
for a total of 552 taxa, and it supercedes previous
revisions. Isely’s (1984, 1985, 1986) treatments largely
follow Barneby, adding new information as appropriate
and presenting entirely new keys. His 1998 synopsis
includes 375 species, and with varieties about 570 taxa.
Taxonomically isolated species are characteristic of
Astragalus (Barneby 1964), and A. anisus appears to
follow this tendency.

History of knowledge

Astragalus anisus is somewhat unusual among
its congeners in that it has remained under the same
name since its description, throughout the anfractuous
revisions of the genus previously mentioned. In part,
this taxonomic stability may be due to the fact that
it was known only from the type specimen for many
decades.

Astragalus anisus was first described by Jones
(1893) from a specimen “collected at Pueblo, Colorado,
by Miss A. P. Lansing, and communicated by Miss
Alice Eastwood”. Jones (1928) described it as “a unique
species ... never found but once, and then only in fruit,
near Pueblo Colorado, Lower Temperate life zone”. The
holotype was originally deposited at Pomona College,

now merged with Rancho Santa Ana (RSA-POM) where
it is accession number POM-45945, with a collection
date of 1892. Duplicates of this collection (isotypes)
are at California Academy of Sciences (CAS), where
the collection date is listed as 1888, at University of
California (UC), and at the New York Botanical Garden
(NYBG) with a collection date of 1891.

Barneby (1964) recounts from his communication
with Miss Eastwood that Miss Alida Lansing was a
student of Miss Eastwood when she taught at Denver
High School. Miss Eastwood’s description of the
collector, although discreet, gives the impression that
Miss Lansing was not a meticulous record-keeper, and
perhaps more interested in pressing pretty wildflowers
than in rigorous botanical collection. At any rate, some
mistake in recording the collection location appears
to have resulted in an error of location for the type
specimen, which resulted in the species disappearing
from collectors’ view for over half a century. Rydberg
(1906) gives its habitat as “dry mesas of Colorado”,
without further citation.

Astragalus anisus was eventually rediscovered
in its true range near Gunnison in 1949 by William
A. Weber (1949). Continued searches in the Pueblo
vicinity have failed to turn up any evidence that A.
anisus ever occurred there (Colorado Native Plant
Society 1997). The species has been infrequently but
regularly collected in the past 50 years or so. In an
ironic twist, a specimen at the University of Colorado
Museum Herbarium (COLO) collected in 1898 near
Sapinero and originally identified as A. shortianus, then
annotated to A. iodopetalus, was recently reannotated
as A. anisus (Lederer personal communication 2003).
This specimen could have served to identify the true
locale of A. anisus only a few years after Miss Lansing’s
incorrectly labeled collection. In addition to the type
specimens at RSA, CAS, UC, and NYBG, specimens
are housed at COLO, the Rocky Mountain Herbarium
(RM), Colorado State University (CS), Western State
College (R. Bingham personal communication 2003),
and possibly other locations.

A brief investigation of the classification of
Astragalus anisus is enough to reveal that the internal
phylogenetic relationships of Astragalus as a genus
are still somewhat roughly delineated. Although A.
anisus has remained under the same name through the
revisions of Jones, Rydberg, Barneby, and Isely, and
although it has remained in approximately the same
position in the organization of the genus as a whole,
its neighbors within the subgroup Argophylii have not
remained constant. Barneby (1964) places 4. anisus in
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the large-flowered Piptolobi, under section Argophylii,
subsection Anisi, where it is most closely allied with
subsection Missourienses. These two groups share
the characteristic dolabriform hairs and persistent
pods. Recent phylogenetic research (Sanderson 1991,
Sanderson and Doyle 1993, Wojciechowski et al. 1999)
has tended to confirm the basic structure of Barneby’s
classification.

Much of the more recent knowledge of the
species is due to the work of federal agency personnel
in the Gunnison Basin and to the investigations of Dr.
Robin Bingham’s students at Western State College in
Gunnison.

Description

As described by Barneby (1964), Astragalus
anisus is a short, tufted perennial with basal leaves that
arise from a very short stem above a woody taproot. The
caudex, or stem base, often shows the thatched remains
of old leaves. The leaves are pinnately compound, up
to 7 cm long, with 11 to 15 leaflets. The entire plant
appears silvery-gray due to the presence of numerous
hairs of a characteristic dolabriform (ax or pick-shaped)
shape. Astragalus anisus flowers from May to June.
Flowers are borne on short racemes and are typically
pink-purple in color. The pods (fruits) are short (1.3 to
1.8 cm in length) and almost round, though somewhat
compressed from front to back, and of a fleshy texture
with flat-lying hairs. Fruits are originally green in color,
becoming brown with maturity. Each fruit contains 28
to 40 ovules. Seeds are smooth, black, and small (2.0
to 2.4 mm in length). The fruit is bilocular (has two
chambers), often appears red or orange when inflated,
and splits into two sections when dry.

Johnston et al. (2001) list 29 other species of
Astragalus that occur in the Gunnison Basin. Most are

not easily confused with A. anisus. The characteristic
silvery-gray foliage, dwarf habit, and nearly round
fruits make the species relatively easy to distinguish.
Fruiting individuals are easily identified by the pods
trailing out from underneath the foliage (Henretty
1994). Of the similar species in the area, A. alpinus has
long, pendant fruits instead of nearly globular pods.
Astragalus aboriginum is generally much taller, with
longer leaflets and smaller flowers, and it is usually
found at higher elevations (Spackman et al. 1997).
Astragalus iodopetalus is also low-growing and silvery-
gray, but has blue flowers and glaucous fruits.

Published descriptions and other sources

Complete technical descriptions are available in
Jones (1893, 1923), Barneby (1964), and Isely (1984,
1998). Of these, Barneby is the most complete, and
his Atlas is available in most herbaria and university
libraries. Isely’s (1998) description, although more
recent, is much abridged, and the longer version
published in the Ilowa State Journal of Research
(Isely 1984) is not widely available. Good drawings
of Astragalus anisus are harder to find. The only
illustration of a complete specimen is from Spackman
et al. (1997), and is somewhat simplistic in detail (see
Figure 2a), especially of the fruit. Jones (1923) includes
a better drawing of a fruit and a leaflet Figure 2b), but
does not illustrate the complete plant. Furthermore, the
self-published edition of his monograph and plates is
not readily available. An excellent photograph showing
the fruits is available in Rare Plants of Colorado (Bill
Jennings in Colorado Native Plant Society 1997), and a
good photograph showing the plant in flower (by Barry
Johnston, Gunnison NF) is readily available in the
Colorado Rare Plant Field Guide, in both online and
print versions (Spackman et al. 1997) (Figure 3).
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Racemes of 3-7 flowers, pink-
purple, corolla 15-20 mm long

Ovoid pods, 15-
20 mm in length,
strigose

Dwarf plants, 5-

9-15 leaflets, 4-10 i
10 cm in height carets mm in

length, tomentose, silvery

194 anisue

11I. by Gemma Delfinado /c (b)

(2)

Figure 2. Drawings of Astragalus anisus. Illustration (a) by Gemma Delfinado, and illustration (b) by M.E. Jones.

Used with permission.

photos by Barry Johnston

Figure 3. Photographs of Astragalus anisus by Barry Johnston, used with permission.
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Distribution and abundance

Discussions of endemism in the literature have
highlighted the imprecision with which the term is often
used (e.g., Krukeberg and Rabinowitz 1985, Anderson
1994). For instance, although Astragalus anisus and
A. microcymbus are both described as endemic to the
Gunnison area, it is clear that 4. anisus has a much
larger range and is more common in the area than
A. microcymbus. Astragalus anisus is perhaps best
described as a local endemic; it is known only from
East-Taylor, Tomichi, and Upper Gunnison watersheds
in the Gunnison River Basin (Gunnison and Saguache
counties).

Assuming that the type locality of Pueblo is
incorrect, the current and historical ranges of Astragalus
anisus are probably roughly synonymous. The global,
regional, and statewide distribution of A. anisus lies
entirely in an area within approximately a 35 mile radius
of the town of Gunnison, Colorado and may encompass
as much as 600 square miles (Figure 1).

Astragalus anisus has been reported as far west
as Soap Creek, although documented occurrences
there are thought to be extirpated. The eastern-most
known locations are in Saguache County southeast
of Doyleville. An isolated single report at the USFS
One-Mile Campground in Taylor Canyon (Marotti et
al. 1996) is the northernmost occurrence, but with the
exception of this one, the lower 10 miles of the Ohio
Creek drainage are the more well-defined northern
extent. Occurrences in the Powderhorn area mark the
southernmost extension currently known. See Table
1 for a summary of documented occurrences of A.
anisus.

Within the Gunnison Basin, Astragalus anisus
is found throughout much of the sagebrush shrubland
habitat. Because it is so common within the area,
field workers tend to stop recording instances after
a while (Austin personal communication 2003,
Capodice personal communication 2003, Johnston
personal communication 2003), so the reported
locations probably do not reflect the complete extent
of its distribution. There are nine known occurrences
on the Gunnison National Forest (Johnston personal
communication 2003), including one on the West Elk
Wilderness Area, and there are perhaps another 60 to 70
additional documented locations on other federal, state,
or private land (Table 1), depending on whether some
reports in fact constitute separate populations. Johnston
(personal communication 2003) estimated that there
could be as many as 500 occurrences. About 75 percent
of the documented occurrences are on federal lands, but
only 10 to 15 percent are USFS land.

Population sizes reported by Wasson (1998) range
from 4 to 760+ individuals, in areas ranging from 0.025
to 130 acres. Mean population size is 72 plants in an
area of about 20 acres. One population that may be as
large as 5000+ individuals has been reported (Johnston
personal communication 2003), although it is not
known if this refers to any of the occurrences listed in
Table 1. The numbers of plants is highly correlated with
total population area (r= 0.91), but it is quite variable.
Within a population, plants are typically distributed
in clusters of 3 to 10 individuals, and the clusters
are widely scattered (Wasson 1998). For smaller
populations (less than 250 plants), the average number
of plants is slightly less than 2 per acre. Population sizes
for occurrences on USFS lands are largely unquantified,
but numbers of 2, 21, and 50 to 100 plants are reported
for three locations (Table 1).

15



(€10€€6 o1dures)

“04/, :9do[S "6 10dsy

O, uosruunny

KaAIns uoisuyof JUISAI] ‘Arunwwod ondurd-sseiSoun(-onosa) vuozLry 0€€°6 €199S 40°Z NO'S¥ €661/6/L W19 novs ¢SiI
(€20556 ordures) 0. uostuuno)
Aaams uoysuyor Jussald %8 :2do[S *69 10adsy 0Tr's 99§ HO'CTNO'8Y  S661/8C/9 INTd  NNND VI
‘A[[oAeI3/Apues :91m3x9)
syuepd 1108 % :2do[S “1seayiiou :30adsy ‘sseiguonnw 04 uosmuuno
(€€90d) JHND 0% 01 0¢ -ssei8o[peou ould-ysniqases yoe[q :od4) 1enqey 0vL’8 CIPS MSTNOBY  6661/0C/S WTd NNND €I
(c69@¥) dHND -a3es 31q ‘03es yoelg ‘s[oaeI3 04 uosmuuno)
(TISING) Aeamns TG syuefd 61 ontuesd ‘Kpues ‘seare £001 ‘sado[s MS/M/S 0858 01 0¥S°8 LO®S MO'T NO'8Y  8661/S1/9 WTId NNND 7l
(z6ea@¥) dHND -a3es 31q ‘03es yoelg ‘s[oaeI3 04 uosmuuno)
(11SNE) Koams NTH syuerd [ ontuesd ‘Kpues ‘seare £001 ‘sado[s MS/M/S 0858 01 0¥S°8 LO®S MO'T NO'8Y  8661/S1/9 WTId NNOD T
(869@¥) dHND ‘Kempeol a3 01 Juddelpe a3es 31q pue a5es yor[g 04 uosmuuno)
(90MOd) Loams NTg spuepd o[ s[oaeIS onuels ‘Apues ‘seare 4001 ‘sado[s MS 0068 01 0088 SEPS MOTNOLY  8661/1T/L WTd NNNOD 0l
(L6eaa@¥) dHND ‘Kempeol a3 01 Juddelpe a3es 31q pue a5es yorlg 04 uosmuuno
(S0MOd) Loams NTg syuerd 9 'sjoAeIs onruels ‘Apues ‘seare Kyoo1 ‘sodojs MS 0068 03 008°8 SERS MOTNOLY  8661/1C/L WTId NNND 6
‘Kempeol ay) 03 Juddelpe
(969@¥) dHND opIs 1oU310 uo Surmolrd oFes Jiq pue o3es yoe[g 04 uosmuung)
(rOMOd) Korms W1g  sed "s[oARI3 ontueId ‘Apues ‘seare Aoo1 ‘sodofs MS SLL'8 SERS MOTNO'LY  8661/1T/L N1 NNND 8
‘Kempeol
(s6a@¥) dHND JY) JO 9pIs IO uo-oJes Jiq pue o3es yoejg 04 uosmuuno
(€0MOd) Lorms ]WTg  syuerd €7 "S[oARIS ontueId ‘Kpues ‘seare £001 S9do[S S 0S6'8 03 09L°8  FERPS MOTNO'LY  8661/1T/L NI NNND L
(F6d@d) dHND d3es 31q “a5es yoeg 04 uosiuuny
(20/10MOd) Aonms WTd  syueld g¢ "s[oARI3 ontueId ‘Kpues ‘seare Aoo1 ‘sadofs MS 059°8 PERS MOTNOLY  8661/9/L NI  NNND 9
(9L0€€6 "%TT PUB %bT :9dols "§LT
X SL0EE6 sordues) pue 687 :393dsy “sanrunwiwod sseigojpaou surd
KoAaIms uojsuyor -SSeISU0NNW-YSnIqIoNIq-ysniqades Sig pue onosay 04 uosiuuno
(1908 dHND udsald BUOZIIY-SSIZUONNW-YSNIQITeS F1Q-YsnIqionig 09€°8 PERS MOTNOLY  €661/81/8 W1 NNND ¢
(z119a@d) dHND 23es 51q pue a3es Yoelg Od uosuung
(T0LvD) Aoams N1g  swuepd g s[oAeI3 onrueId ‘Apues ‘eare Lyoo1 ‘sadojs MS/S  089°8 03 079°8 SRS MOTNOLY  8661/8/L W1 NNAD ¥
(0£0886 21dwes) '04,91 2do[S y6T 19adsy “Aununos uoropuep 04 uostuung
KoAins uojsuyof JU9SAI] -molre£-sserdonq Ayomuay-ysniqoges g VN 1199S H0'Z NO'LY  8661/027/8 W1g novs ¢
"% T1 2doIS "p1
(620886 o1dwes) 1303dsy “KAunwtuod A1gmous osieds-sse13o[paou (VN) 04 uosmuung)
KoAIns uoisuyof JUISAI] Qurd-A119Q291AIRS Ye)() dsteds-ysniqades S1g  d[qe[IeAR JON 0199S 0T NO'LY  8661/€1/8 W19 novs ¢
-opeys [ented 03 uad( opIspeos [0AIS paqImisiq ‘punoiddue)
‘ure[dpoopj uo )sa10j oonids anjq pue mopeow Q[IW-dUQ— ZZ99S
(61409 JHND syuerd ¢ ysniqoes jo soyojed £q pardnaoo eare Surpunong 00%°8 MO Y8 SOST  9661/01/9 AN uostuunt S4S NNND 1
IZIS UoNeAIISqQ
(@) 9vamnos uonendog jeNqey (33) uoneAdq uoned0| jser] Jo e digsaumQ £yuno)

"901AIS 15910 VAS( = SAS( ‘OpeIojo)) Jo djel§ = opelojo) udwadeur]y pue] jo neaing = N9 :diysioumQ -oyoendes = NOVYS ‘Uosiuun = NND :$o1uno)) ‘sisoyjuared
ul USAIS OS[e d1e s9pod 9)Is AT pue s1oquinu djdwes Loans uoisuyor “(00gay) SOy JHND woij ejep mel passaoordun 1o (00 OH 1eULI0] 9U} JO) SPI0I9Y 9OUILINIO() JUSWI[H
I o1e S, (1 JHND "99In0s 9y} WOIJ ST UOIJBWLIOJUI (] "S[oqe] WNLIRqIay pue ‘(sa[y JHND) SpI0da1 Aoams NI (100 'Te 30 uoisuyo[ 10J pajod[[0o sjo[d uonejo3oa) AoAIns
uojsuyof ‘(JHND) erep weidold 93ejioH [elnjeN 0pelo[o)) opn[oul S9OINOS "UONBULIOJUT Je)IqeY JOUnSIp urejdlr o} 210y ojeredas jdoy a1om Aoy) Ing ‘O[qe[reae s1 UOHBUWLIOJUI d10W
UM OULLMDIO S[SUIS B S& POUIQUIOD 9q ABUI 2107 PIISI] SE SIIULNDI0 dWOS “ueIpLidw ddiourid | g oy ur a1k suoneso] YL [[e ‘uerpuow o[droutid 9 oy ur st yoIyMm 1 pIodar
Jo uondaoxa Ay} YIA\ ‘paIoquInu A[LIeniqie o1e pue (uoroag ‘osuey ‘drgsumo] ) uonedo] Aq paSueLIe dI8 SOOUALINII() “SNSIUD SNIPIDAISY JO SOIUILINIO0 PAIUIWNIO(T '] I[qBL



(¥907L6 d1dures)

O uostuunoy

Aoains uojsuyor Juasald VN VN LT39S MO'€ NO'8¥% L661/S/9 NTd  NNND ¢¢
(L90TL6 21dures)
AoAins uojsuyor Jussald (VN 2Iqe[reae JoN VN 9199S MO'€ NO'8¥% L661/T/9 AeAlld  NNND ¢
(90116 o1dures)
KoAins uojsuyof 0,87 :2do[S "+97 04 uosmuuno
(6090d) dHND 10409 %¢"[ 0adsy “AIunwItiod YsnIqajoq-sseiseoLs ueipuy 0€€'8 CPS MO'ENOBY  1661/6C/L INTd NNND €€
‘Apues :21m3xa)
[0S ‘spuepdn Surfjoy "2, :2doJg "Iseaypiou :30adsy
(1€404) dHND syuerd 0z "AIUNWWOD PUDLI|PUIS DOG/DAOU DISIULLY 0rL'S STOSHO'ENO8Y  8661/61/9 AN uostuuny S4SN novs ce
(169a¥) dHND ‘[ren spyed umop pue sulfasusj O4 uostuungy
(LOSINE) Loams N'TH syuepd zg Suoe vare paqrysip ‘odofs M\ S/S "YsnIqages AImeN 0v<'s ECOS MOTNOBY  L661/ST/L NTId NNND 1€
(zzeyye s1dues)
KoAins uojsuyor 041 € 1odo[s 04 uostuung)
(0190d) dHND uasald "1€€ 10adsy "as1eds-o8es paguLY-aN0say BUOZLTY 0€L'8 0TPS MO'TNO8Y  ¥661/7/8 NId  NNND o€
(o119a¥) dHND "o3es 51q ‘oFes 04 uostuunn
(L09dD) Aorms IWTg  swuerd 001 3joe[g "s[oAwI3 ontueI3 ‘Apues ‘eae Ayoo1 ‘adofs MS 000°8 893S MO'TNO'SY  8661/1T/S NId  NNND 6T
(60190¥9) dHND "o3es 51q ‘oFes 04 uostuunn
(80SINE) Aoams INTg  siuepd LT djoelq "s[oAwI3 ontueI3 ‘Apues ‘eae Ayoo1 ‘adofs MS 008 03 0708 893S MO'TNO'SY  8661/1T/S NId NNND 8¢
(110196 o1dures) %L1 :2do[S "geT 0adsy 04 uostuunn
KoAins uojsuyof JUISAI] “Arunwwod ysniqioniq asreds-ysniqagdes Sig 096°L $99S MO'Z NO'St 9661/L/8 W19 NNND LT
(010196 21dures) %01 :2do[S "¢61 04 uostuunn
KoAins uojsuyof JUISAI] 103dsy “Kyunwuod sseidajpasu surd-ysniqagdes Sig 096°L $99S MO'Z NO'St 9661/9/8 W19 NNND 97
(1119@y) dHND -o03es S1q ureyunow ‘o3es yoe[g (04 uostuung)
(€oSINE) Aorms IWTg  syuefd peT< "S[oARI3 ontueid ‘Kpues ‘seare £3001 ‘s2dols MS  0SE'8 03 08L°L €PS MOTNO8Y  8661/TT/S NId NNND ST
(069@¥) dHND -03es'31q ureyunow ‘o3es yoe[g (04 uosmuung)
(LoTOH) Aams NTg sy 9 "S[oARI3 ontueld ‘Apues ‘seare £3001 ‘sdols MS  0SLS 03 00L'S 9TNRS HO'TNO'8Y  8661/L/8 NI1d  NOVS T
(684a¥) dHND "o3es S1q ‘oFes yoelg 04 uostuunn
(#OTOH) Aoams N1 siue(d 001 "S[oALI3 ontueid ‘Apues ‘seare £3001 ‘sadols MS  0TE'6 01 001°6 €79SHOTNOSY  8661/1€/L WNI1d  NOVS €T
(To19@¥) dHND 'sasse1d puelAIp osieds A10A pue ysniqoSes (04 uosmuung
(S0TOH) Aams NTg  syuerd 1 "SAI[ING SWOS Pue [9ALIS APUes Yiim vaIe Jer] 0r9°8 SI9SHOTNOSY  L661/1/8 WN1d NOVS T
(L89@d) dHND "o8es 51q ‘o3es yoe[g O4 uostuunyy
(zo1OH) AAms N1g  syuerd 1¢ "S[oAwI3 ontueid ‘Kpues ‘seare £3001 ‘sdols MS 00€°6 03 001°6 YIRS HOTNO'8Y  8661/1€/L WI1d NOVS 1T
(S10SS6 ordues) *SSBIZO[PadU (04 uostuung)
Aoains uojsuyor juasald ourd-jrejjarrmnbs ysniqanoq-ysniqages joe[g 001°6 Y199S HO'T NO'SY  S661/CT/9 W19  NODVS 0C
(884@¥) dHND "o3es S1q ‘oFes yoelg 04 uostuunn
(€0TOH) Aams N1 siue(d 671 "s[oARI3 ontueid ‘Kpues ‘seare £3001 ‘s2dols MS  09€°6 03 00T°6 €199S HOTNO'SY  8661/1€/L WI1d NOVS 6l
(570556 ordues) 04,91 :2do[S 61T :19adsy “Krunutod (O uostuung)
KoAins uojsuyof JUISAI] on3urd-sseigoun(-onoso) BUOZLIY-SNIqoSes yor[g 0re6 €199S 90°Z NO'S¥ S661/S/L W14 novs 81
(Lz0s$6 o1dwres) %0 do[S "THT 103dsy Od uostuung
KoAins uojsuyof JUISAI] ‘Arunwwods ondurd-sseigoun(-onosa) vuoZLIY 09¢°6 €199S 90°Z NO'S¥ S661/S/L W14 novs Ll
(910556 o1dwres) %L1 :9do[S '997 10adsy Od uosmuny
KoAins uojsuyof JUISAI] ‘Arunwwods ondurd-sseifoun(-onoso) vuozZLIy 09¢°6 €I99S HO'Z NO'SY  S661/22/9 W1g NOvsS 91
ZIS uoneAISqQ
(((ELUTIN uonendog jelIqeH (33) uoneAd[q uonedIo| jJser Jo e diysoumQ £yuno)




‘[10s Apues ‘AYo0y

K)uIoIA urpred -

O, uosruunn)

(s2903) dHND  swerd 67z "sadofs 1somyInos;/Inog Ajunwod ysniqases  (L9°8 03 0008 €199S 0T NO'6Y  8661/SI1/L WIg NNND IS
(£005S6 ordwes) ‘[9ABI3 Apues :21mIxa} [10S "%, G7-6 2do[S
KaAIns uojsuyor “1SOMINOS/YINOS :30adsy AJunwtod sseI3o[podu urped Jo 1SeayloN - O uosruuno)
(62904) dHND  swue[d 00z~  Qurd-ysniqages 3oe[q pue Spue)s oIjew - Ysniqaes 07§ 03 008 TINSHOTNO6Y  L66T/LT/L IWId NNND 0S
(L10156 d1dwes) “%¢1 2do[S 9| 04 uosuung
KoAins uojsuyor JuOsaI] 0adsy “Kunwwos osieds-ysniqodes SuruoApy 026°L 9995 90°Z NO' 61 S661/€/01 W1g NNND 6%
DHIV 31D 19Avdg
(9019@¥) dHND "ysniqages yInog ‘04 uosiuuny
(60NND) Loams NTg  syuerd g1 ‘S[oAeI3 onIueIs ‘Apues ‘eore K001 ‘0do[s S $L0°8 03 000°8 TTPS MO'TNO'6Y  L66T/T1/L WId NNNOD 8f
DHDV Yo9I)) I0ARdYg
(0019@¥) dHND ‘ysniqodeg INos ‘04 uosruung
(COMND Loams W1g  swuefd 6] "S[9ARIS onIueIs pue pues ‘eare 001 2dojs S $L0°8 01 000°8 TTPRS MO T NO6Y  L661/TT/L WNId NNND Lb
DADV Y31 IoARdY
(669aY) dHND RENN AR SY00Y ueuIRH - yInos ‘04 uosmuuns)
(TOMND Loams WTg ~ swue[d ] puel&Ip ‘Yysniqdges “merp padeys-() Ut SOPIS[[TH 008°L 0TRS MO TNO6Y  L66T/TT/L WId NNND 9
(s119@y) dHND
NG 38 YT IH# uosuny jo
[[omiIeH 22 Pue[pudJ "M Q[T T ‘OpISpeoyy -
[oqe] wnleqIoy VN VN 009°L €S MO T NO6Y  1S61/9/9 aeAld  NNND St
(VN) UOSIUUNL) JO JSOA -
(S090d) dHND  9[qe[reAe JoN Jel [oARID 089°L TRS MO T NO6Y  0661/91/S slealld  NNND ¥
ond s3urjrey
WY e wnruern ‘odire
LEYYTH UOSIOPUY 29 USOM uostuny Jo ynos -
[oqe wnieqroy - pojedmxg "SSEISIEOUM PI)SAID PUE YSNIGITES I 009°L [99S MO'T NO'6%  0661/91/S aead  NNND  ¢€F
(8019¥) dHND "o3es 51q ‘oFes 04 uostuunn
(80d'1S) Aoams T spuerd 9 yoerq ‘s[oAeIs onruers ‘Apues ‘eare Ayoor 2do[s MS  00T°8 03 001°8 TS HO' I NO'6F  8661/T/9 WId NNNOD F
(L019@¥) dHND "o3es 51q ‘oFes 04 uostuunn
(90/50d'1S) Aoams N g siuerd 08 yoerq ‘s[oAeIs onruers ‘Apues ‘eare Ayoor 2do[s MS  001°8 03 000°8 9199S 40’ I NO'6Y  8661/2/9 WId NNNO ¥
(910776 d1dwres)
KoAins uojsuyof 04€1 :2dO[S 617 10adsy onosoy 04 uosmuuno)
80404 dHND jJussald euozLIy asieds-ysniqages S1q-ysniqages yoe[g 09%°8 1998 MOV NO'SY  T661/0¢/L WId NNND 0p
‘s[oAeI3 JAdILoq
onueld ‘Apues ‘seare Ao01 ‘sadofs jsamynos Jo jseaynog - O4 uosruuno)
(ze40oa) dHND  swuerd 91 "o3es §1q “aFes yoe[q :Arunwwod jue[d pAeroossy 0bS°8 0€RS HOY NO'SY  8661/1/8 WId NOVS 6€
a[[Iad[koq
Jo seaynosg - 4 uosruunn)
(17908) dHND  syuerd 9¢ "Apues :2113Xa) [10S :AJUNWWOD DO /VISIUIdLLY  (8L°] 03 0P8 0€99S H0'Y NO'SY  8661/1/8 WId NDVS 8¢
(960zL6 21dures)
Kaa1ns uojsuyof JudsaI VN VN 6TPS MO'ENO'SY  L661/1/9 aeAld  NNND L€
(€60zL6 21dures)
Kaa1ns uojsuyof JudsaIg VN VN 1799S MO'E NO'SY  L661/01/9 aeAld  NNND  9¢€
9ZIS uoneaARsqO
(dy) 99anos§ uonendog Je)IqeH (3)) uoneady uoned0| Jsery Jo e diysaoumQ Ayuno)H




(TLOSS6 0dOV
% 1L0SS6 so[dweg) "%ST-91 2dO[S "697-097 303dsy “sanIunuwod yoa1) adoparuy
KoAins uojsuyor ONOS9J BUOZLIY 9sIeds-pealy)-pue-9[padu-o3pas ISOM ‘O uosmuung)
(L2404 2% STI0d) dHND juasalg -eweId onjg pue angurd-sseiFoun(-onosoj vUozIy  0¢H'6 01 0TT'6 T199S MO'ENO'6F  S661/€1/6 NTd  NNND +9
240V
(€TTss6 ordues) 001D adofruy
KaAIns uojsuyor 04,91 :9do[S "697 10adsy “Ajunwwoo 1S9M ‘O uosmuuno
(92901) JHND Judsald PeaI-pue-d[poesu-onIurd-ondsdy BUOZIIY 0€t°6 [99S MO'ENO'6Y  S661/C1/6 INTd NNND €9
04,61 :odo[S AuIona urpaed - 04 uosruuno
(Y090a) JHND VN M S 30adsy "[r0s weo[ Apues U0 Ysniqages [ 00£°8 [TRSHOENO'6Y  $961/0€/9 INTd NNND 79
‘sasseld ‘oFes J1q urejunowr ‘a3es yoe[qg "S[QARIS urpred jo iseq - 04 uosiuuno
(bcd0d) dHND  swuefd 68 onuels ‘seare yool ‘sodofs M :2d4) yeyqey 08¢£°8 LI®SHOENO'6Y  8661/L/3 NI NNAD 19
‘[10s Ayo01
(100196 o1dures) /AT[9ARID) %6 :2dO[S "86T 102dsy "spue[dn Surfjoy
KoAins uojsuyof syuerd 'sseI39011 uBIpu] dsteds-ysniqades Surwoip pue 04 uosmuuno)
(€2909) dHND 0G 01 0t wn.o1purd vdijg/paou vistuadlly 9dAy yenqer 006°L TERS MOTNO'6Y  8661/€1/S INTd  NNND 09
(6£0€€6 2rdures)
KoAIns uoisuyor 0,1 :2do[S "G 10adsy O, uosruunon)
(IT4OA) dHND 10409 %9°) "sse130011 ueIpu] osreds-ysniqodes Surwokp 069°L 0€99S MO'TNO'6Y  €661/9T/L NI NNND 6§
(€119@9) dHND 04OV
WY ¥o31) adojyuy
2 010D 18 90L¥# 1M uostuung) jo f ‘mu 7| 1SOM ‘04 uosiuung
[°qe] wnliegloy VN "apIs[[IY ysnuqages ‘weo| Ae[o Apueg VN - 6199S MO'T NO'6F 6161/8/9 WId NNND 8¢
‘uosIuuno)
JO MSM W ITe 679 240V
BD :UISkq uosIuuno) ¥o31) adojoyuy
07100 & 0S61# 10[AeL, UIUHON - "¥IN 1SOM ‘O] uostuung
[°qe] wnliegloy VN "a5eUlRIP PUB MOPEAW [SNIGITES 0S6°L [199S MO'TNO6Y  8661/81/S WId NNND LS
‘uosIuuno)
JO M\ T are 9 d 240V
:uIseq uosiuuno ¥o31) adojoyuy
0100 e 8S¢SH# 10[Ae], UISYMON - 71 MS 1SOM ‘O] uostuung
[°qe] wnlieqloy VN "ado[s ysniqages Furoej-ynog 0S6°L [99S MO'TNO'6Y  8661/LT/S WId NNND 99
(zo19@¥) dHND -o8es 31q urejunow ‘ag3es yoelg 04 uosmuuno)
(90TOH) AeAms WTd syuerd 4 's[oAeIS onuels ‘Apues ‘seare £oo1 ‘sado[s M S 069°L SERSHOTNO6Y  8661/L/3 NTId NNND S§
148!
Kemy31y opeIo[o)
WY e Suoye 1d [oAeI3 plo JO
Y16 1# seon] 29 uosuyor S 1snl so3pur Ay00Y - 04 uosmuuno)
[oqe] wnlreqloy VN VN VN 8I99S HO'TNO'6  8L6I/ET/S WId NNND S
‘sjoAeRI3 oniueld ‘Apues ‘seare
Aypoo1 ‘sadors 3samiinos :2d4) yeyqey ‘ysniqages AuIo1A urjaed - 04 uosiuuno
(0€40d) dHND ~ swuepd | SurmoIs mo[ :Arunurwod Jue[d pajeroossy (08 01 000°8 €19S HOTNO'6Y  8661/ST/L NI NNND €S
‘ysniqages
Surmoi3d moj :Aunwwod jue[d pajeroossy ‘S[oAeId Kyuro1A urred - 04 uosmuung)
(82904) dHND syuerd ¢ ontuerd ‘Apues ‘seare A[001 ‘sodoys 1soMyIN0S 008 03 000°8 €199S 0T NO'6Y  8661/ST/L NTd NNND ¢S
718 UonNeAIdISqQ
(dy) 99anos§ uonendog Je)IqeH (3)) uoneady uoned0| Jsery Jo e diysaoumQ Ayuno)H




0100 ¥ 9%0L# 10[Ae],

"uoSIuuND)
JO MNM UL Ire 7]
£ (UISeq UosIuuND
UISYION - "/ HS

AN uostuuno

[2qe[ Wnlieqoy VN "MOpEAU YSNIGaFes pue 1sa10) uadsy SLS6 979§ MO'E NO'0S  8661/0T/9 SdSN NNNOD 8L
“SUYOI|
(so1aa@y) dHND ‘sdun(o osreds ur sasseid pue[AIp yjm ysniqoes [ITH 2yue[eosy -
(SONND) Aoams NTH syuefd o] "Seale PaqIISIP U0 A[[ALIS AY001 DPIS[[IY MS/S 00L°L 9€39S MO'T NO'0S L661/T/L jeAlld  NNND  LL
‘uosIuuny)
JOMN T ITe ¢°¢ 24OV
BO :UISeg UOSIUUND) yoa1) edojoyuy
010D 1 80ESH# 10[Ke], WIdHON - AN 1S9M ‘04 uostuuny
[9qe] wWnlreq.loH VN “S[I1y ysniqoSes SLO'8 6C2®S MO'T NO'0OS  B661/LT/S NI NNND 9L
‘weo| Ae[o :J10S
*0,00 :2do[S el 30adSy "sonIUNWWOD SSBIZI[PIdU yono a133eN -
(919038 dHND ~ swepd 6] ourd/ysniqades pue YsniqIon1q/ysniqazes 08T'8 89S MO'T NO'0S  v661/5/9 Jealld  NNND  §L
"ystIqages pajums urel1d) pa33ny ‘suoneso|
(c019@¥) dHND jsowr ur A[[9AeI3 pue A9u0)s K194 {UONBIATIA dI0W yono J133eN - 04 uosmuuno)
(€0/20/IONND) Aoams NTg  syuepd 192 ojut sadofs A\ S/S umop Surfjids apisjjiy Apuim £19 0S8 01 008 €39S MO T NO'0OS  L661/TT/8 WId NNNOD vL
(€0£556 ordures) %0 2do[s 04 uostuung
KoAIns uojsuyor Ju2saAIg ‘Jep :30adsy "ssero[paou aurd-ysnigodes yoe[g 0L9°S 9€93S 90°T NO'0S $661/6/9 IWId NNND €L
's109ds 103 oL1oX pajtosse ‘sdwnpo osieds K1910W9)) uosIuUND) 04 uosmuuno)
(90NND) Aonms N1g  swuerd o ut sasseid puejfip yim ysniqases adoys £[jaae1n 008°L -1€9S 0T NO'0S  L661/ST/L WIg NNNO T
‘weo| Ae[d A[[oaeI3 peoy [[1H Iouel) -
(L190a) dHND ~ swuefd £ 01 ¢ JI0S "AunUWod SseId d0LI URIpUI-Ysniqages 0v8°L 61995 H0'I NO'0¢ ¥661/5/9 eAlld  NNND 1L
‘uosIuune) Jo gN
I I1e G°¢ ©O uIseqg
N 3e $1L# Jo[Ae], UOSTUUNL) UISYIION -7 04 uostuuno
[2qe[ WnlieqoHy VN ‘mopeawt ysniqedes 0008 01 008°L /IS 9199S HO'I NO'OS  L661/0€/S NTId NNND 0L
(20Tt o1dures) %11 :2do[S GLT 0adsy 04 uostuunn
KoAins uojsuyof Juasald ‘Arunuwwod sser3a[paou surd-ysniqages yoejg 0S8 G199S 40°1 NO'0S $661/8/L NI NNND 69
yea1) deog - 04 uostuuno
(L0MOA) dHND ~ paredinxe STy Aed uroey iseq 00¥°L [T¥9S MOV NO'6F  8LOI/YT/S NTd  NNND 89
syuerd y ;weo| Ao - y1isodap opispue|
pue syuerd /| [EIAN[OD YOI} PIO :JI0S “Yt-€ :9dO[S A\ 300dsy 331D 80D - AN uosmuuno)
(8190T) dHND  :SoMs-qns oM, "AUNWWOd pubLIpUa) DOJ/DIVIUIPLL DISIUIDILY 088°L 0199S MO NO'6  9661/L1/6 SdSN NNNOD L9
‘uosIuun
JO M Turire g1 83
‘urseq uosruuno) VA 1 1S9M
N VB SPET# 10[AR], WIBYMON - "1 HN AN uostuuns
[2qe[ Wnlieqoy VN "o8eureIp POOMUON0D JEI[MOLIEN  0SH6 0F 0S6°8 [99S MOV NO'6Y  L661/€1/9 SdSN NNNOD 99
(110%¥6
% 600116 sejduwes)
KoAIns uojsuyor %6 %L1 :9do[S "61T ‘8§97 10adsy 04 uostuuno
(€TY0d) dHND ~ Judsa1d “Ayrunuiiod xopyd s, pooH-ysniqases Surwodpm 099°L 0€£9S MO'E NO'6Y  ¥661/L1/9 NI NNND  S9
JZIS uoneAISqQ
(((ERRUIN uonendog jeNqey (33) uoneAdq uoned0| jser] Jo e digspumQ £uno)




€98

syuerd ‘Tios Keo ‘spuepdn Surjjoy PBOY 901AIOS 1SI0,] - AN uostuuno
(22903 JHND 001 031 0§ ‘wniojpurd vdig/vipuapliy visiually 9dAy yeyqe 009°8 GTRS MO'T NO'IS 8661/1¢/8 SASN NNND €8
(011886 ordures) %8 :2do[g 17T 10adsy AN uostuunoy
KoAams uojsuyor Ju9SaIg “Aunuuod ssersuopnui-A1oqmous-ysniqages sig VN €T99S MO'T NO'TS 8661/22/6 SASN NNND T8
‘nso
IOIUR)) YOIBISIY
MOPEOJA] UTBJUNOA]
231D oQ -
(10903 dHND VN "03es 1BXe} 20SSY 001°8 9199S MO’ NO'IS L961/6/9 opeIojo)  NNND I8
(5001¢€6 21dwes) ‘04,81 :2do[S "6y 30adsy Arunwtuod
KoaIms uojsuyof SSBIZOILI UBIPUT-AIIdgMous dsIeds-ysniqiiqqer AN uosruunoy
(0T40d) dHND 19409 %G| -A11go0o1AI10s yel() asreds-ysniqoges Sig 001°8 TERSHAOTNO'IS  €661/8/9 SdSN NNND 08
(L01886 1dures) %¢ :2do[S 96 0adsy AN uostuunoy
KoAins uojsuyof JUISAI] ‘Arunwwod sser3a[paou ourd-ysniqages yoejg VN 7€99S 0’1 NO'1S R661/81/6 sdsSn NNND 6L
ZIS UonNeAIdISqQ
(dy) 99anos§ uonendog Je)IqeH (3)) uoneady uoned0| Jsery Jo e diysaoumQ Ayuno)H




Population trend

Population trends of Astragalus anisus are
not known. There have been no rigorous multi-
year population census efforts that would give an
accurate description of population trends. After being
rediscovered in 1949, the species was at first thought
to be quite rare, but it has since been regularly reported
as scattered but common in the Gunnison Basin (e.g.,
Harrington 1954, Barrell 1969, Weber and Wittmann
2001). Subpopulations appear to fluctuate dramatically
between years, perhaps depending on the weather
(Wasson personal communication 2003), but there has
been no systematic observation of overall population
trends for A. anisus in the upper Gunnison Basin as a
whole.

Habitat

Astragalus anisus is broadly associated with
the Sagebrush Shrublands and Sagebrush Shrub
Steppe ecological system types (Rondeau 2001) in
the Gunnison Basin. These ecological systems are
described as matrix-forming communities, which may
cover extensive areas of hundreds to millions of acres in
their various successional stages. Matrix communities
occur across a fairly broad range of environmental
conditions in an area and are shaped by regional-scale
processes (Anderson et al. 1999).

Both the Sagebrush Shrublands and Sagebrush
Shrub Steppe ecological systems are typically found
on flat to rolling hills with well-drained clay soils
slopes between 7,000 to 10,000 feet in elevation
and are characterized by a dense shrub cover with a
significant herbaceous understory (Rondeau 2001). In
the Gunnison Basin, Sagebrush Shrubland associations
are typically dominated by Artemisia tridentata (ssp.
tridentata, vaseyana or wyomingensis) or A. cana, while
Sagebrush Shrub Steppe associations are characterized
by A. nova or A. arbuscula.

Associations dominated by Artemisia tridentata
ssp. wyomingensis and A. nova correspond to the Dry
Sagebrush Shrublands ecological type of Johnston et al.
(2001), those dominated by A. tridentata ssp. tridentata
fall into the Big Sagebrush Shrublands type, and
associations dominated by A4. tridentata ssp. vaseyana,
A. arbuscula, or A. cana comprise the Subalpine
Sagebrush Shrublands type (Johnston et al. 2001).

Astragalus anisus is primarily found in the Dry
Sagebrush Shrubland type, which dominates the lower
elevations of the Gunnison Basin (Johnston personal
communication 2003). Habitat information from a
variety of sources is summarized in Table 1. Data from
specimen labels and element occurrence records show
A. anisus occurring with the associated species shown
in Table 2 (most commonly reported associates are in
bold).

Table 2. Species reported to be associated with Astragalus anisus. Most common affiliates in bold.

Shrubs/Subshrubs: Graminoids:

Amelanchier utahensis
Artemisia frigida

Artemisia nova

Artemisia tridentata
Chrysothamnus depressus
Chrysothamnus viscidiflorus
Krascheninnikovia lanata
Picradenia richardsoni (=Hymenoxys richardsonii)
Purshia tridentata
Symphoricarpos rotundifolius
Tetradymia canescens

Yucca glauca

Achnatherum hymenoides (=Oryzopsis hymenoides)
Bouteloua (=Chondrosom) gracilis

Carex spp.

Elymus elymoides

Koeleria macrantha

Pascopyrum smithii

Poa fendleriana

Poa secunda

Stipa comata (=Hesperostipa)

Stipa pinetorum

Forbs: Other:

Cactus spp.

Packera multilobata
Phlox hoodii
Stenotus acaulis
Tetraneuris torreyana

lichens
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Elevations of reported occurrences range from
7,675 to 9,430 feet (2,340 to 2,875 meters; Figure
4a). From 1900 to 2000, annual rainfall reported in
Gunnison averaged 10.44 inches per year (Western
Regional Climate Center 2003). Precipitation in the
Gunnison Basin increases at higher elevations (Figure
4b). Precipitation amounts are fairly evenly distributed
throughout the seasons, with somewhat more moisture
being received during the “monsoon” season of July
and August. Precipitation in winter and spring falls

primarily in the form of snow. Temperatures can dip
below freezing during any month of the year, and the
basin acts as a cold air sink. Cold air drainage in the
upper Gunnison Basin can be a stronger influence on
temperature than elevation (United States Department
of Agriculture 1975). Astragalus anisus is clearly
adapted to the temperature swings of its range, since it
is already flowering in May, when mean daily minimum
temperatures are still below freezing (Western Regional
Climate Center 2003).

)

v

* Repored locations of Astragaius anlsus
[ o Elwraticn
[

1 1 I I T

Maers Jo ) o )

(@)

* Repored locations of Astragales ankus

Inches 11 13 15 19 23 27 28 31 35 39 43 47 5155 58

(b)

Figure 4. Elevations of Astragalus anisus occurrences and precipitation patterns in the Gunnison Basin.
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Within the upper Gunnison Basin, Astragalus
anisus does not appear to be restricted to one soil type,
although it is usually reported as occurring on sandy
to gravelly granitic soils. The majority of occurrences
are on soils of the Parlin-Lucky-Hopkins Association
(generalized as the Cheadle group in Figure 5), although
the plant also occurs on all other major associations in
the lower elevations of the basin. The Parlin-Lucky-
Hopkins Association is the primary association of the

upland hills, slopes, and swales of the upper Gunnison
Basin at elevations from 7,500 to 9,000 feet. Soils
are characterized as “deep and moderately deep,
moderately sloping to steep, well-drained channery
loams and gravelly sandy loams on hills, mountains,
ridges and benches” (USDA Soil Conservation Service
1975). Parent materials of these soils are rhyolite, tuff,
gneiss, and schist.

4

Soils of the Gunnison Basin, as generalized in the

 CHEADLE GROUP
Astragalus anisus

State Soil Geographic (STATSGO) data base for Colorado

® Reported locations of

e d

10 0 10
—

20 Miles

[] County boundary

/\/ Highway é

Figure 5. Soil groups with Astragalus anisus occurrences.
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The sagebrush shrublands of the Gunnison Basin
have been grazed for the past 120 to 150 years, and
grazing was often heavy prior to 1970 (Johnston et
al. 2001). In the past, many areas have been subject
to mechanical and chemical removal of sagebrush,
and these areas were often reseeded with non-native
forage species such as Agropyron cristatum (crested
wheat), Bromus inermis (smooth brome), and Melilotus
spp. (sweet clovers). In the past 20 years burning
has become the most common sagebrush removal
technique (Johnston et al. 2001). Sagebrush removal
and conversion to forage cultivation has probably
resulted in the loss of some Astragalus anisus habitat
(Capodice personal communication 2003). Other

changes in the Gunnison Basin that have affected A.
anisus habitat include the closing of Blue Mesa Dam
and the subsequent filling of Blue Mesa Reservoir in
1965, and the general increase of low-density residential
development in the area.

Astragalus anisus is most often found in fairly
open sites, where sagebrush shrubs do not form a
closed canopy. Occurrence sites are characterized by
the absence of trees, moderate shrub cover, moderate
understory cover, and extensive bare ground (Figure 6).
For 26 occurrences reported by Wasson (unpublished
data, Colorado NHP files), the average percent cover
for six cover classes is shown in Table 3.

Figure 6. Examples of Astragalus anisus habitat. Photographs by April Wasson, used with permission.

Table 3. Cover classes for Astragalus anisus occurrences. From data for 26 occurrences reported by Wasson

(unpublished data, Colorado NHP files).

Cover type Percent Cover
Tree 0

Shrub 20

Forb

Graminoid

Moss/Lichen

Bare ground 57
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Johnston et al. (2001) reported for 29 samples that
slopes range from 0 to 34 percent with an average of
17.3 percent, and that site aspects are usually more or
less west-facing (range 222° to 309°) tightly clustered
around an average of 266°.

Under the assumption that Astragalus anisus
habitat consists primarily of sagebrush shrublands
below 9,430 feet, a rough map of potential habitat is
shown in Figure 7. Light green areas are Sagebrush
community (sagebrush with rabbitbrush, bitterbrush)

and Sagebrush/Grass mix (co-dominate sagebrush
shrubland and perennial grassland). Vegetation cover
data are from basin-wide mapping (Colorado Division
of Wildlife). Within this area, the most favorable
aspect (215° to 324°) and slope (less than 35 percent)
combinations are shown as darker green. Unfortunately,
there is no way to distinguish where sagebrush
shrublands are suitably open without the use of ground
survey or aerial photo interpretation. USFS lands
account for 10 to 15 percent of both potentially suitable
and optimal habitat shown in Figure 7.

o Reported loations of Astragalus anlsus Highways
—  Majar roads
Bl cptimal slope and asped for A, anisus Guniison Blver
[ sagebrush shrublands under 9430 1L, elevation B Slue Mess Reservolr
| USFSjands [ 1 County boundary
A
Iiles
5 25 W 5 10 15 20

Figure 7. Potential suitable habitat for Astragalus anisus.
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Reproductive biology and autecology

Using the C-S-R (Competitive/Stress-Tolerant/
Ruderal) model of Grime (2001), the reduced stature,
unpalatability, and potentially long lifespan of
Astragalus anisus tend to indicate that it is a stress-
tolerator. Stress for perennials in this low-rainfall
habitat stems from nutrient limitation rather than
competition (Grime 2001).

Although not otherwise a typical ruderal species,
there is also some evidence that Astragalus anisus is
tolerant of disturbance. Field observers have reported
plants growing in road margins or in the center of
two-tracks (Cudlip personal communication 2003,
Wasson personal communication 2003). One reported
population occurred on uranium tailings (record 43 in
Table 1), and another occurred along a campground
road at the USFS One-Mile Campground on the Taylor
River (record 1 in Table 1).

As a perennial species that probably devotes one
or more years to vegetative growth before reproducing,
Astragalus anisus can be regarded more or less as a
k-selected species (using the classification scheme of
MacArthur and Wilson 1967), albeit more towards
the r-selected end of the spectrum than many species.
Although individuals can flower profusely under some
environmental conditions, normal relative proportions
of reproductive to total biomass are probably not large.

Reproduction

Astragalus anisus reproduces only by seed,
not vegetatively or clonally. As with all Astragalus
species, flowers of 4. anisus contain both male and
female reproductive organs. The mating system and
the degree of self-compatibility for A. anisus have not
been investigated. Geographically restricted species
are predicted to be more self-compatible than widely
distributed species (Stebbins 1957). This prediction
was partly supported by the work of Karron (1989),
who reported that two restricted Astragalus species
(4. linifolius and A. osterhouti) and one widespread
Astragalus species (A. lonchocarpus) were self-
compatible and capable of setting as many fruits by
selfing as by outcrossing. Flower manipulation was
important in percent fruit set; unmanipulated flowers set
fruit at much lower levels. One widespread species was
not self-compatible. The restricted species experienced
lower overall levels of embryo abortion in self-
pollinated ovules compared to the widespread species.

In both restricted and widespread species (one each),
selfed seeds were more likely to germinate, although
the selfed seedlings of the restricted species showed
evidence of inbreeding depression.

Although none of the above-mentioned species is
closely related to Astragalus anisus, it may show the
same pattern of self-compatibility and its effects as the
two restricted species. Future research could investigate
the possibility of selfing in 4. anisus and whether this
produces high levels of inbreeding depression.

Pollinators and pollination ecology

Asdoallmembers ofthe subfamily Papilionoideae,
Astragalus anisus possesses papilionaceous flowers.
The papilionaceous flower is the characteristic “pea”
flower with a zygomorphic corolla consisting of large
posterior and upright standard (banner), a lateral pair of
long-clawed wings, and an innermost boat-shaped keel
(see figure in Definitions section). Flowers of this type
typically share the pollination syndrome of melittophily,
or bee pollination (Faegri and van der Pijl 1979).

The “trip mechanism” of papillonaceous
flowers means that large bees of the family Apidae
and Anthophoridae (Green and Bohart 1975) and
Megachilidae (Rittenhouse and Rosentreter 1994) are
likely to be the primary pollinators. A bee typically
alights on the landing platform provided by the wings
and pushes its head between the banner and keel
petals. The weight of the bee depresses the wings and
keel, exposing the stamens and depositing pollen on
the underside of the bee’s head, thorax, and abdomen
(Green and Bohart 1975).

Pollinators of Astragalus anisus have not been
identified. Potential pollinators reported (Green and
Bohart 1975, Sugden 1985, Karron 1987, Geer et al.
1995) for some Astragalus species of the western
United States include native bumblebees (Bombus spp.),
native digger bees (4nthophora spp.), native mason
bees (Osmia spp.), and the introduced honeybee (4pis
mellifera). Geer et al. (1995) reported over 27 species
of bees visiting flowers of A. montii, A. kentrophyta,
and A. miser. Osmia species were the most frequent
visitors to all three species. Green and Bohart (1975)
concluded that pollen quantity and distribution on floral
visitors belonging to Diptera and Coleoptera indicated
that they were not likely to be successful pollinators of
Astragalus species.
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Phenology

Plants typically begin flowering in May
and continue into the first half of June. Fruits are
generally mature by the end of July (Wasson personal
communication 2003) and are shed from the plant.
Some seeds germinate without scarification (Austin
personal communication 2003), which suggests that it
is possible for seeds to germinate the same year they
are produced. Wasson observed small plants in early
October that may have been seedlings that germinated
in the late summer/early fall. Other field observers
have not noticed possible late-germinating seedlings
(Capodice personal communication 2003, Johnston
personal communication 2003). It is not known if such
seedlings overwinter successfully. Plants may also
germinate in the spring.

There is no information about germination site
requirements for Astragalus anisus. Johnston (personal
communication 2003) described angular rock fragments
common in the soils of the area. These may provide
microsites for seed establishment in soils that are
otherwise of an almost concrete-like consistency.

Fertility and propagule viability

Individuals observed by Wasson began flowering
in early May and continued flowering through the first
half of June. Fruits began filling in June and were
mature by the end of July. Large flowering individuals
of Astragalus anisus produced a dozen or more
inflorescences, but for all flowering plants, the average
was between four and five.

Each inflorescence produces 3 to 7 flowers
(Barneby 1964), and of these, fewer than 15 percent
will produce fruits. Wasson (1998) observed that 2 to
10 fruits per plant are common. The average number
of viable seeds per fruit is not known. In Astragalus
australis var. olympicus, Kaye (1999) found that 70
to 90 percent of ovules were unfertilized, aborted,
or damaged by insects. Successful fruit and seed
production in A. anisus are likely to be influenced by
pollen availability, resource limitation, and predispersal
insect herbivory, but the relative importance and spatial
variability of these factors are unknown.

Austin (personal communication 2003) reported
germination success of about 16 percent in a small
sample of seeds sprouted on damp paper towels. There
are no data available for germination percentages under
natural conditions.

Dispersal mechanisms

The probability of dispersal of seeds and other
propagules decreases rapidly as distance from the
source increases (Barbour et al. 1987). The majority
of seeds will remain close to the parent plant; very few
long-distance dispersals occur. Dispersal of split fruits
that still retain seeds may offer the best opportunity for
increasing dispersal distance in Astragalus anisus.

Pods typically separate into two halves upon
dehiscence, but seeds may remain in the half-legume
for some time and may be dispersed some distance from
the parent plant before escaping from the pod chamber.
During this stage, it is possible that pods are dispersed by
water, wind, gravity, or animal action. Soil permeability
is low for much Astragalus anisus habitat (Johnston
et al. 2001), increasing the potential for run-off and
subsequent dispersal by pods or seeds being washed
along the surface. Rittenhouse and Rosentreter (1994)
observed pods of A. amblytropis rolling downslope
under very light wind conditions, and rolling upslope
under very windy conditions. Individual seeds are fairly
small (2 to 2.4 mm long), and they are likely to quickly
lodge in soil microsites once they leave the pod.

Seed predation has been reported for a variety
of Astragalus species (Friedlander 1980, Clement and
Miller 1982, Nelson and Johnson 1983, Rittenhouse
and Rosentreter 1994, Lesica 1995). Wasson and others
have observed insect damage on fruits of A. anisus,
but the source of damage has not been identified. Pods
were observed with neat round holes in the middle of
one or both lobes. These were interpreted as exit holes
of seed-eating larvae (Wasson personal communication
2003). Seed predation is very common; field observers
report that most fruits show some evidence of predation
(Austin personal communication 2003, Wasson personal
communication 2003). Predation may vary between
years; Wasson observed more predated seed pods in
1997 than in 1998. The bilocular pod ensures that seed
predators in one half do not necessarily destroy ovules
in the entire pod.

Seed predation is a potential source of high
mortality in the life cycle of Astragalus anisus. Lesica
(1995) found that seed predation from weevils varied
between years and locations for A. scaphoides, although
it was consistently present. Insect seed predation
accounted for losses of 0 to 33 percent, with a mean
of 18 percent. When combined with herbivory on
inflorescences, loss of fecundity ranged from 19 to 90
percent. Nelson and Johnson (1983) found that although
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larger seeds were more likely to be preyed upon by
bruchid seed beetles in three Astragalus species, smaller
seeds did not germinate well. This stabilizing selection
for intermediate size seeds is likely to occur in many
Astragalus species where seed predators are present.

Cryptic phases

Seed bank dynamics and seed longevity have not
been investigated for Astragalus anisus. Bowles et al.
(1993) successfully germinated seeds from herbarium
specimens of two rare Astragalus species (4. neglectus
and A. tennesseensis) that were at least four years old.
Successful germination of A. neglectus seeds included
some specimens that were 97 years old. Although these
seeds had been stored under herbarium conditions, the
results indicate the possibility that 4. anisus seeds under
natural conditions may remain viable for many years.

The numbers of Astragalus anisus seeds in
seed banks have not been investigated. Some other
Astragalus species appear to maintain variable but
potentially large seed banks. Ralphs and Cronin (1987)
reported a mean density of 394 seeds/m” of soil for A.
lentiginosus var. salinas (salt milkvetch) in Utah. They
found that seed density was not necessarily correlated
with foliar cover of the species. Ralphs and Bagley
(1988) reported widely variable seed density for A.
lentiginosus var. wahweepensis in Utah, ranging from
20 to 4346 seeds/m’, and they hypothesized that the seed
bank was sufficient to allow “population outbreaks”
(un-quantified) in years with favorable environmental
conditions. Morris et al. (2002) reported densities from
24 to 753 seeds/m’ for A. bibullatus in the Central Basin
of Tennessee.

Another possible cryptic phase is a dormant
stage in which an individual plant does not produce
aboveground vegetation for one or more years and then
“reappears” at a later time. Lesica (1995) reported this
type of dormant phase in Astragalus scaphoides, and
the possibility should be investigated for 4. anisus.

Phenotypic plasticity

Field observers indicate that Astragalus anisus
does not exhibit much phenotypic plasticity or variation
overits restricted range (Cudlip personal communication
2003, Wasson personal communication 2003). Wasson
(1998) reported no significant difference in mean
plant size among three populations. One exception to
the general lack of phenotypic differentiation among
populations is the “musaform”, or banana-shaped, pods

reported on some individuals of some subpopulations by
Johnston (personal communication 2003). He estimates
that perhaps 1 percent of the total population exhibits
this variation. It is not known what effect this variation
has on individual fitness, if any.

Mycorrhizal relationships

Endomycorrhizal fungi of the type -called
vesicular-arbuscular mycorrhizae (VAM) occur in about
80 percent of all vascular plants (Raven et al. 1996).
VAM fungi belong to a group of non-descript soil fungi
(Glomales) that are difficult to identify because they
seldom sporulate (Fernando and Currah 1996). They are
the most abundant type of soil fungi (Harley 1991) and
infect up to 90 percent of all angiosperms (Law 1985).
VAM fungi are generally thought to have low host
specificity, but there is increasing evidence for some
degree of specificity between some taxa (Rosendahl et
al. 1992, Sanders et al. 1996). While this group has not
previously been thought of as particularly diverse, recent
studies suggest that there is unexpectedly high diversity
at the genetic level (Sanders et al. 1996, Varma 1999)
and at the single plant root level (Vandenkoornhuyse
et al. 2002). As root endophytes, the hyphae of these
fungi enter the cells of the plant roots where water and
nutrients are exchanged in specialized structures.

Roots of Astragalus anisus have not been assayed
for the presence of vesicular-arbuscular mycorrhizal
symbionts. Both presence (Barroetavena et al. 1998,
Zhao et al. 1997) and absence (Treu et al. 1995) of
VAM have been reported in the genus Astragalus. In the
endangered 4. applegatei, Barroetavena et al. (1998)
reported that colonization by VAM fungi from native
soil was crucial to the survival of plants grown in a
greenhouse.

Members of the pea family are well-known for
forming symbiotic relationships with Rhizobium bacteria
that invade the cortical root swellings or nodules of root
hairs. Through this mutually beneficial association, free
air nitrogen is converted to fixed nitrogen that can be
used by the plant. The ability to form nodules appears
to be reasonably consistent within phylogenetic groups
of Fabaceae. Astragalus species with nodules occur in
almost all habitats, and nodules have been reported for
at least 80 species (Allen and Allen 1981). Astragalus
anisus has not been investigated for nodulization.
However, nodules have been reported for several other
species in the subgroup Argophylii (4. crassicarpus, A.
missouriensis, A. mollissimus, and A. purshii), so it is
possible that A. anisus also possesses this ability.
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Hybridization

There is no evidence of hybridization in
Astragalus anisus. Although other genera in the
Fabaceae (e.g., Oxytropis and Lathyrus) have been
reported to exhibit hybridization, the phenomenon is
not prevalent in Astragalus. Karron (1987) and Geer
et al. (1995) report that sympatric Astragalus species
can share pollinators. In these instances a mechanism to
facilitate hybridization is available, but it is not known
if it is actually occurring. Because pollination dynamics
and potential barriers to hybridization in 4. anisus have
not been investigated, the possibility remains open.

Demography

As an herbaceous perennial that is not monocarpic,
Astragalus anisus exhibits overlapping generations.
This characteristic is potentially important in the action
of natural selection in that individuals of different ages
will be exposed to slightly different selective processes
(Harper 1977). Such selection can lead to temporal
variation in population genetic structure, allowing
seed banks to serve as reservoirs of genetic variation
(Templeton and Levin 1979). Morris et al. (2002) found
higher levels of genetic variation in the seed bank than
in vegetative populations of the cedar glade endemic
A. bibullatus. They suggest that the ability of the seed
bank to preserve genetic diversity may depend on seed
dormancy characters and on the relative size of the
seed bank compared to the vegetative population. The
investigation of these two factors could help clarify the
genetic diversity issues for 4. anisus.

Little is known about the population genetics
of Astragalus anisus. It is not known whether the

species is capable of self-pollination. Some species of
Astragalus are self-compatible, while others are obligate
outcrossers (Karron et al. 1988). Preliminary efforts by
students at Western State College to measure the genetic
variability of 4. anisus were not entirely successful
(Bingham personal communication 2003), but they
may indicate that the species has more variability than
reported for other narrow endemics. Further efforts to
quantify genetic variability in 4. anisus would be of
interest due to the prediction of evolutionary theory
that species with small ranges and few individuals will
exhibit low levels of genetic polymorphism (Hartl and
Clark 1989).

Karron et al. (1988) studied the genetic structure
of four Astragalus species, two locally endemic and two
geographically widespread. In common with 4. anisus,
all species were herbaceous perennials growing in
sparsely vegetated, arid habitats. Although the restricted
species had lower levels of enzyme polymorphism than
one of the widespread species, they were by no means
genetically depauperate. Preliminary work by Moran
and Bingham (2001) indicates that this may also be true
for A. anisus.

The demographic information for Astragalus
anisus presented below is primarily taken from work
done by April Wasson (1998) while a student at Western
State College. Wasson collected data on the size-class
distribution and reproductive output of plants from
three populations during the summer of 1998. She
recorded plant diameter, flower stalk number, number
of flowers per stalk, and fruit production for a total of 54
plants. The size of 4. anisus individuals ranged from 1
to 12 cm diameter; distribution is shown in Figure 8.
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Figure 8. Size distribution of Astragalus anisus.

Data on flower production indicate that plants
normally must reach a certain size before they
commence flowering. Most plants that produced flowers
were at least 5 cm in diameter. Among flowering plants,
there were positive correlations between plant size
and flower production and between flower production
and fruit production, but size clearly does not explain
all of the variation in flower and fruit production. A
correlation between fruit production and plant size is
less clear. Although there is certainly some degree of
correlation between fruit production and reproductive
success, the utility of this character as a measure of
fitness is not very well quantified.

Lesica (1995) conducted an eight-year
demographic study of Astragalus scaphoides, a
long-lived perennial endemic to east-central Idaho
and adjacent Montana. It occurs in sagebrush steppe
(Artemisia tridentata/Pseudoroegneria spicata). In A.
scaphoides, some plants would become dormant for
one to several years, producing little or no aboveground
vegetation. Dormant plants constituted about 10 percent
of the population, and plants could remain dormant
up to five years before reappearing. The possibility

of a similar dormancy stage in 4. anisus should be
investigated.

The lifespan of an Astragalus anisus individual
is not known, although plants may be capable of living
20 years or more (Johnston personal communication
2003). In Lesica’s study of A. scaphoides, 40 to 50
percent of individuals observed during the first year of
the study were still alive eight years later. Longevity in
A. anisus could be investigated by looking for growth
rings in the root crown.

Figure 9 shows a hypothetical life cycle diagram.
Because there are no multi-year studies of Astragalus
anisus, transition probabilities are left unquantified.
Under the basic scenario shown, flowering plants
produce seeds in mid- to late-summer. These seeds
overwinter and germinate in the spring or remain
dormant. Seedlings may flower in their first year, or they
may require one to several years to reach reproductive
size/age. Reproductive adults flower every year as
conditions permit. The model assumes a transition
interval of # = one year, and plants do not move between
stages in intervals less than .
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Until better demographic data are available for
Astragalus anisus, it is impossible to conduct any kind
of elasticity analysis to determine which demographic
transitions make the greatest contribution to population
growth. An elasticity analysis of the extremely
restricted Grand Canyon endemic A. cremnophylax
var. cremnophylax (Maschinski et al. 1997) indicated
that reproductive plants remaining within the same
reproductive-size stage had the greatest influence
on population growth. The size class making the
largest contribution changed when the population was
protected from trampling. Lesica (1995) found that
although relative contributions of stages varied between
years and sites, growth and survival of non-reproductive
individuals of A. scaphoides were consistently
important. Similar trends are possible for 4. anisus.

There are no Population Viability Analysis (PVA)
models available for Astragalus anisus. Morris et al.
(1999) discuss general classes of data sets and methods
suitable for PVA including:

1) Count-based extinction analysis: requires
counts of individuals in a single population
from censuses performed a minimum of 10
years (preferably more).

2) Multi-site extinction analysis: requires
counts from multiple populations, including
a multi-year census from at least one of those
populations.

3) Projection matrix modeling: requires detailed

demographic information on individuals
collected over three or more years (typically
at only one or two sites).

There is clearly a trade-off in the years required
versus intensity of data collection. Currently there are
no data sets available that could be used for PVA of
Astragalus anisus. Although population levels appear
to be stable and the species is not in obvious danger
of extinction, the identification of a minimum viable
population could assist in the formation of quantitative
management objectives (Brackley 1989).

Community ecology
Herbivores
Astragalus species are often poisonous to

livestock. This is due primarily to the sequestration
of selenium in plant tissues or to the production of

nitro-toxins such as miserotoxin, cibarian, karakin, and
hiptagin. Astragalus anisus is not a selenium-absorbing
species. Williams and Barneby (1977) analyzed
leaflets of 505 Astragalus species for the presence of
nitro-toxins. These compounds are catabolized in the
digestive tracts of ruminants and disrupt the central
nervous system. Astragalus species that contain nitro-
toxins kill or permanently cripple thousands of sheep
and cattle every year. Williams and Barneby (1977)
found varying levels of nitro-toxin in about 52 percent
of the species they examined. The presence and levels
of nitro-toxins were fairly consistent among species
belonging to the same taxonomic group. Although 4.
anisus was not among the species tested, results from
other species in the Argophylii subgroup indicate that 4.
anisus probably contains low amounts of nitro-toxin.

Some species of Astragalus appear to be resistant
to herbivory (Rittenhouse and Rosentreter 1994).
Other species are subject to a variety of impacts from
invertebrate herbivores. Anderson (2001) reported
severe defoliation of A. schmolliae by larvae of the
clouded sulfur butterfly. Aphids also appeared to have an
impact on reproductive output (Anderson 2001). Lesica
(1995) reported increased predation on inflorescences
of A. scaphoides when livestock were present. Field
observers report little sign of use by vertebrate
herbivores on 4. anisus. Invertebrate herbivory appears
to be primarily confined to fruits.

Competitors

The tendency of Astragalus anisus to prefer areas
with a large percentage of bare ground indicates that
it is not a strong competitor. Since plants often grow
in loose clumps, intraspecific competition may be
more important than interspecific competition. Plants
appear to be intolerant of shading by sagebrush shrubs.
Associated species are few and tend to be found in areas
where moisture is less available (Johnston et al. 2001).
The possibility that Bromus tectorum (cheatgrass) will
become a serious competitor of 4. anisus in the future
is unknown.

Parasites and disease

The presence of invertebrate larvae as seed
parasites is suggested by the reports of “exit holes” in
seed pods. Individual seeds have not been examined
for such damage. There are no reports of disease in
Astragalus anisus. Field observers have not reported
any obvious damage to foliage.
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Symbioses

With the possible exception of the mycorrhizal
relationships described above, there have been no
reports of symbiotic or mutualistic interactions between
Astragalus anisus and other species. Barneby (1964)
notes that some xerophytic Astragalus species of the
Intermountain West often grow in close association
with sagebrush species (Artemisia arbuscula or A.
tridentata), which provide shelter for seedlings and
protect the foliage from grazing animals. This interaction
has frequently been referred to in the literature as the
“nurse plant syndrome,” and it has been well studied
in the saguaro cactus (Cereus gigantea) (Niering et al.
1963). However, this type of association has not been
observed for A. anisus and appears unlikely since plants
apparently do not tolerate shading.

A generalized envirogram for Astragalus
anisus is shown in Figure 10. An envirogram is a
graphical representation of pathways of influence
between components in the direct environment of an
organism and factors that indirectly affect or modify
the direct environment (Andrewartha and Birch 1984).
Objects in the direct environment, or centrum, are
traditionally grouped under the headings of resources,
mates/reproduction, predators, and malentities. In the
absence of more detailed information on the biology
and community ecology of A. anisus, the primary
utility of this diagram is to remind land managers of the
potential impacts of their actions in various aspects of
the species environment and to suggest potential topics
for research.
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CONSERVATION

Threats

Although Astragalus anisus is locally common
and appears to have a stable population, its entire global
range is contained within the upper Gunnison Basin.
Such a restricted range could compound any effects
of threats to the population, and based on the available
information, there are several tangible threats to A.
anisus. In order of decreasing priority, these threats
are road building, off-road vehicle use, non-motorized
recreation, non-native species invasion, grazing,
residential development, fire suppression, resource
extraction, and global climate change. Many of these
threats are pertinent to at least some populations on
the Gunnison National Forest. A lack of systematic
tracking of population trends and conditions and lack
of knowledge about its basic life cycle also contribute
to the possibility that one or more of these factors will
threaten the long-term persistence of the species.

Road construction and maintenance have
probably destroyed both individual plants and suitable
habitat. This is especially true for the population on
USFS land at One-Mile Campground, which occurs
on disturbed gravel road shoulders. Because paving or
grading operations could easily destroy the two plants
observed here, this population is considered to have
poor viability (Colorado Natural Heritage Program
2003). Furthermore, a proliferation of roads and trails
often degrades habitat connectivity, with a potential
for detrimental effects on pollinators. While some
individual plants have been able to take advantage
of the increased moisture usually available at road
edges (Cudlip personal communication 2003, road
construction likely weighs more heavily on the negative
side for the species as a whole.

Off-road vehicle wuse and non-motorized
recreation, especially when they result in the creation
of social trails, could negatively affect populations of
Astragalus anisus. Current travel restrictions on the
Gunnison National Forest restrict motorized travel to
designated routes only. Enforcement of this policy
would protect A. anisus populations from potential
impacts. Interpretation of the threat posed by roads
is complicated by the fact that most documented
occurrences are near roads. The single occurrence
in the West Elk Wilderness Area is also the only
USFS occurrence that is farther than one mile from a
road. Populations that are not near roads may remain
undocumented, but condition of and threats to those
populations will also remain unknown.

Road proliferation greatly increases the ability of
invasive species to move into new areas. Competition
from invasive species, especially Bromus tectorum,
has the potential to affect population levels as well
as to alter habitats enough to affect the persistence of
Astragalus anisus. Please see the discussion below for
additional information on the possible impacts of B.
tectorum on A. anisus.

Livestock grazing is unlikely to threaten
populations or the species as a whole, as Astragalus
anisus is not generally palatable to cattle or horses.
Individuals are somewhat resistant to trampling.
However, trampling by large concentrations of
livestock could be detrimental to pollinators, as well
as some individual plants. While grazing in many areas
was much heavier in the early and mid 20th century
than it is today, the legacy of this overgrazing persists
in many areas. Grazing reduces the cover of perennial
bunchgrasses and forbs in sagebrush shrublands and
steppes, opening them for invasion by Bromus tectorum
and other exotic species. Erosion increases when the
native understory species are gone (West and Young
2000). Much of the public land in the Gunnison Basin
has active grazing allotments, and 4. anisus is exposed
to grazing on both USFS and BLM lands. Astragalus
anisus has been documented on the Taylor Park (record 1
in Table 1), Slate River (records 79 through 83 in Table
1) Needle (record 32 in Table 1), Rainbow (record 78 in
Table 1), and Soap Creek (records 67 and 68 in Table
1) allotments on the Gunnison National Forest. At the
time of this writing, these allotments were all active and
were grazed by cow-calf pairs for various amounts of
time (Austin personal communication 2004).

The bulk of the species’ habitat falls on public
lands, which makes the possibility of direct impacts
from residential development on much of its range
relatively small. When development does take place,
it can increase habitat fragmentation and edge effects.
Edges are the outer boundaries of ecosystems that
abruptly grade into other types of habitat (Forman and
Godron 1986). Such boundaries are often created by
naturally occurring processes such as floods, fires, and
wind, but they can also be created by human activities
such as roads, timber harvesting, agricultural practices,
and livestock grazing. Human-induced edges are
often dominated by plant species that are adapted to
disturbance. As the landscape is increasingly fragmented
by large-scale, rapid anthropogenic conversion, these
edges become increasingly abundant. The overall
reduction of large landscapes jeopardizes the existence
of specialist species, may increase non-native species,
and limits the mobility of species that require large
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landscapes or a diversity of landscapes for their survival
(Rocchio et al. 2003). The proliferation of subdivisions
and ranchettes in the Gunnison Basin could lead to
increasing habitat fragmentation, pollinator decline,
and disruption of subpopulation interconnectivity.
For populations on USFS lands, this is most likely to
occur in the Ohio Creek and lower East River areas
where USFS lands with potential habitat for Astragalus
anisus abut privately owned areas. This includes the
occurrences on the Slate River allotment (records
79 through 83 in Table 1), as well as other potential
undocumented populations in the areca. However, at this
time this factor does not constitute an immediate threat
to the persistence of 4. anisus.

Astragalus anisus presumably evolved under
natural cycles of fire and regrowth, and these dynamics
are likely to be important in the persistence of suitable
habitat. Fire suppression, if it leads to an increase in
sagebrush density, will have the effect of gradually
eliminating suitable habitat for 4. anisus.

Resource extractionisnot likely to directly threaten
the persistence of the species, as its preferred habitat is
unlikely to yield worthwhile timber. Gravel mining
or other large-scale earthmoving (e.g. mine tailings
removal, landfills) could destroy some populations and
habitat, but it is unlikely to affect the entire population.
However, road proliferation associated with extractive
activities in neighboring areas could impact portions of
Astragalus anisus habitat.

The long-term survival of the species could be
affected by habitat expansion or contraction induced
by global climate change. Global climate change is
likely to have wide-ranging effects in the near future.
Projections based on current atmospheric CO, trends
suggest that average temperatures will increase while
precipitation will decrease in Colorado (Manabe and
Wetherald 1986). This will have significant effects
on nutrient cycling, vapor pressure gradients, and a
suite of other environmental variables. A temperature
increase could cause vegetation zones to climb 350
feet in elevation for every degree F of warming (U.S.
Environmental Protection Agency 1997). Because the
habitat for Astragalus anisus is already xeric, lower soil
moistures in the growing season induced by decreased
precipitation could have serious impacts. Astragalus
anisus currently occupies habitat confined to the lower
parts of the Gunnison Basin. If Wyoming sagebrush
shrublands were able to extend to higher elevations
under warming conditions, available habitat could
expand. Conversely, if conditions led to a contraction of
this lower elevation habitat, 4. anisus might be unable

to escape the “bottom of the bowl” as its habitat is
eliminated.

It is unlikely that any single threat is sufficient to
eliminate the species completely from its entire range.
However, for species with small global ranges, there is
less margin for error in protection. USFS lands on the
Gunnison National Forest support 10 to 15 percent of
known occurrences of Astragalus anisus, and similar
proportions of potentially suitable and optimal habitat.
As with other federal lands, however, the forest has
not been completely surveyed for occurrences. For
any undocumented occurrences on USFS or other
federal lands, it is difficult to assess the extent of
impacts from the above threats. In the absence of a
coordinated inter-agency effort to monitor and maintain
populations wherever they are found, our ignorance
could lead to a gradual erosion of habitat availability
and to an increase in impacts from development and
other forms of disturbance. Increased disturbance from
human activity in the Gunnison Basin is likely to have
a slow but steady effect on habitats, populations, and
individuals of 4. anisus, as well as its pollinators. These
effects cannot be mitigated by USFS management
practices alone. Without systematic monitoring of the
species throughout its limited range, including USFS
lands, population levels could be severely reduced
before anyone realizes the extent of the losses. Ongoing
inter-agency communication regarding knowledge
of occurrences, monitoring efforts, and awareness of
management practices that could impact A. anisus and
its habitat would greatly enhance protection for this
species.

Influence of management activities or natural
disturbances on habitat quality

There have been no studies of the effects of
management activities or natural disturbances on
Astragalus anisus itself. However, some inferences can
be drawn from our knowledge of its preferred niche
within the sagebrush shrublands habitat. Astragalus
anisus 1is clearly intolerant of heavy sagebrush
cover, and it relies to some extent on the earlier
seral stages of sage development. Whether natural or
anthropogenic, low to moderate levels of disturbance
that maintain a mosaic of sparse shrub cover within
the potentially dense shrubland will probably act to
maintain shifting subpopulations at a reasonable level.
Management practices that increase canopy cover (e.g.
fire suppression) will tend to decrease habitat for A.
anisus. Moreover, activities or disturbances that result
in habitat fragmentation (e.g., road creation) are likely
to isolate subpopulations, have a negative impact on

37



local pollinators, and increase the potential for local
extinction. Public lands of the Gunnison Basin, including
USFS lands, are widely used for recreation and hunting.
Impacts to A. anisus habitat from these activities are
generally minimal, especially under current USFS and
BLM travel guidelines restricting all-terrain vehicle and
motorcycle use to designated routes.

Although Astragalus anisus does not occur in
habitat suitable for timber harvesting, logging access
roads through some habitat are a potential threat. In
particular, timber sales have the potential to increase
threats from access roads. However, at the time of
this writing, there were no proposed actions on the
Gunnison National Forest that would affect known
A. anisus populations (USDA Forest Service 2004).
Throughout the Gunnison Basin, road proliferation also
increases the threat of impacts from invasive species.
Although the effect of fire suppression has not been
quantified for A. anisus, any tendency of sagebrush
cover to increase under such a management regime
would tend to eliminate habitat for 4. anisus.

Influence of management activities or natural
disturbances on individuals

In general, management activities or natural
disturbances that affect habitats are likely to have similar
or parallel effects on individuals or subpopulations.
Current management of motorized and non-motorized
recreation in the Gunnison Basin is likely to help
prevent destruction of individuals and habitat. In
particular, the regulations restricting motorized travel
on federal lands to established routes and the efforts to
direct and confine mountain-biking use to established
trails will help to mitigate the effects of these activities.
However, with the exception of one location in the
West Elk Wilderness Area, the other eight documented
occurrences on USFS land are either near roads or in
Inventoried Roadless Areas of Category 1C, where
road construction and reconstruction is not prohibited
(USDA Forest Service 2000).

Maschinski et al. (1997) found that although
population levels of Astragalus cremnophylax var.
cremnophylax at Grand Canyon National Park
fluctuated after protection from trampling, modeling
suggested that the post-protection population would
stabilize, in contrast to the declining unprotected
population. Although plants were able to tolerate some
trampling, the trampling also increased the individual
plant’s vulnerability to poor climatic conditions.
Seedlings were able to reach the reproductive stage
more quickly after protection from trampling. Sugden

(1985) found that sheep grazing endangered ground
nesting bees that were responsible for pollinating 4.
monoensis in California. These results tend to suggest
that populations of Astragalus species are more stable
under conditions where disturbance is limited and of a
type and intensity under which the species has evolved.

Interaction of the species with exotic species

As of this writing, Astragalus anisus habitat
was largely free of invasive non-native plant species.
However, Johnston et al. (2001) documented some 28
species of non-native plants of concern in the Gunnison
Basin. Most of these are not likely to have a severe
impact on the overall population of A. anisus. As
with many Astragalus species, A. anisus is somewhat
of a specialist in barren, semi-desert habitats. Many
invasives that are a problem in the Gunnison Basin, such
as Cirsium arvense (Canada thistle), Leucanthemum
vulgare (oxeye daisy), and Linaria vulgaris (butter-and-
eggs), favor more mesic habitats and do not pose an
extensive threat to 4. anisus.

Although Bromus tectorum 1is mnot currently
widespread in the upper Gunnison Basin, the possibility
of its increase does pose a threat. Bromus tectorum is
common to the east in the Front Range foothills and
to the west in the Grand Junction and Montrose areas.
In western Colorado B. fectorum is dominating some
rangelands and has replaced native grasses and shrubs
within the last 50 years. Fifteen years ago B. tectorum
was rare on BLM land in the upper Gunnison River
Basin, but in the year 2000 it was common along many
roads at elevations below 9,000 feet (Hayes and Scott
2001). USFS lands in the area are generally at higher
elevations and are less likely to exhibit extensive
invasion by B. tectorum.

Extensive invasion by Bromus tectorum can alter
the natural fire dynamics of the sagebrush shrublands.
A natural fire regime in such habitats is a cycle of 25 to
75 years, but areas dominated by B. fectorum can burn
every 3 to 5 years (Hayes and Scott 2001). Although
frequent fires would reduce the sagebrush canopy cover,
they would probably also drastically reduce Astragalus
anisus populations if fire cycles are shorter than the
expected lifespan of an individual.

Bromus tectorum can establish quickly where
the soil surface has been disturbed, and it often first
appears along roadsides. Hayes and Scott (2001)
reported that Highway 50 in the Gunnison Basin has
B. tectorum over much of its length and that there
are patches along Highway 149 from Highway 50 to
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Lake City. Bromus tectorum is more abundant in the
western half of the basin. Areas that currently have
significant infestations away from roads are Elk Creek
and Red Creek campgrounds within Curecanti National
Recreation Area, on areas of the Sapinero Mesa that are
associated with domestic sheep bedding grounds and
a wildfire, and in the Big Gulch area west of Quartz
Creek. Astragalus anisus occurrences are known near
all these areas.

Threats from over-utilization

There are no known commercial uses for
Astragalus anisus. In fact, although Astragalus is a
very large genus, comparatively few species are of
agricultural significance (Allen and Allen 1981). The
prevalence of toxicity in the Astragali greatly reduces
their utility as forage. A variety of Astragalus species
have served as a source of gum tragacanth, an insoluble
carbohydrate gum that has been used for a variety
of manufacturing and pharmaceutical purposes for
hundreds of years (Allen and Allen 1981). At least one
species of Astragalus (A. membranaceous (Huang-qi))
is widely used in Chinese medicine, where it is often
listed merely as “Astragalus”. It is generally described
as an immune system booster and is recommended for
a variety of uses. There is no indication that 4. anisus
is likely to become a target of either of these types of
commercial use.

Selenium-absorbing species of Astragalus have
been used in the detection and mapping of seleniferous
and uranium-bearing areas, and they are a major source
of livestock poisoning. Astragalus anisus is not a
selenium-absorbing species, but its unpalatibility due to
other toxins has not been investigated.

Astragalus anisus is regularly collected in
botanical surveys and has been the subject of some
scientific investigations by students of Dr. Robin
Bingham at Western State College in Gunnison.
Available evidence indicates that population levels are
sufficient to support collection and research at similar
levels in the future.

Conservation Status of the Species in
Region 2

Is distribution or abundance declining in all or
part of its range in Region 2?

The numbers of plants in individual populations
of Astragalus anisus have been observed to fluctuate
dramatically between years (Wasson personal
communication 2003), but there are no data that
would allow distribution and abundance trends to be
quantified. No fluctuations have been documented for
populations on USFS lands. In the absence of evidence
to the contrary, the population is believed to be stable
(Johnston personal communication 2003).

Do habitats vary in their capacity to support
this species?

Habitats do appear to vary in their capacity
to support the species. Astragalus anisus is found
throughout the dry sagebrush shrublands of the lower
elevations in the Gunnison Basin. However, this type of
habitat is spatially variable throughout the basin. From
occurrence records, it is clear that 4. anisus finds some
sagebrush habitat more suitable than others. Astragalus
anisus tends to occur within the sagebrush shrubland
mosaic primarily in areas where bare ground is abundant
and aspects are westerly. Such areas are often found
on the windward side of north-south trending ridges
(Johnston et al. 2001). Moreover, the highly variable
population sizes reported suggest that there are as yet
unidentified microsite factors that affect local habitat
quality. USFS lands appear to support proportionally
the same amount of potential habitat as do lands under
other ownership in Region 2.

Vulnerability due to life history and ecology

Astragalus anisus is vulnerable to impacts that
degrade its sagebrush shrubland habitat. Ecological
perturbations that result in greater stand closure might
impact A. anisus. Current information about the life
history and ecology of 4. amisus is insufficient to
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determine whether it is especially vulnerable to other
habitat or environmental changes. Astragalus anisus
does not appear to be a narrow habitat specialist, and
there are no readily identifiable threats from current
management practices to its persistence. Habitat quality
for pollinators of 4. anisus is a critical but unknown
factor that may contribute to the vulnerability of the
species.

Evidence of populations in Region 2 at risk

Colorado Natural Heritage Program records
indicate that the primary threat to Astragalus anisus
reported by field observers is roads. A population on
USFS land at Soap Creek was probably destroyed by a
new road and erosion from the road (Colorado Natural
Heritage Program 2003). Other occurrences that were
thought to be at risk from the proximity of roads were
on BLM land near Parlin and Barret Creek, and on
USFS land at One-Mile Campground (Colorado Natural
Heritage Program 2003).

Approximately 75 percent of the acreage that
encompasses the currently known distribution of
Astragalus anisus is public land (Figure 1). This
ownership pattern helps to ensure that habitat loss
to residential development is not a primary threat.
However, land management policies of federal and state
agencies (especially BLM) have the greatest potential
to influence the persistence of the species. At this time,
the management policies and activities of the USFS
and other federal agencies do not appear to be placing
A. anisus populations at risk. In order to continue
to minimize risk to the species, land managers must
continue to be aware that the upper Gunnison Basin is
the only place on earth where this species occurs, and
that if it is not maintained here, it will be lost.

Management of the Species in Region 2

Implications and Potential Conservation
Elements

Low elevation sagebrush shrublands of the
Gunnison Basin, dominated primarily by Artemisia
nova and A. tridentata ssp. wyomingensis, constitute
the optimal habitat for Astragalus anisus. Within
these types, 4. anisus prefers open, relatively flat areas
with a westerly exposure. In pre-settlement times, the
sagebrush shrublands and steppes of western North
America followed a cycle of succession driven by
wildfire, climate fluctuation, and outbreaks of Aroga
moth. The advent of widespread human activities,

livestock grazing, weed invasion, pesticide use,
and other range improvement practices have often
dramatically altered the community structure and
composition (West and Young 2000).

Desired environmental conditions for Astragalus
anisus include sufficiently large areas where the natural
ecosystem processes on which it depends can occur,
permitting 4. anisus to persist unimpeded by human
activities and their secondary effects, such as weeds.
This includes a satisfactory degree of ecological
connectivity between populations to provide corridors
and other nectar resources for pollinators. From a
functional standpoint, ecosystem processes on which A.
anisus depend appear to remain largely intact. Whether
this will remain true at the human population densities
projected for the area is uncertain. Further research
on the ecology and distribution of 4. anisus will help
to develop effective approaches to management and
conservation, and to potentially forestall any conflicts
that may arise from sage grouse management activities.

It is likely that a thoughtful assessment of current
management practices on lands occupied by Astragalus
anisus would identify some opportunities for change
that would be inexpensive and have minimal impacts
on the livelihood and routines of local residents,
ranchers, managers, stewards, and recreationalists
while conferring substantial benefits to 4. anisus. See
the Tools and practices section of this document for
potentially beneficial management actions relative to
A. anisus.

Tools and practices
Species inventory

Numerous reports of  Astragalus  anisus
occurrences, as well as some survey work (e.g.,
Henretty), have resulted in a reasonably good picture
of the range and relative abundance of the species.
However, the true range and population numbers remain
essentially unquantified. Thus, future species inventory
work should focus on obtaining better population size
data. Even rough population estimates, using size
categories such as 1 to 10, 10 to 100, 100 to 1000, etc.,
could greatly increase our knowledge of true population
numbers. Workers could concentrate on quickly
censusing known and new populations rather than on
producing highly accurate counts and maps. Based on
an analysis similar to that presented in Figure 7, further
inventory work could concentrate on establishing the
outer edges of the range this species and on identifying
environmental factors that may control its distribution
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(e.g., soil type, community condition). Although much
of the habitat to be searched is on federal land, access
through private land is often required, and this may
involve additional field preparation. Species inventories
are simple, inexpensive, and effective, and necessary
for developing a sufficient enough understanding of
the target species to create a monitoring program.
Contracting experts on this species to search for more
occurrences and to update historic records would
contribute greatly to our knowledge of 4. anisus.

Habitat inventory

The Colorado Natural Heritage Program routinely
uses aerial photography, topographic maps, soil
maps, and geology maps to refine search areas when
conducting inventories of large areas. This approach
has been highly effective in Colorado and elsewhere.
It is most effective for species about which we have a
basic knowledge of its substrate and habitat specificity,
so that we can deduce distribution patterns and potential
search areas. In particular, the combination of aerial
photography with the sort of modeling of suitable habitat
presented in Figure 7 could allow the identification of
sagebrush shrublands with canopy cover low enough to
favor Astragalus anisus population persistence.

In addition, although the influence of edaphic
factors on the distribution of Astragalus anisus has
not been formally investigated, most occurrences are
confined to the Parlin-Lucky-Hopkins Association
(shown as the Cheadle group in STATSGO; USDA Soil
Conservation Service 1994). This type covers most of
the Gunnison Basin and lower Cochetopa drainage, and
it is found in smaller patches in the East River drainage
above Crested Butte and in the Saguache Creek drainage
west of the town of Saguache (Figure 5). Astragalus
anisus has not been reported from these last two areas.
The East River area may be too high, and 4. anisus may
simply have been unable to disperse to the Saguache
Creek drainage through intervening unsuitable habitat.
However, a quick survey of the disjunct occurrences of
the Cheadle soil group could provide confirmation of
these areas as possible 4. anisus habitat.

Population monitoring

Population monitoring is among the highest
priorities for research on Astragalus anisus. A minimal
level of effort could provide an ongoing qualitative
awareness of population trends. Since population
numbers appear to be stable, presence/absence
monitoring could give early warning of declining
population trends. These data could be collected yearly

at established stations that are easily accessed. Ideally,
stations would coincide with locations already visited
by agency personnel in the course of other duties. With a
little additional effort, broad population estimates could
be made at each station (see Elzinga et al. 1998), and
photographs could provide an idea of habitat condition.

Quantitative data on the dynamics of
subpopulations and the population as a whole are
almost entirely lacking. One of the most useful methods
would involve monitoring marked individuals over
the course of several years. This would require the
establishment of permanent plots or transects in areas
with sufficient numbers of individuals to provide
decent sample sizes. See Lesica (1997) for one possible
method. Ideally, marked individuals in permanent
plots or transects would form a core study area for a
surrounding population that was also censused annually
for total plant numbers. Plots should be large enough to
contain a reasonable sample size and to remain useful as
plants die or are recruited. Sample sizes may need to be
greater than one or two hundred plants. Rittenhouse and
Rosentreter’s (1994) study of Astragalus amblytropis
used three non-randomized transects to obtain initial
sample sizes of 105, 63, and 40 plants. Over the course
of one year, these sample sizes declined to 19, 6, and 6
plants, respectively. Although this type of decline may
be extreme, it highlights the need to insure that the
original sample size is sufficient to maintain the study.
Plots in large populations could cover a portion of the
population, while those in smaller populations might
contain the entire local occurrence.

At least at first, monitoring would need to be
sufficiently frequent to determine the appropriate
time to measure growth and reproduction. Natural
variability in growth, flowering, and seed set means
that observations that are too infrequent can result in
data that are difficult to interpret (e.g., plants that had
no flowers at observation time 1 have abundant fruit
at observation time 2). In the first year of monitoring
observers should concentrate on establishing the timing
of critical seasonal elements, such as flowering and fruit
set, and on determining the most useful and practical
data collection protocols. During subsequent years
observers could concentrate on collecting data at these
established times.

The rosette growth form of Astragalus anisus
lends itself to easier measurement than that of
rhizomatous species. Once established, size classes
could be quickly distinguished by overlaying a series
of circular cut-outs, or by a similar inexpensive method.
Seed predators might be identified by collecting pods of
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A. anisus before they are shed from the plant, keeping
them in sealed bags, and observing what emerges.
Within the broader demographic monitoring, it would
be useful to establish concurrent, smaller, focused
studies to examine pollination dynamics and seed
production/dispersal.

Qualitative studies are time consuming and
expensive. Although Astragalus anisus does notappearto
merit such levels of study from management personnel at
this time, it is important to keep them in mind as potential
research subjects for other investigators. Other Gunnison
Basin area residents such as Western State College
students or Rocky Mountain Biological Laboratory
researchers should be alerted to the possibility of such
studies. Efforts to enlist the help of other researchers
in future studies of 4. anisus could greatly enhance our
knowledge of this species. Astragalus anisus is an ideal
subject because it is both “rare” as a local endemic and
plentiful enough in its restricted range to allow collection
and manipulation of individuals.

Habitat monitoring

For sites that are occupied by Astragalus anisus,
habitat monitoring should be conducted concurrently
with population monitoring. Documenting habitat
attributes, disturbance regime, and associated species
during all population monitoring efforts will greatly
augment our present understanding of the habitat
requirements and management needs of this species.
This could be incorporated into the field forms used
for the quantitative sampling regimen described above.
If carefully selected environmental variables are
quantified during monitoring activities, they will help
explain observations of population change. Habitat
monitoring of known populations will alert managers
of new impacts, such as weed infestations and damage
from human disturbance and grazing. Making special
note of signs of degradation from overgrazing may help
managers prevent serious degradation proactively by
implementing changes in the grazing regime. Change
in environmental variables might not cause observable
demographic repercussions for several years, so re-
sampling the chosen variables may help to identify
underlying causes of population trends. Evidence
of current land use practices and management are
important to document while monitoring populations.

Observer bias is a significant problem with
habitat monitoring (Elzinga et al. 1998). Thus, habitat
monitoring is usually better at identifying new impacts
than at tracking change in existing impacts. For
estimating weed infestation sizes, using broad size

classes helps reduce the effects of observer bias. To
assess trampling impacts, using photos of impacts to
train field crews will help them to rate the severity of
the impact consistently.

The use of photopoints for habitat monitoring is
described in Elzinga et al. (1998). Practical details of
photographic monitoring are covered exhaustively in
Hall (2001). This is a powerful technique that can be
done quickly in the field. Although it does not provide
detailed cover or abundance data, it can help to elucidate
patterns observed in quantitative data.

Beneficial management actions

The establishment of an institutional awareness
of Astragalus anisus is perhaps the most useful
conservation tool. The fact that about 75 percent of
its known range is on federal land places federal land
managers (especially BLM) in the best position to
establish and perpetuate such a strategy.

In general, management actions that tend to
maintain the mosaic of dry sagebrush shrublands,
especially with moderate to sparse cover, and to
preserve some open patches that prevent disturbance
of pollinator activities and promote natural levels of
connectivity between subpopulations will tend to benefit
populations of Astragalus anisus. Past grazing practices
and sage-clearing activities have probably resulted in
an increase of this type of condition throughout the
Gunnison Basin (Johnston personal communication
2003). Although grazing is not detrimental to individual
plants and may lead to some habitat improvement, it
also has the potential to harm pollinator populations.
Fire suppression throughout the basin could lead to
increased sage cover, and thus reduce habitat suitable
for A. anisus.

Although individual plants are resistant to
trampling, such activity can depress the ability of
individuals to tolerate stressful climatic conditions, and
it can change the life cycle contributions of different
size/age classes (Maschinski et al. 1997). Management
actions that minimize trampling and disturbance from
motorized and non-motorized recreation will tend to
allow the species to maintain its evolved tolerance
mechanisms and population dynamics in the face of
natural disturbance. Control of off-road vehicle travel
should be combined with practices that prevent the
spread of weeds into Astragalus anisus populations.
These practices should include providing public
education about the problem, periodic monitoring
of areas most at risk for infestation, minimizing
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disturbance and limiting dispersal, and maintaining
healthy native vegetation (see Colorado Natural Areas
Program 2000 for additional information).

Seed banking

No seeds or genetic material are currently in
storage for Astragalus anisus at the National Center
for Genetic Resource Preservation (Miller personal
communication 2003). It is not among the National
Collection of Endangered Plants maintained by the
Center for Plant Conservation (Center for Plant
Conservation 2002). Since the species is locally
common, seeds should be collected and submitted for
such storage.

Information Needs

Distribution

At this time our knowledge regarding the extent of
Astragalus anisus distribution is reasonably complete,
although this could be systematically confirmed through
inventory efforts at the edges of its known distribution,
and within suitable habitat where the species has not
previously reported. The reported type locality at Pueblo
has almost certainly been eliminated as a mistake in
record keeping, and decades of botanical work have
failed to turn up evidence that the species’ range extends
beyond the Gunnison Basin. However, since it has been
described as a Gunnison Basin endemic, collectors may
not look for it at edges of the currently known range or
in nearby but distinctly separate areas.

Within the known distribution, accurate
information on the real abundance of the species is
needed. Information on possible range extensions and the
influence of soil type on distribution are secondary needs.

Life cycle, habitat, and population trend

The habitat of Astragalus anisus is better
understood than its life cycle and population trends.
Survey and classification work by Barry Johnston (2000)
has quantified the extent and character of sagebrush
shrublands throughout the range. Furthermore,
conservation efforts for the Gunnison sage grouse have
contributed to the understanding of sagebrush shrubland
dynamics and threats. However, potential conflicts exist
between sagebrush shrubland dynamics that benefit the
grouse and those that benefit A. anisus. The location and
extent of any sagebrush control for grouse management
on USFS lands should be monitored for its effect on A.
anisus populations, if present.

In contrast, although the species has been casually
observed in the field for many years by a variety of
workers, there are no multi-year observations that
would contribute to an understanding of the species’
life cycle and population trends. Some inferences can
be made from other Astragalus species, but members
of this genus often exhibit restricted ranges that may
indicate local adaptation and differentiation.

Repeated observations of marked individuals in
several populations would greatly clarify the population
dynamics of Astragalus anisus. In particular, it
would be useful to identify the time of germination,
germination requirements, life expectancy, seed bank
dynamics, and transition probabilities for different life-
cycle stages. The development of an elasticity analysis
could identify the critical stages of the life cycle and
aid in the identification of threats to the persistence of
A. anisus. Similarly, multi-year censusing or tracking
efforts for some populations would greatly facilitate
the quantification of population trends for the species
as a whole. The species is sufficiently abundant to allow
this type of research without significantly impacting the
population as a whole.

Response to change

Rates of reproduction, dispersal, and establishment
and the effects of environmental variation on these
parameters have not been investigated in Astragalus
anisus. Thus, the effects of various management
options cannot be assessed during project planning.
As a long-lived perennial with a dwarf growth form,
A. anisus is not likely to be able to respond quickly to
environmental changes.

Understanding the breeding system of Astragalus
anisus will assist managers by determining the
importance of pollinators for reproduction and
population genetics. At this time, it is not known how
management changes that affect insect visitors will
affect A. anisus.

The specific responses of Astragalus anisus
to disturbance are not clear and warrant further
investigation. Astragalus anisus appears to be tolerant
of some disturbance, but anthropogenic disturbance is
unlikely to benefit 4. anisus in natural settings, where it
is likely to cause erosion and exacerbate problems from
weeds. Information on the effects of the invasion of its
habitat by Bromus tectorum and other exotic species is
needed to manage populations of A. anisus properly.
The effects of grazing on the habitat and pollination
ecology of A. anisus also warrant careful study.
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Metapopulation dynamics

Research on the population ecology of Astragalus
anisus has not been done to determine the importance
of metapopulation structure and dynamics to its long-
term persistence at local or regional scales. Migration,
extinction, and colonization rates are unknown for A.
anisus. Baseline population dynamics and viability
must first be assessed. Astragalus anisus could be
an excellent subject for metapopulation studies since
it appears to occur in numerous subpopulations
throughout the Gunnison Basin.

Demography

Some initial work has been done that identified
size classes and preliminary reproductive potential
(Wasson 1998). However, much remains to be done to
provide sufficient data to allow meaningful demographic
analysis and to determine the likelihood of persistence
at local or regional scales. The most useful demographic
information would include: 1) the determination
of whether individual and population numbers are
increasing, declining, or stable; 2) the identification
of which life cycle stages have the greatest influence
on population trends; and 3) the determination of what
biological factors are influencing those important stages
(Schemske et al. 1994). Lesica’s (1995) long-term
study of Astragalus scaphoides provides a good model
for similar work on A. anisus. Collection of useful
demographic data will require the investment of two
to three years at a minimum, ideally more. While they
can provide useful data, short-term studies can also miss
important demographic events that reoccur at intervals
longer than the study period (Coles and Naumann
2000). See the Population monitoring section under
Tools and practices for more detailed information on
demographic monitoring.

Population trend monitoring methods

A variety of population monitoring methods could
be easily adapted to the tracking of Astragalus anisus.

See the Population monitoring section under Tools and
practices for details.

Restoration methods

Restoration methods have not been explicitly
developed for this species. However, the successful
propagation of seeds by Gay Austin (Austin personal
communication 2003) bodes well for the potential
to raise Astragalus anisus individuals for restoration
efforts, should that become necessary. Under current
conditions in the Gunnison Basin, the species appears
to be sufficiently stable and abundant that restoration
methods are not a critical priority.

Research priorities for Region 2

Research priorities for Astragalus anisus
are, in order of importance, population monitoring,
studying pollination dynamics and possible impacts
on pollinators, implementing demographic studies
sufficient to perform elasticity analyses, identifying
critical habitat factors, if any, and quantifying the
effects of land management practices on the survival
and persistence of the species.

Additional research and data resources

Some additional information on population
locations, sizes, and habitats may be contained in the
Gunnison Office files of retired BLM Wildlife Biologist,
Joe Capodice. At the time of this writing, the vacancy
left by his retirement had not been filled, and the extent
of this information could not be confirmed. There may
also be some useful data contained in uncompleted or
unreported work by students of Dr. Robin Bingham at
Western State College. Finally, additional herbarium
specimens that could increase the known distribution
of Astragalus anisus may exist at other locations not
reported here.
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DEFINITIONS

Monocarpic: A plant that dies after flowering, although it may take several years or decades to flower. Synonymous
with semelparous (Silvertown and Lovett Doust 1993).

Monoecious: A plant the bears male and female reproductive structures in the same flower, or separate male and
female flowers on the same plant (Allaby 1998).

Papilionaceous: Of flowers, butterflylike, with a banner petal, two wing petals, and a keel petal (Harris and Harris
1994).

Bannar

Adapted from Faegri and van der Pijl 1979

Perfect: Flowers that include both male and female structures; bisexual (Weber and Wittmann 2001)

Potential Conservation Area: A best estimate of the primary area supporting the long-term survival of targeted
species or natural communities. PCAs are circumscribed for planning purposes only (Colorado Natural Heritage
Program Site Committee 2001)

Rank: Used by Natural Heritage Programs, Natural Heritage Inventories, Natural Diversity Databases, and
NatureServe. Global imperilment (G) ranks are based on the range-wide status of a species. State-province
imperilment (S) ranks are based on the status of a species in an individual state or province. State-province and Global
ranks are denoted, respectively, with an “S” or a “G” followed by a character. These ranks should not be interpreted
as legal designations. Astragalus anisus is ranked G2/S2: Imperiled globally/state-province because of rarity (6 to 20
occurrences), or because of other factors demonstrably making it very vulnerable to extinction throughout its range.

Sympatric: Applied to species whose habitats (ranges) overlap (Allaby 1998)
Vesture (also vestiture): The epidermal coverings of a plant (Harris and Harris 1994).

Zygomorphic: Having bilateral symmetry; a line through the middle of the structure will produce a mirror image on
only one plane (Harris and Harris 1994).
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APPENDIX

Gunnison Basin Potential
Conservation Area

(from Rocchio et al. 2003)

Biodiversity Rank: B1. Irreplaceable biodiversity
significance. The Gunnison Basin Potential Conservation
Area (PCA) supports very good (B-ranked) occurrences
of the globally- and state- critically imperiled (Gl
S1) Gunnison Sage Grouse (Centrocercus minimus),
designated a species of special concern by the Colorado
Division of Wildlife and a candidate for listing under the
Federal Endangered Species Act. This site represents
the largest and most likely to succeed population of the
Gunnison Sage Grouse. (That is, there are no remaining
A-ranked occurrences). This site also supports nearly
the entire world’s population of the Gunnison milkvetch
(Astragalus anisus) (G2 S2).

Protection Urgency Rank: P2. Very high
urgency. Protection actions are urgently needed to
secure the long-term survival of the Gunnison Sage
Grouse. Although much of the land is federally owned,
numerous important brood rearing and lek sites for the
grouse are under private ownership with potential for
development.

Management Urgency Rank: MI1. Very high
urgency. Although current management in many parts
of this site is good to excellent, there are many areas
that require management action. One of the most urgent
management actions is to increase canopy cover and
height of grasses and forbs under the sagebrush as well
as in the riparian areas used for brood rearing.

Location: Gunnison and Saguache counties.
The Gunnison Basin PCA encompasses sagebrush
shrublands extending over 40 miles from north to south
and 30 miles east to west, centered near the town of
Gunnison.

U.S.G.S. 7.5-min. quadrangles: Cochetopa Park,
Cold Spring Park, Sargents Mesa, West Baldy, Razor
Creek Dome, Sawtooth Mountain, Spring Hill Creek,
Sargents, Doyleville, Houston Gulch, Iris, Iris NW,
Pitkin, Parlin, Signal Peak, Gunnison, Crystal Creek,
Almont, Flat Top, Cement Mountain, Crested Butte,
Powderhorn, Gateview, Poison Draw, Big Mesa,
Carpenter Ridge, Sapinero, McIntosh Mountain, West
Elk Peak SW, Little Soap Park, Squirrel Creek.

Legal Description:

T15S R84W, T15S R85W, T15S R 86W,
T15S R87W, T45N R2E, T46N RI1E, T46N
R2E, T47N R1E, TA7N R1W, T47N R1.5W,
T47N R2E, T47N R2W, T47N R3E, T47N
R3W, T47N R4E, T47N R4W, T48N RIE,
T48N RI1W, T48N R1.5W, T48N R2E,
T48N R2W, T48N R3E, T48N R3W, T48N
RA4E, T48N R4W, T48N RSE, T49N RIE,
T49N R1W, T49N R2E, T49N R2W, T49N
R3E, T49N R3W, T49N R4E, T49N R4W,
T50N R1E, TSON R1W, TSON R2E, T50N
R2W, T50N R3E, TSIN RIE, TSIN R1W,
T5IN R2E, TSIN R2W.

Elevation: 7,500 to 11,465 ft.
Size: Approximately 552,900 acres

General Description: The Gunnison Basin
site is best characterized as rolling hills of sagebrush
shrublands with dissecting rivers and creeks. Many of
the hilltops are windblown free of snow and represent
a more xeric landscape dominated by either dwarf
sagebrush shrublands (sagebrush steppe) or montane
grasslands. All of these ecological systems are extremely
important for the Gunnison Sage Grouse, a sagebrush
specialist. The sagebrush shrublands are winter and
nesting habitat, while the xeric hilltops are lek sites,
and the rivers and creeks are brood-rearing habitat. This
site represents the world’s largest remaining habitat and
population for the Gunnison Sage Grouse (Gunnison
Sage Grouse Working Group 1997), one of Colorado’s
rarest birds.

Numerous species of sagebrush dominate
these shrublands, but Wyoming sagebrush (Artemisa
tridentata ssp. wyomingensis) is usually the dominant
below 8,500 feet in elevation, while mountain sagebrush
(A. tridentata ssp. vaseyana) is the dominant above 8,500
feet. The dwarf sagebrush shrublands on the windswept
slopes and ridges may be black sagebrush (4. nova) or
low sagebrush (4. arbuscula). The dominant grasses in
the grasslands vary with elevation as well.

The riparian areas along the creeks and rivers
vary significantly depending on elevation, stream
gradient, stream volume, and floodplain width. The
most significant riparian areas within this site are those
dominated by shrubs, including willows (Salix spp.),
and alders (4/nus incana) that also have high grass and




forb cover during the summer months when grouse are
present.

Biodiversity Rank Justification: This area
represents the best remaining site for the Gunnison
Sage Grouse (G1). This grouse was recently described
as a distinct species and has a high potential for
being federally listed as an endangered species due
to a declining population. Within the Gunnison Sage
Grouse range (i.e., southwest Colorado), only Gunnison
County has a secure population (Gunnison Sage Grouse
Conservation Plan 1997). In 1995, the spring population
of sage grouse in the Gunnison Basin was about 2200

birds (Gunnison Sage Grouse Working Group 1997).
Factors clearly implicated in the long-term decline
of sage grouse are habitat loss; habitat fragmentation
caused by roads, powerlines, reservoirs, land conversion,
land treatments, etc.; and habitat degradation caused by
land treatments and other uses that have changed grass,
forb, and sagebrush composition, reduced organic
material in the soil, and increased the loss/movement
of soil resulting in changes in water table levels, and
basic soil productivity. Sage grouse are specialists of
sagebrush ecosystems and have not adapted to changing
land uses.

Colorado Natural Heritage Program element occurrence records at Gunnison Basin Potential Conservation Area.
Elements in bold are those upon which the PCA’s B-rank is based.

Scientific Name Common Name

Global State Federal and EO*

Rank Rank State Status Rank
Animals
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC B
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC B
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC B
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC B
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC B
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC B
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC C
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC D
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC D
Centrocercus minimus Gunnison Sage Grouse Gl S1 C, SC D
Plants
Astragalus anisus Gunnison milkvetch G2 S2 B
Astragalus anisus Gunnison milkvetch G2 S2 B
Astragalus anisus Gunnison milkvetch G2 S2 C
Astragalus anisus Gunnison milkvetch G2 S2 C
Astragalus anisus Gunnison milkvetch G2 S2 C
Astragalus anisus Gunnison milkvetch G2 S2 C
Astragalus anisus Gunnison milkvetch G2 S2 C
Astragalus anisus Gunnison milkvetch G2 S2 C
Astragalus anisus Gunnison milkvetch G2 S2 C
Astragalus anisus Gunnison milkvetch G2 S2 D
Astragalus anisus Gunnison milkvetch G2 S2 D
Astragalus anisus Gunnison milkvetch G2 S2 D
Astragalus anisus Gunnison milkvetch G2 S2 E
Astragalus anisus Gunnison milkvetch G2 S2 E
Astragalus anisus Gunnison milkvetch G2 S2 E
Astragalus anisus Gunnison milkvetch G2 S2 E
Astragalus anisus Gunnison milkvetch G2 S2 E
Astragalus anisus Gunnison milkvetch G2 S2 E
Astragalus anisus Gunnison milkvetch G2 S2 E
Astragalus anisus Gunnison milkvetch G2 S2 E
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Boundary Justification: Thisboundary represents
all known lek sites within the Gunnison Basin, as well as
nesting habitat, critical winter habitat, and the rivers and
creeks used for brood rearing. There are areas within this
site that have concentrations of lek sites and high quality
habitat as well as areas that have been developed and
no longer serve as sage grouse habitat. This boundary
includes nearly all of what the Colorado Division of
Wildlife has identified as the Gunnison Sage Grouse
overall habitat in Gunnison Basin. In addition, this
boundary represents nearly the entire world’s population
of Gunnison milkvetch.

Protection Comments: Protection actions are
needed to secure long-term survival of the Gunnison
Sage Grouse. Although much of the land is federally
owned, numerous important brood rearing and lek
sites for the grouse are under private ownership with
potential for development.

Management Comments: The following is
excerpted from the Gunnison Sage Grouse Conservation
Plan, 1997:

The major factors that drive sage grouse
populations are quality and extent of habitat. No other
bird is so habitat specific to one particular plant type
(sagebrush) in meeting its annual life requirements.
Size of habitat is important because sage grouse move
seasonally between suitable habitat types. Sage grouse
require several distinct habitat types during different
times of the year, which can be divided as following:

Winter

Nesting and early brood-rearing (uplands)
Late summer (riparian)

Escape and hiding habitat (needed yearlong)
Lek (breeding areas)

SNk W=

The key to sage grouse management is habitat,
but in many locations of the Gunnison Basin key
components of the sagebrush ecosystem are either
insufficient or have been altered. The number and
distribution of high quality nesting and early brood-
rearing areas appear to be limiting factors for sage grouse
in the Gunnison Basin (Gunnison Sage Grouse Plan,
1997). The quality and quantity of residual herbaceous
cover have an important role in sage grouse production
and survival. Residual herbaceous vegetation (grasses
and forbs) in sagebrush areas, which provide adequate
cover, both horizontal and vertical, is necessary to hide
nests, nesting hens, and broods, as well as to provide
habitat for insects upon which birds depend. However,
recent studies have shown that grasses and forbs are
under-represented in a large portion of the Gunnison
Basin sagebrush ecosystem.

In addition to the Gunnison Sage Grouse, the
Gunnison milkvetch (Astragalus anisus) is of high
biodiversity significance. The world’s distribution of
Gunnison milkvetch is tightly associated with the same
sagebrush ecosystem that the Gunnison Sage Grouse
use. Nearly all of the world’s known populations of
Gunnison milkvetch occur within the Gunnison Basin
PCA.
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The U.S. Department of Agriculture (USDA) prohibits
discrimination in all its programs and activities
on the basis of race, color, national origin, sex,
religion, age, disability, political beliefs, sexual
orientation, or marital or family status. (Not all
prohibited bases apply to all programs.) Persons
with disabilities who require alternative means for
communication of program information (Braille,
large print, audio-tape, etc.) should contact USDA’s
TARGET Center at (202) 720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA,
Director, Office of Civil Rights, Room 326 W, Whitten
Building, 1400 Independence Avenue, SW,Washington,
D.C. 20250-9410 or call (202) 720-5964 (voice and TDD).
USDA is an equal opportunity provider and employer.



