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North America, with over 400 species of Astragalus (Fabaceae), is one of three

major centers of diversity, all of which comprise the majority of the nearly

1750 species of Astragalus worldwide.  One of the most diverse species,

Astragalus lentiginosus of Section Diphysi, is a polymorphic complex of over 40

varieties, ranging from the West Coast to Texas and the Rocky Mountains.

Palantia was a sectional name within the genus Tium used by Rydberg for taxa

formerly reduced by Jones to varieties of A. lentiginosus. They share cylindrical

pods that, unlike the rest of A. lentiginosus, do not become bladdery inflated

upon maturity.  The Palantia, in a modern interpretation, consists of A.

mokiacensis and A. bryantii plus the other scarcely inflated varieties of A.

lentiginosus, primarily A. lentiginosus var. maricopae, A. lentiginosus var. palans,

A. lentiginosus var. ursinus, and A. lentiginosus var. wilsonii.  Every major

revision has delimited these taxa differently.  A principal coordinates analysis

of morphological data from herbarium specimens was used to determine the



affinities between type specimens and extant populations of these taxa and to

determine the degree of morphological similarity among these taxa.  For the

genetic analysis, highly polymorphic cpDNA microsatellites were selected due

to their applicability to both genetic and phylogenetic questions across a wide

range of taxonomic levels.  Based on the results of the chloroplast haplotype

and morphological datasets, the species, A. mokiacensis, A. bryantii, A. iodanthus

and A. pseudiodanthus, are recognized as varieties of A. lentiginosus.  The taxon

recently recognized as A. lentiginosus var. trumbullensis is morphologically

similar to the lectotype of Astragalus mokiacensis.  Astragalus lentiginosus var.

trumbullensis is herein recognized as a low-elevation minor variant and

considered a synonym of A. lentiginosus var. mokiacensis.  A taxonomic key and

complete synonymy are included.
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INTRODUCTION

Within temperate North America, Astragalus is one of the most

diverse genera, having nearly 400 species (Barneby, 1964).  North America is

one of three major centers of diversity, all of which comprise the majority of

the nearly 1750 species of Astragalus worldwide (Mabberley, 1998).  Astragalus

in North America has also been monographed and revised many times during

the 20th century.  For an in-depth discussion of Astragalus taxonomy, see

Barneby (1964); Rydberg (1928; 1929) and Jones (1923).  According to the most

current revisions (Isely 1998, Welsh 2007), one of the most diverse species,

Astragalus lentiginosus, is a polymorphic complex of over 40 varieties, ranging

from the West Coast to Texas and the Rocky Mountains.  Over half of these

varieties are endemic to the Intermountain States of Utah, Nevada and

Arizona (Barneby, 1989).

Due to its infraspecific diversity, the Astragalus lentiginosus

complex in western North America has had a unique taxonomic history.

Astragalus lentiginosus, first described in 1831 from a collection made by

Douglas in the Blue Mountains of Oregon (Hooker, 1831), and Astragalus

diphysus Gray, first described in 1849 from Augustus Fendler’s collections

from Santa Fe, New Mexico (Gray, 1849) formed the core species of Section

Diphysi in the first comprehensive monograph of Astragalus published by Asa

Gray (1863).  Gray also added Astragalus fremontii Gray, first described by him

in 1857 from Fremont’s collection from Nevada in 1844, but excluded
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Astragalus coulteri Gray and Astragalus arthur-schottii Gray because of the lack

of mature pods on the type specimens (Gray, 1863).  The subsequent increase

in available specimens prompted Sereno Watson (1871) to revise Gray’s

monograph, adding Astragalus coulteri (with Astragalus arthur-schottii in

synonymy) and Astragalus platytropis to Section Diphysi, all of which have

inflated pods similar to Astragalus lentiginosus.

Astragalus mokiacensis Gray and Astragalus ursinus Gray (varieties

of Astragalus lentiginosus in later treatments by Jones, 1923 and Barneby, 1945)

were described by Gray (1878), however, since these taxa have scarcely

inflated pods, Gray thought they were more closely related to Astragalus

iodanthus, a species from northwestern Nevada with scarcely inflated, mostly

unilocular pods, which he placed in Section Argophylli (see Gray, 1863;

Watson, 1871).

E. L. Greene added a small, but significant, observation to this

complex.  In 1897, he described Astragalus wilsonii Greene, a taxon with

scarcely inflated pods from northern Arizona.  To him, Astragalus wilsonii was

closely allied with Astragalus  diphysus, differing only in the pod's morphology

(Greene, 1897).  He was among the first taxonomists to break from the

traditions set by Gray’s 1863 monograph.  Greene’s observation was noted by

Barneby in Pugillus Astragalorum Alter (1944; p. 164).  The significance of this
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observation, however has gone largely unrecognized.  The idea that a taxon in

Astragalus with leathery, semi-biloculate, scarcely inflated pods could be

closely related to a taxon with inflated, biloculate pods was revolutionary for

the time.  Jones was simultaneously in the process of forming ideas of

relationships such as Greene’s, but he did not publish his until 1898 with

Astragalus lentiginosus var. palans.

In Jones’ 1898 publication, he proposed a set of new combinations,

placing the species from Gray’s Section Diphysi as varieties within a greatly

expanded concept of Astragalus lentiginosus (Jones, 1898).  He was to finish

most of his monograph of Astragalus by 1910 (Barneby, 1964), but his full

treatment of these species was not widely known until he published his

Revision of North-American Species of Astragalus in 1923 (Jones, 1923; Barneby,

1964).  Jones synonymized Greene’s Astragalus wilsonii into a variety of

Astragalus lentiginosus (1923).

 Jones’ varietal concepts, first published in his 1898 treatment and

later in his 1923 monograph, were largely ignored by taxonomists for two

decades.  Although some of Jones’ varietal delimitations in Astragalus

lentiginosus were flawed (Barneby, 1945; 1964), his basic concept of this

complex assemblage of taxa is largely accepted today, mainly due to the

eloquence and precision of Barneby’s 1945 and 1964 revisions of Astragalus
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lentiginosus and his extensive knowledge of the taxa in the field of a level

comparable to Jones'.

Per Axel Rydberg, who began working on floras from Nebraska

and the Rocky Mountains in the early 1900's, was a controversial herbarium

taxonomist who is more infamous now for his acutely split genera than for his

detailed species delimitations.  Rydberg’s generic segregation of Astragalus

would culminate in his revision in the North American Flora, Volume 24, Part 5

published in 1929.  In this volume, he split  Jones’ treatment of Astragalus

lentiginosus into the genera Tium and Cystium.  The varieties with scarcely

inflated pods were merged into the genus Tium, a genus with mostly leathery,

semi-bilocular, sessile and stipitate pods.  The varieties with inflated pods

would be placed into the genus Cystium.

Aven Nelson, in his revision of the New Manual of Botany of the

Central Rocky Mountains (1909), ignoring most of Jones' early species

delimitations, largely accepted Per Axel Rydberg’s concepts of species,

however, he rejected Rydberg's generic segregations:

“In the interest of simplicity for the one who wishes to know

plants by their names... it has seemed wise not to follow the recent tendency to

segregate a popularly recognizable genus”  (p. 280).

As other later taxonomists would observe (see Jones, 1923 & Barneby, 1964),

Rydberg’s generic delimitations did not fit the characteristics of the species
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themselves.  Many intergrade with one another to a degree “that even with a

list of their technical characters before one, there is often doubt as to the

disposition to be made of a particular specimen” (Nelson & Coulter, 1909,

p.280).  Although Rydberg’s genera were ignored (Barneby, 1964; Welsh et al.,

1994), his theory that Jones' varieties of Astragalus lentiginosus were best

treated as separate species, following the traditional view of the taxa

established by Gray and Watson, would be followed by most taxonomists for

twenty years (see Kearney & Peebles’ Flowering Plants and Ferns of Arizona,

1942 & Tidestrom & Kittell’s A Flora of Arizona and New Mexico, 1941).

Nearly a decade later, Rupert C. Barneby would be the next

taxonomist to undertake revising species in the genus Astragalus.  Having

found both Rydberg's and Jones' revisions to be lacking, although in different

ways (Barneby, 1964), Barneby began the process of studying species both in

the herbaria and in the field.  Barneby’s revision of the taxa related to

Astragalus lentiginosus in his Pugillus Astragalorum IV (1945) made explicit

and unambiguous the relationships between the newly resurrected varieties of

Astragalus lentiginosus, a task which Jones was apparently not capable due to

his lack of patience with details (Barneby, 1945; 1964).  Although many new

varieties would be described and old ones further refined over the next 60

years (see Munz & Keck, 1959; Barneby, 1956; Barneby, 1989; Welsh, 1978;
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Welsh et al., 1994; Kearney & Peebles, 1960), the recognition of at least 40

varieties remains even in the latest monograph (Isely, 1998).

The diversity within the Astragalus lentiginosus complex was best

described by Barneby (1964):

“A. lentiginosus... is hardly a species in any conventional sense of

the term.  As circumscribed here, it is an excessively polymorphic complex

which embraces a range of variation far greater than can appear reasonable at

first sight and which becomes, even when accepted on reflection as

taxonomically unavoidable, as unwieldy in the mass as it is intricate in

internal structure” (p.912).

Any discussion of the varieties of Astragalus lentiginosus is

impossible without first examining the species concepts of the major

taxonomists who have attempted revisions of this polymorphic complex.  The

controversies and discrepancies in nomenclature and of species delimitations

is fundamentally one of conflict in species concepts.

For the past 50 years, the philosophical differences between forms

of species concepts has been a topic of controversy (for example, see Mayr,

1957; Luckow, 1995; Stevens, 2000; Wheeler & Meier, 2001).  However, those

who develop species concepts and those who actually name new species are

often in different factions in botanical systematics.  Even today, the

“taxonomists’ right to delimit species in whichever way they feel is considered
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nigh on inalienable” (Stevens 2000, p.648).  With each new generation,

especially in Astragalus lentiginosus, the same battles over species concepts and

varietal delimitations, as occurred between Greene, Gray and Watson;

between Greene and Jones; and between Jones and Rydberg, reoccur.

Pennell (1934) best described this taxonomic progression from

generation to generation.  The theoretical divisions between the field botanist

and the herbarium botanist has been so great at times that any systematist

attempting new revisions must “recognize that herbarium taxonomy is in its

essence tentative - it needs bit by bit to be restudied and reevaluated by

knowledge of the living plants in nature” (Pennell, 1934, p.88).

No other botanist in the early 20th century had more knowledge

and field experience than Jones (Welsh 1982), but having field experience

comparable to Jones’ today is very difficult.  Jones’ field knowledge and

Greene’s and Rydberg’s taxonomic treatments must be looked upon today as

complements, not as adversaries, each differing in quality and clarity, as

Barneby (1964) expounded, “the defects of one [Rydberg’s 1929 monograph]

being largely set off by the virtues of the other [Jones’ 1923 monograph]” (p.7).

Jones and Rydberg worked during a time period of North

American botany when a voluminous number of collections were

accumulating in the East and in the West.  Many specimens were found that

did not fit the “inclusive standards” of the 19th century botanists Bentham,
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Hooker and Gray.  These accumulations of anomalous specimens encouraged

the “rapid multiplication of descriptions of species” (Pennell 1934, p.86) to

which these workers contributed (Pennell 1934).

As Pennell observed, taxonomy at least in North America seems to

progress by waves of “splitting” and “lumping,” which was the source of

disagreement and controversy between the eastern herbarium taxonomists,

Britton and Rydberg , and the western, more or less field taxonomists, Jones

and Greene (Pennell, 1934; Lenz, 1986; Welsh, 1982).

Since the early 1980’s the Intermountain West has once again been

undergoing another phase of extensive field study through the efforts of S. L.

Welsh and N. D. Atwood from Brigham Young University (BYU) and the

efforts of N.H. Holmgren, P.K. Holmgren, and A. Tiehm and the

Intermountain Flora Project from the New York Botanical Garden.  The cycles

of splitting and lumping in the Astragalus lentiginosus complex continue,

spurred on by the relative ease of accessibility (compared to when Jones was

exploring this region) of remote and unique habitats in the ecologically and

geologically heterogeneous Great Basin and Colorado Plateau.

Barneby, Welsh, and Jones successfully merged field study with

herbarium taxonomy to produce works of monumental proportions,

especially in a genus as diverse as Astragalus.  Barneby’s 1964 monograph and

1989 revision, Welsh’s revision of Astragalus in A Utah Flora (Welsh, et al.,
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1994, 2003) and Jones’ (1923) monograph serve as a source for multiple

phylogenetic hypotheses.

 Barneby (1945) found that only one overall classification scheme

fit the taxa related to Astragalus lentiginosus well: the delimitations of all

former species into varieties.  Thus he united Astragalus lentiginosus into

morphologically and geographically variable complex.  The degree of

differentiation among the “doubtfully distinct” and the geographically

isolated taxa has been the major source of disagreement between Rydberg

(1929), Jones (1923), Barneby (1964;1989) and Welsh et al. (1994, 2003).  Only

examining how each of these taxonomists delimited species can one

understand the phylogenetic relationships that each expounded.

SPECIES CONCEPTS IN ASTRAGALUS: AN INTRODUCTION

Alpha taxonomists, those who have initially documented species,

have had a major influence on the way diversity is viewed in systematics

(Cracraft, 2001).  Several species concepts arose from the work of these

individuals.  The oldest, the Typological Species Concept, has been widely

applied in botany since Linnaeus.  In search for discreet entities, each worker

employing this concept placed emphasis on a single or a set of characters, the

essence of the species, and delimited species and derived phylogenetic

relationships based on those characters, mostly found on herbarium
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specimens and often disregarding population level variation (Mayr, 1957;

Grant, 1957; Cracraft, 2001).

A revision of the interpretation of the Typological Species Concept

has been called, in some treatments, the Morphological Species Concept.

Instead of relying on a set of defining characters, the taxonomists using this

concept promote grouping specimens based on overall shared morphological

similarity, essentially a phenetic method (Steussy, 1990).

Another species concept, the Biological Species Concept, arose

from a perceived need for biologists to recognize species based on variously

interpreted evolutionary or reproductive processes observed in nature

(Cracraft, 2001; Mayr, 2001).  The biological species, as defined by Mayr (2001),

are “groups of interbreeding natural populations that are reproductively

isolated from other such groups” or alternatively, are a “reproductively

cohesive assemblage of populations” (p.17).  Whether the species concept is

based on morphological differences or on theories of population genetics, the

differences in interpretations  and the applications of species concepts have

often depended on whether a taxonomist was in search of a mechanistic

method of species delimitation (the older Typological and Morphological

Species Concepts) or a more fundamental, theoretical principle of speciation

(the Biological Species Concept; Mayr, 2001; Cracraft, 2001) or both combined.
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The consistent application of species concepts in botany is

problematic.  Taxonomists often disagree on the degree of reproductive

isolation that is necessary to delimit a species.  Often morphological characters

are thought to be an accurate correlation to the actual degree of differentiation

among species, especially between continuous widespread populations and

an allopatric or marginal population.  For some species, especially for

Astragalus in the Intermountain West, genetic data showing the degree of

genetic differentiation between an allopatric population and a continuous

distribution of populations within a species is not available, and the

delimitation of species is more or less dependent on interpretation of

morphological differences and the degree of geographical or reproductive

isolation (Steussy, 1990).

The major monographers in Astragalus, Jones, Rydberg, Barneby,

and Welsh, have applied one of these three concepts, or an intermediate

variation, to the taxa in Astragalus each delimiting species based on

morphological and/or theoretical evolutionary differences.

SPECIES CONCEPTS IN ASTRAGALUS:  MARCUS E. JONES

Jones, probably the most caustic and egotistical of early 20th

century western American taxonomists, revolutionized the interpretation of

species within the genus Astragalus by classifying his species, not based on
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pod morphology alone as was the tradition established by Gray and Watson,

but by floral, vegetative and pod characteristics combined with an extensive

study of populations of the taxa in the field (Lenz, 1986; Barneby, 1964; Welsh,

1982).  His theories of speciation and species concepts, however, largely lay

muddled with accusatory and personally degrading remarks about the

personalities and taxonomic abilities of his perceived botanical adversaries

(Lenz, 1986).  Jones believed that he had observed in his lifetime all of the

diversity in species of Astragalus (Barneby, 1964) and his classification, based

on “an ecological and genetic view-point, making much of geographical

proximity...” was “no longer guesswork but an established fact” (Jones, 1923,

p.17).  However, Barneby observed that Jones’ species delimitations were

based on “imponderable attributes grasped more intuitively than by conscious

observation” (1964, p.6).  Jones himself thought that “a species ought to mean

a well established group of forms” (Lenz, 1986, p.224).

One can interpret Jones’ concept as approaching the Biological

Species Concept, however, the degree of emphasis he placed on either

evolutionary, reproductive, or morphological differences between species was

never expressed in his works.  The insights into his taxonomic and

phylogenetic theories in his 1923 Revision are disappointingly brief, especially

coming from one who knew the genus at an unparalleled morphological and

geographical scale.  His “black and white” attitude toward life (Lenz, 1986)
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and his “volatile impatience with details of presentation” (Barneby, 1964, p.6)

makes an otherwise exceptional work diffuse in content and obscure in detail.

SPECIES CONCEPTS IN ASTRAGALUS: PER AXEL RYDBERG

Where Jones had a relatively conservative species concept (Welsh,

1982; Barneby, 1964) grouping species based on overall similarity

morphologically and geographically, Rydberg was, to some (see Welsh, 1982;

1994) excessively liberal, splitting taxa into morphological variants to such a

degree that Jones thought that his concepts of species were none other than

“bughole botany” (Lenz, 1986 p.194; Welsh, 1982).  Rydberg was a admitted

convert to the theory of the constancy of species (Rydberg, 1923; Welsh, 1982).

One can find many references in his own writing that he “[did] not see where

to draw lines between species and varieties and prefer[ed] a binomial name to

a trinomial for the sake of convenience” (Rydberg, 1923, p.177-178).

Rydberg’s species concept was firmly based on logic (Barneby,

1964).  He unquestionably adhered to the Typological Species Concept (sensu

Cracraft, 2001; Mayr,  1957; Grant, 1957).  Rydberg was not unaware of the

variation that can be found in nature, nor the controversial nature of the

species.  He often described in precise detail the morphological variants found

in herbarium specimens (Barneby, 1964).  As Pennell (1934) also claimed was
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the duty of later taxonomists, Rydberg often left the interpretation of those

variants to succeeding generations of botanists (Barneby, 1964).

Those succeeding generations of botanists have been less than

kind to Rydberg’s theories of relationships, especially in his 1929 monograph.

Welsh, a modern proponent of Jones’ concepts of species in Astragalus, often

labels Rydberg’s classifications as absurdities (Welsh, et al., 1994, p,2.; Welsh,

1982, p.155) suffering “from a myopia of understanding” (Welsh, 1982, p.155).

A myopia he believes still plagues many taxonomists today (Welsh, 1982).

When considering Rydberg’s species concepts and phylogenetic

theories from his 1929 monograph and other papers on Astragalus, one should

ignore the generic assignments, as done by T. H. Kearney and others, and

concentrate on the species delimitations, species descriptions and interspecific

relationships expressed in detail in his works.  Rydberg believed that the pod

morphology (the degree of separation of the septum, pod texture, and mode of

dehiscence) enabled one to define distinct lineages in the genus (Rydberg,

1928, p.577-578).  These portions of Rydberg’s classifications and species

delimitations are problematic.  The intergradation of these characters make

delimiting the differences between many taxa in Astragalus difficult (Barneby,

1945; 1964).
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SPECIES CONCEPTS IN ASTRAGALUS:  RUPERT C. BARNEBY

Where Jones was conservatively brief and Rydberg was liberally

detailed, Barneby’s style lies somewhere in between.   Barneby had both

experience in the field comparable to Jones and an attention to detail,

especially with herbarium specimens, that could be argued exceeded

Rydberg’s abilities.  His species concept in Astragalus is quite simple and

unambiguous.  He believed that species in Astragalus could be in general

“separated by easily found and easily defined morphological discontinuities”

(Barneby, 1964, p.31), not solely depending on pod morphology, but

representing taxa with continuous geographic distributions, rarely

overlapping with closely related species (Barneby, 1964).  Figures 1 - 3 depict

the putative pleisiomorphic (ancestral) and apomorphic (derived) character

states of selected morphological characters in Astragalus as hypothesized by

Barneby (1964).  Ultimately, Barneby complied 11 basic assumptions of

character states, including those in Figures 1-3, that were the basis for not only

Barneby's species delimitations but also his theories of higher level section and

phalanx (an approximate equivalent to subgenus) level systematic

relationships.  These assumptions of character state polarity have rarely been

rigorously tested with either morphologic or molecular data.

Barneby's 1964 monograph was an expanded and refined version

of his Pugillus Astragalorum I-XX series published from 1942 to 1958.  His
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species concepts and phylogenetic theories have largely been accepted in most

floras since (see Isely, 1998, Barneby, 1989, and Welsh et al., 1994, 2003). Many

of the sections in Barneby's 1964 monograph are “isolated monotypes” that do

not fit well into any of the more widespread and species rich sections.

Except for the addition of new varieties and species found recently

within the geologically heterogeneous Great Basin and Colorado Plateau, his

treatments of the genus, and of the Astragalus lentiginosus complex, has rarely

critically reanalyzed (See Sanderson, 1991).

SPECIES CONCEPTS IN ASTRAGALUS: STANLEY L. WELSH

Stanley Welsh, although in general a conservative taxonomist, has

a different view of Astragalus speciation than Barneby:

“The underlying principle in this work [A Utah Flora] is reality

and its representation” (Welsh, et al., 1994, p.1)

In his treatment of Astragalus in this work and throughout Welsh’s papers on

Astragalus (see Welsh, 1978; Welsh & Atwood, 2001; Welsh, 1974 for examples)

one can piece together Welsh’s concepts of speciation in Astragalus.  Welsh’s

species delimitations are based on morphological differences at the
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Figure 1.  Pod texture character states in Astragalus adapted from Barneby

 (1964).

Papery
(neither greatly
thickened nor
transparent)

Plesiomorphic

Membraneous
&

Transparent

Apomorphic

Thickening
of the
Valves

Tough, Pithy Texture
(arid conditions)

Stiff papery to leathery



18

Figure 2.  Pod dehiscence and persistence character states in Astragalus

adapted from Barneby (1964).
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Figure 3.  Pod morphological character states in Astragalus adapted from 

Barneby (1964).
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population level as found in the field, weighting heavily morphological

differences in allopatric populations.  Welsh's species concept is close to

Barneby's, however, Welsh believes that allopatric populations with unique

combinations of morphological innovations should be recognized at the

species level, not just as minor morphological variants or distinct varieties.

Welsh believes whether or not a taxon should be considered a species should

be based morphological characters “in context with other features of the plant,

with its geography, geological substrates, elevational range, features of slope,

sympatry or allopatry, chromosome condition, phytochemistry, breeding

mechanisms, and other items important to its interpretation” (Welsh, et al.,

1994, p.2).

Welsh's species concept focuses on a Morphological Species

Concept and incorporates aspects of population genetics from the Biological

Species Concept.  In practice, Welsh is similar to Rydberg, splitting taxa, ones

Barneby thought were at best subtaxa, into species based on the presence of a

unique set of characters.  Table 1 shows a list of most of the endemic

Astragalus species reported in A Utah Flora (1994) that have been named by

Welsh.  Welsh's species were previously examined in Barneby's 1964

monograph and his 1989 revision.  Barneby reduces in rank all of Welsh's

putative rare, narrow endemics into more widespread species, recognizing

some only at the varietal level.  Duane Isely’s 1998 monograph of the legumes
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Table 1. A list of endemic species of Astragalus found in Welsh et al. (1994; 

2003), Welsh (2007) and species classifications as found in works of

Isely (1998) and Barneby (1964;1989).* Astragalus debequaeus is from

Welsh (1985).

Welsh, et al., 1994
Welsh 2007

Isely, 1998 Barneby, 1964; Barneby,
1989

A. atwoodii A. pinionis var. atwoodii A. pinionis var. atwoodii
A. barnebyi A. desperatus var.

conspectus
A. desperatus var.
conspectus

A. bisulcatus
    var. major

A. bisulcatus var. major A. bisulcatus var. bisulcatus

A. equisiolenus A. desperatus var. neeseae A. desperatus var. neeseae
A. ampullarioides A. eremiticus var. eremiticus

       (minor variant)
A. eremiticus var. eremiticus
       (minor variant)

A. henrimontanus A. argophyllus
    var. panguincensis

A. argophyllus var. stocksii

A. montii A. limnocharis var. montii A. limnocharis var. montii
A. pubentissimus
     var. peabodianus

A. pubentissimus
     var. peabodianus

A. pubentissimus
    (minor variant)

A. stocksii A. argophyllus
    var. panguincensis

A. argophyllus var. stocksii

A. subcinereus
   var. basalticus

A. subcinereus
    var. basalticus

A. subcinereus
   (minor variant)

Astragalus debequaeus
*

A. eastwoodiae
    var. debequaeus

A. eastwoodiae
   var. debequaeus

A. pseudiodanthus A. iodanthus
     var. pseudiodanthus

A. pseudiodanthus
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of the United States for the most part follows the species delimitations

expressed in Barneby's 1964 and 1989 treatments.   Isely in general only

recognizes Welsh’s varietal delimitations.  Where Rydberg’s strict

interpretation of the Typological Species Concept can be argued as

fundamentally flawed, Welsh's species concept simply assumes that

morphological differences and geographic isolation are correlated with high

levels of genetic differentiation, and weights heavily, in delimitations at the

species level, allopatric or marginal populations with unique morphological

innovations, however seemingly minor.  Welsh’s theories of species level

classifications in Astragalus can only be tested with experimental and

molecular population genetic analyses.

THE MONOPHYLY OF THE PALANTIA:  A MORPHOLOGICAL AND

MOLECULAR APPROACH

Since population genetic or species level cladistic analyses have

not been published on the Astragalus lentiginosus complex, rarely in the genus

overall, independent verification of whether Jones’, Rydberg’s, Barneby's,

Welsh’s or Isely’s phylogenetic hypotheses and species delimitations in the

Great Basin and Colorado Plateau is difficult.
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The Palantia, referred for convenience in an informal way, was a

sectional name within the genus Tium used by Rydberg (1929) for taxa

formerly reduced by Jones (1923) as varieties of Astragalus lentiginosus.  The

Palantia, in a modern interpretation, consists of A. mokiacensis plus the other

scarcely inflated varieties of A. lentiginosus, primarily A. lentiginosus var.

maricopae, A. lentiginosus var. palans, A. lentiginosus var. ursinus, and A.

lentiginosus var. wilsonii.   Traditionally, the morphologically similar, As.

iodanthus and A. pseudiodanthus have been considered informally as the

Iodanthi, related to members of Astragalus section Argophylli (Jones, 1923) or to

Astragalus section Diphysi (Barneby 1964).  In this study, A. iodanthus and A.

pseudiodanthus are considered putative, although potentially distantly related,

members of the Palantia.

Within the genus Astragalus, the most explicit phylogenetic

hypotheses were proposed first by Jones (1923) and then by Barneby (1964).

Jones is the only monographer in Astragalus to provide a phylogram of the

higher order relationships among sections of this genus.  Figure 4 is a

modified version of Jones' phylogram found on page 27 of his Revision.  To

Jones, the Palantia, included by him in Section Inflati, were thought to be more

related and basal to Sections Alpini, Sparsiflori, and Debeles.  These sections, as

defined by Jones, were composed of species with a montane, alpine, arctic,

and warm temperate (southeastern United States) distribution.
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Figure 4.  Relationships among the sections of Astragalus, a phylogram

adapted from Jones (1923).
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Barneby (1964), although he did not graphically illustrate his phylogenetic

hypotheses, had a much more explicit and complex view of this genus.

Phylogenetic trees of the Phalanx Homaloboid Phalanx (Figure 5) and

Piptoloboid (Figure 6), developed from the text from each of Barneby's

sections and from his "Synopsis of the North American Species" (1964, p.37-

53), were created to better understand Barneby's theories of relationships.

Barneby placed A. mokiacensis, based on the presence of persistent pods (a

feature not present in any variety of Astragalus lentiginosus), into section

Preussiani of the Homaloboid Phalanx, allying it with a group of mostly

seleniferous species.  The rest of the Palantia he placed as varieties of

Astragalus lentiginosus into section Diphysi of the Piptoloboid Phalanx.   The

Phacoid Phalanx, composed of mostly alpine Rocky Mountain or Arctic

species was proposed by Barneby to be the most primitive within Astragalus

and basal to the Homaloboid and Piptoloboid Phalanxes.  Based on cytological

data, Spellenberg (1976) hypothesized that "in Astragalus there may have been

several northward colonizations [from temperate Mexico] influenced by

topographic changes and climatic fluctuations since at least the mid-Tertiary...

Each of these northward colonizations may have been accompanied by rather

parallel cycles of morphological change, and with a generally progressive

reduction in chromosome number" (p.474).  These often competing

hypotheses of Astragalus speciation make determining whether a particular
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Figure 5.  Relationships among the sections of the Homaloboid Astragalus, a 

phylogram adapted from Barneby (1964).
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Figure 6.  Relationships among the sections of the Piptoloboid Astragalus, a 

phylogram adapted from Barneby (1964).
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section of the genus is primitive or more highly derived difficult, much less

making the same determination for the Palantia.

The ill-defined nature of the Palantia especially considering the

varietal and nomenclatural revisions of Welsh & Atwood (2001), has also led

to difficulty delimiting these taxa.  In examining the treatments of 20th

Century taxonomists, one can discern two patterns of relationship between

the taxa in the Palantia:  either these taxa are a monophyletic group arising,

potentially from the widespread var. palans, and differentiating into separate,

minutely different varieties (sensu Jones, 1923; Welsh, et al., 1994; Welsh &

Atwood, 2001; Barneby, 1989, in reference to var. palans only) and Rydberg

(1929, in part); or these taxa are a polyphyletic assemblage in which the

scarcely inflated, semi-bilocular to bilocular pod has arisen from multiple,

independent lineages (sensu Barneby 1945; 1964; 1989 in part; Isely, 1998).

Essentially, is the scarcely inflated pod a result of a single radiation event or a

result of multiple independent parallelisms?

In Astragalus, Barneby was the first to explicitly recognize the

potential for parallel evolution of the pod morphology:

“When the marvelously diverse carpology of Astragalus is

considered as a whole, and when one recollects the manner in which the pods

of species accepted by Rydberg himself as closely allied may differ in size and

shape, in length of stipe, in the degree of compression and inflation, and in the
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very width of septum, it becomes clear that all parts of the fruit have been

equally subject to evolutionary progress and recession in comparatively recent

times.  Indeed there seems to be no reason why the similarity of structure

between the pods of Old and New World species... cannot be explained as

well by parallel development as by common heredity.  In this case no single

carpological character, nor even general agreement in structure of the fruit,

can be accepted as a reliable basis of a natural classification throughout the

genus unless supported by other criteria of proved value” (Barneby, 1944,

p.165).

When considering the unreliability of carpological characters due

to the potential for multiple independent parallelisms, the diversity of the

Astragalus lentiginosus complex, and the intergradation between widespread

varieties as observed by Barneby (1945; 1964; Figure 7), it becomes more

difficult to determine relationships between varieties of Astragalus lentiginosus,

and relationships between Astragalus lentiginosus and closely allied species.  It

is unclear whether the inflated or the scarcely inflated pod in Astragalus

lentiginosus is pleisiomorphic.  Consequently, is the inflection of the lower

suture into a partial septum or into a complete septum pleisiomorphic?
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Figure 7.  Intergradation between varieties of Astragalus lentiginosus, adapted

from Barneby (1964; 1989), Welsh et al (1994; 2003), & Welsh & Atwood (2001).
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The monographs of Jones (1923), and Rydberg (1929, in part) and

the revisions of Welsh et al. (1994, 2003), Welsh & Atwood (2001), and Barneby

(1989 in reference to var. palans only) hypothesize, with a few exceptions noted

below, that the scarcely inflated taxa of the Palantia are of a single lineage,

representing two (or three including var. trumbullensis) distinct, closely allied

taxa.

Rydberg’s monograph in 1929, disregarding the generic

segregations, is unique among these works.  He finely split the Palantia into

distinct morphological variants, placing them in the genus Tium.  He placed

the inflated taxa into the genus Cystium.  Effectively, his theory was that the

Palantia and the rest of the Tioid species represented a monophyletic group

within the genus Astragalus.

Barneby (1964, 1989 in part) and Isely (1998) alternatively propose

each taxon within the Palantia are of independent origin.  The polymorphisms

and shared pod morphology observed in these taxa are considered a result of

many independent parallel lineages, each of the taxa having been derived

from different (formerly sympatric?) varieties of Astragalus lentiginosus with

inflated pods.

Finding evidence in support of these phylogenetic hypotheses will

require extensive sampling at the population level of the members of the

Palantia and within sympatric varieties of Astragalus lentiginosus.  Additional
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taxa, Astragalus iodanthus, Astragalus eremiticus, Astragalus cibarius, Astragalus

chamaemeniscus, and possible taxa within the Section Argophylli may also need

to be sampled to thoroughly test these hypothesis, based on published

molecular data.

The levels and patterns of genetic differentiation among varieties

of this complex are not known. Analysis of highly polymorphic chloroplast

DNA microsatellites was selected due to its applicability across a wide range

of taxonomic levels.   Determining the levels and patterns of genetic

differentiation among populations of A. mokiacensis and related taxa, along

with sequence and morphological data, will be used to revise the taxonomic

boundaries within the Palantia and to test the competing hypotheses of a

single or multiple origin of the scarcely inflated, persistent pod found the

Palantia.
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CHAPTER 1

THE TAXONOMIC STATUS OF ASTRAGALUS MOKIACENSIS

(FABACEAE), A SPECIES ENDEMIC TO THE SOUTHWESTERN

UNITED STATES*

INTRODUCTION

Even after a century of taxonomic revisions, the relationships between

Astragalus mokiacensis A. Gray and the other varieties of A. lentiginosus

Douglas ex Hook. with scarcely inflated pods remain obscure.  Historically, A.

mokiacensis has been recognized either as a variety of A. lentiginosus or as a

species related to one of several different sections in the genus.  Three taxa, A.

mokiacensis, A. lentiginosus var. ursinus (A. Gray) Barneby, and A. lentiginosus

var. trumbullensis S.L. Welsh & N.D. Atwood are the focus of the present

investigation.  The type specimens of these three taxa are distinguished by

subtle morphological differences.  The type localities and the affinities to

extant populations of A. mokiacensis and A. lentiginosus var. ursinus have been

in question for most of the 20th century.  Even though the type locality of

*Chapter 1 is an partially revised version of a publication of the same title

published as Alexander (2005) Brittonia 57:320-333.
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A. lentiginosus var. trumbullensis is unambiguous, the affinity of the type

population to other populations of A. mokiacensis has not been fully evaluated.

Astragalus mokiacensis and A. lentiginosus var. ursinus were first

described by Asa Gray.  He suggested, based on similar pod morphology, that

they were more closely related to Astragalus iodanthus (Gray, 1878).  Marcus

Jones (1923) placed these two taxa into one variety, A. lentiginosus var.

mokiacensis (the most inclusive interpretation of this group), based on the same

characters considered by Gray.

Later, Barneby (1964) placed Astragalus mokiacensis within the

seleniferous taxa in Astragalus section Preussiani, a section distantly related to

section Diphysi.  Barneby's (1964; 1989) delimitation was influenced by the

similar size and shape of the flowers and pods of A. mokiacensis and sympatric

variants of A. preussii, and the presence of a long-persistent pod in both

species.  A persistent pod is never found in the other varieties of A. lentiginosus

or other species of section Diphysi.

Barneby's (1964; 1989) concept of Astragalus mokiacensis was revised in a

recent treatment by Welsh and Atwood (2001).  To them, the types of A.

mokiacensis and A. lentiginosus var. ursinus were more similar to each other

than to populations of A. mokiacensis from the southern Shivwits Plateau

(Mohave Co., Arizona).  They split this population to form A. lentiginosus var.

trumbullensis.  Populations in the Beaver Dam Mountains (Mohave Co.,
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Arizona and Washington Co., Utah; previously determined as A. lentiginosus

var. palans by Barneby, 1989) formed the core of Welsh and Atwood's concept

of A. lentiginosus var. mokiacensis (see taxonomic key and distribution

description of A. lentiginosus var. mokiacensis, p.77-80).  For the first time, the

populations in the Beaver Dam Mountains were recognized as having

persistent pods, which was overlooked by Barneby.  However, Welsh and

Atwood considered the persistent pods of A. mokiacensis to be a minor

character, subordinate to the similarity of the size and shape of the flowers

and pods to A. lentiginosus var. palans.

The primary unifying characteristics of Astragalus mokiacensis and

putatively related taxa is the presence of a scarcely inflated, leathery, elliptic to

narrowly oblong pod that is either bilocular (the septum reaches the funicular

flange and in most species fuses with it), semi-bilocular (the septum partially

divides the two locules), or sub-unilocular (the septum is less than half the

width of the locule).  A second feature that is critical in the taxonomy of these

taxa is the degree of development of a stipe or gynophore. Both are formed of

tissue between the receptacle and the gynoecium.  Within A. lentiginosus, the

pod is sessile and deciduous from the raceme by an abscission layer between

the receptacle and gynoecium which forces the pod to detach from the raceme

upon maturity.  A "sub-stipitate" or "cryptically stipitate" condition (used

when the marcescent calyx and thickened calycine disk conceal a short stipe)
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is rare, having only been described in A. lentiginosus var. pohlii S.L. Welsh &

Barneby, a restricted endemic from Utah.  Alternatively, a gynophore (where

the abscission layer occurs along the stipe near base of the pod, leaving a

stipe-like projection on the receptacle) has been described in A. bryantii

Barneby (a synonym of A. lentiginosus var. palans).  A goal of this paper is to

document the distribution of these pod features in A. mokiacensis and related

taxa.

The reputation of Astragalus mokiacensis as “a pitfall and a snare to

three generations of Botanists” (Barneby, 1964, p.581) continues to this day.

Any specimen of A. mokiacensis (or even related species from northwestern

Arizona, southeastern Nevada, or southwestern Utah) can be keyed to

different taxa in all major treatments (Barneby, 1945; 1964; 1989; Isely, 1998;

Welsh & Atwood, 2001; Welsh et al., 2003).  As it once was after Jones' (1923)

and Rydberg's (1929) monographs (Barneby, 1964, p.581), the exactly typical

concept of A. mokiacensis is again lost.

To address the taxonomic uncertainties among these three taxa, an

examination of the type collections of both Astragalus mokiacensis and A.

ursinus was recently conducted (Alexander, unpublished data).

Lectotypification was necessary after the types of both taxa were determined

to be mixed collections.  It was determined, through examination of the type

materials of Palmer's 1877 collection at GH, examinations of specimen lists at
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the Library of the Gray Herbarium (Gray, no date), and examinations of

published treatments of Palmer's collections (McVaugh, 1943; 1956; McVaugh

& Kearney, 1943), that the type localities were incorrectly published.

However, lectotypification and type locality revision were not enough to

definitively associate these specimens with extant populations (Alexander,

unpublished data).

Morphological principal components analysis (PCA) has been

successful in grouping variants in species complexes and determining which

characters contribute most to those groups (Morden & Hatch, 1996;

Henderson & Martins, 2002).  In Astragalus, interspecific morphological

variation has been investigated only by Sanderson (1991) in a cladistic

analysis.  In this study a morphological PCA analysis from herbarium

specimens is used to determine if multivariate PCA is sensitive enough to

detect major groups among the specimens of A. mokiacensis and whether the

type specimens of A. mokiacensis, A. lentiginosus var. ursinus, and A.

lentiginosus var. trumbullensis fall within major population groups as delimited

by Welsh and Atwood (2001).

As a supplement to the PCA analysis, extensive field investigations of

the major regional populations of Astragalus mokiacensis, examinations and

comparisons of type specimens, and examinations of important historical

collections are used to evaluate the status of A. mokiacensis and A. lentiginsous
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var. trumbullensis as separate taxa.  Keys to the taxa examined from Astragalus

Section Diphysi and keys differentiating related species can be found in the

cumulative taxonomic treatment (Chapter 4).

TAXONOMIC REVIEW

 In the most recent treatment of Astragalus mokiacensis, Welsh and

Atwood (2001) followed M. E. Jones' (1923) and Barneby's (1945)

interpretation of A. mokiacensis as a variety of A. lentiginosus.  Welsh and

Atwood also described a new taxon, A. lentiginosus var. trumbullensis, from the

Shivwits Plateau, in Mohave County, Arizona (Table 1).

According to Welsh and Atwood (2001), the presence of a cryptic

stipe and adaxially and abaxially pubescent leaflets distinguished Astragalus

lentiginosus var. trumbullensis, from both A. lentiginosus var. palans and A.

mokiacensis.  The pod of A. lentiginosus var. trumbullensis was described as

being cryptically (or incipiently) stipitate, the stipe ranging from 0.1-1.0 mm

long.  In contrast, A. mokiacensis was described as having a sessile pod

(presumably the receptacle to gynoecium distance being less than 0.1 mm).

Populations of Astragalus lentiginosus var. palans from

southwestern Utah were included in an expanded A. lentiginosus var.

mokiacensis (Gray) M. E. Jones by Welsh and Atwood (2001).  These plants,

with hamately to lunately curved, deciduous pods on recurved pedicels, are

similar morphologically to A. lentiginosus var. palans from eastern Utah and
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Colorado.  The white wing tips were used by Welsh and Atwood to link the

Beaver Dam Mountains with the upper Virgin River Valley population

(Washington Co., Utah; Figure 1).  The upper Virgin Valley population was

later removed from A. lentiginosus var. mokiacensis back to A. lentiginosus var.

palans in the third edition of the Utah Flora (Welsh et al., 2003).  Analysis of

these populations of A. lentiginosus var. palans will be addressed in Chapter 2

and 3.

MATERIALS AND METHODS

Field observations and voucher specimens were made from spring

1995 to summer 2004 throughout the range of Astragalus mokiacensis.  Most

populations were visited several times and were observed during early

flower, maturity, and senescence.  Vouchers for this study were deposited at

OSC, UNLV, and NY.

Herbarium specimens were examined at UC in December of 1999,

BRY in August of 2000, GH in August of 2002, NY in October of 2003, and

UNLV in July of 2002 and 2003.  Additional herbarium specimens were

obtained on loan from BRY, CAS, K, POM, RM, and RSA.

From these, 43 specimens from throughout the range of Astragalus

mokiacensis were examined for a morphological principal components analysis

(PCA).  Duplicate specimens or specimens from the same locality were used to   
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Table 2.  The major taxonomic treatments of Astragalus mokiacensis from 1923-2005. Sectional arrangements within

Astragalus are in parentheses.

Jones (1923)
Rydberg

(1929)
Barneby

(1945)
Barneby

(1964)
Barneby

(1989)
Welsh et al.

(1993)
Isely (1998)

Welsh &
Atwood
(2001)

Welsh et al.
(2003)

Alexander
(2005)

N/A N/A N/A

Astragalus
lentiginosus

var.
maricopae
(Diphysi)

not in Flora
region

not in Utah

Astragalus
lentiginosus

var.
maricopae
(Diphysi)

N/A not in Utah N/A

N/A N/A N/A N/A not in Utah

Astragalus
lentiginosus

var.
trumbull-
ensis

(Diphysi)

not in Utah

Astragalus
lentiginosus

var.
mokiacensis
(Inflati)

Tium
mokiacense
(Palantia)

Astragalus
lentiginosus

var.
mokiacensis
(Diplo-
cystium)

Astragalus
mokiacensis
(Preussiani)

Astragalus
mokiacensis
(Preussiani)

not in Utah

Astragalus
mokiacensis
(Preussiani) Astragalus

lentiginosus
var.

mokiacensis
(Diphysi)

Astragalus
lentiginosus

var.
mokiacensis

Astragalus
mokiacensis
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Table 2 (continued).  The major taxonomic treatments of Astragalus mokiacensis from 1923-2005. Sectional arrangements

within Astagalus are in parentheses.

Jones (1923)
Rydberg

(1929)
Barneby

(1945)
Barneby

(1964)
Barneby

(1989)
Welsh et al.

(1993)
Isely (1998)

Welsh &
Atwood
(2001)

Welsh et al.
(2003)

Alexander
(2005)

Astragalus
lentiginosus

var.
mokiacensis

Astragalus
lentiginosus
var. palans
(Inflati)

Tium
palans

(Palantia)

Astragalus
lentiginosus
var. palans
(Diplo-
cystium)

Astragalus
lentiginosus
var. palans
(Diphysi)

Astragalus
lentiginosus
var. palans
(Diphysi)

Astragalus
lentiginosus
var. palans

Astragalus
lentiginosus
var. palans
(Diphysi) Astragalus

lentiginosus
var. palans

Astragalus
lentiginosus
var. palans

Astragalus
lentiginosus
var. palans

Tium
ursinum
(Palantia)

Astragalus
lentiginosus
var. ursinus
(Diplo-
cystium)

Astragalus
lentiginosus
var. ursinus
(Diphysi)

Astragalus
lentiginosus
var. palans
(Diphysi)

Astragalus
lentiginosus
var. palans

Astragalus
lentiginosus
var. ursinus
(Diphysi)

Astragalus
lentiginosus

var.
mokiacensis

Astragalus
lentiginosus

var.
mokiacensis

Astragalus
mokiacensis

Astragalus
lentiginosus

var.
mokiacensis
(Inflati) Tium

wilsonii
(Palantia)

Astragalus
lentiginosus
var. wilsonii
(Diplo-
cystium)

Astragalus
lentiginosus
var. wilsonii
(Diphysi)

not in Flora
region

not in Utah

Astragalus
lentiginosus
var. wilsonii
(Diphysi)

N/A not in Utah N/A
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determine the character states of missing data.  Qualitative characters that

were found to be polymorphic within a single individual were excluded.

Multivariate PCA analysis was performed with Systat (SPSS, Inc., 1996) using

a correlation matrix.  A pairwide correlation matrix was also calculated to

determine if any pair of characters were highly correlated (r>0.9)

RESULTS

Of the 24 morphological characters examined, 11 were constant and

not used in the PCA (Table 2) and 13 were variable.  Two characters were

found to be highly correlated (podad and pod sc, r=1.00).  Character 17

(podad) was eliminated in the final PCA.  The first component of the PCA

explained 43.7% of the total variation (Table 3).  High positive loadings were

obtained for pod shape in cross section and pod shape in logitudinal section.

High negative loadings were obtained for pod pedicel orientation, leaf abaxial

pubescence.  Moderate positive loading were obtained for keel lenght, pod

orientation on raceme, pod length x width ratio, and calyx teeth shape.

Moderate negative loadings were obtained for leaf adaxial pubescence.  The

second component of the PCA explained 16.9% of the total variation.

Moderate positive loadings were obtained for pod stipe length and wing

color.  Moderate negative loadings were obtained for leaf adaxial pubescence,

calyx length, and keel length.  The third component of the PCA explained

11.6% of the total variation.  Moderate positive loading were
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Table 3. List of 24 morphological characters and their abbreviations used 

in this study.  Eleven were constant (C) and not used in the PCA 

analysis.  Characters were coded as multistate continuous 

variation (R), binary state (B), or multistate (M).

1.  Adaxial leaflet pubescence (leafad) M
2.  Abaxial leaflet pubescence (leafab) M
3.  Calyx tube length (calyxl) R
4.  Calyx pubescence density (calyxd) M,C
5.  Calyx teeth shape (calyxs) M
6.  Calyx teeth orientation (calyxo) M,C
7.  Keel length (keell) R
8.  Keel color (keelc) M,C
9.  Wing color (wingc) M
10.  Banner color (bannerc) M,C
11.  Pod length X width ratio (podr) R
12.  Pod pedicel orientation (podpo) M
13.  Pod shape, longitudinal section (podsl) M
14.  Pod shape, cross section (podsc) M
15.  Presence of weak septum (septumw) B,C
16.  Septum fused (septumf) B,C
17.  Adaxial suture of pod sulcate (podad) B
18.  Abaxial suture of pod sulcate (podab) B,C
19.  Pod valve texture (podt) M,C
20.  Pod scarcely inflated (podsi) B,C
21.  Pod orientation on raceme (podro) M
22.  Pod orientation, degree of pod incurve (podpi) M,C
23.  Pod stipe length (pods) R
24.  Pod deciduous or persistent (poddp) B,C
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Table 4. Results of PCA of 12 variable morphological characters of 43 

specimens of Astragalus mokiacensis.

Latent Roots (Eigenvalues)
 1           2 3           
 5.24       2.03 1.39

Percent of Total Variance Explained
43.66 16.92 11.60

Component loadings
   podsc    0.881      -0.128 -0.198
   podsl    0.835      -0.188 -0.248
   podpo  -0.808       0.157 -0.144
   leafab  -0.754      -0.072  0.470
   keell    0.676      -0.511  0.367
   podro        0.671      -0.247 -0.074
  podr    0.637       0.414 -0.4067
   calyxs     0.588       0.364  0.556
   leafad    -0.542      -0.625 -0.324
   calyxl    0.464      -0.588 -0.447
   pods     0.428       0.543 -0.223
   wingc    -0.441       0.539  0.282
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Figure 8.  Map of populations identified as Astragalus mokiacensis from 

Mohave Co., Arizona, Clark Co., Nevada, and Washington Co., 

Utah.  Each population identified in major treatments as A. 

mokiacensis has been mapped with a different character.  These 

populations are discussed in the descriptions of the variants.  

Collections recognized herein as A. lentiginosus var. palans

(crosses) in southeastern Washington Co., Utah were determined 

as A. lentiginosus var. mokiacensis in Welsh & Atwood (2001).  

Collections of A. mokiacensis (diamonds) from the canyons in the 

Virgin Mountains are few and their affinity to the major 

populations are unknown.  Relevant specimen localities are 

labeled as: A1, historical type locality of A. mokiacensis; A2, 

putative type locality of A. mokiacensis; B, putative type locality of 

A. ursinus; C, type locality of A. lentiginosus var. trumbullensis.  

Populations representing the minor variants (and groups in the 

in the PCA analysis)are labeled as: 1, mokiacensis minor variant; 2, 

trumbullensis minor variant; 3, Gold Butte minor variant; 4, A. 

lentiginosus var. ursinus
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Figure 8. (continued) Map of populations identified as Astragalus 

mokiacensis from Mohave Co., Arizona, Clark Co., Nevada, and 

Washington Co., Utah.
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Figure  9.  Scatterplot of the principal components analysis of Astragalus 

mokiacensis showing divisions between the minor variants.  The 

first and second axes represent 60.6% of the variation.  Major 

regions are labeled as: 1, mokiacensis minor variant; 2, trumbullensis

minor variant; 3, Gold Butte minor variant; 4, ursinus minor 

variant.  Relevant specimens are labeled as:  A, holotype, and A2, 

isotypes, of A. mokiacensis (Palmer 105 GH); B, holotype of A. 

ursinus (Palmer s.n. in 1877 GH); C, holotype of A. lentiginosus var. 

trumbullensis (Atwood & Furniss 24293 BRY);  D, specimens of the 

trumbullensis minor variant intermediate to the mokiacensis minor 

variant; E, Pinzl 7032 (NY, UNLV), specimen of the Gold Butte 

minor variant intermediate to the mokiacensis minor variant;  F,

 Lemmon s.n. from 1884 (GH);  G, Jones 5058 (NY)
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Figure  9. (continued)  Scatterplot of the principal components analysis of 

Astragalus mokiacensis showing divisions between the minor

variants.
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obtained for calyx teeth shape.  Low to moderate negative loadings were

obtained for calyx length, and pod lenght X width ratio.  There were no other

components of the PCA with eigenvalues greater than one.

The map (Figure 8) shows the localities of specimens and populations

referred to in both the historical and the modern treatments of Astragalus

mokiacensis.  The scatterplot of the first two components of the PCA (Figure 9)

shows four potential groups.  These groups are primarily differentiated from

one another by the length of the pod, the pod length × width ratio and the

leaflet adaxial pubescence.  They approximately correspond to the major

regional populations in Figure 8.

Group one is composed primarily of ten specimens from the southern

Shivwits Plateau population.  These are the upper canyon and plateau rim

populations with pods ranging from 21 to 25 mm (4.7-6.7x longer than wide)

and leaflets sparsely to moderately pubescent adaxially.  Specimen A is the

lectotype specimen of Astragalus mokiacensis (Palmer 105, GH).  Specimen F is

the historical specimen from south of the Grand Canyon in Peach Springs

Canyon, Mohave Co., Arizona (Lemmon 3326, GH; Figure 8), which was

hypothesized to be A. lentiginosus var. trumbullensis (Welsh and Atwood,

2001).  Three specimens in this group (D) are from the Andrus Canyon

population and are morphologically similar to the upper plateau rim
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population.  One specimen (E) from the Gold Butte population with longer

than typical pods is also included in group one.

Group two is composed of the five specimens from the lower Andrus

Canyon type population of Astragalus lentiginosus var. trumbullensis.  The pods

in this group range from 25 to 32 mm (6-7x longer than wide) and leaflets are

moderately to densely pubescent adaxially.  Specimen C is the holotype of A.

lentiginosus var. trumbullensis (Atwood & Furniss 24293, BRY).

Group three is composed of eight specimens from the Gold Butte

population in Nevada. The pods in this group range from 20 to 24 mm (4-5x

longer than wide) and leaflets are glabrous to sparsely pubescent adaxially.

Specimen E is the historical specimen, Jones 5058 (NY).

Group four is composed of the 15 specimens from the Beaver Dam

Mountains population. The pods in this group range from 13-20 mm (2.4-4.7x

longer than wide) and leaflets are entirely glabrous adaxially.  Specimen B is

the lectotype of Astragalus ursinus (Palmer s.n. in 1877, GH).  The two closest

specimens to the lectotype are specimens similar to the types of A. ursinus

from GH and NY historically considered type specimens.  These were

determined not be be isolectotype material by Alexander (unpublished data).

DISCUSSION

Even though the four groups in the PCA approximately correspond to

the major populations of Astragalus mokiacensis, each group has specimens that
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are intermediate to the morphological range found in the neighboring

population.  These groups form a relatively continuous range of variation,

with no clearly differentiated groups.  Splitting A. mokiacensis into separate

species or varieties based on these data is not supported.  Separation of A.

lentiginosus var. ursinus at the species or varietal level is not supported by

these data, however, an examination of morphology of the other taxa

putatively related to A. mokiacensis (Chapter 2) and an analysis of chloroplast

microsatellites (Chapter 3) support at least a varietal delimitation.

The PCA results also indicate that Astragalus lentiginosus var.

trumbullensis is a variant on the extreme of the range found in A. mokiacensis.

Not only are the specimens of group two and group one geographically

sympatric (Figure 8), but both have specimens with pods 24-25 mm long, 6-

6.7x longer than wide, and leaflets with moderate adaxial pubescence. The

trends in morphological variation are continuous and there does not appear to

be a clear separation between the taxa supporting varietal delimitations.

Despite this, the sample size of the Andrus Canyon populations is lower than

all of the other sampled populations.  More specimens are needed from the

lower Andrus Canyon populations to fully demonstrate the range of variation

and the degree of intermediacy in this population.

An examination of the specimens and published species delimitation of

Astragalus lentiginosus var. trumbullensis further support its treatment as a



52

minor variant of A. mokiacensis.  First, Welsh and Atwood (2001) assert that the

pods of A. mokiacensis and A. lentiginosus var. trumbullensis are bilocular,

differentiating it from the unilocular section Preussiani.  However, this feature

is variable in the section.  To Barneby, “the fruit of A. preussii is strictly

unilocular, that of A. mokiacensis is semi-bilocular to nearly bilocular, but in A.

crotalariae often and in A. beathii always there is some indication of a

rudimentary (or incipient) septum [a sub-unilocular condition]" (1964, p.581)..

The presence of a suture forming a nearly bilocular pod (septumw, septumf,

podsc) was not a character that contributed to the major groups in the PCA.

Second, the separation of Astragalus mokiacensis from A. lentiginosus var.

trumbullensis based on Welsh and Atwood's definition of sessile versus

cryptically stipitate pods is problematic.  In A. lentiginosus var. trumbullensis,

the pod ranges from sessile to stipitate with a stipe to 1 mm.  Barneby (1964;

1989) rarely recognized a taxon having a true stipe or gynophore unless it was

greater than 0.5 mm.  He reported that A. lentiginosus has a sessile pod from "a

flat or obconic receptacle" (1964, p. 912).  This obconic receptacle is identical to

the smallest extreme of the length of the stipe in A. lentiginosus var.

trumbullensis.  At the longest extreme, the stipe of A. lentiginosus var.

trumbullensis resembles that of A. minthorniae (Rydb.) Jeps., which is

"subsessile or shortly stipitate, the stout neck-like stipe 0.5-1.5 mm. long"

(Barneby, 1964, p. 502).  In A. mokiacensis, the pod ranges from sessile to sub-
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stipitate with a stipe to 0.7 mm (rarely to 1.0 mm).  Thus, the range of the stipe

length in A. lentiginosus var. trumbullensis is nearly identical to the range found

in A. mokiacensis.  In addition, the length of the stipe (pods) was not a major

contributor to the groups in the PCA analysis, most likely due to its variability

within populations.

Surprisingly, detailed examinations of specimens of Astragalus

lentiginosus var. palans have revealed that this taxon is also sub-stipitate, the

stipe being less than 1.0 mm long.  Indeed, even some populations of A.

lentiginosus var. palans from eastern Utah have pods with gynophores, a

condition where the abscission layer occurs at the base of the pod, leaving a

short 0.5-0.7 mm long stipe-like projection on the receptacle.  This condition

has been previously noted (Barneby, 1964) for A. bryantii, which was described

as possessing an incipient gynophore to 0.7 mm long.  Both Barneby (1989)

and Welsh et al. (2003) reduced this taxon to a synonym of A. lentiginosus var.

palans.  It is probably more accurate to use “incipient stipe” or “gynophore”

when referring to a stipe of less then 1 mm, as Barneby (1964) proposed.  The

stipe when present is only beginning to form, being not much more than the

thickened and elongated base of the pod or surface of the receptacle.

Third, the separation of Astragalus lentiginosus var. trumbullensis from A.

mokiacensis, based on the presence of pubescence on the adaxial surface of the

leaflets, is problematic, as some paratypes of A. lentiginosus var. trumbullensis
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have adaxially glabrous leaves, the hairs if any restricted to the leaflet base

(Holmgren et al. 9172; Higgins et al. 20277; Higgins et al. 21171).  Lastly, the type

specimens of A. mokiacensis have characters that are well within the range of A.

lentiginosus var. trumbullensis.  On the leaves of the lectotype (Figure 10), the

adaxial pubescence is sparser than on the abaxial surface, primarily being

restricted to the margins, the central vein and the leaflet base.  The pods are

cryptically stipitate, varying from sessile to stipitate, with an incipient stipe to

0.7 mm (Figure 10).  The morphological similarity between the two taxa is also

evident in the placement of the lectotype in the PCA results (Figure 9).

The distinguishing characteristics, as refined herein, of Astragalus

lentiginosus var. trumbullensis (pubescent adaxial leaf surface, a slight trend

toward a narrower pod, a cryptic stipe from 0.7-1.0 mm, and the potential for

flowers with white wing tips) are variable characters within populations in the

canyons of the southeastern Shivwits Plateau and intergrade with those found

within populations of A. mokiacensis from the Grand Wash Cliffs, Arizona and

Gold Butte, Nevada.  Based on these comparisons and the PCA results, A.

mokiacensis is herein divided into four minor variants, corresponding to the

major regional populations and the groups from the PCA analysis.  Astragalus

lentiginosus var. trumbullensis is recognized as a synonym of A. mokiacensis.
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Figure 10. Leaflets (A) and pods (B) from the lectotype of Astragalus 

mokiacensis (Palmer 105, GH).  The arrows indicate adaxial leaflet 

surfaces.  All other leaflets are showing abaxial surfaces.
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CHAPTER 2

THE TAXONOMIC STATUS OF ASTRAGALUS BRYANTII,

ASTRAGALUS LENTIGINOSUS VAR. MARICOPAE,

ASTRAGALUS LENTIGINOSUS VAR. WILSONII, AND

ASTRAGALUS LENTIGINOSUS VAR. URSINUS, FOUR TAXA

ENDEMIC TO THE SOUTHWESTERN UNITED STATES

INTRODUCTION

Within temperate North America, Astragalus is one of the most diverse

genera, having nearly 400 species (Barneby, 1964).  North America is one of

three major centers of diversity, all of which comprise the majority of the

nearly 1750 species of Astragalus worldwide (Mabberley, 1998).  Astragalus in

North America has also been monographed and revised many times during

the 20th century.  For an in-depth discussion of Astragalus taxonomy, see

Barneby (1964), Rydberg (1928, 1929) and Jones (1923).  According to the most

current revisions (Isely 1998, Welsh 2007), one of the most diverse species,

Astragalus lentiginosus, is a polymorphic complex of over 40 varieties, ranging

from the West Coast to Texas and the Rocky Mountains.  The Palantia, used

for convenience in an informal way, was a sectional name within the genus

Tium given by Rydberg (1929) for taxa formerly reduced by Jones (1923) to

varieties of Astragalus lentiginosus.  The Palantia, in a modern interpretation,



57

consists of A. mokiacensis plus the other scarcely inflated varieties of A.

lentiginosus, primarily A. lentiginosus var. maricopae, A. lentiginosus var. palans,

A. lentiginosus var. ursinus, and A. lentiginosus var. wilsonii.   The

morphologically similar, A. iodanthus, A. pseudiodanthus, and A. bryantii have

been placed in different sections of the genus (Jones 1923, Rydberg, 1929,

Barneby, 1964), but in modern revisions, these taxa are considered to be in

species closely related to the Palantia (A. iodanthus and A. pseudiodanthus;

Barneby 1989, Isely 1998) or insignificant variants of A. lentiginosus var. palans

(A. bryantii; Barneby 1989, Welsh et al., 2003)

Astragalus mokiacensis Gray and Astragalus ursinus Gray (varieties of

Astragalus lentiginosus in later treatments by Jones, 1923 and Barneby, 1945)

were described by Gray (1878), however, since these taxa have scarcely

inflated pods, Gray thought they were more closely related to Astragalus

iodanthus, a species from northwestern Nevada with scarcely inflated, mostly

unilocular pods, which he placed in Section Argophylli (see Gray, 1863;

Watson, 1871).  The affinity of the types of A. ursinus to extant populations

have been controversial since the taxon was first described by Asa Gray in

1878 (see Chapter 1)

E. L. Greene added a small, but significant, observation to this

complex.  In 1897, he described Astragalus wilsonii Greene, a taxon with

scarcely inflated pods from northern Arizona.  To him, Astragalus wilsonii was
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closely allied with Astragalus diphysus, differing only in the pod's morphology

(Greene, 1897).  He was among the first taxonomists to break from the

traditions set by Gray’s 1863 monograph.  Greene’s observation was noted by

Barneby in Pugillus Astragalorum Alter (1944; p. 164).  The significance of this

observation, however has gone largely unrecognized.  The idea that a taxon in

Astragalus with leathery, semi-biloculate, scarcely inflated pods could be

closely related to a taxon with inflated, biloculate pods was revolutionary for

the time.  Jones was simultaneously in the process of forming ideas of

relationships such as Greene’s, but he did not publish his until 1898 with

Astragalus lentiginosus var. palans.  In this study, these three taxa are

considered putative members of the Palantia.

In Jones’ 1898 publication, he proposed a set of new combinations,

placing the species from Gray’s Section Diphysi as varieties within a greatly

expanded concept of Astragalus lentiginosus (Jones, 1898).  Jones published his

Revision of North-American Species of Astragalus in 1923 (Jones, 1923; Barneby,

1964).  Jones synonymized Greene’s Astragalus wilsonii into a variety of

Astragalus lentiginosus (1923).  Astragalus lentiginosus var. palans, five years

after being described by Jones (1893), was relegated to a variety of A.

lentiginosus (1898), a status that has been relatively unchanged since.  Jones

(1923) however also included specimens from populations of A. lentiginosus

var. diphysus, A. lentiginosus var. araneosus, and A. lentiginosus var. australis in
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his delimitation of A. lentiginosus var. palans, a much broader circumscription

than that of Barneby (1964).

Three taxa in the Palantia have been  largely overlooked by

taxonomists and have an uncertain taxonomic status.  The affinity of the types

of A. ursinus to extant populations have been controversial since the taxon was

first described by Asa Gray in 1878 (see Chapter 1).  In some recent taxonomic

treatments (Barneby, 1989; Welsh et al., 1994), the types have been regarded as

an insignificant variant of A. lentiginosus var. palans. However, Welsh

recognizes this taxon as an insignificant variant of A. lentiginosus var.

mokiacensis and the types of A. ursinus belong to morphologically similar

populations (Welsh & Atwood, 2001; Welsh et al., 2003) in the Beaver Dam

Mountains of Arizona and Utah.  Welsh & Atwood also problematically

conclude that the types of A. mokiacensis are more similar to the Beaver Dam

Mountains populations than to populations of their A. lentiginosus var.

trumbullensis (see Chapter 1).  Astragalus bryantii, is currently regarded as an

insignificant variant of A. lentiginosus var. palans (Barneby, 1989; Welsh et al.,

2003), however in the past, it has been determined to be a species, related to A.

mokiacensis (Barneby, 1944) or to A. nothoxys of Section Leptocarpi (Barneby,

1964). Astragalus lentiginosus var. maricopae was first described in Barneby's

monograph (1964). Since then however, it has been confused with A.

lentiginosus var. yuccanus (due to similar floral morphology; examination of
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herbarium specimens at UC,GH,NY) and remains poorly known.  The floral

and pod morphology are highly distinct when compared to the other

members of the Palantia and the taxon is as distinct as other species

recognized in the genus. Although not noted by Barneby (1964) nor

subsequent taxonomists, A. lentiginosus var. maricopae has persistent pods.

Astragalus lentiginosus var. wilsonii was first described as a species by Greene

(1897).  Jones (1923) submerged it with his expanded concept of A. lentiginosus

var. mokiacensis. Despite Barneby's (1964) recognition of it as a separate variety

of A. lentiginosus, most populations of A. lentiginosus var. wilsonii have

remained confused with A. mokiacensis and A. lentiginosus var. palans, mostly

due to similar floral morphology.

In this study, morphological PCoA and cladistic analyses from

herbarium specimens is used to detect major groups among the specimens of

the Palantia that correspond to species or varietal delimitations in preparation

for a taxonomic revision of this group.

MATERIALS AND METHODS

Field observations and voucher specimens were made from

spring 2001 to summer 2004 throughout the range of the Palantia.  Most

populations were visited several times and were observed during early
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flower, maturity, and senescence.  Vouchers for this study were deposited at

OSC, UNLV, and NY.

Herbarium specimens were examined at UC in December of 1999,

BRY in August of 2000, GH in August of 2002, NY in October of 2003, and

UNLV in July of 2002 and 2003.  Additional herbarium specimens were

obtained on loan from BRY, CAS, K, POM, RM, and RSA.

From these, 153 specimens from taxa in Astragalus Section Diphysi were

examined for a morphological principal components analysis (PCA).

Duplicate specimens or specimens from the same locality were used to

determine the character states of missing data.  95 specimens, including the

type, of A. lentiginosus var. palans were used.  These specimens came from all

major regions of this taxon's range.  The type and eight other specimens of A.

bryantii, the type and three specimens of A. mokiacensis were also sampled.

From two populations of taxonomic uncertainty, eleven specimens from

Cameron, Coconino Co., Arizona, and two from the South Rim of the Grand

Canyon, Coconino Co., Arizona were included to determine the affinity of

these populations to the other taxa studied.  Since herbarium specimens of A.

lentiginosus var. ursinus were already used in the PCA in Chapter 1, 10

additional specimens, along with the type, were selected from herbarium

vouchers collected for the molecular analysis. Due to the sparsity of

herbarium specimens of A. lentiginosus var. maricopae and A. lentiginosus var.
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wilsonii, 5 and 15 specimens respectively were also selected from herbarium

voucher collections for the molecular analysis.  A single representative

specimen, mostly type specimens or specimens from populations near the

type locality, was included in the PCA from A. lentiginosus var. araneosus, A.

lentiginosus var. ambiguus (type specimen), A. lentiginosus var. yuccanus,

Chloride population of A. lentiginosus var. yuccanus (part of A. lentiginosus var.

ambiguus in Barneby, 1964), A. iodanthus, and A. pseudiodanthus.  Qualitative

characters that were found to be polymorphic within a single individual were

excluded.

The morphological matrix was transformed into a  Gower (1971)

similarity matrix, a process that is not sensitive to data sets with mixed

ordinal, nominal, continuous, and ratio data types.  The matrix was then used

in a principle coordinates analysis.  A Kendall's tau correlation between the

PCoA axes and all morphological characters was used to determine the

magnitude of the contribution of characters to the overall analysis (Hammer et

al. 2001, Easdale et al. 2007).  All correlations and PCoA analyses were

performed using Paleontological Statistics (PAST) ver. 1.76 (Hammer et al.

2001).  PAST was also used in a cluster analysis to create a euclidean distance

dendrogram.
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PAUP* for Windows ver. 4.0 beta 10 (Swofford, 2002) was used to

assess the relationships among 30 specimens of the Palantia and Section

Diphysi using cladistic methodologies.

The PCoA, parsimony, and cluster analyses were used to address

the following questions:

1)  Do populations of A. bryantii, A. lentiginosus var. maricopae, A. lentiginosus

var. palans, and A. lentiginosus var. wilsonii, form discrete groups?

2) Which morphological characters contribute to the observed groups?

3) What is the relationship of A. lentiginosus var. araneosus, A. lentiginosus var.

ambiguus, A. lentiginosus var. yuccanus, A. iodanthus, A. pseudiodanthus, and A.

mokiacensis to these observed groups?

4) Do any of the observed  groups correspond to distinct species or varieties?

These results will be combined with the molecular evidence from Chapter

Three, in order to assist with the taxonomic revision of the Palantia (Chapter

4).

RESULTS

Distribution maps (Figure 13; Chapter 1, Figure 4; Chapter 3,

Figure 22) show the localities of specimens and populations referred to in both

the historical and the modern treatments of the Palantia.  Specific vouchers

labeled in figures are shown in Table Five.  All other vouchers are listed in

Chapter Four.
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Of the 24 morphological characters examined, two were constant

and not used in the PCA (Table 6), one was discarded due to character state

scoring issues, and 22 were variable.  The first component of the PCoA

explained 22.1% of the total variance (Table 7). The largest correlations to the

first axis were from pod raceme orientation (podro), degree of pod incurve

(podpi), pod pedicel orientation (podpo), banner color (bannc), and pod

persistence (poddp).  The second component of the PCoA explained 11.8% of

the total variance. The largest correlations to the second axis were from pod

pubescence (podpu), leaf abaxial pubescence (leafab), pod shape in cross

section (podsc), and pod inflation (podin).  All other components of the PCoA

explained less than 10% of the total variance.  The scatterplot of the first two

components of the PCA is shown in Figure 12.

In the reanalysis the A. mokiacensis dataset, the first component of the

PCoA explained 48.4% of the total variation (Table 8; Table 9).  The largest

correlations to the first axis were from pod shape in cross section (podsc), pod

shape in longitudinal section (podsl), pod pedicel orientation (podpo), leaf

abaxial pubescence (leafab), keel length (keell), calyx teeth shape (calyxs), and

pod orientation on raceme.  The second axis of the PCoA explained 11.69% of

the total variation.  The largest correlation to the second axis was from leaf

adaxial pubescence (leafad).  Moderate correlations were obtained for pod

stipe length (pods), calyx teeth shape (calyxs), and wing
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Figure 11.  Distribution map of the Palantia and selected members of 

Astragalus section Diphysi.  The legend for letter codes for specific 

vouchers can be found in Table 5.  Taxa are labeled as follows: 

(asterisk), notable vouchers of multiple taxa; (diamond), Astragalus 

mokiacensis; (X), A. lentiginosus var. ursinus; (caret), A. bryantii; (up 

triangle), A. lentiginosus var. wilsonii; (+) A. lentiginosus var. maricopae; 

(circle), A. lentiginosus var. palans.
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Figure 11.  (continued) Distribution map of the Palantia and selected members of Astragalus section Diphysi
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Table 5.  Specific vouchers identified in the PCoA, cluster analysis, and parsimony figures and tables.  Letters under the

 code column identify vouchers on the distribution maps and PCoA figures.  Vouchers collected by Alexander

 displayed on figures with lettered voucher number (i.e. 2367A) are duplicate collections representing separate

 individuals in a population. All other vouchers and all voucher label data are listed in the specimen lists in the 

Taxonomic Review (Chapter 4).  Type: H=Holotype, I=Isotype, L=Lectotype, P=Paratype, v=type vicinity

taxon type code herbarium voucher

A. bryantii H N CAS Bryant s.n. 15 Dec. 1939

A. bryantii N/A GH Holmgren et al. 15609

A. iodanthus v J NY,OSC Jones s.n., Jones 3837 from May 1882

A. lentiginosus var. ambiguus H,I B RSA,CAS Ripley & Barneby 3403

A. lentiginosus var. ambiguus
      (intermediate to var. yuccanus )

D OSC,UNLV Alexander 2325

A. lentiginosus var. araneosus I A NY,GH Jones s.n, Jones 1807 from June 1880

A. lentiginosus var. maricopae v S OSC,UNLV Alexander 1621

A. lentiginosus var. maricopae H S2 US Harrison 1790

A. lentiginosus var. palans H,I E POM,GH Eastwood s.n. June 1892

A. lentiginosus var. palans P G GH Eastwood s.n. May 1892
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Table 5.  (continued) Specific vouchers identified in the PCoA, cluster analysis, and parsimony figures and tables.

taxon type code herbarium voucher
A. lentiginosus var. palans H NY,POM,BRY Jones 5218

A. lentiginosus var. palans N/A NY Weber 4735

A. lentiginosus var. palans N/A NY Jones 5218a

A. lentiginosus var. palans N/A NY Ripley & Barneby 8662

A. lentiginosus var. palans N/A NY Barneby 13104

A. lentiginosus var. palans N/A NY Holmgren & Holmgren 12796

A. lentiginosus var. palans N/A NY Raven 13079

A. lentiginosus var. palans N/A NY Demaree 43807b

A. lentiginosus var. palans
     (type of A. amplexus)

H,I F RM,GH Payson 335

A. lentiginosus var. stramineus H,I T NY,GH Palmer s.n. in 1870

A. lentiginosus var. ursinus M OSC,UNLV Alexander 2120

A. lentiginosus var. ursinus
     (type of A. ursinus)

L,I M GH,NY Palmer s.n. 1877

A. lentiginosus var. vitreus H,I U POM, NY Maguire & Blood 4413
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Table 5.  (continued) Specific vouchers identified in the PCoA, cluster analysis, and parsimony figures and tables.

taxon type code herbarium voucher

A. lentiginosus var. wilsonii v R OSC,UNLV Alexander 2367

A. lentiginosus var. wilsonii v R2 OSC,UNLV Alexander 2334

A. lentiginosus var. wilsonii
     (intermediate to A. mokiacensis or A. bryantii)

P CAS Eastwood 5748

A. lentiginosus var. wilsonii
     (intermediates to var. palans)

P2 NY, others Demaree 43807

 and other vouchers (see Chapter 4)

A. lentiginosus var. yuccanus H C POM Jones 3886

A. mokiacensis L,I L GH,NY Palmer 105

A. mokiacensis
    (type of A. lentiginosus var. trumbullensis)

H,I O BRY,NY Atwood & Furniss 24293

A. mokiacensis Q NY,POM Jones 5058

A. mokiacensis W GH,CAS Lemmon s.n.  1884

A. mokiacensis Y NY,UNLV Pinzl 7032

A. pseudiodanthus v K OSC,UNLV Alexander 1631
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Table 6. List of 24 characters and their abbreviations used in this study.

 Two were constant (C) and not used in the PCoA, parsimony or 

cluster analysis.  One (O) was not used due to the finding that it 

was variable on the same plant (and within most calyces).

Characters were coded as multistate continuous variation (R),

binary state (B), or multistate (M).

1.  Adaxial leaflet pubescence (leafad) M
2.  Abaxial leaflet pubescence (leafab) M
3.  Leaf and stem hair length (leafh) R
4.  Leaflet number (leafn) M
5.  Inflorescence length in flower (inflw) R
6.  Calyx tube length (calyxl) R
7.  Calyx pubescence density (calyxd) M,C
8.  Calyx teeth shape (calyxs) M,O
9.  Calyx teeth orientation (calyxo) M,C
10.  Keel length (keell) R
11.  Keel color (keelc) M
12.  Banner color (bannc) M
13.  Inflorescence length in fruit (infr) R
14.  Pod pedicel orientation (podpo) M
15.  Pod length X width ratio (podr) R
16.  Pod deciduous or persistent (poddp) B
17.  Pod shape, longitudinal section (podsl) M
18.  Pod shape, cross section (podsc) M
19.  Pod orientation on raceme (podro) M
20.  Pod orientation, degree of pod incurve (podpi) R
21.  Pod inflation (podin) M
22.  Pod valve texture (podt) M
23.  Pod pubescence        (podpu) M
24.  Pod valve color                                          (podvc) M
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Table 7. Results of PCoA of 21 variable morphological characters from 153

specimens of taxa in Astragalus Section Diphysi.

Eigenvalues

 1           2  
1.36 0.72

Percent of Total Variance Explained
22.06 11.75

Kendall rank correlations and probabilities between PCoA coordinates and

morphological characters, significance of p<0.01

Coordinate 1 Coordinate 2

char. corr. p char. corr. p

podro -0.74199 1.53E-43 podpu 0.44149 1.83E-16

podpi -0.6441 3.11E-33 leafab 0.42442 2.48E-15

podpo -0.61511 1.86E-30 podsc -0.39081 3.15E-13

bannc 0.45194 3.52E-17 podin 0.35769 2.55E-11

poddp 0.38672 5.53E-13 infr 0.26397 8.54E-07

infw 0.34604 1.10E-10 poddp 0.19461 0.000284

keelc 0.3342 4.60E-10 podpo 0.19041 0.000384

podpu 0.25695 1.65E-06 leafad 0.18968 0.000404

leafad -0.18824 0.000448 podr 0.18246 0.000668

podsl 0.18605 0.000522 leafh -0.18197 0.000691

podvc 0.18153 0.000711 podro 0.17445 0.001141

infr 0.16137 0.002618 bannc -0.15075 0.004936

podsc -0.1608 0.002713 leafn -0.11294 0.035197
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Table 7. (continued) Results of PCoA of 21 variable morphological

characters from 153 specimens of taxa in Astragalus Section

Diphysi.

Kendall rank correlations and probabilities between PCoA coordinates and

morphological characters, significance of p<0.01

podr 0.15021 0.005092 podpi 0.11117 0.038165

leafab -0.14858 0.005593 keell -0.09653 0.071838

podt 0.14735 0.006002 inflw 0.058972 0.27146

podin 0.10765 0.044697 podsl -0.05458 0.30878

leafn 0.084548 0.11488 podt -0.03684 0.49213

leafh 0.047053 0.38024 calyxl -0.03251 0.54434

calyxl 0.02045 0.70294 podvc -0.01985 0.71124

keell -0.01187 0.82477 keelc -0.00504 0.92517
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Figure 12.  Scatterplot of the PCoA of 153 specimens of Astragalus

Section Diphysi.  The first and second axes represent 33.5% of the

variation.  Taxa are labeled as: 1 (circle), A. lentiginosus var. palans

including the Cameron, Arizona specimens; 2 (square), A. bryantii;

3 (X), A. lentiginosus var. maricopae; 4 (triangle), A. lentiginosus var.

ursinus; 5 (+), A. lentiginosus var. wilsonii including South Rim,

Arizona specimens;.  Relevant specimens and other taxa

(diamonds) are labeled with letters.  See table 5 for a list of specific

vouchers.
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Table 8. List of 12 morphological characters from 43 specimens of 

Astragalus mokiacensis and A. lentiginosus var. ursinus used in the 

PCoA analysis.  This analysis used the same data set as used in 

Alexander (2005) and Chapter 1.  Characters were coded as 

multistate continuous variation (R), binary state (B), or 

multistate (M).

1.  Adaxial leaflet pubescence (leafad) M
2.  Abaxial leaflet pubescence (leafab) M
3.  Calyx tube length (calyxl) R
4.  Calyx teeth shape (calyxs) M
5.  Keel length (keell) R
6.  Wing color (wingc) M
7.  Pod length X width ratio (podr) R
8.  Pod pedicel orientation (podpo) M
9.  Pod shape, longitudinal section (podsl) M
10.  Pod shape, cross section (podsc) M
11.  Pod orientation on raceme (podro) M
12.  Pod stipe length (pods) R
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Table 9. Results of PCoA of 11 variable morphological characters

from  43 specimens of Astragalus mokiacensis and A. lentignosus var.

ursinus.

Eigenvalues
 1           2  

1.78 0.43

Percent of Total Variance Explained
48.4 11.69

Kendall rank correlations and probabilities between PCoA coordinates and

morphological characters, significance of p<0.01

Coordinate 1 Coordinate 2

char. corr. p char. corr. p

podsc 0.70279 3.10E-11 leafad 0.64461 1.12E-09

podsl 0.63309 2.19E-09 pods -0.46988 8.98E-06

podpo -0.62722 3.08E-09 calyxs -0.42388 6.18E-05

leafab -0.59087 2.35E-08 wingc -0.40029 0.000155

keell 0.56143 1.12E-07 calyxl 0.3434 0.001174

calyxs 0.51427 1.17E-06 keell 0.28243 0.007607

podro 0.50395 1.91E-06 podr -0.20812 0.049202

leafad -0.44579 2.52E-05 leafab 0.14938 0.15805

wingc -0.41754 7.95E-05 podsl -0.11041 0.29678

calyxl 0.40494 0.00013 podro 0.089105 0.39975

podr 0.38362 0.000289 podpo 0.00618 0.95343

pods 0.31768 0.002681 podsc 0.009412 0.92912
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Figure  13.  Scatterplot of the PCoA analysis of 11 characters from

43 specimens of Astragalus mokiacensis and A. lentiginosus var.

ursinus.  The first and second axes represent 60.1 % of the variation.

Major regions are labeled as: 1 (circles), mokiacensis minor variant; 2

(X), trumbullensis minor variant; 3 (diamonds), Gold Butte minor

variant; 4 (+), A. lentingosus var. ursinus.  Relevant specimens are

labeled with letters.  See Table 5 for a list of specific vouchers.
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color (wingc). A scatterplot of the first two coordinates of the PCoA is

shown in Figure 13.

In PAUP*, an heuristic search of 100 random addition sequences with

TBR branch swapping was started with the data set of 21 morphological

characters from  30 specimens of the Palantia and related members of A.

lentiginosus.  All 21 characters were parsimony informative.  Sixteen most

parsimonious trees of length 110 were recovered (HI = 0.5636; RI = 0.6416; CI

= 0.4364; RC= 0.2800).  Figures 14-18 are the strict consensus of trees of length

110 with major characters state changes mapped on the clades.  The clades in

this analysis have low support.  A bootstrap analysis of 10,000 replicates

resulted in only five clades having 70% or higher support (maricopae 1621A &

1621C clade, 95%; wilsonii 2367A & 2334D clade, 75%; yuccanus 3886

&ambiguus 2325 clade, 87%; the entire vitreus 4413 to yuccanus 3886 clade

73%; pseudiodanthus & iodanthus clade, 73%).  Only pod persistence

(excluding the reversal to a deciduous pod in wilsonii 5748; Figure 17) pod

orientation on raceme (Figure 18) and degree of pod incurve (Figure 19) had a

high consistency with little or no character state reversals.

A dendrogram (Figure 19) of a Euclidean similarity matrix

obtained from a cluster analysis showed nearly the same topology as the tree

obtained from the parsimony analysis.
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Figure 14.  Strict consensus of 16 most parsimonious trees of length 110 

showing banner color character state changes.
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Figure 15.  Strict consensus of 16 most parsimonious trees of length 110 

showing pod deciduous or persistent character state changes
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Figure 16.  Strict consensus of 16 most parsimonious trees of length 110 

showing pod orientation character state changes
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Figure 17.  Strict consensus of 16 most parsimonious trees of length 110 

showing degree of pod incurve character state changes
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Figure 18.  Strict consensus of 16 most parsimonious trees of length 110 

showing pod inflation character state changes
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Figure 19.  Cluster analysis dendrogram of the morphological data from 30 

specimens of the Palantia based on a Euclidean distance matrix 

calculated by PAST ver. 1.76.



84
DISCUSSION

The deciduous, bladdery inflated pod appears to be an easily lost

or gained character in this complex (Figure 18-19).  Astragalus lentiginosus var.

araneosus is characterized by inflated but thicker walled, recurved, hamate

pods on short racemes, characters found in several other varieties in the

Intermountain West not included in this study.  The clade including A.

lentiginosus var. yuccanus is characterized by longer racemes and lunate,

ascending, bladdery inflated pods, characters found in many of the

southwestern desert varieties of A. lentiginosus (not sampled here).  Inflated

pods appear to have arisen at least two times in the A. lentiginosus complex

based on these morphologic data.

Based on these results, outgroup selection is problematic.  Barneby

(1964) proposed that a plant similar to the small flowered Astragalus

lentiginosus var. salinus (a taxon with bladdery inflated pods) was the ancestor

to the members of the A. lentiginosus complex and that this complex was

closely related to Section Inflati, a large species complex with unilocular,

bladdery inflated pods.  Nuclear ITS sequence data has shown that A.

lentiginosus has an identical sequence to that of A. purshii (and an almost

identical sequence to that of A. utahensis) of Section Argophylli (a section

composed primarily of taxa with scarcely inflated, unilocular, leathery,

deciduous pods), and not to members of Section Inflati (4-6 bp divergence;

Alexander, unpublished data, Wojiechowski et al. 1999).  The ITS sequence
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data suggest that a deciduous, unilocular, leathery, scarcely inflated

pod is the putative ancestral state in this complex.  However, members of

other sections putatively related to Section Diphysi, (Section Monoenses, Section

Cystiella, Section Circumdati, or Section Platytropides) have not been

investigated in molecular analyses.  The selection of members of Section

Argophylli as an outgroup automatically polarizes the ancestral state of the

group as a unilocular or partially bilocular, scarcely inflated, deciduous pod.

In addition, haplotypes within the Argophylli sampled by Kanus (unpublished

data) were found to be nearly twenty steps more distant from the haplotypes

examined in the Palantia.   Finding that A. pseudiodanthus and A. iodanthus are

not highly genetically or morphologically distinct from A. lentiginosus is a

problem for outgroup selection in this study (primarily with the parsimony

analysis) and in Chapter 3.   The terminal taxa in this study are also not

recognized at the species level, which violates assumptions in parsimony

analyses.  Astragalus iodanthus, A. pseudiodanthus, and A. lentiginosus var.

araneosus were selected as outgroups based on their relative genetic and

morphologic distance from the Palantia.  The cladistic analyses were used to

investigate patterns of character state changes within the Palantia, and not to

determine a robust phylogenetic tree, which is not possible at this time.  More

thorough molecular analyses of species potentially closely related to Section

Diphysi (with both inflated and scarcely inflated pods) are needed before a
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robust molecular and morphological phylogenetic study, with a

satisfactory outgroup, can be attempted.

Species level delimitations for many of the Palantia have much

weaker support than previously thought by Alexander (2005).  Astragalus

bryantii was placed in Section Leptocarpi by Barneby (1964).  Barneby (1989)

and Welsh et al (2003) delimited this taxon as an unnamed variant of A.

lentiginosus var. palans.  The results of the PCA and parsimony analyses

suggest otherwise.  In the parsimony and cluster analyses, A. bryantii is

resolved as derived from A. lentiginosus var. palans populations with longer,

narrower, more lunate pods.  In the PCoA analysis, A. bryantii groups closely

with A. lentiginosus var. ursinus and A. lentiginosus var. palans. Unfortunately,

attempts to collect DNA were not successful for this taxon. These data support

a varietal delimitation for A. bryantii.  Astragalus lentiginosus var. bryantii can

be distinguished from other proximal varieties in having linear, stiff papery

pods that are over 6x longer than wide.

Astragalus pseudiodanthus and Astragalus iodanthus appear also to

be variants of A. lentiginosus.  This is not an unprecedented result.  Barneby

(1964) observed "this pair of species possesses no character which cannot be

matched somewhere in A. lentiginosus, and A. iodanthus so closely resembles

some sympatric forms of its relative that fruiting material is required for

certain identification" (p.911).   Though A. pseudiodanthus has a unique

haplotype (see Figure 23, Chapter 3), it has only one locus with allelic change
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different than those found in Knaus's (unpublished data) initial survey

of varieties of A. lentiginosus.  Locus ccmp6 was only a single base change (145

bp versus 144 bp allele) from that found commonly in A. lentiginosus.  For

locus ccmp10, A. pseudiodanthus had only a copy of the 6bp indel (206bp

allele), a single step indel change from the typical 6bp and 18bp indels found

in A. lentiginosus (224 bp allele).  The 206 bp allele for this locus was found to

be rare in A. lentiginosus (Knaus, unpublished data; Knaus 2006).  The alleles

found in other loci (ccmp2, ccmp5, trnT/L-839f ) were found in this study in A.

lentiginosus var. araneosus, A. lentiginosus var. palans and A. lentiginosus var.

wilsonii.  The single population of Astragalus iodanthus sampled by Knaus was

reported to have the same haplotype as A. pseudiodanthus (unpublished data).

The PCoA analysis shows a very close morphological similarity between these

two taxa and A. lentiginosus var. palans and A. lentiginosus var. araneosus.

Astragalus pseudiodanthus and A. iodanthus are recognized in the taxonomic

treatment as varieties of A. lentiginosus.

In the parsimony analysis, Astragalus lentiginosus var. palans

appears to be divided into a clade and a grade.  The same pattern is found in

the cluster dendrogram.  The clade comprises specimens with hamate or

nearly circular pods and the grade comprises specimens with falcate to lunate

pods.  These two groups are not geographically correlated, however.

Specimens from the same region in A. lentiginosus var. palans can have either

pod shape.  It is not known whether these characters are consistent or variable
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within populations of this taxon.  Pods that are incurved at an angle of

90-180 degrees is a characteristic shared by populations of Astragalus

lentiginosus var. palans, A. lentiginosus var. araneosus, A. iodanthus, and A.

pseudiodanthus.

The PCoA analysis shows that Astragalus lentiginosus var.

maricopae is morphologically distinct from A. mokiacensis and A. lentiginosus

var. wilsonii.  The distance is not farther than A. pseudiodanthus is from the

large cluster of A. lentiginosus var. palans, however.  Also, the inflated

members of A. lentiginosus sampled (see Figure 12, A. lentiginosus var.

araneosus, A; versus A. lentiginosus var. stramineus, T) in this study are also

spread an equivalent distance apart.  The haplotype network shows A.

lentiginosus var. maricopae is not highly genetically differentiated from A.

lentiginosus var. palans, A. lentiginosus var. wilsonii, or A. lentiginosus var.

ursinus.  Astragalus lentiginosus var. maricopae is one of the more

morphologically distinct members of the Palantia on the edge of the range of

variation in the group.

Although taxa with persistent pods are nearly monophyletic in the

parsimony analysis, this character does not contribute to a high degree in the

groupings in the PCoA analysis.  Specimens of A. lentiginosus var. wilsonii

from the South Rim of the Grand Canyon, despite having deciduous pods,

appear to be intermediate to A. mokiacensis (PCoA and parsimony analysis) or

to A. lentiginosus var. ursinus (cluster analysis).  Unfortunately, attempts to
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collect DNA were not successful for this population, which could have

contributed important information to the genetic affinity of this population.

Lastly, the support of retaining A. mokiacensis at the species level

has eroded to the point of collapse.  As with pod inflation, a persistent pod

appears to be easily lost or gained in this complex.  The persistent pod

character may have arisen multiple times in this group -- possibly

independently in A. lentiginosus var. maricopae and in A. lentiginosus var.

ursinus (both closely related to A. lentiginosus var. wilsonii and A. lentiginosus

var. palans, respectively) according to the chloroplast haplotype network

(Chapter 3).  Astragalus mokiacensis was found to be genetically distinct from

the rest of the Palantia, however it was still closely related to A. lentiginosus in

the haplotype network (Chapter 3).  In contrast, the parsimony analysis shows

a persistent pod arising only once.  The parsimony and cluster analyses also

show A. lentiginosus var. ursinus in the same region of the tree as A.

mokiacensis.   In the PCoA analysis of the A. mokiacensis data, the Shivwits

Plateau specimens of A. mokiacensis (including specimens of the trumbullensis

minor variant) and specimens of A. lentiginosus var. ursinus appear to grade

into one another.  These taxa appear to be more distant genetically than

morphologically (A. lentiginosus var. ursinus does not share haplotypes with A.

mokiacensis, it shares many haplotypes with A. lentiginosus var. wilsonii).

Despite having persistent pods (and contrary to the conclusions in Alexander

2005),  A. mokiacensis, A. lentiginosus var. ursinus and A. lentiginosus var.
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maricopae, are recognized at the varietal level following the delimitation

proposed by Barneby (1945;1964).
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CHAPTER 3

GENETIC DIFFERENTIATION BETWEEN POPULATIONS OF

FIVE MEMBERS OF ASTRAGALUS SECTION DIPHYSI

ENDEMIC TO THE INTERMOUNTAIN AND SOUTHWESTERN

UNITED STATES.

INTRODUCTION

North America, a region with over 400 species of Astragalus

(Barneby, 1964; Isely, 1998; Welsh 2007), is one of three major centers of

diversity, all of which comprise the majority of the nearly 1750 species of

Astragalus worldwide (Mabberley, 1998).  Astragalus in North America has

been monographed and revised many times during the 20th century (Barneby,

1964; Rydberg 1928; 1929; Jones, 1923).  According to the most current

revisions (Isely 1998; Welsh 2007), one of the most diverse species, Astragalus

lentiginosus of Section Diphysi, is a polymorphic complex of over 40 varieties,

ranging from the West Coast to Texas and the Rocky Mountains.  Over half of

these varieties are endemic to the Intermountain States of Utah, Nevada and

Arizona (Barneby, 1989).  The Palantia was a sectional name within the genus

Tium used by Rydberg (1929) for taxa formerly reduced by Jones (1923) to

varieties of Astragalus lentiginosus, all of which have cylindrical pods that,

unlike the majority of the remaining varieties of A. lentiginosus, do not become
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bladdery inflated upon maturity.  The Palantia, in a modern

interpretation, consists of A. mokiacensis and A. bryantii plus the other scarcely

inflated varieties of A. lentiginosus, primarily A. lentiginosus var. maricopae, A.

lentiginosus var. palans, A. lentiginosus var. ursinus, and A. lentiginosus var.

wilsonii.  Due to the differences in vegetative, floral and pod morphology (see

Chapter 1, Chapter  2) among the taxa in this group, the degree of parallel

evolution of morphological characters in the members of the Palantia has been

interpreted differently in each major taxonomic revision of Astragalus.  These

divergent interpretations (Chapter 1, Table 2) have resulted in the placement

of the taxa at many different taxonomic levels (see Gray 1864, Rydberg 1929,

Jones 1923, Barneby 1964) and some taxa have even been interpreted to belong

in different sections of the genus (Jones 1923, Barneby 1964).

Astragalus mokiacensis and A. lentiginosus var. palans are the most

consistently accepted members of the Palantia.  Astragalus mokiacensis has been

recognized as both a species (Barneby 1964; 1989) and as a variety of A.

lentiginosus (Jones 1929, Barneby 1945, Welsh et al. 2003, Welsh 2007).

Astragalus lentiginosus var. palans, five years after being described by Jones

(1893), was relegated to a variety of A. lentiginosus (1898), a status that has

been relatively unchanged since.  Jones (1923) however included specimens

from populations of A. lentiginosus var. diphysus, A. lentiginosus var. araneosus,

and A. lentiginosus var. australis in his delimitation of A. lentiginosus var. palans,

a taxonomic association that has been overlooked by most taxonomists since
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the only comprehensive reevaluation of Jones' taxonomic delimitations

was made in Barneby's (1964) monograph.  Specimens of A. mokiacensis and A.

lentiginosus var. palans have rarely been confused with other taxa or one

another since Barneby (1964).  Many of the other members of the Palantia,

however, have been historically misidentified as either of these two taxa or

been hypothesized to be related to other sections of the genus.

 Three taxa in the Palantia have an uncertain taxonomic status, and

are often not recognized by taxonomists.  The affinity of the types of A. ursinus

to extant populations have been controversial since the taxon was first

described by Asa Gray in 1878 (see Chapter 1).  In some recent taxonomic

treatments (Barneby, 1989; Welsh et al., 1994), the types have been regarded as

an unnamed variant of A. lentiginosus var. palans.  However, Welsh & Atwood

(2001), Welsh et al. (2003), and Welsh (2007) recognize this taxon as an

unnamed variant of A. lentiginosus var. mokiacensis and the types of A. ursinus

belong to morphologically similar populations in the Beaver Dam Mountains

of Arizona and Utah.  Welsh & Atwood also problematically conclude that the

types of A. mokiacensis are more similar to the Beaver Dam Mountains

populations than to populations of their A. lentiginosus var. trumbullensis.

Astragalus bryantii, is currently regarded as an unnamed variant of A.

lentiginosus var. palans (Barneby, 1989, Welsh et al., 2003, Welsh, 2007),

however in the past, it has been determined to be a species, related to A.

mokiacensis (Barneby, 1944) or to A. nothoxys of Section Leptocarpi (Barneby,
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1964).  Astragalus lentiginosus var. maricopae was first described in

Barneby's monograph (1964).  Since then however, it has been confused with

A. lentiginosus var. yuccanus (due to similar floral morphology) and generally

overlooked by regional botanists.  The floral and pod morphology are highly

distinct when compared to the other members of the Palantia and could be

recognized at the species level.  Astragalus lentiginosus var. wilsonii was first

described as a species by Greene (1897).  Jones (1923) submerged it with his

expanded concept of A. lentiginosus var. mokiacensis. Despite Barneby's (1964)

recognition of it as a separate variety of A. lentiginosus, most populations of A.

lentiginosus var. wilsonii have remained confused with A. mokiacensis and A.

lentiginosus var. palans, mostly due to similar floral morphology.

Taxa in the Palantia range from widespread species to narrow

endemics (see distribution maps in Chapter 4 and Figure 22).  Astragalus

lentiginosus var. palans is the most widespread taxon in this group.  It is

composed of many small, local populations spread throughout its range in

Utah, Colorado, and Arizona, with several, disjunct populations along its

margins.  Astragalus mokiacensis is an endemic with a narrower range, but

much larger local populations (up to 10,000 individuals). Astragalus bryantii

has received little attention since Barneby's monograph (1964). From the few

specimens of this taxon collected since Barneby described it in 1944, it appears

to be an endemic, restricted to the sedimentary or igneous talus along

drainages along the Colorado River east and west of Phantom Ranch in the
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Grand Canyon of the Colorado River.  Astragalus lentiginosus var.

wilsonii has a range nearly equal to that of A. mokiacensis, however, as far as

currently known (Chapter 2, Chapter 4) the populations are much smaller,

ranging from 5 to 200 individuals.  Astragalus lentiginosus var. ursinus and A.

lentiginosus var. maricopae are both narrow endemics.  Astragalus lentiginosus

var. ursinus is known from four or five populations in the Beaver Dam

Mountains, Mohave County, Arizona and Washington County, Utah.  This

species grows exclusively in limestone to sandy limestone talus on mountain

peaks, and can be occasionally be found growing in washes and in limestone

crevices on cliff faces below.  Astragalus lentiginosus var. maricopae is currently

found in the alluvial fans northeast of Scottsdale, Maricopa County, Arizona.

Only three, small populations (less than 20 individuals) were relocated in this

study.  At least four or five historical populations apparently have been

extirpated due to urbanization.  It is likely than the total number of

individuals of A. lentiginosus var. ursinus and A. lentiginosus var. maricopae may

not be more than 5,000 each.

The levels of gene flow and the levels and distribution of genetic

differentiation between and among members of the Palantia have never been

investigated and may assist in further refining the taxonomic status and

varietal boundaries of these taxa when combined with the morphologic

analyses of Chapters one and two.  Additionally, these molecular and

morphological data may provide more clues to the applicability of Barneby's
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theories of morphological evolution in Astragalus and their applicability

to species and sectional delimitations (Chapter four).

Analysis of highly polymorphic cpDNA microsatellites was

selected due to its applicability to both genetic and phylogenetic questions

across a wide range of taxonomic levels (Banfer et al. 2006, Bucci et al. 2007,

Dick et al. 2007, Hamilton & Eckert 2007, Mesiter et al. 2005, Song et al. 2006,

Terrab et al. 2007).  CpDNA polymorphisms have been successfully used to

identify intraspecific phylogenetic structure in cultivated plants (Arroyo-

Garcia et al. 2006, Wills & Burke 2006) and introduced weeds (Cepiltis et al.

2005, Gaskin et al. 2005).  In narrowly restricted endemic taxa, chloroplast

microsatellites have been sensitive enough to detect the origins of genetic

differentiation among populations (Dick et al., 2007, Meister et al., 2005).  In

the European alpine endemic, Eryngium alpinum, two regions of high genetic

differentiation were found to be evidence of glacial refugia (Naciri & Gaudeul

2007).  For the European serpentine endemic, Allysum bertolonii, each

population was found to be genetically distinct.  The authors concluded that

each geographically distinct population was colonized by a few founding

individuals and differentiated independently (Mengoni et al. 2003).

Chloroplast microsatellites have also been useful in studies

investigating the levels of genetic differentiation among closely related

disjunct species of Abies (Pinaceae) in Spain and Morocco (Terrab et al. 2007),

among closely related widespread and endemic species of Macaranga
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(Euphorbiaceae) in Borneo (Banfer et al., 2006), and among parental

lineages and hybrid species of Arabis and Boechera (Brassicaceae; Dobes et al.,

2004; Song et al. 2006).  Population level analyses of chloroplast microsatellite

loci will be used to determine the levels and distribution of genetic diversity

among populations of the Palantia and to determine the levels and

distribution of genetic differentiation between and among the populations of

these five taxa. In addition, phylogenetic analysis of these loci combined with

the morphological analyses from Chapters one and two will be used to revise

the taxonomy of A. mokiacensis, A. bryantii, A. lentiginosus var. ursinus, A.

lentiginosus var. wilsonii and A. lentiginosus var. maricopae (Chapter 4).

METHODS

Based on field observations and herbarium specimens, an

extensive survey of the members of the Palantia was conducted to find

populations of sufficient size to sample for this study.  Three populations per

taxon, including any varieties or “minor variants” (Barneby 1964) that have

been described in the literature, were the target sample size.  At least five

individuals per population were sampled.  Ten individuals were sampled in

the type locality populations of each taxon.  If the precise type locality of a

taxon was not known, the largest population nearest to that locality was

sampled.  Five samples from two other adjacent populations were sampled

when possible.  In addition at least five samples from the type localities (or
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populations nearest to the type locality) of three other members of

Astragalus section Diphysi, including two geographically proximal varieties

with inflated pods, were sampled as potential outgroups.

Between 2001 and 2005,  twenty-two populations were sampled among

eight taxa (Table 10, Figure 22).  Eight populations of A. mokiacensis were sampled,

representing the three “minor variants” discussed by Alexander (2005).  Two

populations were sampled from A. lentiginosus var. ursinus.  Relocating three other

populations based on locations from herbarium specimens, failed primarily due to

extensive drought conditions and ambiguous locality data.  Suitable habitat was

searched in the Beaver Dam Mountains for new populations from 2003 until 2005,

however no new populations were discovered.   For A. lentiginosus var. maricopae,

three populations were relocated.  Four to five populations represented by herbarium

specimens for this taxon were found to be extirpated by development and not sampled.

Within A. lentiginosus var. wilsonii, two populations in the Verde River Valley and

one population in the vicinity Sedona, near the type locality, were sampled.  Due to

drought and the great difficulty of obtaining samples from the drainages along the

Colorado River inside the Grand Canyon, samples of A. bryantii were not successfully

obtained for this portion of the study.  The remaining member of the Palantia, A.

lentiginosus var. palans is a taxon with low local population sizes, but a very

high range of distribution from central Utah, western Colorado to northern

Arizona.  Populations throughout the range of this taxon were identified for

sampling, but due to persistent drought conditions, populations in the vicinity
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Table 10.  Population name, herbarium voucher, location, and sample size data from the members of the Palantia and 

Astragalus section Diphysi sampled in Arizona, Utah and Nevada (see Figure 22.).  Leaf samples were collected

 from seedlings and vegetative individuals in Populations 1 and 8, so no herbarium specimen was collected.  

Vegetative herbarium specimens with flowers in early bud were collected for populations 13 and 19 .  Seed 

pods with viable seed were only present at time of collection for population 12 and part of the vouchers of 

population 11.

Pop.
 No.

Population Name sample
size

Herbarium Voucher elev.
(m)

latitude longitude Population
Size

The Palantia

Astragalus mokiacensis
       mokiacensis m.v.

21

1 Grand Wash Gulch,
AZ

9 none 1400 36.3581 -113.9250 50

2 Savannic Mine, AZ 7 2148, 2150 1260 36.2752 -113.8028 100
3 Whitmore Canyon, AZ 5 2197, 2198, 2200 1600 36.3401 -113.3004 500
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Table 10.  (continued) Population name, herbarium voucher, location, and sample size data from the members of the

 Palantia and Astragalus section Diphysi sampled in Arizona, Utah and Nevada (see Figure 22.).

Pop.
 No.

Population Name sample
size

Herbarium Voucher elev.
(m)

latitude longitude Population
Size

The Palantia (continued)

Astragalus mokiacensis
       trumbullensis m.v.

19

4 Andrus Canyon, AZ 13 2177, 2178, 2179, 2189,
2191

1639 36.2621 -113.5024 5,000+

5 Poverty Mountain, AZ 6 2185 1688 36.3677 -113.5015 50

Astragalus mokiacensis
       Gold Butte m.v.

21

6 Gold Butte, NV 10 1503, 1504, 1505, 1506 1170-1310 36.2386 -114.1697 10,000+
7 Twin Springs Wash, NV 6 1513 1070 38.1765 -114.2096 150
8 Iron Mountain, AZ 5 none 1524 35.8866 -114.0408 100

Astragalus lentiginosus
         var. ursinus

17

9 Bulldog Knolls, UT 8 2120, 2121, 2127 1180 37.0314 -113.8681 20
10 Bulldog Canyon, UT 9 2132, 2134, 2135 1079 37.0162 -113.8515 20
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Table 10.  (continued) Population name, herbarium voucher, location, and sample size data from the members of the

 Palantia and Astragalus section Diphysi sampled in Arizona, Utah and Nevada (see Figure 22.).

Pop.
 No.

Population Name sample
size

Herbarium Voucher elev.
(m)

latitude longitude Population
Size

The Palantia (continued)

Astragalus lentiginosus
        var. maricopae

25

11 Westland Drive,
Scottsdale, AZ

15 1620, 1760 732 33.7897 -111.9039 20

12 Pima Rd, Scottsdale, AZ 5 1759 732 33.7917 -111.8917 20
13 Horseshoe Creek Rd, AZ 5 1621 971 33.8442 -111.8172 10

Astragalus lentiginosus
         var. wilsonii

15

14 Cottonwood, AZ 5 2334 1051 34.7805 -112.0471 100
15 Montezuma Castle,AZ 5 2339, 2340 1008 34.6067 -111.8537 50
16 Sedona, AZ 5 2367 1100 34.6958 -111.7566 100

Astragalus lentiginosus
            var. palans

10

17 Page, AZ 5 2348 1250 36.9029 -111.4848 50
18 Rockville, UT 5 2360 1148 37.1632 -113.0577 20
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Table 10.  (continued) Population name, herbarium voucher, location, and sample size data from the members of the

 Palantia and Astragalus section Diphysi sampled in Arizona, Utah and Nevada (see Figure 22.).

Pop.
 No.

Population Name sample
size

Herbarium Voucher elev.
(m)

latitude longitude Population
Size

Outgroup Taxa

Astragalus section Diphysi

Astragalus lentiginosus
          var. yuccanus

19 Yucca, AZ 5 1622, 1623 488 34.8705 -114.1465 20

Astragalus lentiginosus
          var. ambiguus
    (intermediate to var. yuccanus)

20 Kingman, AZ 5 2324, 2325 866 35.2173 -114.3059 1,000+

Astragalus lentiginosus
          var. araneosus

21 San Francisco Mountains,
UT

6 1329, 1330, 1331, 1332 1730-1926 38.4529 -113.3069 150

Astragalus pseudiodanthus

22 Big Smoky Valley, NV 6 1631, 1632 1500 38.2252 -117.3502 100
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Figure 20 .  Distribution map of populations of the taxa sampled from

Arizona, Nevada, and Utah.  Numbers correspond to the 

populations and taxa listed in Table 7. Dashed lines are the 

approximate distribution of the corresponding taxon.  MOK= 

A. mokiacensis, URS=A. ursinus, MAR=A. lentiginosus var. 

maricopae, WIL=A. lentiginosus var. wilsonii,  PAL= A. lentiginosus

var. palans, YUC=A. lentiginosus var. yuccanus, ARA=A. 

lentiginosus var. araneosus, PSE=A. pseudiodanthus.
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of Bluff, Utah (the type locality), San Rafael Swell, Utah (a peripheral

population), near Cameron and the South Rim of the Grand Canyon, Arizona

(putatively intermediate to A. mokiacensis and A. lentiginosus var. wilsonii), and

Naturita, Colorado (the type population of the synonym, Astragalus amplexus)

were not relocated.

The population sampled at Page, Arizona is in the southern end of

the range of the taxon but still representative of typical A. lentiginosus var.

palans (see Chapter 2).  The other population sampled (Rockville, Utah) is one

of the several small peripheral disjunct populations of A. lentiginosus var.

palans.   It was sampled to determine if its affinities lie with A. lentiginosus

var. palans (Barneby 1964; Welsh 2007) or with A. mokiacensis or A. lentiginosus

var. ursinus as hypothesized in Welsh & Atwood (2001).

For the other members of Section Diphysi, one population was

sampled in the vicinity of the type population of Astragalus pseudiodanthus and

one population at the type locality of A. lentiginosus var. araneosus.  The

individuals of the population of A. lentiginosus var. araneosus were widely

spread across roadsides east and west of the type locality at in the San

Francisco Mountains.  Only one or two individuals were observed at a site, so

multiple locations separated by 5-10 kilometers were sampled for a total of

five individuals.   Two populations were sampled from the range of A.

lentiginosus var. yuccanus: the more typical southern population at Yucca

Arizona, and one with pinker flowers and larger pods in the northern range of
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the variety between Chloride and Kingman, Arizona.  This northern

population has been hypothesized to be related to A. mokiacensis (Barneby,

1964) and has been allied with the type specimen of A. lentiginosus var.

ambiguus (Barneby 1964).  The type population of Astragalus lentiginosus var.

ambiguus is found only in a single unsampled population at Peach Springs,

Arizona that is intermediate morphologically to A. lentiginosus var. araneosus,

A. lentiginosus var. diphysus, and A. lentiginosus var. yuccanus (Barneby 1964).

148 samples were used in the cpSSR analysis.  Between 20 and 100

ng of leaflet material was collected from each individual.  Leaflet samples

were either air dried and frozen at -20°C or frozen shortly after collection at -

20°C until extraction.  For A. lentiginosus var. maricopae, one seed per pod from

15 different individuals in populations 11 and 12 were germinated and grown

for two weeks under greenhouse conditions.  Leaf samples from these

seedlings were frozen and kept at -20°C until extraction.   DNA was

mechanically ground to a fine powder in 1.5ul tubes using a mixture

autoclaved garnet and silca sand.  Genomic DNA was extracted and purified

using a modified CTAB procedure of Doyle and Doyle (1990) using silica spin

columns (Island Scientific, Bainbridge Island, WA) to bind and wash the DNA

prior to elution.

Based on a four individual per taxon survey of the majority of the

40 varieties of A. lentiginosus  (Knaus, 2006; Knaus, unpublished data), five loci

were selected for analysis.  Four primers (ccmp2, ccmp5 ccmp6 and ccmp10)
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were selected from Weising and Gardner's (1999) universal cpDNA

primers and one, trnT/L-839f was developed for use in A. lentiginosus (Knaus,

unpublished data).  To test reproducibility, some of the same samples from

the original survey were repeated and 22 samples were run up to four times,

including 15 samples that were difficult to score due to the presence of

multiple stutter bands at the trnT/L-839f locus.

To a buffer solution of 5.2 µl of ddH20, 1.0 µl of 10X buffer (New

England Biolabs), 1.0 µl of 10X BSA (New England Biolabs), 0.6 µl of 25 mM

MgCl2 (Promega, Madison, WI), 0.8 µl of an equal mixture of 2.5 mM dATP,

dCTP, dGTP, and dTTP (New England Biolabs), 0.2 µl of forward and reverse

primer (3 pmol per ul concentration), 1.0 µl template DNA (20-100 ng), and 1

unit of Taq polymerase (New England Biolabs) were added to complete the 10

ul reaction mixture.  Primers with fluorescent tags used were prepared by IDT

(Coralville, Iowa).  Reactions were performed in a MJ Research (Watertown,

MA) PTC-100 Thermocycler.   The initial denaturation step was set to run for 1

minute at 94°C followed by 30 cycles of 1 m inute at 94°C, 45 seconds at 50°C,

and 1:00 at  72°C.  The final extension step was run for 20 minutes at 72°C.   To

test for successful amplification, a portion of the PCR products were

visualized in 1% agarose gels and stained in an ethidium bromide solution on

an orbital shaker.
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The FAM, HEX and NED labeled PCR products were

analyzed singly or up to five multiplexed, diluted samples in 96 well plates

and analyzed on a ABI3100 capillary electrophoresis machine with 500 ROX as

a standard.

Bands were sized and scored using Genographer (ver. 1.6, James J.

Benham, http://hordeum.msu.montana.edu/genographer/).   Products with

consistent, multiple stutter bands (primarily locus trnT/L-839f) were difficult

to score.  Studies comparing the length of known amplified sequences and loci

with multiple stutter bands, the "correct band” was found to be either the first

or second band (Weising and Gardner 1999) and either of the top most three

bands (Vogel et al. 2003).  In this study scoring of individuals was possible

due to a consistent shift in stutter bands between individuals when an average

difference in length of one bp or more was detected, a pattern also found by

Vogel et al. (2003).  Alleles occurred as either mononucleotide length

polymorphisms (ccmp2, 5, 6, and trnT/L-839f) or insertions/deletions of 6, 18,

or 31 bp (ccmp10).   Haplotypes were defined based on allele length at each of

the five loci.  Number of polymorphic loci, measures of the distribution of

genetic diversity, Nei’s genetic identity (h) (1973), and Shannon index of

phenotypic diversity (I) (King and Schaal, 1989) were computed with

PopGene32 (Yeh et al., 2000).  An unbiased genetic identity matrix (Nei, 1978)

using all populations was generated by PopGene32 and used to created a NJ

dendrogram using NTSYSpc 2.02 (Rohlf, 1997).  Measures of population level
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genetic differentiation were determined using a hierarchical analysis of

molecular variance (AMOVA; Excoffier et al., 1992) computed with Arlequin

3.1.1 (Excoffier et al., 2005).  For the estimation of genetic distances between

populations, a pairwise population Fst matrix was generated by Arlequin 3.0

and an unbiased genetic distance matrix (Nei, 1978) was generated by

PopGene32.  Geographic distances were measured based on the latitude and

longitude coordinates of the populations.  Coordinates were using a Magellan

(San Dimas, CA) Trailblazer XL or Explorer 200 commercial global positioning

system (GPS) unit.  Population coordinates were then imported as a point

Shapefile into ArcView GIS 3.2 (Environmental Systems Research Institute,

Inc., 1999) and geographic distances between populations were measured

within a View.  The population pairwise Fst matrix, Nei’s unbiased genetic

distance matrix, and geographic distance matrix were used in NTSYSpc 2.02

for the Mantel Tests to determine if population level genetic distances and

geographic distance are correlated.

T-tests and linear regressions between the pairwise Fst, unbiased

genetic distance, and geographic distance matrices and between the pairwise

Fst, and unbiased genetic identity matrices were conducted in SYSTAT for

Windows ver. 6.0 (SPSS, Inc., 1996).  The unbiased Nei’s (1978) genetic

similarity matrix created by PopGene32 was imported into Paleontological

Statistics ver 1.76 (PAST; Hammer et al. 2001). The matrix was then used in a
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principle coordinates analysis using a correlation coefficient.  PAST was

also used in a cluster analysis of the unbiased Nei’s (1978) genetic similarity

matrix to generate a neighbor-joining dendrogram.

Haplotype length data was converted to a matrix of repeat length

variants for the mononucleotide loci and presence/absence for the indel locus,

ccmp10.  A median spanning haplotype network was created in Network 4.2.1

(Bandelt et al. 1999) using the microsatellite tandem repeat (STR) data format.

RESULTS

All five primers were polymorphic across all of the eight taxa

sampled in this study (Table 10).  Of the 21 haplotypes detected, 19 were

taxon specific (private haplotypes) and had a broad range of total frequency (Table 11-

14).  Eleven of the private haplotypes were found only in a single individual.  Private

haplotypes were found in every taxon sampled except A. lentiginosus var. araneosus

and A. pseudiodanthus.   Haplotype B was shared among 33 individuals across A.

lentiginosus var. maricopae, A. lentiginosus var. palans, A. lentiginosus var. wilsonii,

and A. lentiginosus var. ursinus.  Haplotype C was shared in three individuals of A.

lentiginosus var. wilsonii and eight individuals of A. lentiginosus var. ursinus.

Haplotype K was shared between four individuals of A. lentiginosus var. yuccanus

and five individuals of the A. lentiginosus var. ambiguus intermediate.

Astragalus mokiacensis had the lowest population diversity of all the members

of the Palantia (Table 10-14).  Only two individuals, each in a separate

population, had a different haplotype (mean h=0.0133; mean I =0.0344; mean
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Table 11. Results of multiple populations genetic analysis of sampled

members of the Palantia and selected varieties of inflated A.

lentiginosus using five cpSSR markers, ccmp2, ccmp5, ccmp6,

ccmp19 and trnT/L-839f .

Pop. Number/
Population Name

No.
polymorphic

loci

%
polymorphic

loci

Nei
diversity

(h)

Shannon
index
(I)

Astragalus mokiacensis

       mokiacensis m.v.

1 Grand Wash 0 0 0 0

2 Savannic Mine 0 0 0 0

3 Whitmore Canyon 0 0 0 0

Astragalus mokiacensis

       trumbullensis m.v.

4 Andrus Canyon 1 0.2 0.0331 0.0609

5 Poverty Mountain 1 0.2 0.0556 0.0901

Astragalus mokiacensis
   Gold Butte m.v.

6 Gold Butte 0 0 0 0
7 Twin Springs Wash 0 0 0 0
8 Iron Mountain 0 0 0 0

all populations 2 0.4 0.0133 0.0344
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Table 11. (continued) Results of multiple populations genetic
analysis.

Pop. Number/
Population Name

No.
polymorphic

loci

%
polymorphic

loci

Nei
diversity

(h)

Shannon
index
(I)

Astragalus lentiginosus
 var. ursinus

9 Bulldog Knolls 2 0.4 0.15 0.2551

10 Bulldog Canyon 2 0.4 0.1728 0.3127

all populations 2 0.4 0.1675 0.3024

Astragalus lentiginosus
     var. maricopae

11 Scottsdale1 3 0.6 0.1191 0.2245

12 Scottsdale2 1 0.2 112 0.1901

13 Horseshoe 1 0.2 0.096 0.1346

all populations 3 0.6 0.1421 0.2681

Astragalus lentiginosus
    var. wilsonii

14 Cottonwood 1 0.2 0.112 0.1901

15 Montezuma's Castle 1 0.2 0.064 0.1001

16 Sedona 0 0 0 0

all populations 2 0.4 0.1084 0.195
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Table 11. (continued) Results of multiple populations genetic analysis.

Pop. Number/
Population Name

No.
polymorphic

loci

%
polymorphic

loci

Nei
diversity

(h)

Shannon
index
(I)

Astragalus lentiginosus
              var. palans
17 Page 1 0.2 0.064 0.1001

18 Rockville 0 0 0 0

all populations 2 0.4 0.136 0.2036

Astragalus lentiginosus
             var. yuccanus

19 Yucca 1 0.2 0.064 0.1001

A. lentiginosus var. ambiguus
(intermediate)

20 Kingman 0 0 0 0

Astragalus lentiginosus
var. araneosus

21 Frisco 0 0 0 0

Astragalus pseudiodanthus

22 Big Smoky Valley 0 0 0 0

Total for all populations 5 1.0
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Table 12.  Haplotypes observed among the Palantia and sampled members of
Section Diphysi

Haplotype CCMP2 CCMP5 CCMP6 trntL/F CCMP10

A 258 116 144 301 224

B 258 118 144 305 255

C 258 118 144 303 255

D 256 118 144 302 224

E 259 117 145 301 206

F 258 117 144 301 255

G 257 118 144 305 255

H 259 118 144 305 255

I 258 118 144 302 255

J 258 118 144 301 255

K 255 118 144 302 224

L 256 118 144 301 224

M 256 118 144 302 255

N 259 116 144 301 224

O 258 116 150 301 224

P 258 117 144 305 255

Q 258 118 144 303 224

R 258 118 144 301 224

S 258 118 144 304 255

T 259 118 144 305 237

U 256 118 144 305 255
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Table  13.  Haplotype frequencies among the Palantia and sampled members of  Section Diphysi

Frequency

Taxon mokiacensis ursinus maricopae wilsonii palans yuccanus araneosus pseudiodanthus total
Pop.# 1-8 9,10 11,12,13 14,15,16 17,18 19,20 21 22

Haplotype (n=59) (n=17) (n=25) (n=15) (n=10) (n=10) (n=6) (n=6) (n=148)

A 0.966 0.385
B 0.059 0.680 0.667 0.500 0.223
C 0.471 0.200 0.074
D 0.900 0.061
E 1.0 0.041
F 1.0 0.041
G 0.200 0.034
H 0.400 0.027
I 0.176 0.020
J 0.176 0.020
K 0.100 0.007
L 0.040 0.007
M 0.040 0.007
N 0.017 0.007
O 0.017 0.007
P 0.067 0.007
Q 0.059 0.007
R 0.059 0.007
S 0.067 0.007
T 0.100 0.007
U 0.040 0.007
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Table 14. Genetic diversity estimates for populations of sampled members of the Palantia and selected members of 

Astragalus Section Diphysi.  Astragalus pseudiodanthus and A. lentiginosus var. araneosus were monomorphic 

across all loci and were not included in this table.  Expected heterozygosity within a randomly mating total 

population (Ht),  expected heterozygosity within a randomly mating subpopulation (Hs), Genetic diversity 

among subpopulations (Gst), and number of individuals migrating between subpopulations per generation 

(nm) were calculated using PopGen32 (Yeh et al., 2000).

n Ht s.d. Hs s.d. Gst Nm

A. mokiacensis

ccmp2 59 0.0408 0.0347 0.1489 2.8571
ccmp5 59 0 0
ccmp6 59 0.0225 0.0207 0.0805 5.7143
ccmp10 59 0 0

trnT/L-839 59 0 0
mean 59 0.0127 0.0003 0.0111 0.0003 0.1246 3.5123

A. lentiginosus var. ursinus

ccmp2 17 0 0
ccmp5 17 0 0
ccmp6 17 0 0
ccmp10 17 0.2082 0.2081 0.0005 1079.00

trnT/L-839 17 0.6259 0.5990 0.0430 11.13
mean 17 0.1668 0.074 0.1614 0.0679 0.0324 14.94
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Table  14.  (continued) Genetic diversity estimates for populations of sampled members of the Palantia and selected

 members of Astragalus Section Diphysi.

n Ht s.d. Hs s.d. Gst Nm

A. lentiginosus var. maricopae

ccmp2 25 0.5679 0.4237 0.2539 1.4692
ccmp5 25 0 0
ccmp6 25 0 0
ccmp10 25 0.0435 0.0415 0.0455 10.5

trnT/L-839 25 0.0859 0.0800 0.069 6.75
mean 25 0.1395 0.0586 0.1090 0.0321 0.2181 1.79

A. lentiginosus var. wilsonii

ccmp2 15 0 0
ccmp5 15 0.1244 0.1067 0.1429 3.000
ccmp6 15 0 0
ccmp10 15 0 0

trnT/L-839 15 0.4178 0.1867 0.5532 0.4038
mean 15 0.1084 0.0328 0.0587 0.0073 0.459 0.5893

A. lentiginosus var. palans
ccmp2 10 0.5000 0 1.000 0
ccmp5 10 0 0
ccmp6 10 0 0
ccmp10 10 0.1800 0.1600 0.111 4.000

trnT/L-839 10 0 0
mean 10 0.1360 0.0475 0.0320 0.0051 0.7647 0.1538
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Table  14.  (continued) Genetic diversity estimates for populations of sampled members of the Palantia and selected

 members of Astragalus Section Diphysi.

n Ht s.d. Hs s.d. Gst Nm

A. lentiginosus var. yuccanus
(+var. ambiguus)

ccmp2 10 0.1800 0.1600 0.1111 4.000
ccmp5 10 0 0
ccmp6 10 0 0
ccmp10 10 0 0

trnT/L-839 10 0 0
mean 10 0.360 0.0065 0.0320 0.0051 0.1111 4.000
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Table 15.  Genetic diversity estimates from seven separate AMOVA analyses using five cpSSR markers, ccmp2, ccmp5, 

ccmp6, ccmp10 and trnT/L-839f:  all populations sampled in the Palantia and Astragalus section Diphysi;  all 

populations of the Palantia except A. mokiacensis; and 5 separate AMOVA's using only data from populations 

of each taxon. An AMOVA (not shown) of the two populations of A. ursinus found no significant genetic 

differentiation (Fst = -0.0696, 106.9% of variation within populations).

d.f.
sum of
squares

variance
components

%
variation

Fixation
indices

P

all populations,
Palantia and

section Diphysi
among groups, n=5 7 132.18 1.14 85.06 Fct = 0.851 <0.001

among
populations/group

14 6.79 0.05 3.72 Fsc = 0.248 <0.001

within populations 124 18.72 0.15 11.2 Fst = 0.888 <0.001
total 145 157.69 1.34
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Table  15.  (continued) Genetic diversity estimates from seven separate AMOVA analyses using five cpSSR markers.

d.f. sum of
squares

variance
components

%
variation

Fixation
indices

P

Palantia minus
A. mokiacensis
among groups, n=6 5 7.94 0.09 23.13 Fct = 0.231 <0.001

among
populations/group

4 2.85 0.07 17.93 Fsc = 0.233 <0.001

within populations 57 13.14 0.23 58.94 Fst = 0.411 <0.001
total 66 23.93 0.39

A. mokiacensis

among groups, n=3 2 0.08 0 2.24 Fct =  0.224 0.076
among

populations/group
5 0.14 0 -2.61 Fsc = -

0.027
<0.001

within populations 51 1.74 0.03 100.37 Fst = -0.004 <0.001
total 58 1.97 0.03

A. lentiginosus
   var. maricopae
among groups n=2 1 0.23 -0.14 -43.39 Fct = -

0.434
0.674

among
populations/group

1 1.58 0.17 49.3 Fsc = 0.344 0.014

within populations 22 7.07 0.32 94.1 Fst = 0.059 0.011
total 24 8.88 0.34
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Table  15.  (continued) Genetic diversity estimates from seven separate AMOVA analyses using five cpSSR markers.

d.f. sum of
squares

variance
components

%
variation

Fixation
indices

A. lentiginosus
var. wilsonii
among groups n=2 1 0.47 -0.14 -48.84 Fct = -

0.488
0.657

among
populations/group

1 1.4 0.24 84.88 Fsc = 0.570 <0.001

within populations 12 2.2 0.18 63.95 Fst = 0.360 <0.001
total 14 4.07 0.28

A. lentiginosus
var. palans
among groups n=1 N/A Fct = N/A

among
populations/group

1 2.6 0.5 83.33 Fsc = N/A

within populations 8 0.8 0.1 16.67 Fst = 0.833 <0.001
total 9 3.4 0.6
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Hs=0.0111).  Astragalus lentiginosus var. palans (mean h=0.1360; mean I

=0.2036; mean Hs=0.0320), and A. lentiginosus var. wilsonii (mean h=0.1084;

mean I =0.1950; mean Hs=0.0587) had an intermediate level of population

diversity.  Astragalus lentiginosus var. maricopae (mean h=0.1421; mean I

=0.2681; mean Hs=0.1090) and A. lentiginosus var. ursinus (mean h=0.1675;

mean I =0.3024; mean Hs=0.1614) had the highest level of population

diversity.

An AMOVA analysis (Table 15) among all populations of the

Palantia showed 85.06% of the genetic variation was distributed among the

taxonomic groups, while 11.2% of the variation was found within

populations. Among the Palantia excluding Astragalus mokiacensis, only

21.18% of the genetic variation was found among the taxonomic groups

while a higher 30.16% percent of the variation was found within populations.

Among populations of the members of the Palantia, unbiased

Nei's genetic distances and paiwise Fst's were not significantly different (t = -

1.6337, p=0.1044).   In a linear regression analysis, natural log of geographic

distance was positively correlated with Nei's unbiased genetic distance

(r=0.4818, p<0.0001).  Astragalus pseudiodanthus had the highest geographic

distances (451-862 km) and the highest genetic distances (0.9163 to >4.9)

which could have a large impact on the analysis.  However, removal of A.

pseudiodanthus had little effect on the regression analysis.  Log geographic

distance was still correlated with genetic distance (r=0.5042, p<0.0001).  A
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Mantel test with 10,000 permutation was consistent with the regression

analysis.  Using all populations, including A. pseudiodanthus, geographic

distance and Nei's unbiased genetic distances were highly correlated (mean

Fst =0.6986, mean distance = 282.06 km, r=0.4751, p<0.0001).

The haplotype network (Figure 21) showed three major group:

Astragalus mokiacensis & A. pseudiodanthus group (right); A. lentiginosus group

(central square of haplotypes); A. lentiginosus var. maricopae group (left).

Astragalus mokiacensis is separated from both the A. lentiginosus group and A.

pseudiodanthus by missing haplotypes.  The Palantia form a nearly continuous

series (except for the missing haplotype mv1) from A. lentiginosus var. palans

and A. lentiginosus var. maricopae to the left, through A. lentiginosus var.

ursinus in the middle to A. mokiacensis at the right, each step being only a

single mutational change.  No members of the Palantia shared haplotypes

with the sympatric, inflated fruit varieties of A. lentiginosus.  However, A.

lentiginosus var. ursinus and A. lentiginosus var. maricopae were closely

associated with the inflated A. lentiginosus varieties sampled (some

haplotypes were only one mutational step distant).  The level of homoplasy

is great among the haplotypes.  The primary changes in the haplotypes

among the central A. lentiginosus group is found commonly in parallel

changes in the ccmp2, ccmp5, and ccmp10 loci.

The principal coordinates analysis (PCoA) showed similar

results.  The first component of the PCoA explained 47.0% of the total
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variance (Figure 22). The second component of the PCA explained

22.7% of the total variance.  The A. lentiginosus common haplotype and the A.

pseudiodanthus population were about as equally far distant from both the

inflated members of A. lentiginosus and members of the Palantia.  There is a

close association among the populations A. lentiginosus var. ambiguus

intermediate, A. lentiginosus var. maricopae, A. lentiginosus var. wilsonii, A.

lentiginosus var. ursinus, and A. lentiginosus var. yuccanus.  Astragalus

mokiacensis, the trumbullensis "minor variant" of A. mokiacensis, and A.

lentiginosus var. araneosus are further distant from this central group,

however, they are more similar than they are to A. lentiginosus and A.

pseudiodanthus.

Astragalus cibarius seems to be equally as distant from A.

pseudiodanthus as it is to A. eremiticus in this analysis.  This is about the same

distance as A. pseudiodanthus is from A. lentiginosus.  Astragalus cibarius is

often mistakenly identified as A. lentiginosus or A. iodanthus and was

proposed to be a potential member of Astragalus Section Diphysi by Barneby

(1964).  Though these two taxa may not be members of Section Diphysi, they

are also not as distant genetically as members of closely related Section

Argophylli (haplotypes of Astragalus amphioxys, Knaus, unpublished data) are

to Section Diphysi.

A NJ dendrogram of the unbiased genetic identity (Nei, 1978;

Figure 23) showed that populations of A. mokiacensis and the populations of
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Figure  21.  Haplotype network of the members of the Palantia sampled 

in this study.  Red labels represent a single allele change 

between haplotypes.  ARA1= A. lentiginosus var. araneosus, 

haplotype F; LEN= A. lentiginosus common haplotype from 

Knaus (unpublished data); MAR1= A. lentiginosus var. maricopae,

 A. lentiginosus var. palans, A. lentiginosus var. ursinus, A. 

lentiginosus var. wilsonii, haplotype B; MAR2= A. lentiginosus var.

maricopae, haplotype G; MAR3= A. lentiginosus var. maricopae,

haplotype M; MAR4= A. lentiginosus var. maricopae, haplotype U; 

MAR5= A. lentiginosus var. maricopae, haplotype L; MOK1= A. 

mokiacensis, haplotype A;  MOK2= A. mokiacensis, haplotype N; 

MOK3= A. mokiacensis, haplotype O; MV1 & MV2= missing 

haplotype; PAL1= A. lentiginosus var. palans, haplotype H; PAL2=

A. lentiginosus var. palans, haplotype T; PSE1= A. pseudiodanthus, 

haplotype E; URS1= A. lentiginosus var. ursinus, A. lentiginosus 

var. wilsonii, haplotype C; URS2= A. lentiginosus var. ursinus, 

haplotype I; URS3= A. lentiginosus var. ursinus, haplotype J; 

URS4= A. lentiginosus var. ursinus, haplotype R; URS5= A. 

lentiginosus var. ursinus, haplotype Q; WIL1= A. lentiginosus var.

wilsonii, haplotype S; WIL2= A. lentiginosus var. wilsonii,

haplotype P; YUC1= A. lentiginosus var. yuccanus, A. lentiginosus 
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var. yuccanus intermediate, haplotype D; YUC1= A. 

lentiginosus var. yuccanus, haplotype
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Figure  21.  Haplotype network of the members of the Palantia sampled in this study (continued).
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Figure 22.  A scatterplot of the principle coordinates analysis of Nei's 

unbiased genetic identity of populations of the Palantia and 

Astragalus Section Diphysi using cpSSR haplotype data. Astragalus

cibarius was included to determine of its haplotype was more

 similar to A. pseudiodanthus than to A. eremiticus.
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Figure 23.  NJ dendrogram of Nei's unbiased genetic identity of the Palantia 

using cpSSR haplotype data.  Astragalus pseudiodanthus was 

selected as the outgroup.  The other members of the outgroup 

taxa, A. lentiginosus (common haplotype) , A. lentiginosus var. 

araneosus, and A. lentiginosus var. yuccanus are split in the tree 

and do not form a cohesive outgroup with A. pseudiodanthus.
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Welsh & Atwood's A. lentiginosus var. trumbullensis were nearly identical

(unbiased genetic identity = 0.9960-1.000; 0.9992).  Geographically proximal

populations of A. lentiginosus var. wilsonii, A. lentiginosus var. maricopae or A.

lentiginosus var. palans were more similar than A. mokiacensis was to A.

lentiginosus var. trumbullensis.  These taxa were in a grade, more similar to

one another that they were to A. mokiacensis.  Astragalus lentiginosus var.

araneosus was more similar to this grade than to A. pseudiodanthus, A.

lentiginosus var. yuccanus, or the A. lentiginosus common haplotype.

DISCUSSION

Despite the significant correlation between genetic and

geographic distances, there are populations in several taxa of the Palantia

that do not follow this general trend.  The taxon with the largest populations

sizes, Astragalus mokiacensis, is the geographically closest populations to A.

lentiginosus var. ursinus, a taxon with one of the smallest.  These two taxa are

highly genetically differentiated, however (pairwise Fst = 0.7633-0.8674,

unbiased Nei distance 0.6146-0.7570).  If gene flow was occurring between

these two taxa, one might expect to find haplotypes from the larger A.

mokiacensis populations to be present in the smaller A. lentiginosus var.

ursinus populations (Ellstrand & Elam 1993).  These data suggest that genetic

swamping of A. lentiginosus var. ursinus by A. mokiacensis is not currently an

issue.  Despite being classified as a taxonomically insignificant portion of the
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total variation in A. mokiacensis in some major revisions (Jones 1923, Barneby

1989, Welsh & Atwood 2001, Alexander 2005, Welsh 2007), populations of A.

lentiginosus var. ursinus are genetically distinct from geographically proximal

taxa in the Palantia which provides support for taxonomic recognition of A.

lentiginosus var. ursinus.

Within Astragalus lentiginosus var. palans, the Rockville

population was genetically similar to populations of A. lentiginosus var.

maricopae and A. lentiginosus var. wilsonii (pairwise Fst = -0.06575 - 0.5625,

unbiased Nei distance = <0.0001-0.1079).  This population was more similar

to these taxa than to the other population of A. lentiginosus var. palans

(pairwise Fst 0.8333, unbiased Nei distance = 0.2376).  The Rockville

population, however, had the largest geographic distances in the Palantia to

populations of A. lentiginosus var. maricopae and A. lentiginosus var. wilsonii

(348-486 km).   More samples of populations of A. lentiginosus var. palans will

likely increase the haplotype diversity of this taxon, since other populations

of A. lentiginosus var. palans are at least 100 km further north of the Page and

and Rockville populations.  Sampling more chloroplast loci may also help to

further resolve the nodes in the haplotype network between these three taxa.

Current gene flow between the members of the Palantia is

potentially limited.  None of the populations are sympatric; a range of 20 to

500 km exists between populations of each taxon.  This is a sufficient distance
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to limit gene flow due to foraging pollinators (Beekman & Ratnieks 2000,

Gathmann & Tscharntke 2002).  Geographic barriers such as mountain

ranges, canyons, and inhospitable habitat also potentially limit

intergradation between taxa (see Chapter 1, Chapter  2).  Gene flow leading

to hybridization may have been a factor in the past, potentially leading to the

pattern of differentiation observed in the Palantia.   Astragalus lentiginosus

var. maricopae, though it does not currently share haplotypes with A.

lentiginosus var. yuccanus, has two haplotypes that are a single mutational

step from A. lentiginosus var. yuccanus.  These haplotypes are also disjunct in

the haplotype network from the rest of the A. lentiginosus var. maricopae

haplotypes.  Haplotypes of A. lentiginosus var. ursinus are also only a single

mutational step away from the haplotype found in A. lentiginosus var.

araneosus.  Barneby (1964) hypothesized that A. mokiacensis and A. lentiginosus

var. maricopae may have originated through hybridization with sympatric

varieties of A. lentiginosus, based on similar floral characteristics.  At least in

A. lentiginosus var. maricopae, morphologic and molecular evidence are

suggestive of past hybridization with A. lentiginosus var. yuccanus.

Geographically, A. lentiginosus var. maricopae, A. lentiginosus var.

wilsonii, A. lentiginosus var. ursinus appear to be peripheral geographic

disjuncts from the more widespread A. lentiginosus var. palans or A.

mokiacensis.  Despite their limited distributions and population sizes, these
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taxa exhibit relatively high levels of genetic diversity and a high percentage

of individuals with private alleles (13-36%).  What does this tell us about

their potential origin?  Populations that have been established by long

distance dispersal events characteristically have low genetic diversity

(Ibrahim et al. 1996, McLachlan et al 2005, Barrington & Paris 2007).  For

example, no chloroplast haplotype divergence was found in a tropical

rainforest tree, Ceiba pentandra L. between its major populations in Central

American, South America and Africa.  This pattern was attributable to long

distance dispersal and not vicariance resulting from transatlantic disjunction

(Dick et al. 2007).   Populations of several moss species distributed in New

Zealand and South America were found to have nearly identical chloroplast

haplotypes (only one substitution and a few indels).  Pfeiffer (2000) and Frey

et al. (1999) concluded that the chloroplasts of these moss taxa had very low

substitution rates (the initial disjunction occurred during the breakup of the

continent of Gondwana 60-80 million years ago).  Shaw et al. (2002)

concluded that long-distance dispersal was a likely alternative hypothesis.

In contrast, peripheral, disjunct populations of widespread

species that are undergoing range contraction due to climate change have

typically lower genetic diversity and higher genetic differentiation than

populations in the central core of the species.  In the New England region of

North America, fragmented populations disjunct from larger widespread
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populations were found to be more depauperate genetically (Barrington &

Paris 2007).  Several taxa with multiple, disjunct populations were found to

be the result of climate change induced fragmentation and post glaciation

long distance dispersal (Broyles 1998, Walter & Epperson 2001, Griffin &

Barrett 2004, Barrington & Paris 2007).  The taxa with populations of the

highest genetic diversity were found in sites unaffected by glaciation

(Barrington & Paris 2007).  Isolated Great Lake populations of Geum triflorum

Pursh were found to have low genetic diversity and high genetic

differentiation when compared to populations in midwestern Canada.

However, these disjunct Great Lakes populations in all cases were found to

have a subset of the haplotypes found in the species and there were no

unique private alleles found in these disjunct populations (Hamilton &

Eckert 2007).  Many populations of Piriqueta caroliniana distributed from

southern Florida to islands in the Caribbean were found to have very

different genetic histories.  In one case, Grand Bahama Island was found to

have undergone multiple complete inundation events cause by sea level

fluctuations in the Pleistocene.  The extant populations on this island were

found to be fixed for a single haplotype.  In contrast, neighboring Abaco

Island was high enough in elevation to escape complete inundation.  The

Abaco Island populations had one of the highest genetic diversities within

Piriqueta caroliniana.  These populations were found to be the seed source for
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multiple long distance dispersal events from Grand Bahama Island to

southern Florida (Maskas & Cruzan 2000).  High chloroplast haplotype

differentiation resulting from population fragmentation due to Pleistocene

and Holocene climate change was also found among populations of Justicia

areysiana Deflers, which inhabits isolated mountain ranges in southern

Arabian Peninsula (Meister et al. 2005).

In contrast, Astragalus lentiginosus var. maricopae, A. lentiginosus

var. wilsonii, A. lentiginosus var. ursinus  do not exhibit the high levels of

chloroplast differentiation found in other peripheral disjunct populations.

The taxa with larger populations, A. mokiacensis, A. lentiginosus var. araneosus,

A. lentiginosus var. yuccanus, and A. lentiginosus var. palans have low

diversity, though more populations of these taxa (excluding A. mokiacensis)

will needed to be sampled to conclusively substantiate this pattern.  An

alternative explanation is that A. lentiginosus var. maricopae, A. lentiginosus

var. wilsonii, and A. lentiginosus var. ursinus are relictual populations of a

taxon that gave rise to the more widespread A. mokiacensis and A. lentiginosus

var. palans.  Unfortunately, the molecular and morphologic data do not give

many clues to which taxon more closely resembles the ancestor of the

Palantia.
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CHAPTER 4

TAXONOMIC REVISION

The original intent of this study was to produce a monographic

revision of the Astragalus Section Diphysi.  As research progressed, many

more taxonomic and morphological questions about Astragalus lentiginosus

and putatively related species arose than were resolved.  The population-

level morphological analyses necessary to even complete a taxonomic

revision of the Intermountain members of Astragalus Section Diphysi grew

beyond the confines and time limitations of a single doctorate thesis.  As a

consequence, the scope of this study was limited to the taxa within Astragalus

Section Diphysi with scarcely inflated pods.  Despite this, a few clues to the

higher relationships within Astragalus were discovered.

Based on these morphologic and molecular data in this study, the

potential artificiality of Barneby's sectional classifications including his

Homaloboid and Piptoloboid Phalanx's (sub-genera), first proposed by

Sanderson (1991), is further supported.  The significance of a single species

having both persistent and deciduous pods in studies of North American

species of Astragalus has not been fully recognized.  Jones was not aware of

the persistent pods in A. mokiacensis when he made the taxon a variety of A.

lentiginosus (see description and keys in Jones 1923).  Since Barneby (1964)

monograph, the presence of a persistent pod that does not inflate has been
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considered evidence for species and sectional level delimitations.   In the

most recent monograph, Welsh (2007) for the most part follows Jones'

delimitation of A. mokiacensis as a variety of A. lentiginosus.   Welsh proposed

the following question:   "Is it not possible that the character of persistence...,

while a fundamental elsewhere within the genus, might occasionally be

compromised, as are practically all other morphological features..."  (2007,

p.312).  Though Welsh (2007) recognizes the possibility of a higher degree of

parallelism in Astragalus than Barneby proposed, he still recognizes most of

Barneby's monotypic sections.  Barneby's monotypic sections and many of

Welsh's species delimitations are based on placing great importance on

"fundamental characters" such as habitat preference, connate stipules,

inflated pods, subterranean caudices, and persistence of the pods.  The

morphological and genetic data in this study suggest that these characters

may not be as "fundamental" as Barneby or Welsh hypothesized.  These

characters appear to be easily lost or gained within Astragalus itself.

Astragalus pseudiodanthus was thought to be a more isolated

species related to A. iodanthus and A. lentiginosus due to the unique presence

of a subterranean caudex.  Finding that A. pseudiodanthus and A iodanthus

share the same haplotypes (Knaus, unpublished data) and are nearly

statistically indistinguishable from A. lentiginosus var. araneosus and A.

lentiginosus var. palans in the PCoA analysis (Chapter 3, Figure 12)
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contradicts this hypothesis.  In Astragalus lentiginosus var. pseudiodanthus, the

evolution of a subterranean caudex appears to be an adaptation to a shifting,

partially stabilized, sand dune habitat.  Astragalus lentiginosus var.

pseudiodanthus and A. lentiginosus var. iodanthus are either a lineage from

which some varieties of A. lentiginosus with inflated pods recently originated

or another lineage from which the inflated pod was recently lost.  The

presence of a subterranean caudex may also not be indicative of a highly

genetically isolated monotypic species or section as proposed by Barneby

(1964), Welsh et al (1994; 2003), Isely (1998), and Welsh (2007).

In addition, Alexander (2004) found that Astragalus oniciformis

populations were highly genetically similar to A. mulfordae, despite the

nearest populations being over 70 km apart.  These two morphologically

similar species were placed into different sections based on the presence of a

connate stipule in A. mulfordae (Section Neonix).  Section Neonix, a section

composed of three species with connate stipules, may entirely be artificial.  It

is possible that even the presence of a connate stipule may be easily lost or

gained within species complexes in Astragalus.  It is also possible that other

characters, such as the presence of malphigian hairs, that have been used to

substantiate species or sectional delimitation may also be more plastic.

Astragalus concordius S.L. Welsh (a variant of A. piutensis Barneby & Mabberly

in southwestern Utah) was split based solely on the presence of malphigian
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hairs into its own species and a monotypic subsection of Section Argophylli

(Welsh 1998, Welsh 2007).  Species or sectional delimitations based solely on

a small number of morphologic characters may not be robust in Astragalus

due to the apparent ease of losses or gains of characters (persistent versus

deciduous pods, inflation versus no inflation, malphigian versus basifixed

hairs, connate versus free stipules, subterranean versus superficial caudex)

previously thought to be immutable within a species.

Despite his reliance on these characters for his sectional and

species delimitations, Barneby fully realized that his classification was just a

first step at organizing this complex genus.

"Possibly, also, I have attached undeserved importance to the

united stipules and the emmenoloboid pod, features which, despite their

obvious pragmatic value (and presumed phylogenetic significance) in many

groups of the genus, are by no means universally sovereign" (Barneby, 1964,

p.464).

"The novel arrangement of species and sections in the Atlas

expressed an admittedly imperfect view of the course that evolution may

have followed... but I shall feel satisfied if it serves as a springboard for

advances in the general taxonomy of the genus" (Barneby 1964, p.33).

Arriving to these conclusions herein would not have been possible without

Barneby's Atlas as a "springboard."
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Species delimitations in the taxonomic revision follow a phenetic

species concept (Sokal, 1973; Luckow 1995).  The original goal of this study

was to apply a phylogeneteic species concept, however, the genetic and

morphologic data obtained could not be analyzed robustly using cladistic

methodologies.  Primarily, population level data are largely ignored since the

smallest taxonomic units of phylogenetic analyses are species (Nixon &

Wheeler 1980, Cracraft 1983, Luckow 1995).  Examining these taxa at the

population level both genetically and morphologically was necessary to asses

the relationship of the type specimens with extant populations and to

address the degree of genetic relatedness between and among populations of

these taxa.

Table 16 is a list of notable specimens identified in maps in this

revision.  The codes used here are the same as used in previous chapters

where applicable.  The taxonomic revision herein is a first step in a full

revision of this group.  As such, the specimens used in the morphological

analysis are labeled in a separate voucher list.  Where applicable, a list of

specimens examined by the author but not yet included in morphological

analyses is also included.
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Table 16.  Specific vouchers identified in the distribution maps.  Letters under the code column identify vouchers on the

distribution maps.  Vouchers collected by Alexander displayed on figures with lettered voucher number (i.e. 2367A) are

duplicate collections representing separate individuals in a population. All other vouchers and all voucher label data are

listed in the specimen lists following each taxon.  Type: H=Holotype, I=Isotype, L=Lectotype, P=Paratype, v=type vicinity

taxon type code herbarium voucher

A. lentiginosus var. bryantii H N CAS Bryant s.n. 15 Dec. 1939

A. lentiginosus var. bryantii N2 GH Holmgren et al. 15609

A. lentiginosus var. iodanthus L,I J2 US,GH,NY Watson 269 in June 1868

A. lentiginosus var. iodanthus v J NY,OSC Jones s.n., Jones 3837 from May 1882

A. lentiginosus var. iodanthus
(type of A. iodanthus var. diaphanoides)

H,I J3 CAS,RSA Ripley & Barneby 5659

A. lentiginosus var. iodanthus
(type of A. iodanthus var. vipereus)

H,I J4 CAS,RSA Ripley & Barneby 6485

A. lentiginosus var. maricopae v S OSC,UNLV Alexander 1621

A. lentiginosus var. maricopae H S2 US Harrison 1790

A. lentiginosus var. mokiacensis
    (type locality)

L,I L GH,NY Palmer 105

A. lentiginosus var. mokiacensis
    (published type locality)

L,I L2 GH,NY Palmer 105
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Table 16.  (continued) Specific vouchers identified in distribution maps.

taxon type code herbarium voucher

A. lentiginosus var. mokiacensis
    (type of A. lentiginosus var. trumbullensis)

H,I O BRY,NY Atwood & Furniss 24293

A. lentiginosus var. mokiacensis Z3 CAS Clover 6079

A. lentiginosus var. mokiacensis Z RM Goodding sel 21-41

A. lentiginosus var. mokiacensis Z2 RM Goodding sel 3-41

A. lentiginosus var. mokiacensis Q NY,POM Jones 5058

A. lentiginosus var. mokiacensis W GH,CAS Lemmon 3326 and Lemmon s.n.  in 1884

A. lentiginosus var. mokiacensis X GH,CAS Lemmon 3116

A. lentiginosus var. mokiacensis Y NY,UNLV Pinzl 7032

A. lentiginosus var. palans H,I E POM,GH Eastwood s.n. June 1892

A. lentiginosus var. palans P G GH Eastwood s.n. May 1892

A. lentiginosus var. palans
     (type of A. amplexus)

H,I F RM,GH Payson 335

A. lentiginosus var. palans LP1 NY Barneby 13104

A. lentiginosus var. palans LP2 NY Ripley & Barneby 8662

A. lentiginosus var. palans H NY,POM,BRY Jones 5218
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Table 16.  (continued) Specific vouchers identified in distribution maps.

taxon type code herbarium voucher

A. lentiginosus var. palans H2 NY Jones 5218a

A. lentiginosus var. palans LP3 NY Holmgren & Holmgren 12796

A. lentiginosus var. palans
   (intermediate to var. wilsonii)

LP4 NY Peebles & Smith 13939

A. lentiginosus var. palans LP5 NY Raven 13079

A. lentiginosus var. palans LP6 NY Weber 4735

A. lentiginosus var. pseudiodanthus H,I K2 CAS,RSA Ripley & Barneby 3725

A. lentiginosus var. pseudiodanthus v K OSC,UNLV Alexander 1631

A. lentiginosus var. ursinus
     (type of A. ursinus)

L,I M GH,NY Palmer s.n. 1877

A. lentiginosus var. ursinus M OSC,UNLV Alexander 2120

A. lentiginosus var. ursinus
     (Mokiak Pass specimen on type of A. ursinus)

M2 GH Palmer s.n. 1877
(mounted with the type by Gray)

A. lentiginosus var. wilsonii v R OSC,UNLV Alexander 2367

A. lentiginosus var. wilsonii v R2 OSC,UNLV Alexander 2334

A. lentiginosus var. wilsonii
     (type of A. wilsonii)

H,I R3 ND Wilson s.n. in May 1893
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Table 16.  (continued) Specific vouchers identified in distribution maps.

A. lentiginosus var. wilsonii
     (intermediate to var. mokiacensis or var. bryantii)

P CAS Eastwood 5748

A. lentiginosus var. wilsonii
     (intermediates to var. palans)

P2 NY, others Demaree 43807b

 and other vouchers (see p.        )



144

Key to the Palantia and related varieties of A. lentiginosus

1. Pod, in longitudinal section, linear, lanceolate, oblong,

   or elliptic, scarcely inflated, valves stiffly papery to

   coriaceous, bilocular, semi-bilocular, or sub-unilocular,

   septum to 2.5 mm wide and not fused to funicular flange.

2. Pods long persistent, sessile or with an cryptic stipe 0.5 to 1.0 mm

long; pods and pedicels, straight, ascending to spreading.

3. Banner light yellow, without a central white or striped

spot (immaculate); keel and wings slightly darker

than banner, drying yellowish brown, keel

immaculate..................... A. lentiginosus var. maricopae

3. Banner light to dark purple with a white & purple

striate central spot; keel light purple & dark purple

maculate, wings light to dark purple, sometime with

white tips.

4. Pods straight to slightly incurved on an 

ascending to spreading, straight or arched 

pedicel; pods 20-28 (-32) mm long, 4-7.1x longer

than wide; leaflets glabrous to moderately 

pubescent adaxially, at least sparsely 

pubescent abaxially [A. mokiacensis Gray, A.
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lentiginosus var. trumbullensis S.L. Welsh & 

N.D. Atwood)....... A. lentiginosus var. mokiacensis

4. Pods ascending to erect and incurved on an 

appressed to ascending, straight pedicel; pods

13-20 (-23) mm long, 2.4-4.7x longer than wide;

leaflets glabrous adaxially, glabrous to sparsely

pubescent abaxially [=A. ursinus A. Gray].

........................................A. lentiginosus var. ursinus

2. Pods deciduous, sometimes tardily so, by a cellular abscission

layer between the receptacle and gynoecium, sessile or with an

incipient stipe or gynophore to 0.7 mm; pods and pedicels in

fruit, arched, recurved, in one taxon appressed erect to

ascending, occasionally spreading.

5. Pods semi-bilocular to bilocular, commonly lunate to 

       hamate, incurved to 180°, sometimes straight 

 to elliptic, the septum 1-2.5 mm wide, in cross 

       section, terete, obcordate, or cordate, in 

       longitudinal section, linear, narrowly elliptic, 

       or narrowly oblong.
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6. Pods falcate to hamate (nearly circular), occasionally 

lunate, incurved to 120-180°, recurved on an arched to 

spreading pedicel................A. lentiginosus var. palans

6.  Pods falcate to lunate, incurved mostly less than 90° to

nearly straight, spreading, ascending to erect on a 

spreading to erect pedicel.

7.  Pods spreading, 6-8.8 times longer than wide, 

incurved less than 90°, valves stiff papery, in 

longitudinal section narrowly oblong to 

linear....A. lentiginosus var. bryantii, comb. nov.

7.  Pods ascending to erect, 4-6 times longer than 

wide, incurved less than 90° and mostly nearly 

straight, valves leathery to thick leathery 

(subligneous), often with prominent reticulate 

veins, in longitudinal section elliptic to narrowly 

oblong........................A. lentiginosus var. wilsonii

5. Pods semi-bilocular to sub-unilocular, hamate and 

incurved to 180°, in most individuals nearly circular),

the septum to 1.5 mm wide, in cross section, oblong, 

triangular, or obcordate, in longitudinal section, linear, 

lanceolate, or narrowly elliptic.
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8. Stems arising from a superficial root-crown; stems and

leaves glabrous to strigulose, rarely villosulous with

hairs to 1.0 mm long; habitat various [=A. iodanthus S.

Watson]...........A. lentiginosus var. iodanthus, comb. nov.

8. Stems arising from a subterranean root-crown; stems

and leaves densely villous to villosulous with hairs

0.7-1.2 mm long; habitat sandy pockets of alluvial fans

and stabilized dunes [=A. pseudiodanthus Barneby]

................A. lentiginosus var. pseudiodanthus, comb. nov.

1. Pod, in longitudinal section, ovoid to globose, bladdery

   inflated and tetete to didymous, valves papery membranous to

   stiffly papery (occasionally coriaceous), fully bilocular,

   septum over 2 mm wide and fused to funicular flange.

   .........................................................................A. lentiginosus, sensu stricto

Astragalus lentiginosus var. bryantii, comb. nov.

Astragalus lentiginosus var. bryantii, comb. nov. [not yet published].

Astragalus bryantii Barneby, Proc. Calif. Acad. Sci. IV 25:156. 1944.

TYPE: U.S.A. ARIZONA: COCONINO CO.: at the head of Phantom Canyon 

in the Grand Canyon of the Colorado River, 15 December 1939, H.C. 

Bryant s.n. (HOLOTYPE: CAS!; ISOTYPES: US!).
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Map: Figure 24 and Figure 27.

Short lived perennial herbs (or annual?), 3-8 dm tall; stems ascending,

single or several in clumps from a superficial root crown; herbage glabrous

to strigulose with basifixed hairs; stipules 3-8 mm long, ovate-, lance- or

deltoid-acuminate, mostly recurved, partially or fully amplexicaul-decurrent,

none connate; leaves 4-12 cm long; leaflets 11-19 (-21), elliptic, suborbicular,

obovate, or oblong, the apex obtuse or emarginate, 5-15 mm long; peduncles

ascending, 4-8 (-10) cm long; racemes 11-18 (-20) flowered, early elongating,

flowers ascending to spreading, the axis becoming (2.5) 3-10 (-12) cm long in

fruit; calyx 6-10 mm long, white-, black-strigulose or mixed, the campanulate

or cylindric tube 4-6 mm long, the teeth, subulate to lance-acuminate, 1-4 mm

long; petals pink purple, drying violet; banner 13-19 mm long, purple with a

white, purple striate spot; keel 11-15 mm long, light to dark purple maculate;

wings 12-17 mm long, whitish with a purple tip or purple with a white tip;

ovary glabrous or strigulose; ovules 22-27; fruiting pedicels ascending to

spreading, straight to arched, persistent; pod ascending or spreading,

deciduous, in longitudinal section linear to narrowly oblong, in cross section

cordate to terete, straight to incurved, 20-32 x 3-5 mm, (5.3) 6.8-8.8x longer

than wide, sessile to elevated on an gynophore, the incipient gynophore to

0.7 mm long, contracted at the apex into a uniloculate beak, the valves

papery, stramineous, semi-biloculate to biloculate, the septum 1.5-3.2 mm
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wide; dehiscence apical.

Astragalus lentiginosus var. bryantii has been hypothesized to be related

to either A. lentiginosus var. palans and A. lentiginosus var. mokiacensis in both

historical and modern treatments (Barneby 1944, Barneby 1964, Barneby

1989, Isely 1998, Welsh 2007).   Welsh et al. (2003) and Welsh (2007)

determined that specimens in Utah previously identified as A. bryantii

(Gaines 828, Gaines 1005, and Gaines 1009, NAU) are A. lentiginosus var.

palans.   The results of this study confirm this, although these specific

specimens have not yet been examined.  No specimen identified as Astragalus

bryantii or as Astragalus lentiginosus var. palans has the unique pod

morphology found in the populations in the Phantom Ranch vicinity of the

Grand Canyon.  As delimited herein, Astragalus lentiginosus var. bryantii is

confined to the canyon populations upstream and downstream of Phantom

Ranch along the Colorado River, Coconino Co, Arizona.  As far as known,

these populations are disjunct from that of the nearest population of A.

lentiginosus var. palans.  In addition, the carpological variation found in the

specimens of A. lentiginosus var. bryantii are distinct from that of A.

lentiginosus var. palans; however, some pod characters do overlap with the

range of variation found in A. lentiginosus var. wilsonii and A. lentiginosus var.

ursinus..

Habitat.- In sandy, gravely washes (sometimes among boulders), sandy banks
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of streams, or on steep talus slopes, on substrate of sedimentary or volcanic origin.

Distribution.-Coconino County, Arizona, in ravines and canyons on

the northern and southern banks of the Colorado River from Bass Rapids and

Shinumo Creek Canyon vicinity E to Hermit Creek, Clear Creek, Bright

Angel Creek and Phantom Canyons.

Phenology.- Flowering from February to April (rarely in the winter as

early as December); fruiting from April to June.

 Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA: COCONINO CO.: head of Phantom Canyon in Grand Canyon,

15 December 1939, Bryant s.n. (CAS); 10 yds N of Colorado River, 11 mi S of

Phantom Ranch, directly N of Grand Canyon Village, 11 April 1960,

Crosswhite 642 (NY); at mouth of Hermit Creek, in sand, Grand Canyon of the

Colorado River, 10 April 1917, Eastwood 5991 (GH); "Utah Flat", Grand

Canyon N.P., ca 0.83 mi NW of Phantom Ranch and Bright Angel Creek, 09

April 1993, Hodgson & Anderson 2085 (NY); Colorado River, Bass Ripids, 108

miles below Lees Ferry, 01 May 1971, Holmgren, et al. 15502 (NY); Colorado

River, Grand Canyon near confluence of Clear Creek, 3.5 miles upriver from

Kaibab Suspension Bridge (near Phantom Ranch), 1 mile up Clear Creek

Canyon, 08 May 1971, Holmgren, et al. 15609 (GH,NY); Colorado River, Grand

Canyon, Shinumo Creek, 108.5 river mi below Lees Ferry, 17 air mi NW of

Grand Canyon Village, 10 May 1971, Holmgren, et al. 15615 (NY); Grand
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Figure 24. Distribution map of Astragalus lentiginosus var. bryantii, A. 

lentiginosus var. maricopae, and A. lentiginosus var. wilsonii in Arizona.  

Vouchers and major populations are labeled as follows: (asterisk), 

notable vouchers of various taxa (see Table 16 for letter codes); (caret),

 A. lentiginosus var. bryantii; (up triangle), A. lentiginosus var. 

maricopae; (circle), A. lentiginosus var. wilsonii; (X), Cameron population

intermediate to A. lentiginosus var. palans.
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Canyon N.P., at confluence of Bright Angel Creek and Colorado River, 20

March 1968, Spellenberg 1826.

Astragalus lentiginosus var. iodanthus, comb. nov.

Astragalus lentiginosus var. iodanthus, comb. nov. [not yet published].

Astragalus iodanthus S. Watson, Bot. King. 70. 1871.

TYPE: U.S.A. NEVADA: [PERSHING] CO.: West Humboldt 

Mountains [NE of Lovelock], June 1868, S. Watson s.n. 

(LECTOTYPE: US!; ISOLECTOTYPES: GH!,NY!,YU).

Astragalus iodanthus var. diaphanoides  Barneby, Leafl. W. Bot. 4:50.

TYPE: U.S.A. NEVADA: WASHOE CO.: between Reno and Dewey, 10

June 1943, H.D. Ripley & R.C. Barneby 5659 (HOLOTYPE: CAS; 

ISOTYPES: RSA).

Astragalus iodanthus var. vipereus Barneby, Mem. New York Bot. Gard. 13:963.

TYPE: U.S.A. IDAHO: OWYHEE CO.: on cobblestone bluffs near 

Bruneau, 31 May 1945, H.D. Ripley & R.C. Barneby 6485 

(HOLOTYPE: CAS; ISOTYPES: NY!, IDS, RSA).

Map: Figure 25.

Low, short lived perennial herbs, 0.5-4 dm tall; stems diffuse, prostrate

to decumbent, single or as many as 12 in clumps from a woody, branched
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caudex or taproot; herbage sparsely to densely strigulose with basifixed

hairs, occasionally villosulous with ascending and incurved or curly hairs;

stipules 2-6 mm long, ovate, lance- or deltoid-acuminate, sometimes

deflexed, partially or fully amplexicaul-decurrent, none connate; leaves 2-7

cm long; leaflets 9-21, suborbicular, obovate, oblong or broadly oblaceolate,

the apex obtuse or emarginate, 5-15 (18) mm long; peduncles ascending, 2-4.5

cm long; racemes 7-17 (-21) flowered, early elongating, flowers ascending to

spreading, the axis becoming (0.5) 1-5 (-7.5) cm long in fruit; calyx 3-8 mm

long, thinly to densely white-, black-strigulose or mixed, the campanulate or

cylindric tube 2.6-5 mm long, the teeth, subulate, (0.6) 1-3 mm long; petals

pink purple, drying violet, whitish, or cream colored; banner 9-15 mm long,

purple with a white, purple striate spot or cream and concolorous; keel 7.8-15

mm long, light to dark purple maculate or cream and concolorous; wings 7-

14 mm long, whitish with a purple tip or cream and concolorous; ovary

glabrous or strigulose; ovules 14-30; fruiting pedicels recurved, arched,

persistent; pod recurved, deciduous, in longitudinal section linear, linear-

lanceolate, to narrowly elliptic, in cross section cordate to terete, incurved,

falcate or hamate, the lower half of the pod incurved at least 90 degrees and

commonly coiled to 180 degrees, 15-40 x 2.5-8 mm, 4.7-6x longer than wide,

sessile to elevated on an gynophore, the incipient gynophore to 0.5 mm long,

contracted at the apex into a uniloculate beak, the valves stiffly papery to
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leathery, stramineous, purplish or mottled, semi-biloculate to sub-

uniloculate, the septum 0.2-1.5 mm wide; dehiscence apical.

Astragalus lentiginosus var. iodanthus was one of the earliest described

taxa within the A. lentiginosus complex.  It has remained a separate species

mostly based on this tradition of species-level recognition.   Barneby (1964)

recognized that this taxon is not much differentiated from the morphological

variation found in sympatric varieties of A. lentiginosus and in the allopatric

A. lentiginosus var. palans.  Based on this tradition, he kept the taxon at the

species level.  The morphological and molecular results of this study support

a varietal status for this taxon.  More investigation is needed to determine if

A. iodanthus var. diaphanoides and A. iodanthus var. vipereus warrant varietal

recognition within A. lentiginosus.

Habitat.- In dry ravines, hillsides, valley floors, barren badland knolls in

sandy, sandy clay, or alkaline clay soils derived from volcanic bedrock.

Distribution.-Lassen, Modoc (undocumented but is likely present), Mono,

and Sierra (reported by Barneby, 1964) Counties, California; Elmore, Owyhee, Twin

Falls Counties, Idaho; Deschutes, Harney, Lake, and Malheur Counties, Oregon;

Carson City (Ormsby), Churchill, Douglas, Elko, Eureka, Humboldt, Lander, Lyon,

Mineral, Nye, Washoe, and White Pine Counties, Nevada; Box Elder and Tooele

(reported by Barneby, 1964) Counties, Utah.

Phenology.- Flowering from April-May; fruiting from May-June.

 Voucher specimens examined for the morphological analysis. U.S.A.
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NEVADA: CARSON CITY (ORMSBY) CO.: Empire City [Carson City

vicinity], 19 May 1882, Jones 3837, (or May 1882, Jones s.n.) (NY,OSC).

Voucher specimens examined (to be included in future morphological

analyses). U.S.A. CALIFORNIA: LASSEN CO.: N end of Honey Lake Valley,

2 air mi NW of Wendel, 29 May 1980, Tiehm 5755 (NY); MONO CO.: 10 to 15

mi W of Amedee, 24 June 1897, Jones s.n. (NY); W of Masonic Mountain-

Bodie Hills, 28 June 1980, Wharff & Lavin SW68 (NY); 1 mi E of Bridgeport, 21

May 1947, Munz 11908 (NY); IDAHO, ELMORE CO.: 4 mi W of Hammett, 18

May 1938, Christ 9553 (NY); above Rosevear Gulch S of Glenns Ferry, in the

hills above the Snake River, 13 May 1980, Grimes et al. 1545 (NY); on the road

from the Snake River to the Old Oregon Highway NW of Hammett, 01 June

1980, Grimes & Ralston 1625 (NY); King Hill Rd, 3 mi N of Glenns Ferry, 6

June 1988, Rosentreter 4896 (NY); OWYHEE CO.: 7 mi S of Grasmere along

Highway 51, 2 May 1986, Atwood 12133 (NY); 5.9 mi S of Bruneau Guard

Station, 30 May 1998, Atwood 23631 (NY); ca. 3 mi S of Hot Creek/Grasmere

Junction along the Grasmere Road, 31 May 1998, Atwood 23657 (NY); S of

Bruneau, 31 May 1998, Atwood 23695 (NY); ca. 12 mi S of Bruneau Guard

Station on Highway 51, thence W on dirt rd, 1 June 1998, Atwood 23714 (NY);

ca. 12 mi N of Bruneau on Highway 51, 0.5 mi W of Highway, 1 June 1998,

Atwood 23732 (NY); Bruneau Hills, 1 mi N of Bruneau, 17 June 1955, Baker

12986 (NY); Bruneau Hills, 1 mi N of Bruneau, 17 June 1955, Baker 12990
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(NY); clay bluffs of Bruneau River, 1.5 mi S of Bruneau, 27 May 1989, Barneby

18318 (NY); on the rim above the Bruneau River canyon on the ID-NV line,

26 June 1937, Christ & Ward 7944 (NY); 3 mi N of Murphy, 19 May 1938,

Christ 9560 (NY); 23 mi SW of Marsing, 9 June 1959, Cronquist 8383 (NY); 1 mi

N of Bruneau, Idaho, 1.5 mi E of C.J. Strike Reservoir, and approx. 60 mi SE

of Boise, Idaho, 31 May 1989, DeBolt 1138 (NY); 1.5 mi N of the Rocks

(Rockville) Stage Station on Sands Basin Road, Owyhee Mountains, S of

Homedale, 9 June 1981, Ertter et al. 4136 (NY); about 9 mi SE of Bruneau, at

the NW edge of the Saylor Creek Air Force Range, 29 June 1980, Grimes &

Packard 1737 (NY); Shoefly Creek drainage ca. 13 mi SSW of Grandview, 10

June 1980, Henderson & Wellner 5536 (NY); sand hills between Grand View

and Bruneau, 29 May 1963, Hitchcock & Muhlick 22340 (NY); E of Jump Creek,

6 mi NE of the ID-OR state line, vicinity of U.S. 95, Snake River Drainage, 12

June 1946, Maguire & Holmgren 26380 (NY); on white SW-facing slopes in the

Fossil Creek drainage about 1 mi S of Fossil Butte, about 4 air mi NW of

Oreana, 26 April 1980, Packard & Smithman 80-12 (NY); along the Snake River

below Wild Horse Butte, 11 May 1980, Packard & Grimes, 80-167 (NY);

Bruneau. 2600 ft., 31 May 1945, Ripley & Barneby 6485 (NY);

1 mi N of Murphy, 6 June 1978, Rosentreter 124 (NY); Big Jack's Creek., 16

June 1982, Smithman et al LS-0855 (NY); TWIN FALLS CO., 10 mi W of Twin

Falls, Snake River Drainage, 30 May 1946, Maguire & Holmgren 26241 (NY); 21
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mi southeast of Rogerson, on rocky slopes of canyon of Shoshone Creek S of

Magic Hot Springs, 6 July 1949, Christ & Christ 18419 (NY); NEVADA:

CARSON CITY (ORMSBY) CO.: Empire City [Carson City vicinity], 19 May

1882, Jones 3837 (NY), May 1882, Jones s.n. (NY); CHURCHILL CO.: Desatoya

Mountains, small canyon on N side of Route 2, 2.8 mi W of Carroll Summit,

17 June 1980, Ertter & Strachan 3726 (NY); at Lander County line, Desatoya

Mountains, Carroll Summit, Nev. 2. (Old US 50), 5 June 1970, Holmgren &

Holmgren 4139 (NY); Stillwater Range, Mountain Wells Canyon road, 5 rd mi

S of "main" rd along E base of range, 11 April 1990, Pinzl 8915 (NY); between

New Pass Range and Clan Alpine Mountains, about 1.75 rd mi N of junction

of Alpine N and Alpine E roads in Edward Creek Valley, 3 May 1993, Pinzl

10375 (NY); Clan Alpine Mountains, along the rd to Cherry Valley, NE of

Cherry Creek, at the entrance to the canyon on multicolored hills and slopes

1.3 mi NW of the Edwards Creek Valley Road, 2 air mi N-NW of Clan Alpine

Ranch, 4 June 1988, Reveal 7023 (NY); E side of Fairview Valley, foothills of

Fairview Peak, Nevada Hills mine area, 7 May 1977, Tiehm & Williams 3125

(NY); W side of Dixie Valley, 20 May 1979, Tiehm & Birdsey 4865 (NY);

DOUGLAS CO: 0.1 mi W of summit on Sunrise Pass Road, 31 May 1982,

Williams et al. 82-76-7 (NY); 0.4 mi W of Preacher's Mine, Pine Nut

Mountains, 5 June 1983, Williams & Tiehm 83-111-1 (NY); E of Highway 395, S

of Carter's Station, Pinenut Foothills. (S of Indian Store), 3 June 1983, Williams
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et al. 83-21-1 (NY); ELKO CO.: 3.5 mi W of Emigrant along I-80, ca. 35 mi W

of Elko, 5 May 1989, Atwood 13575 (NY); McDonald Creek Road, about 1 mi S

of old Admin. Site, Mountain City Ranger District-Humboldt National

Forest, 19 June 1985, Atwood  et al. 11241 (NY); on a low ridge about 8 or 9 km

S-SW of Tuscarora and 58 rd km E of Midas, 21 June 1980, Cronquist 11661

(NY); adjacent to Hot Springs, 24 May 1979, Foster 7672 (NY); 0.5 mi SW of

Crittenden Res., E slope of the mountain range, 30 May 1979, Foster 7734

(NY); E slope of Delano Mountain, 31 May 1979, Foster 7740 (NY); Stag

Mountain, 21 June 1979, Foster 7973 (NY); on the summit between the N Fork

of the Humboldt River and Jack Creek in the Independence Mountains, 20

June 1980, Grimes et al. 1656 (NY); on bottoms and slopes in the N Fork

Humboldt River Canyon directly across from Cole Canyon, Independence

Mountains, 6 June 1981, Grimes 2055 (NY); Clover Mountains near Deeth, 22

July 1908, Heller 9082 (NY); E Humboldt Range, 3.2 mi southwest of Wells

(from US 50), along Angel Lake rd, 24 May 1970, Holmgren & Holmgren 3927

(NY); Independence Mountains, Nevada Highway 11, summit, 11.2 mi NW

of Nevada Highway 51, 28 airline mi N-NW of Elko, 29 May 1971, Holmgren

& Holmgren 4895 (NY); Bull Run Mountains, Nevada Highway 11, 32.2 mi S

of Owyhee (town), 21 airline mi SW of Mountain City, 30 May 1971,

Holmgren & Holmgren 4908 (NY); Pleasant Valley, 15 mi SE of Elko, 21 June

1962, R. C. Holmgren 229 (NY); Cobre [near Box Elder Co. line], 16 June 1906,



159

Jones s.n. (NY); along the rd on Nevada Highway 11 S of the Independence

Mountains, top of the McClelland Creek drainage, 21 June 1980, Packard et al.

80-144 (NY); between Summit and Midas creeks, about 1 mi W of Midas

turnoff on Tuscarora/Golconda rd, 25 April 1990, Pinzl 8979 (NY); between I-

80 and Jarbidge Mountains, Deeth-Charleston rd, about 16 rd mi S of

Bruneau River crossing, 23 June 1993, Pinzl 10681 (NY); near Highway 40, 3

mi W of Wendover, 9 June 1962, Rever & Belcher 87 [in part] (NY);

Independence Mountains, Stump Creek, 5.7 air mi NNW of the Saval Ranch,

22 June 1979, Tiehm & Birdsey 5216 (NY); Duck Valley Indian Reservation, 3.4

rd mi W on Bob Johnson rd to Hat Peak from the Sheep Creek Reservoir

Road, 9 June 1999, Tiehm & Nachlinger 12854 (NY); Owyhee Desert, table just

N of where the gas pipeline crosses the S Fork of the Owyhee River, 10 June

1999, Tiehm & Nachlinger 12893 (NY); Owyhee Desert, 3.7 rd mi NW of S Fork

Owyhee River (north of the IL Ranch) on the rd past Fourmile Butte, near a

small reservoir, 14 June 1999, Tiehm & Nachlinger 12962 (NY); 6 mi NE of

Anthony, Southern Pacific Railroad Station, 19 mi E of Wells, 12 May 1940,

Train 3657 (NY); ca. 10 mi N of Interstate 80 on Highway 51, 30 June 1978,

Williams 78-174-2 (NY); Thousand Springs Valley, N of Wells, and N of

Winecup Ranch, 11 June 1985, Williams & Tiehm 85-44-6 (NY); 16.8 rd mi from

Highway 93 on rd from Winecup Ranch to 12 mi Ranch. 1.5 rd mi S of Burnt

Creek Road, 31 May 1986, Williams & Tiehm 86-46-2 (NY); EUREKA CO.: on
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sagebrush bluffs along Pine Creek, 16 mi S of Carlin, 24 May 1982, Barneby

17830 (NY); Roberts Mountain, N of Roberts Creek ranch, 8 June 1988, Kolar

& Knight 1776 (NY); HUMBOLDT CO.: W foothills of Santa Rosa Mountains,

southeast of McDermitt, 15 June 1969, Barneby 15052 (NY); Santa Rosa Range,

Bloody Run Hills, 14 mi N of U.S. 95 and U.S. 40 at Winnemucca, 5 mi W of

U.S. 95, 17 June 1967, Gentry Jr. & Davidse 1567 (NY); W side of Sugarloaf

Hill, Martin Creek drainage, 2 July 1978, Grimes & Packard 1221 (NY); Nev.

49, 10.3 mi W of Winnemucca, on hill N of rd (Krum Hills), 25 May 1970,

Holmgren & Holmgren 3952 (NY); S Jackson Mountains, ca. 14 airline mi NW

of Jungo, 28 May 1970, Holmgren & Holmgren 4018 (NY); Blue Mountain, 16

airline mi W of Winnemucca, 16 June 1970, Holmgren et al. 4229 (NY);

Winnemucca-Sulphur Rd, 8 km SW of Jungo (from the railroad crossing) 65.7

km of Winnemucca (from U.S. Highway 95), 27 May 1998, Holmgren &

Holmgren 12974 (NY); Humboldt National Forest, N of Windy Gap, Santa

Rosa Mountain, 13 July 1975, Lewis 3501 (NY); E side of Double H Mountains,

Kings River Road, 2 rd mi W of rd bend with turnoff to Sentinel Rock, 4 May

1993, Pinzl 10395 (NY); Pine Forest Range, S side of Mahogany Mountain, SE

facing slope W of Alta Creek, 21 June 1995, Pinzl 11488 (NY); Pine Forest

Range, S side of Mahogany Mountain, SE facing slope W of Alta Creek Basin,

21 June 1995, Pinzl 11490 (NY); Sheldon Antelope Range, ca. 0.75 rd mi E of

junction of (formerly numbered), routes 34A and 8A, generally S of Sage Hen
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Hills, 22 June 1995, Pinzl 11522 (NY); E of Pine Forest Range, Route 140, 1 rd

mi S of Alta Creek turnoff to Onion Valley Reservoir, 13 May 1998, Pinzl

12873 (NY); E base of Pine Forest Range, along rd by Alta Creek, about 2.25

rd mi W of Route 140, 21 May 1996, Pinzl 11848x (NY); Mud Meadows area,

W of Soldier Meadows road, Fly Canyon along old roadway, 24 May 1988,

Pinzl et al. 8316 (NY); S end of the Black Rock Range, 3 June 1979, Tiehm &

Birdsey 4977 (NY); Santa Rosa Range. Indian Creek, S side of Hinkey Summit,

28 June 1975, Williams & Tiehm 1146 (NY); Santa Rosa Mountains, Martin

Creek Ranger Station, 29 June 1975, Tiehm & Williams 1242 (NY); 0.9 mi E in

on rd into High Rock Canyon, 25 May 1982, Williams & Tiehm 82-43-2 (NY);

on the rd between High Rock Lake and Soldiers Meadow, 25 May 1982,

Williams & Tiehm 82-44-2 (NY); LANDER CO.: Highway 8A; Reese River

Valley; 35 mi NW of Austin, 9 June 1978, Goodrich 11430 (NY); Shoshone

Range, 42.5 mi 190 degrees from Battle Mountain, 9 June 1979, Goodrich 12544

(NY, 2 sheets); Shoshone Range, Mill Creek rd about 0.3 mi S of Mill Creek

Summit, 2 June 1987, Pinzl 7896 (NY); Toiyabe Range, Route 50 by junction

with Grass Valley Road, between Austin and Bob Scott Summits, 12 May

1989, Pinzl 8665 (NY); W side of Toiyabe Range, Grass Valley Road, 0.4 rd mi

N of Route 50, Bade Creek drainage, 11 June 1991, Pinzl 9442 (NY); between

Fish Creek and Augusta Mountains, Home Station Wash, about 2.3 rd mi N

of Home Station Gap rd junction, 3 May 1993, Pinzl 10377 (NY); Fish Creek
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Mountains, Fish Creek, 2.8 rd mi W of Fish Creek Ranch turnoff, 3 May 1993,

Pinzl 10381 (NY); Fish Creek Mountains, S and W of Daisy Pass on rd to

radio towers, between 5th and 6th sharp turn from bottom, 20 June 1994,

Pinzl 11079 (NY); Shoshone Range, 9.2 mi E of junction of Mill Creek rd &

Highway 8A (now Highway 305), N of Highway 50, 16 June 1970, Swinney

830 (NY); E of Austin Summit, 2 June 1973, Williams 73-D-9-A (NY); , War

Eagle Canyon Rd, W side of Shoshone Range, 4 July 1980, Williams et al. 80-

171-5 (NY); LYON CO.: N end of Pine Nut Mountains, W of Como, 1.25 rd

mi S and E of transmission line crossing to N of ephemeral pond, 28 April

1993, Pinzl 10352 (NY);  MINERAL CO.: 3-5 mi SE of Masonic on rd to Bodie,

8 June 1986, Breedlove et al. 62772 (NY); canyon southwest base of Mount

Grant, 2 July 1913, Heller 10903 (NY); Bodie Hills-China Camp, 13 June 1980,

Wharff & Lavin SW42 (NY); Pilot Mountains, Dunlop Canyon, about 1 rd mi E

of fork to S (and Pine Tree Mine), 22 April 1992, Pinzl 9943 (NY); E side of

Wassuk Range, Lucky Boy Pass Road, about 4 rd mi W of Route 359, 23 April

1992, Pinzl 9959 (NY); Pilot Mountains, 6 mi from Highway 95, 17 May 1988,

Williams & Tiehm 88-10-1 (NY); NYE CO.: 6 mi N of Forest Service/BLM line

along rd 018. Toiyabe Range, 3 June 1991, Atwood 15294 (NY); Ione Valley, W

side of the Shoshone Range, Toiyabe National Forest, 12 June 1945, Maguire

& Holmgren 25380 (NY); near summit of O'Donnell Pass in the Paradise

Range, 17 June 1945, Maguire & Holmgren 25491 (NY); Ichythyosaur State
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Park, 21 June 1973, Williams 73-F-1B (NY); E side of the Shoshone Mountains.

8.4 mi N of Toiyabe National Forest boundary, 18 May 1980, Williams 80-26-2

(NY); PERSHING CO.: Black Rock Desert, at S end of Calico Mountains, 18.5

airline mi NE of Gerlach., 3 June 1970, Holmgren & Holmgren 4130 (NY); N

end of the Humboldt Range at Imlay, along Interstate 80 right-of-way, 21

May 1988, Knight & Knight 1670 (NY); Black Rock Desert, on dirt rd to Mud

Meadow N of Gerlach, 23 May 1988, Knight et al. 1672 (NY); near head of Star

Creek Canyon, E side of Star Peak, 15 June 1946, Ownbey & Ownbey 2828

(NY); Sage Valley/Trinity Range interface, 0.3 rd mi S of fork in Vernon/

Lovelock rd, 15 July 1993, Pinzl 10845 (NY); Sonoma Range, Sonoma Canyon,

end of "main road", about 0.1 mi upstream from rd end, 20 June 1995, Pinzl

11459 (NY); Sonoma Range, Sonoma Canyon, just above where main canyon

rd has been closed off (4WD rd goes north), 20 May 1996, Pinzl 11837 (NY);

Sou Hills, 2.5 air mi SW of Paris Ranch, 21 May 1979, Tiehm & Birdsey 4915

(NY); Rochester Canyon, Humboldt Range, 11 May 1935, P. Train s.n. (NY);

W Humboldt Mountains. 5000 ft., Jun 1868, S. Watson 269 (NY); Humboldt

Canyon, near the creek crossing, 11 June 1978, Williams 78-106-5 (NY);

STOREY CO.: near Virginia City, on New Geiger grade, near old Tollhouse,

25 April 1937, Archer 5067 (NY); Virginia Range, Spanish Ravine on N slope

of Mt. Davidson, 14 May 1979, Larson 2 (NY); Virginia Range, "Virginia City

Highlands" housing area, Cartwright Road, about 1+ rd mi E of Geiger
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Grade/Route 341, 21 April 1998, Pinzl 12831 (NY); 1.3 mi N of Virginia City

on State Highway 17, 13 June 1958, Raven 13187 (NY); canyon near

Lockwood Dump, 6 May 1978, Williams 78-40-19 (NY); WASHOE CO.: 29 mi

NW of Gerlach, 27 May 1982, Barneby 17849 (NY); 1 mi northeast of Gerlach,

27 May 1982, Barneby 17854 (NY); overlooking the W side of Winnemucca

Lake (a playa), 11 mi N of Nixon, 12 May 1963, Cronquist 9853 (NY); Smoke

Creek Desert, Nevada Highway 33, 9.3 km N of Smoke Creek bridge, 39 km

airline distance west-southwest of Gerlach, 19 May 1978, Holmgren &

Holmgren 8718 (NY); E edge of Warm Springs Valley, 22 mi N of Sparks, 16

June 1962, R. C. Holmgren 211 (NY); between Martins Meadow and Bull

Ranch Creek W of Peavine Peak, 1 June 1974, Howell et al. 50419 (NY);

Dinsmore camp, Hunter Creek Canyon, 20 Jun - 25 Jun 1907, Kennedy 1600

(NY); between Lake Range and Winnemucca Dry Lake, Route 447, about 5.5

rd mi N of junction with rd that goes around E side of Pyramid Lake, 3 June

1986, Pinzl 7433 (NY); S end of Virginia Mountains, W side of Route 445,

about 0.75 rd mi S of Route 446, 22 April 1993, Pinzl 10332 (NY); N part of

Smoke Creek Desert, approx. 9.25 rd mi W and S of Route 447 on rd to Sand

Pass, 7 May 1993, Pinzl 10506 (NY); Sheldon Antelope Refuge, about one rd

mi W of Bald Mountain Summit, N of rd, 22 May 1996, Pinzl 11894 (NY);

Route 447, W side of Winnemucca Lake, E base of Lake range, not quite 20 mi

N of Nixon, 24 May 1996, Pinzl 11933 (NY); W side of Smoke Creek Desert, 10
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May 1979, Schoolcraft 25 (NY); Dry Valley-south end, 10 June 1980, Schoolcraft

263 (NY); N of Flanigan, 29 April 1982, Schoolcraft 641 (NY); Washoe Valley,

May 1865, Stretch 265 (NY); Sheldon National Wildlife Refuge, 1.2 rd mi N of

Badger Mountain rd on highway 8A, W of the highway, 13 June 1995, Tiehm

12131 (NY); Fox Range, 1.5 rd mi S of Cottonwood Creek rd on the main N-S

rd on the E side of the range, 16 May 1902, Tiehm 13820 (NY); Granite Range,

Granite Point, 10 June 1977, Tiehm & Freeman 3473 (NY); SW end of the Pah

Pah Range, just E of the Vista exit on highway 80, N of the highway, 7 May

1982, Tiehm & Tucker 6808 (NY); S side of Peavine Mountain, NW of Reno, 4

May 1972, Williams 72-19A (NY), Williams 72-31 (NY); Alum Creek, Carson

Range, 14 June 1973, Williams 73-D-3 (NY); SE of Peavine Peak, near Mesa

Park, 1 June 1975, Williams & Tiehm 75-28-42 (NY); WHITE PINE CO.:

Steptoe Creek rd between Duck Creek and Schell Creek Ranges, 9 rd mi NE

of US 93, 13 May 1997, Pinzl & Work 12288 (NY); OREGON: DESCHUTES

CO.: 6.8 km S of U.S. Highway 20, on the Frederick Butte Rd, 9 km air

distance SE of Brothers, 9 June 1996, Holmgren & Holmgren 12587 (NY);

HARNEY CO.: W Trout Creek Mountains, main ridge rd SW of headwaters

of Little Wildhorse Creek 0.75 mi NW of rd on ridge S of headwaters, near

small reservoir and springs, 3 July 1981, Ertter 4362 (NY); along the

Whitehorse Ranch rd ca. 4 mi SW from where it crosses Willow Creek, ca. 7.6

mi SW of Whitehorse Ranch, 02 June 2006, Halse 6949 (NY,OSC); Mickey Hot
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Springs, north of Alvord Lake and east of Steens Mountain, 10 May 1990,

Kaye 1185 (OSC); near rd to Mickey Hot Springs, 02 June 2000, Nielsen

6020009 (OSC); Stinking Water Mt., 10 June 1942, Peck 21143 (OSC); Stinking

Water, 13 June 1942, Peck 21143 (WILLU); in the vicinity of Alvord Well #1,

on the E side of the Alvord Desert in southern Harney Co., 4 June 1979,

Pogson 79-21 (NY); Alvord Well #3, 4 June 1979, Pogson & Price 79-19 (OSC);

near Alvord Well rd, 19 June 1979, Price s.n. (OSC); Steens Mountains, along

the rd E of Frenchglen toward Fish Lake, about 13 mi from Frenchglen, 19

June 1971, Reveal 2424 (NY); base of Wrights Point, 05 May 1981, Vixie 668

(OSC); LAKE CO.: 8 mi E of Lakeview, 26 June 1927, Peck 15246 (WILLU);

MALHEUR CO.: 22 mi N of McDermitt, 23 May 1989, Barneby 18285 (NY); 11

mi NW of Burns Junction, 23 May 1989, Barneby 18290 (NY); 9.2 mi on

McBride Creek rd from Highway 95 going W on dirt rd that branches off

main rd going N along Succor Creek, 6 May 1999, Buchanan 36 (NY); Hwy 78

between New Princeton and Burns Junction, 14.7 mi SE of Folly Farm Rd

junction, 04 June 1998, Chambers & Chambers 6081 (OSC); N-heading rd 4.8 mi

W of Owyhee River bridge on Highway 95 at Rome, 27 April 1989, Ertter

8376 (NY); N end of Succor Creek rd ca. 9 air mi W of Homedale, Idaho; 7.6

mi from Route 19 (second major ash area), 28 April 1989, Ertter 8383 (NY,

OSC); Succor Creek rd near N alkali draw reservoir, 24 May 1975, Grimes 270

(NY); in Lone Willow Creek drainage, S of Shell Rock Butte, NW of Owyhee
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Dam; 9.6 mi S-SE of the intersection with the Oxbow Basin Rd, in hard

packed clay along rd, 27 April 1989, Grimes & Meurer-Grimes 3043 (NY);

along lower Succor Creek off Idaho Highway 19 heading S, on white clay

hills on the flats above N and S Alkali Creeks, 27 April 1989, Grimes et al. 3051

(NY); along lower Succor Creek off Idaho Highway 19 heading south., on

white clay hills above Camp Kettle Creek, 27 April 1989, Grimes et al. 3054

(NY); near the bridge over Owyhee, 2 mi. below Watson, 21 April 1927,

Henderson 8751 (ORE); 1 mi W of Owyhee River, 1 mi S of Rome, 28 May

1957, Hitchcock & Muhlick 21046 (OSC); Succor Creek area, ca. 1.5 km W of

Rockville (crossroads), 22.5 km airline distance N-NW of Sheaville, 6 June

1979, Holmgren et al. 9265 (NY); 15 mi N of McDermitt, 1 mi E of Highway 95,

11 June 1982, Joyal 154 (NY,OSC); ca. 0.25 mi W of Rockville, 10 April 1986,

Joyal 1035 (NY); ca. 0.25 mi W of Rockville, 10 April 1986, Joyal 1038 (OSC);

ca. 2 mi NNE of Negro Rock Canyon, 8 May 1986, Joyal 1082 (OSC); SE of

Twin Springs, near turn-off to Oxbow Basin, 10 May 1986, Joyal 1101 (OSC);

N end of Succor Creek, 13 May 1986, Joyal 1105 (NY,OSC); ca. 0.25 mi W of

Rockville, 14 May 1986, Joyal 1111 (NY,OSC); hillside at N end of

campground of Succor Creek State Park, 16.8 mi. S. of State Hwy 201, 22 May

1976, Halse 1337 (OSC); on hillside at N end of the campground in Succor

Creek State Park, 29 April 1979, Halse 1906 (NY,OSC); 7.7 mi along Succor

Creek rd (from Hwy 19), 17 April 1997, McManus 16 (OSC); 5 mi W of Rome
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just N of Hwy 95 and junction with Crooked Creek Ranch rd, 2 May 2002,

Nielsen 2002171 (OSC); Owyhee Uplands, Dry Creek drainage, along road

between Twin Springs and Dry Creek, 28 air mi S-SW of Vale, 20 May 2003,

Otting 505 (OSC); 22 mi N of McDermitt, Nevada, 13 June 1946, Ownbey &

Ownbey 2783 (NY); talus at base of Rome Cliffs, 28 May 1978, Packard 78-81

(NY,OSC); slopes around crossing of Crooked Creek by US-95, 10 June 1976,

Packard 76-77 (OSC); about 30 mi from Highway 20, Springs Creek drainage

on Dry Creek rd about 1 mi from Dry Creek, 6 June 1978, Packard & Grimes

78-165 (NY); S side of Red Butte, 14 June 1978, Packard & Grimes 78-205 (NY);

McDerrmitt Basin near Cherokee Creek, 5 June 1979, Packard & Grimes 79-225

(NY); 1 mi N of Rockville, 7 May 1940, Peck 20632 (WILLU); 5 mi N of

McDermitt, 4 June 1943, Peck 21709 (WILLU); 15 mi S of Adrian, 8 May 1940,

Peck 20652 (WILLU); Blue Mtn. Pass, 15 June 1949, Peck 25660 (WILLU); 15 mi

N of Ontario, 17 May 1950, Peck 25943 (WILLU); 6 mi SW of Rome, 17 June

1949, Peck 25748 (OSC); 6 mi SE of Rome, 17 June 1949, Peck 25742 (OSC); just

N of the summit of Blue Mountain Pass, on Highway 95, 30 May 1975,

Watkins & Dunn 510 (NY); Hwy 95, milepost 93 from Burns, ca 10 mi from

Burns Junction, 15 June 2001, Welsh & Atwood 28185 (OSC); UTAH: BOX

ELDER CO.: ca. 3 air mi NW of Etna, 22 May 1997, Dixon 769 (NY).
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Figure 25. Distribution map of Astragalus lentiginosus var. iodanthus and A. 

lentiginosus var. pseudiodanthus.  Selected cities (diamonds) and 

counties are labeled for reference.  Vouchers and major populations 

are labeled as follows: (asterisk), notable vouchers of various taxa (see 

Table 16 for letter codes); (circle), A. lentiginosus var. iodanthus; 

(up triangle), A. lentiginosus var. pseudiodanthus.
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Astragalus lentiginosus var. maricopae Barneby

Astragalus lentiginosus var. maricopae Barneby, Leafl. W. Bot. 4:140. 1945

TYPE: U.S.A. ARIZONA: MARICOPA CO.: roadside near Tempe, 4 

May 1926, G.J. Harrison 1790 (HOLOTYPE: US!).

Map: Figure 24.

Short lived perennial herbs, 3-8 dm tall; stems ascending, single or

several in clumps from a superficial root crown; herbage glabrous to sparsely

strigulose with basifixed hairs; stipules 3-8 mm long, ovate-, lance- or

deltoid-acuminate, mostly recurved, partially or fully amplexicaul-decurrent,

none connate; leaves 6-16 cm long; leaflets 15-23 (25), ovate, suborbicular, or

obovate, the apex obtuse or emarginate, 5-22 mm long; peduncles erect, 5-14

cm long; racemes 13-30 (35) flowered, early elongating, flowers ascending to

spreading, the axis becoming (3) 5-12 (20) cm long in fruit; calyx 7-9 mm

long, white-, black-strigulose or mixed, the campanulate or cylindric tube

4.5-5.5 (6.5) mm long, the teeth, subulate to lance-acuminate, 1-2.5 mm long;

petals light lemon yellow, drying ochroleucous to brownish; banner 14-16.5

mm long; keel (10) 11-13 mm long, immaculate; wings 12-15 mm long,

whitish with light lemon yellow tip; ovary glabrous; ovules 22-26; fruiting

pedicels ascending to spreading, straight to arched, persistent; pod ascending

or spreading, persistant, in longitudinal section linear to narrowly oblong, in

cross section cordate to terete, straight to incurved, (17) 19-23 x 3-4 mm, 5-6
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(6.2)x longer than wide, sessile to elevated on an stipe, the incipient stipe to

0.5 mm long, contracted at the apex into a uniloculate beak, the valves

leathery, stramineous, semi-biloculate to biloculate, the septum 1.5-2 mm

wide; dehiscence apical.

Astragalus lentiginosus var. maricopae has been largely overlooked by

most botanists since it was first described in 1945.  Based on similar floral

morphology, is has been confused with A. lentiginosus var. yuccanus.  On the

valley floor and alluvial fans northeast of Phoenix, Scottsdale and Tempe,

this taxon has become very rare to nearly extirpated due to extensive

suburban housing and golf course development.   The population sampled

for the molecular analysis in the vicinity of Scottsdale, has likely already

been developed, since home construction was underway when the samples

were collected.  This variety is the most unique, morphologically, and the

most endangered of all the Palantia.

Habitat.- In mixed shrub communities, in sandy, gravely washes

(sometimes among boulders) derived from precambrian granite and Tertiary

volcanic rocks.

Distribution.-In northern Maricopa County in the foothills and alluvial

fans in vicinity of Cave Creek, Fish Creek, Scottsdale and Tempe.

Phenology.- Flowering from February-April; fruiting from April - June.
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 Voucher specimens examined for the morphologic analysis. USA.

ARIZONA: MARICOPA:west of intersection of Westland Drive and Pima

Rd, Scottsdale, February 2005 (fl,fr), Alexander 1621 [individuals A,C,D,E]

(OSC,UNLV); along Horseshoe Dam Rd, 0.5 mi below dam, 02 March 1989

(fl), C.L. Jones 5, (GH,NY,RSA)

Voucher specimens examined (to be included in future morphological

analyses). U.S.A. ARIZONA: MARICOPA CO.: 10 mi E of Scottsdale rd, 27

mi NE of Scottsdale, 24 March 1960 (fl, immfr), Crosswhite et al 496 (NY);

Scottsdale rd, between Bell Rd & Carefree, 27 April 1974 (fl, fr), Engard et al.

203 (NY); 26 mi NE of Scottsdale along Hwy 87, 28 March 1973 (fl), Higgins

6445 (NY); Hwy 87, 2.7 mi SW of Saguaro Lake, 14 April 1962 (fl, fr), Lehto

510 (NY); Cave Creek, 23 April 1977 (fl, fr), Lehto 21306 (NY); Carefree, 23

April 1977 (fl, fr), Lehto 21308 (NY).

Astragalus lentiginosus var. mokiacensis (A. Gray) M. E. Jones

Astragalus lentiginosus var. mokiacensis (A. Gray) M. E. Jones, Rev. N.-Amer.

Astragalus 126. 1923. Astragalus mokiacensis A. Gray, Proc. Am. Acad. Arts

Sci. 13: 367. 1878. Tium mokiacense (A. Gray) Rydb., N. Amer. Fl. 24: 398.

1929.

TYPE: U.S.A. ARIZONA: MOHAVE CO.: rocky ravines, Mokiak Pass, on the

borders of Utah and NW Arizona [likely Palmer's “Juniper Mountains” in
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the vicinity of Grand Wash], 28 Apr-2 May or 2-4 Jun 1877, E. Palmer 105

(LECTOTYPE: GH!, designated by Alexander, unpublished data;

ISOLECTOTYPES: K!, NY!, 2 sheets, MO!, POM!, US!).

Astragalus lentiginosus var. trumbullensis S. L. Welsh & N. D. Atwood,

Rhodora 103: 81. 2001.

TYPE: U.S.A. ARIZONA: MOHAVE CO.: Mohave Strip [Arizona Strip],

Andrus Canyon, 3 mi. W of Andrus Pt., T32N R10W S6, 26 Apr 1999, N.D.

Atwood & B. Furniss 24293 (HOLOTYPE: BRY!; ISOTYPES: NY!, RM!, US!,

UNLV!).

Map: Figure 26.

Perennial herbs, (1.5-) 2-8 dm tall; stems erect and ascending in

clumps from a superficial root crown; herbage glabrous to strigulose with

basifixed hairs; stipules 3-10 mm long, triangular- or deltate-acuminate,

mostly reflexed, partially or fully amplexicaul-decurrent, none connate;

leaves 2-15 cm long; leaflets (7-) 11-19 (-21), suborbicular, obovate, or oblong,

the apex obtuse or emarginate, 5-20 mm long; peduncles erect, 4-11 (-14) mm

long; racemes 10-25 flowered, early elongating, flowers ascending, the axis

becoming 3-16 (-20) cm long in fruit; calyx 5-9 mm long, white-, black-

strigulose or mixed, the campanulate or cylindric tube 4-6.5 mm long, the

teeth deltate, subulate to lance-acuminate, 1-2.5 mm long; petals pink purple,

drying violet; banner 14-18 mm long, purple with a white, purple striate
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Figure 26. Distribution map of Astragalus lentiginosus var. mokiacensis and

A. lentiginosus var. ursinus.  The legend for letter codes for specific 

vouchers can be found in Table 16.  Taxa are labeled as follows: 

(X) A. lentiginosus var. ursinus; (triangle) A. lentiginosus var. 

mokiacensis, mokiacensis minor variant; (diamond) A. lentiginosus var. 

mokiacensis, Gold Butte minor variant; (caret) A. lentiginosus var.

mokiacensis, trumbullensis minor variant.
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spot; keel 10-15.5 mm long; wings 10.5-15 mm long, purple with dark purple

tip or purple with a white tip; ovary glabrous or strigulose; ovules (14-) 22-

38; fruiting pedicels persistent; pod ascending or spreading, long persistent,

in longitudinal section narrowly oblong, narrowly elliptic, to linear, in cross

section cordate to terete, straight to incurved, 10-32 x 3.5-8.5 mm, sessile to

stipitate, the stipe to 1.0 mm long, contracted at the apex into a uniloculate

beak, the ventral suture sometimes prominent, the valves thinly fleshy

becoming coriaceous, stramineous, semi-biloculate to biloculate, the septum

1.5-2.5 mm wide; dehiscence apical, through the beak while still attached to

the raceme.

Dr. Edward Palmer was the first to collect Astragalus mokiacensis on

one of several trips to southwestern Utah and northern Arizona, funded by

the Peabody Museum to excavate Indian burial mounds (McVaugh, 1956).

Palmer's types of A. mokiacensis remained the only exactly typical specimens

until morphologically similar specimens were collected along the

southeastern rim of the Shivwits Plateau in 1974 (Atwood 6029; 6087) and in

more recent years by others.

Welsh and Atwood (2001) described Astragalus lentiginosus var.

mokiacensis as “an obligate or essentially obligate calciphile, occurring on

limestone substrates, typically on cliffs and rock outcrops” (2001, p.81).  This

description was based on specimens of A. lentiginosus var. ursinus from the
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Beaver Dam Mountains. Astragalus lentiginosus var. mokiacensis has never

been found in Arizona or in Nevada in such habitats (Alexander, 2001, 2005).

Welsh & Atwood proposed that these specimens were more identical to the

type of A. mokiacensis than they were to the types and collections of their A.

lentiginosus var. trumbullensis.  The data from the genetic analysis (Chapter

three), PCoA analysis (Chapter one; Chapter two) and the cladistic analysis

(Chapter 2) dispute Welsh & Atwood's taxonomic hypothesis.

Astragalus lentiginosus var. mokiacensis is found on different substrates

in all of its populations.  The Shivwits Plateau, Gold Butte, Beaver Dam

Mountains and Virgin Mountains are geologically heterogeneous, having

formations of sandstone, granites, and limestone in the vicinity of each

population (Stewart, 1980; Billingsley & Workman, 2001).  However, each

region's population is very substrate specific, only intermittently dispersing

to wash habitats with mixed alluvial soils.  Astragalus lentiginosus var.

mokiacensis may be, at most, a facultative calciphile in the in certain small

populations along the southern rim of the Shivwits Plateau, but it prefers

granitic, basaltic, or mixed sandstone and limestone gravel washes, slopes or

talus elsewhere (Alexander, 2001).  Even though there are extensive regions

of sandstone and granitic habitat that is suitable for this taxon in the Beaver

Dam Mountains and Virgin Mountains (Stewart, 1980; Billingsley &
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Workman, 2001), populations located in these two mountain ranges (Figure

26) are A. lentiginosus var. ursinus.

Astragalus lentiginosus var. mokiacensis can be divided into three minor

variants based on morphological differences between the major regional

populations.  The three variants are separated from one another by five to

twenty miles. The minor variants listed below correspond to major groups

labeled in Chapter one and in Chapter two.

Key to minor variants of Astragalus lentiginosus var. mokiacensis

1. Pods 21.5-27.5 mm long, (3-) 5-8x longer than wide; 

stipe 0.5-1.0 mm long; wings purple with white tips 

(exceptionally purple with dark purple tips)

2. Pods 21-25 mm long, (3-) 4.7-6.7x longer than 

wide; adaxial suture sulcate or not; stipe 

0.5-0.7 mm long; calyx 3.5-5 mm long; keel 

11.5-13 mm long; intergrades with variants 2 & 3.

   ........................1. mokiacensis minor variant

2. Pods 25-28 (-32) mm long, 6-7.1x longer than

wide; adaxial suture sulcate, sometimes deeply so; 

stipe 0.7-1.0 mm long; calyx 4-5 mm long; keel 

   10.5-14 mm long; [=A. lentiginosus var. 
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   trumbullensis Welsh & Atwood]; intergrades with 

variant 1.............2. trumbullensis minor variant

1. Pods 20-23 (-24.5) mm long, 4-5x longer than wide; stipe 0-

0.5 (-0.7) mm long; wings purple with dark purple tips;

calyx 4-5.5 mm long; keel 12-15 mm long; intergrades with

variants 1 & 3..........................3. Gold Butte minor variant

1. mokiacensis minor variant.-  Astragalus lentiginosus var. mokiacensis has

been a problematic taxon for most of the last century, mostly because it has

never been recollected at Mokiak Pass.  The nearest extant populations are

over 20 miles south of the Pass.  An examination of manuscripts at the Gray

Herbarium Libraries (A. Gray, no date), Palmer's 1877 Astragalus specimens,

and observed populations in the field have shown that the type locality is

likely not Mokiak Pass at all, but in Palmer's Juniper Mountains (see also

McVaugh, 1943).  Specifically, A. lentiginosus var. mokiacensis was most likely

collected in one of the canyons on the W edge of the Shivwits Plateau

(probably Grand Gulch Canyon or Pigeon Canyon), which drain westward

into Grand Wash (Barneby, 1964; Welsh & Atwood, 2001; Alexander, 2005).

This assumption also fits Palmer's description of the Juniper Mountains as

being “not far from the Colorado River” (McVaugh, 1943).  Even if

populations of A. lentiginosus var. mokiacensis that exactly match the type are
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rediscovered at Mokiak Pass, the affinity of the types, based on the PCoA

results in Chapter 1 and Chapter 2, lies with the Shivwits Plateau

populations and not the Beaver Dam Mountains population as delimited by

Welsh and Atwood (2001) and Welsh (2007).

This minor variant of Astragalus lentiginosus var. mokiacensis is

represented by the population of the types from the western edge of the

Shivwits Plateau along the Grand Wash Cliffs, the populations along the

southeastern rim of the Shivwits Plateau, and the populations from Peach

Springs Canyon eastward along the South Rim of the Grand Canyon.

Habitat.- In mixed shrub communities, in sandy, gravely washes

(sometimes among boulders) derived from the Permian Kaibab Formation

(limestone), Toroweap Formation (siltstones and limestones), Esplanade

Sandstone and Pakoon Limestone; in pinyon-juniper woodland on hillsides

and flats, in clay soils derived from the red members of the Triassic

Moenkopi Formation (siltstones and shales).

Distribution.- Northern Mohave Co., Arizona, along the Grand Wash

Cliffs on the western edge of the Shivwits Plateau from Hidden Canyon

south to Grand Gulch Canyon and Pigeon Canyon, E to Grassy Mountain

and along the southeastern edge of the Shivwits Plateau from the village of

Mount Trumbull south to Parashant Canyon, Whitmore Canyon, and Hells

Hollow; disjunctly south of the Colorado River in Peach Springs Canyon
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north of Peach Springs, Mohave Co., Arizona and E along the southern rim

of the Grand Canyon in the Hualapai Indian Reservation.

Phenology.- Flowering primarily from April to May; fruiting from May

to June.

 Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA: MOHAVE CO.: Hidden Canyon, ca. 0.5 mi W of corral,

36.5366°N 113.7388°W, 1159 m, 25 May 2002 (fl, fr), Alexander 1304 (OSC), 02

May 2003 (fl, fr), Alexander 1398 (OSC, UNLV); Hidden Canyon wash,

36.5291°N 113.7283°W, 1189 m, 02 May 2003 (fl, fr), Alexander 1500 (OSC,

UNLV); Whitmore Canyon, below Kinney Point, 02 May 2003 (fl, fr),

Alexander 1502 (OSC, UNLV); level plateau E of Whitmore Canyon, N of

Kinney Point, 36.3432°N 113.3120°W, 30 May 2001 (fr), Alexander & Carlson

1154 (OSC, UNLV); 11 mi S of Mt. Trumbull village, Parashant (Trail)

Canyon, 26 Apr 1974 (fl, fr), Atwood 6029 (BRY, NY); 9 mi S of Mt. Trumbull

village, head of Parashant (Trail) Canyon, 28 Apr 1974 (fl, imm fr), Atwood

6087 (BRY, NY); drainage below Andrus Spring, T33N R12W S20, 19 Apr

2000 (fl, imm fr), Atwood et al. 25058 (BRY, NY); 1 mi S of Trail Canyon

summit, Parashant-Andrus rd, T33N R10W S2, 19 Apr 2000 (fl, fr), Atwood et

al. 25095 (BRY, NY); 2 mi S of Mt. Trumbull school house, near Griffiths

Knoll, T34N R10W S1-S2, 1600 m, 21 Apr 2000 (fl, fr), Higgins et al. 20277

(BRY, NY); Bar Ten Ranch [Hells Hollow], T33N R9W S14, 21 Apr 2000 (fl,
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fr), Higgins et al. 21171 (BRY, NY, OSC); 12.5 km (7.8 miles) south of Mt.

Trumbull, Whitmore Canyon, T34N R9W S29, 1600 m, 25 May 1979 (fl, fr),

Holmgren et al. 9172 (BRY, NY); Shivwits Plateau, wash 0.5 mi W of Cupe

Spring [Cupe Seep], Grassy Point, Lake Mead National Recreation Area, 21

May 1977 (fl, fr), Leary 1646 (UNLV); Grand Canyon of the Colorado River

near Peach Springs [erroneously labeled as “Fort Mohave”], May 1884 [Apr

27] (fr), Lemmon 3116 (GH); Peach Spring, on hills, Grand Canyon of the

Colorado River, Jun 1884 (fr), Lemmon 3326 (GH, UC); Mokiak Pass, [Palmer's

“Juniper Mountains” in the vicinity of Grand Wash], 28 Apr-2 May or 2-4 Jun

1877 (fl, fr), Palmer 105 (GH, K, NY, MO, POM, US); [Whitmore Canyon

vicinity], T34N R9W S18, 1585 m, 2 Jun 1978 (fl, fr), Smith & Gierisch 1091

(BRY, NY, 2 sheets); Cottonwood Wash, sandy wash bottom, T37N R15W

S28, 1539 m, 20 May 1987 (fl, fr), Thorne & Atwood 5256 (BRY).

2. trumbullensis minor variant.- The types of Astragalus lentiginosus var.

trumbullensis from Andrus Canyon with narrower and more elongate, dorsi-

ventrally compressed pods appear to be a lower elevation canyon variant

similar in morphological modification as the types of A. bryantii are to A.

lentiginosus var. palans.  However, the type population of A. lentiginosus var.

trumbullensis is geographically sympatric with populations of typical A.

lentiginosus var.  mokiacensis (down slope a couple of miles from the rim of
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the Shivwits Plateau) and not a long distance disjunct as A. bryantii is to A.

lentiginosus var. palans.  Except for two individuals with a rare allele, the A.

lentiginosus var. trumbullensis populations are genetically identical to all other

populations of A. lentiginosus var. mokiacensis.

A character not described by Welsh and Atwood is the disposition of

the stems of Astragalus lentiginosus var. trumbullensis.  In A. lentiginosus var.

mokiacensis, the ascending to erect stems arise from a superficial root crown,

and form long, diffuse clumps.   In A. lentiginosus var. palans, and A.

lentiginosus in general, the incurved-ascending stems arise from a superficial

root crown, and form short, diffuse clumps (Barneby, 1964; 1989).  These

features are usually obscured in the pressing process and cannot be

dependably determined from herbarium specimens.   Field observations and

vouchers taken in 2005 (add list of vouchers) confirm that the stem

characteristics of the trumbullensis populations are more similar to the

mokiacensis minor variant populations than to A. lentiginosus var. palans.

Dead stems from at least the last two flowering seasons (some were at least

three years old; flowering seasons could skip a year due to drought) were

still persisting in an upright and rooted orientation.  These stems, although

not as robust as those found in the Gold Butte area, were erect-ascending and

as long as those found in the mokiacensis minor variant population.
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Habitat.- In mixed shrub communities with Agave utahensis, in sandy,

gravely washes and talus slopes derived from the Permian Kaibab Formation

(limestone), Toroweap Formation (siltstones and limestones), Esplanade

Sandstone and Pakoon Limestone.

Distribution.- Northern Mohave Co., Arizona, restricted to canyons,

mid-slopes and benches between the southeastern rim of the Shivwits

Plateau and the canyon rim of the Colorado River, known from Andrus and

Dansill Canyons E to Andrus Point and the Copper Mountain Mine vicinity,

but could potentially be found south to Mollies Nipple and E to the Lone

Mountain and Cane Spring vicinity.

Phenology.- Flowering from April - May; fruiting from May - June.

 Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA: MOHAVE CO.: 30 mi S of Mt. Trumbull village, Andrus Canyon,

28 Apr 1974 (fl, imm fr), Atwood 6056 (NY); Andrus Canyon, 3 mi W of

Andrus Point, T32N R10W S6, 26 Apr 1999 (fr), Atwood & Furniss 24293 (BRY,

NY, RM, UNLV, US); Andrus Canyon, 3 mi W of Andrus Point, T32N R10W

S6, 26 Apr 1999 (fl, imm fr), Atwood & Furniss 24300 (BRY, NY); Andrus

Canyon, 1 mi W of Andrus Point, T32N R10W S10, 26 Apr 1999 (fl, fr),

Atwood & Furniss 24302 (BRY, NY); top of Grand Wash Cliffs above Vulture

Canyon [Andrus Canyon vicinity], at lowermost end of Grand Canyon, T32N

R10W S6, 1280 m, 19 Mar 1977 (fl, imm fr), Phillips III 77-1 (NY).
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3. Gold Butte minor variant.- Marcus E. Jones' collection from Mica Spring

(5058) in 1894 is the earliest known collection of Astragalus lentiginosus var.

mokiacensis from Nevada.  It is this variant that Jones (1923), Rydberg (1929)

and Barneby (1945; 1964; 1989) placed along with the Mokiak Pass specimen

into A. lentiginosus var. mokiacensis.  The Nevada populations have never

been formally split into a separate species or variety as have the populations

in Utah and Arizona.

    A single population (Alexander 1510, Niles et al. 4988) of several hundred

individuals from Twin Springs Wash and Garnet Valley in the vicinity of

Bonelli Peak is the only known exception to the trend of adaxially glabrous

leaves in Nevada.  Individuals in this population have leaflets that are

strigulose adaxially, ranging from strigulose along the midrib to evenly

strigulose across the surface, sometimes on the same plant.  These

populations in Nevada with this leaflet characteristic provide additional

evidence of the doubtful distinctiveness of A. lentiginosus var. trumbullensis.

Habitat.- In Coleogyne and pinyon-juniper communities, in gravely

washes and alluvial fans derived from Proterozoic granite, gneiss and schist;

rarely in mixed shrub communities with Larrea and Chilopsis in washes of

mixed alluvium derived from Proterozoic granite, Tapeats Sandstone, Bright
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Angel Shale, and Paleozoic limestones, or rarely in washes and on talus

slopes derived from Tertiary basalts.

Distribution.- Southeastern Clark Co., Nevada, from Cedar Basin, Gold

Butte and Mica Peak south to Garnet Valley and Bonelli Peak, intermittently

in Cataract Wash and Twin Springs Wash E to Scanlon Bay and Indian Cove;

disjunctly in the Black Mountains from the vicinity of Pyramid Peak in Clark

Co., Nevada, to Fortification Hill in Mohave Co., Arizona; also disjunctly

along the alluvial fans of the southern Grand Wash Cliffs in the vicinity of

Iron Mountain in Mohave Co., Arizona.

Phenology.- Flowering from March - May; fruiting from May - June.

 Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA: MOHAVE CO.: on the N slope of Garnet Mountain [Iron

Mountain], 20 Apr 1997 (fl, fr), Alexander et al. 846 (UNLV). NEVADA:

CLARK CO.: Gold Butte, NW edge, Granite Spring vicinity, 36.2847°N

114.1920°W, 10 Apr 2001 (fl, fr), Alexander 1147 (OSC, UNLV); Gold Butte,

southwest foothills, 36.2712°N 114.2137°W, 10 Apr 2001 (fl, fr), Alexander

1148 (OSC, UNLV); Quail Springs Wash, Gold Butte area, 36.2585°N

114.2028°W, 1220 m, 3 May 2003 (fl, fr), Alexander 1503 (OSC, UNLV);

Grapevine Spring, Gold Butte area, 36.23990°N 114.1742°W, 4200 ft (1280 m),

3 May 2003 (fl, fr), Alexander 1505 (OSC, UNLV); Twin Springs Wash,

36.1819°N 114.2222°W, 976 m, 17 May 2003 (fl, fr), Alexander 1510 (OSC,



186

UNLV); Black Mountains, northwest slope, on a ridge E of Pinto Valley, Lake

Mead National Recreation Area, Z11 723894 m E 4012957 m N, 900 m, 13 Apr

1997 (fl, fr), Alexander & Birgy 795 (UNLV); E of Gold Butte, ca. 1.6 mi S of

Summit Pass, in gravely wash, 31 May 2001 (fr), Alexander & Carlson 1160

(OSC); Mica Spring [Gold Butte area], 1219 m, 13 Apr 1894 (fl, fr), Jones 5058

(BRY, NY, UC, US); 3.1 mi S of Gold Butte in Cataract Wash, 20 May 1977 (fl,

imm fr), Leary & Niles 1910 (NY, UNLV); Grapevine Spring Creek, near

Jumbo Peak, near reservoir, Gold Butte area, T19S R70E S3, 1280 m, 26 May

1977 (fl, fr), Leary & Niles 1947 (UNLV); Quail Spring Wash, about 1.3 mi SW

of Gold Butte, 25 Apr 1997 (fl, fr), Niles et al. 4806 (UNLV); Garden Spring

area, 3 mi NE of Gold Butte, T19S R70E S11, 1150 m, 19 Apr 1997 (fl, fr), Niles

et al. 4932 (NY, UNLV); Garnet Valley, north base of Bonelli Peak, T20S R69E

S25, 9 May 1997 (fl, fr), Niles et al. 4988 (UNLV); New Spring Wash, ca 1 rd mi

S of Summit Pass, 1128 m, 15 Apr 1986 (fr), Pinzl 7032 (NY, UNLV).

Astragalus lentiginosus var. palans (M.E. Jones) M.E. Jones

Astragalus lentiginosus var. palans (M.E. Jones) M.E. Jones , Contrib. W. Bot. 

8:4. 1898. Tium palans (M.E. Jones) Rydberg, N. Amer. Fl. 24: 398. 1929. 

Astragalus palans M.E. Jones, Zoe 4:37. 1937.

TYPE: U.S.A. UTAH: SAN JUAN CO.: Montezuma Canyon, 01 June 1892, A. 

Eastwood s.n. (HOLOTYPE: POM!; ISOTYPES: CAS!,GH!,MO,NY!, 
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UC!).

Astragalus amplexus Payson, Bot. Gaz. 60:378. 1915. Hamosa amplexa (Payson) 

Rydberg, Fl. Rocky Mts. 1063. 1917. Tium amplexum (Payson) Rydberg,

N. Amer. Fl. 24:398. 1929.

TYPE: U.S.A. COLORADO: MONTROSE CO.: on dry hillsides on Long Park 

near Naturita, 22 May 1914, E. Payson 335 (HOLOTYPE: RM!; 

ISOTYPE: NY!)

Map: Figure 27.

Short lived perennial herbs, 1-4 dm tall; stems decumbent to ascending,

several in clumps from a superficial root crown; herbage glabrous to sparsely

strigulose with basifixed hairs; stipules 3-8 mm long, ovate-, lance- or

deltoid-acuminate, mostly recurved, partially or fully amplexicaul-decurrent,

none connate; leaves 5-11 cm long; leaflets (9) 11-19 (21), ovate, elliptic, or

obovate, the apex obtuse or emarginate, 5-17 mm long; peduncles erect to

incurved, 5-20 cm long; racemes (5) 10-25 (30) flowered, early greatly or

scarcely elongating, flowers ascending to spreading, the axis becoming (1-2)

4-12 (14) cm long in fruit; calyx 6-9 mm long, white-, black-strigulose or

mixed, the campanulate or cylindric tube 4-5.5 (6.5) mm long, the teeth,

subulate to lance-acuminate, 1-3 mm long; petals purple; banner 14-16.5 mm

long, purple with a white, purple striate spot; keel 10-15 mm long, light

purple to dark purple maculate; wings 11-17 mm long, purple with dark
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purple tip or purple with a white tip; ovary glabrous to strigulose; ovules 20-

42; fruiting pedicels recurved, arched, persistent; pod recurved, deciduous,

in longitudinal section broadly linear, oblong or elliptic, in cross section

cordate to terete, straight to incurved, 14-24 x 4-7.5 mm, 4-6 (6.5)x longer than

wide, sessile to elevated on an gynophore, the incipient gynophore to 0.7 mm

long, contracted at the apex into a uniloculate beak, the valves stiff papery to

leathery, stramineous, reddish or mottled, sometimes turning blackish when

dried, semi-biloculate to biloculate, the septum 1.5-2 mm wide; dehiscence

apical.

Astragalus lentiginosus var. palans is the most widespread of all

members of the Palantia. Barneby (1945, 1964) extensively discussed the

degree of variation found in populations of this taxon.  Due to the number of

specimens available now, more patterns of regional morphological

differentiation can be detected.  The regional populations identified below

and in the map are differentiated by overlapping trends in morphological

differences.  In the typical form in the Colorado River basin, the pod of A.

lentiginosus var. palans is mostly narrow and  hamate to coiled in a complete

circle.  The average degree of curvature decreases in populations in Coconino

and Navajo County, Arizona, however.  The populations west of the

Colorado River drainage have pods that are also on average straighter and

slightly more inflated in the middle.  The populations in the vicinity of the
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Uncompaghre Plateau in Colorado are similar to these western populations,

however, the walls of the pod have are more papery and not as leathery as

typically found in this taxon.  Whether these regional populations are a result

of range contraction due to climate change and subsequent morphological

differentiation or as a result of recent long distance dispersal could not be

determined by the analyses in this study.

Habitat.- Mesas, talus slopes, canyons, rocky to sandy washes, and

open sandy-clay flats derived from sandstone or shale and sometimes

limestone or volcanic bedrock, found mostly in open areas in Pinyon-Juniper

forests, but occasionaly found in warm desert scrub (Larrea-Atriplex) or cold

desert scrub (Artemisia) communities.

Distribution.- seven major geographical/eco-regional populations in

Arizona, Colorado, and Utah:  1.) along the Colorado River and San Juan

River drainages in northern Coconino and Navajo Counties, Arizona, north

to San Juan, eastern Kane, eastern Garfield, and Grand Counties, Utah;  2.)

Green River and San Rafael River drainages in central Emery and southern

Carbon Counties, Utah;  3.) disjunctly in the Fremont River drainage in the

vicinity of Capitol Reef National Monument in central Wayne County, Utah;

4.) Paria River and Escalante River drainages in central Kane and Garfield

Counties, Utah;  5.) disjunctly in the upper Virgin River drainage in eastern

Washington County, Utah;  6.) a disjunct intermediate population in the
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vicinity of Cameron, Coconino Co., Arizona; 7.) lower Dolores River, upper

Colorado River, Gunnison and San Miguel River drainages in the vicinity of

the Uncompaghre Plateau in Delta, Mesa, Montrose, and San Miguel

Counties, Colorado; to be looked for in the upper Dolores River, Mancos

River and upper San Miguel River drainages in Dolores and Montezuma

Counties, Colorado; and likely to be found more common in Delta and

Garfield Counties, Colorado than currently available specimens suggest.

Phenology.- Flowering from February to May; fruiting from March to

June.

 Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA: COCONINO CO.: ca 0.5 mi S of Page, 01 May 2000, Atwood &

Welsh 25360 (NY,RM); E abutment of Glen Canyon Dam, S of hwy, 5 May

1998, Atwood & Welsh 26924 (NY); Glen Canyon damsite, 7 June 1961, Barneby

13114 (CAS,NY,RSA); ca 2 rd mi S of Page, along AZ 89, 11 May 1991, Christy

493 (NY); Navajo Power Plant pipeline, 4 mi SE of Page, 15 April 1972, Davey

s.n. (NY); base of Leche-E Rock, 15 April 1973, Hevly & Jenness s.n. (NY); Lake

Powell, NW of Page, ca 0.5 mi NE of Glen Canyon Dam, 3 May 1996, Hufford

1130 (NY); Bitter Springs on rd to Page, 19 May 1973, LeDoux et al. 753 (NY),

LeDoux et al. 781 (NY); US Hwy 89, ca 8 mi SW of Page, 22 May 1973,

Spellenberg et al. 3228 (NY); NE part of Antelope Island, ca 5 mi NNE of Page,

14 April 1987, Tuhy & Holland 2927 (NY); NAVAJO CO.: 12 mi N of Kayenta,
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6 June 1961, Barneby 13104 (CAS,NY,RSA); Mystery Valley, in region of

Monument Valley, 16 April 1963, McClintock s.n. (CAS), 11 April 1963,

McClintock s.n. (CAS); 4 mi W of Kayenta, 30 April 1981, Welsh 20381

(NY,RSA); COLORADO: DELTA CO.: Dominguez Creek, W of the Gunnison

River below Bridgeport, 0-1.5 mi up Dominguez Canyon, 19 May 1982,

Atwood & Thompson 8773 (NY); MESA CO.: NW end of Sinbad Valley at head

of Salt Creek Canyon, 26 May 1983, Atwood 9262 (CAS,NY); 2 mi E of

Bedrock, Paradox Valley, 23 May 1984, Atwood et al. 9728 (NY); 6 mi SSW of

Grand Junction, Rough Canyon, base of sandstone wall, 18 May 1988, Dorn

4886 (NY,RM); open slope 10 mi S of Gateway, 11 June 1949, Harrington 4423

(RM); Grand Junction, Colorado Monument Park, 03 June 1921, Osterhout

6142 (RM,RSA); Colorado N.M., west entrance, white hills, 17 May 1982,

Siplivinsky 3273 (RM); Colorado N.M., head of Ute Canyon, within park

boundary, 25 May 1982, Siplivinsky 3379 (RM); near hq. Colorado N.M., 6 mi

S of Fruita, mesa summit, 21 May 1948, Weber 3840 (CAS,DUD,RM,US);

MONTROSE CO.: La Sal Creek, 4 mi S of Paradox, near cliff dwellers mine,

20 May 1982, Atwood & Thompson 8798 (NY,RM); Monogram Mesa, 6 mi W

of Vancorum, 3 June 1961, Barneby 13046 (CAS,NY,RSA); Paradox Valley, N

slope, 25 April 1986, Franklin 2838 (NY,RM); ca 18 air mi NW of Naturita, ca

2.5 air mi S of Bedrock, E side Dolores River Canyon, E facing slope on W

side canyon, 17 June 1995, Moore 5502 (RM); Slick Rock Canyon, Dolores
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River, ca 18 air mi W of Naturita, at mouth and surrounding are of Leach

Creek, SW facing wash, 05 July 1995, Moore 6334 (RM); Slick Rock Canyon,

Dolores River, ca 18 air mi W of Naturita, at mouth and surrounding are of

Leach Creek, SW facing wash, 05 July 1995, Moore 6335 (RM); near Naturita,

SW Colorado, dry hills, 22 May 1914, Payson 335 (RM); SAN MIGUEL CO.:

Colorado side of Island Mesa, 27 May 1998, Atwood & Trotter 23617 (NY);

roadside, rocky cedar breaks,1mi S of Gladel, 09 June 1951, Penland &

Hartwell 4178 (RM); W end Gypsum Valley, rocky mouth of Hamm Canyon,

09 June 1949, Weber 4735 (CAS,DUD,RM,RSA,UC,US); UTAH: CARBON

CO.: ca 1.5 mi N of Emery Co. line along US Hwy 50-6, 29 April 1965, Welsh

3875 (NY); EMERY CO.: San Rafael Swell, Chimney Rock flats, 17 May 1979,

Harris 116 (RM); near junction of Lower Black Box Rd to Swazys Leap and

Sulphur Spring, 19 May 1992, Heil & Hyder 7132 (RSA); San Rafael Swell, near

Temple Mtn, 30 April 1968, Higgins & Reveal 1277 (NY, RM); San Rafael

Swell, 18 May 1915, Jones s.n. (UC), 12 May 1914, Jones s.n. (POM); Red

Plateau, SW of Woodside, along rd to Castledale, 6.9 mi W of US 50, 5 June

1958, Raven 13079 (CAS,GH,NY); Red Plateau, SE of Woodside, 13 June 1947,

Ripley & Barneby 8675 (RSA); rocky draw, San Rafael Swell, 22 mi W of Green

River on I-70, 1mi E of rest area just below Rattlesnake Bench, 28 April 1979,

Shultz et al. 3113 (NY,RM,RSA); Summerville [Wash], at Woodside, 27 April

1977, Welsh & Taylor 14624 (NY); GARFIELD CO.: upper E end of Choprock
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Bench, ca 30 mi ESE of Escalante, 6 May 1987, Tuhy & Holland 3127 (NY,RSA);

head of North Wash, 28 April 1981, Welsh 20368 (NY,RSA); GRAND CO.:

Kane Springs Rd, 13 mi S of Moab, [no date], Atwood 7478 (NY); Sandflat Rd,

E of Moab 12 mi., ca 0.25 mi W of Forest Service boundary, 20 May 1982,

Atwood & Thompson 8787 (NY,RM); Arches N.M., 5 mi NW of Moab, 21 May

1984, Atwood et al. 9695 (NY); 11 mi N of Moab, 18 May 1955, Barneby 12753

(CAS,NY,RSA); 1 mi N of Moab, 14 April 1940, Beath 48 (RM); Arches road,

04 May 1947, Beath s.n. (RM); near Moab, 17 May 1940, Beath & Goodding 6-

373 (RM); 8 mi NW of Moab, along UT Hwy 160, 28 April 1961, Bright 135

(NY); between Moab and bridge, 13 May 1933, Cottam 5623 (RM); hillside in

the Colorado River Canyon, a little below Salt Wash, NE of Moab, 9 May

1961, Cronquist 8974 (GH,NY,RSA); slope E above Hwy 128, 0.15 mi N of Pole

Canyon, 05 May 1985, Franklin 1391 (NY,RM); Red Hills SE above White

Ranch along Colorado River, 07 May 1985, Franklin 1421 (NY,RM); 3.7 mi due

E of Moab, sand flats among sandstone fins, 17 April 1986, Franklin 2679

(RM); Mat Martin Point, sand pockets on slickrock, 12 May 1986, Franklin

2933 (RM); Sevenmile Mesa, point W of confluence of Dolores River and

Fisher Cr., ca 25 mi due NE of Moab, 18 May 1986, Franklin 3104 (RM); Onion

Creek, 22 May 1984, Goodrich et al. 20398 (NY); N end of La Sal Mountains,

Fisher Valley, 22 May 1984, Goodrich et al. 20414 (NY); 1 mi NE of Moab, 0.5

mi along UT Hwy 128, along Colorado River, 30 April 1961, Hanson 148 (NY);
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on edge of Colorado River, Moab, clay buttes, 09 May 1933, Harrison 5945

(RM); cliffs above headquarters, S edge of Arches N.M., sandy terraces

among rocks, 25 April 1947, Harrison 11123 (RSA,US), Harrison s.n. (UC);

south of Courthouse Towers, Arches N.M., sandy flat, 17 May 1950, Harrison

11383 (US,UC); The 'Neck" 13 miles due WSW of Moab, sand rock ridge, 11

June 1941, Harrison et al. 10286 (US); Arches N.M., 29 June 1948, Howell 24752

(CAS,RSA); near Skyline Arch, Arches N.M., 7 September 1968, Howell &

True 44906 (CAS,NY); 10 mi N of Moab, sandy plain, 17 June 1955, Isely 6460

(RSA,US); Castle Valley, May 1931, Jones s.n. (POM); red sandstone banks just

north of Kane Springs, ca. 15 miles south of Moab, 21 April 1966, Ledingham

4694 (UC); 5 mi N of Moab, 08 June 1939, Porter 1796 (RM), Porter 1797 (RM);

San Sige [illegible] Hollow, Grand River Canon [Grand River Canyon near

Moab, June 1899], 1899, Purpus s.n. (UC); sandy slopes near headquarters,

Arches N.M., near Moab, 6 June 1962, Rever & Belcher 73 (NY); W of

Thompson, 13 June 1947, Ripley & Barneby 8662 (RSA); Spanish Valley, 4.5 mi

E of Moab, along roadside in town, 03 May 2000, Spencer 1487 (NY,RM); Ida

Gulch, 2.5 mi SE of Hwy 128 along Colorado River, E of Castle Valley Rd,

slopes below Prients and Nuns, 11 May 1986, Thorne et al. 4614 (RM); Sego, 2

mi N of Thompson, 30 April 1965, Welsh 3881 (NY); Castle Valley, ca 4.5 mi E

of junction with UT Hwy 128, 3 May 1968, Welsh 7018 (NY); Castle Valley, ca

4.5 mi E of junction with UT Hwy 128, 29 May 1968, Welsh & Moore 7170
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(NY); KANE CO.: 5 mi S of Glen Canyon N.R.A. boundary, along Hole-in-

the-Rock Rd., 23 April 1996, Atwood & Furniss 20795 (NY); Willow Tank, 41

mi SE of Escalante, 8 June 1961, Barneby 13127 (CAS,NY,RSA); abandoned

"Pareah" townsite near the Paria River, 3 May 1986, Shultz & Shultz 9931

(NY); Willow Tank, ca 17 mi S of Garfield Co. line, along road to Hole-in-the-

Rock, 04 May 1962, Welsh 1687 (NY,US); Lake Powell, Driftwood Canyon,

Driftwood Garden, 27 May 1986, Welsh 22102 (NY); Paria townsite, 5 May

1970, Welsh & Atwood 9727 (NY); SAN JUAN CO.: south of Mexican Hat

along Hwy 63, 14 May 1970, Atwood 2486 (NY); Navajo Twins, N side of

Bluff, 20 May 1985, Atwood & Furniss 11009 (NY); E of Monticello, 28 April

1998, Atwood & Trotter 23411 (NY); ca 15 mi W of Mexican Hat, along bench

above San Juan River, 28 April 1998, Atwood & Trotter 23423 (NY); E slope of

Navajo Mountain, 23 June 1973, Atwood & Trotter 5334 (NY); Copper Canyon,

S of Monitor Mesa, 22 May 1985, Atwood et al. 11057 (NY); 14 mi W of

Blanding, 19 May 1955, Barneby 12785 (CAS,NY,RSA); 10 mi W of Blanding

on US Hwy 95, 30 April 1961, Bright 83 (NY); Goose Necks, 01 May 1935,

Cottam 5837 (RM); between Blanding and Bluff, hillsides, 17 April 1928,

Cottam 6693 (RM, 2 sheets), Cottam 6703 (RM); Goosenecks of San Juan River,

12 April 1938, Cronquist 1104 (RM); Montezuma Canyon, 29 May 1892,

Eastwood s.n. (GH); Montezuma Canon, 01 June 1892, Eastwood s.n.

(RM,POM,UC); 25 mi W of Hanksville, 14 May 1940, Goodding & Beath 48
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(RM); 8 mi E of Halls Crossing, 23 May 1983, Higgins & Welsh 13216 (NY); ca

5 mi E of Mexican Hat, 24 May 1983, Higgins & Welsh 13291 (NY); slopes

above Gretchen Bar, 54 mi below Hite on the Colorado River, 04 May 1954,

Holmgren & Goddard 9980 (CAS); black streak cliffs, vicinity of Bluff, 24 June

1944, Holmgren & Hansen 3439 (NY); Mendenhall Loop, riverside below the

Mendenhall Stone Cabin, ca mi 31, 2.5 km W of Mexican Hat, 11 June 1997,

Holmgren & Holmgren 12796 (NY); Bluff, 24 May 1919, Jones s.n. (POM); 14 mi

due SW of La Sal summit of Rone Bailey Mesa, 4 June 1985, Neese & Welsh

16993 (NY); Bluff, south exposure, 03 April 1966, Pederson 12 (GH); W of

Bluff, 22 May 1943, Ripley & Barneby 5603 (RSA); along San Juan River, near

Bluffs, 25-29 August 1911, Rydberg & Garrett 9914 (NY,RM,US); 12.2 mi S of

Moab, 22 May 1976, Shultz 2151 (RSA), Shultz & Bolander 2151 (NY); Bluff

area, 1 mi E of Needles Overlook, along roadsides in sand, 22 May 1976,

Shultz & Shultz 1854 (NY,US); Rone Bailey Mesa ca 22 mi NNW of

Monticello, 01 July 1984, Tuhy 1581 (RM); head of Red Canyon, ca 12 mi SW

of Natural Bridges N.M., 29 April 1981, Welsh 20374 (RSA); Bluff, 29 April

1961, Welsh 1501 (NY); Comb Reef, 17 mi W of Blanding, 1 mi from Perkins

Ranch, 30 April 1961, Welsh 1510 (NY); head of Red Canyon, ca 12 mi SW of

Natural Bridges N.M., 29 April 1981, Welsh 20374 (NY); Whirlwind Draw,

Clay Hills Divide, 30 April 1966, Welsh 5206 (NY); W of Grand View Point,

top of Murphy's Ridge, 18 May 1968, Welsh 7076 (NY); S Six Shooter Peak
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platform, Davis Canyon, 11 May 1982, Welsh et al. 21100 (NY); between

Natural Bridges N.M. and Blanding along UT Hwy 95, 22 April 1967,

Wetherell & Finzel 633 (NY); WASHINGTON CO.: 2 mi W of Springdale, 15

April 1938, Cronquist & Gaupin 1106 (BRY); Hurricane, 4 mi due SW of

Rockville, 22 May 1977, Foster 3766 (NY); Coalpits Wash, 5 May 1988,

Franklin & Thorne 5930 (BRY); 9 mi E of Hurricane along Hwy 59, 20 May

1971, Higgins & Welsh 4227 (NY); sandy desert, 5 miles east of Virgin, 11 May

1937, Hitchcock 3025 (GH); Virgin, 14 May 1894, Jones 5215e (US); Rockville, 14

May 1894, Jones 5215e (DUD, 3 sheets, NY,UC); Rockville, 15 May 1894, Jones

5218 (DUD,GH,NY,RM), 14 May 1894, Jones 5218 (RM,US,UC); Virgen City,

14 May 1894, Jones 5218a (US); Rockville, 15 May 1894, Jones 5218a

(DUD,POM); Zion N.P, Petrified Forest, 13 April 1972, R.A. Nelson 9930 (RM);

Zion N.P, Petrified Forest, 13 April 1972, R.A. Nelson 9937 (RM); 2 mi N of

Hurricane, 10 April 1966, Stevens 140 (BRY); Petrified Forest sector, 2 mi N of

Rockville, 06 May 1988, Welsh & Clark 23986 (BRY,RM); WAYNE CO.: Capitol

Reef entrance to Grand Wash, 24 May 1975, Harrison 1688 (RM); Horseshoe

Canyon, ca 1 mi up Horseshoe Canyon, Canyonlands N.P., 20 May 1990, Heil

et al. 5895 (RSA); Capitol Reef entrance to Grand Wash, 24 May 1975, K.

Harrison 1688 (NY); canyon bed of Fremont Canyon, N of Fruita, 05 May

1940, Maguire 18115 (RM); 23.8 mi W of Loa, 3 May 1977, Neese & White 2752

(NY); Barrier (Horseshoe) Canyon, 19 April 1970, Welsh 9593 (NY); road to
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North Point ca 1 mi NE of French Spring above Orange Cliffs, 30 May 1970,

Welsh & Atwood 9870 (NY).

The following vouchers from the vicinity of Cameron are intermediate

to A. lentiginosus var. wilsonii.

Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA: COCONINO CO.: roadside, 6 mi W of Cameron, 08 April 1938,

Cronquist & Gaupin 1105 (RM); Painted Desert, Cameron, low areas and

roadsides, 22 April 1961, Demaree 43807 (DUD,NY,US); ca 5 mi W of

Cameron, 8 April 1978, Gierisch 4183 (NY); 4 mi W of Cameron on Hwy 64, 18

March 1968, Hitchcock 25614 (NY,OSC); Rainbow Lodge, south end of Navajo

Mountain, 11 June 1938, Peebles & Smith 13939 (GH,NY,US); 10 mi SW of

Cameron, Hwy 64, 7 April 1957, Strickland 21 (NY)

The following vouchers from the Painted Desert are a low

elevation desert variant of A. lentiginosus var. diphysus in which the flowers

vary from white to purplish, the racemes vary from short (3 cm) to long (over

7 cm) and the pods are stiff papery to leathery, scarcely inflated, and straight

to nearly hamate.  The inflation occurs such that the widest part of the pod is

at the base.  In A. lentiginosus var. palans, however, the widest portion of the

pod is near the middle.  The pods in this region are also deltoid in shape and

not cylindrical like A. lentiginosus var. palans.  Barneby and others have

inconsistently annotated these specimens as A. lentiginosus var. palans, A.
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lentiginosus var. ursinus, A. lentiginosus var. diphysus and various

combinations of intermediates based on the degree of inflation or coil of the

pods and the length of the raceme.  The pods of these plants are nearly

identical (the Painted Desert populations are smaller on average) to the low

elevation, alkaline desert forms of A. lentiginosus var. araneosus in western

Utah and eastern Nevada, which also has been confused with A. lentiginosus

var. palans historically (Jones 1929).  The Painted Desert is the southernmost

of several regions of extensive sandy-clay to gumbo-clay badlands derived

from Mesozoic sandstones and shales in southern Utah and northern

Arizona.  All of these region have populations of A. lentiginosus that have

adapted to these dry low elevation badland deserts.   In northern Arizona

and southern Utah (from Fredonia and Kanab) on the Kanab Plateau

westward to the Unikaret Plateau near the Hurricane Cliffs, A. lentiginosus

var. vitreus is the dominant variety.  The Painted Desert variant of A.

lentiginosus var. diphysus occupies the same type of habitat as A. lentiginosus

var. vitreus does to the north.  One notable, potentially intermediate,

population of badland A. lentiginosus can be found in House Rock Valley,

Coconino Co., Arizona.  House Rock Valley is situated southeast of the

Kaibab and Paria Plateaus and is somewhat isolated from the Kanab Plateau

and the Painted Desert populations of A. lentiginosus.  The few specimens

from House Rock Valley (i.e. Goodding sel 17-40, RM; Goodding 27-49, RM)
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have been variously identified as A. lentiginosus var. mokiacensis, A.

lentiginosus var. palans, and A. lentiginosus var. vitreus, mostly due similar

floral morphology and the lack of mature fruit.  During this study in the

spring of 2005, attempts to relocated this population failed.  More collections

from this region are needed to determine to which variety populations in

House Rock Valley belong.  The Painted Desert variant may represent

intermediate populations linking A. lentiginosus var. diphysus with A.

lentiginosus var. araneosus or possibly A. lentiginosus var. vitreus.

(not mapped)

Voucher specimens examined for (but not included in this study) in

the morphological analysis. U.S.A. ARIZONA: COCONINO CO.: Wupatki

Ruin, Wupatki N.M., 21 April 1939, C.R. Jones 1-7 (CAS), C.R. Jones 15/1939

(CAS); Wupatki N.M., 04 May 1942, Cantelow s.n. (CAS, 2 sheets); 6 mi S of

Cameron, 23 April 1941, Cutler 4652 (NY); Hwy 89, about halfway between

Flagstaff and Cameron, 22 April 1961, Deaver 5901 (NY); Wupatki Rd N of

Flagstaff, 29 April 1961, Deaver 5929 (NY); Wupatki N.M., dry ridges, 29

April 1961, Demaree 43832 (CAS,NY); Wupatki N.M., Flagstaff, dry rocky

ridges, 29 April 1961, Demaree  43834 (NY); Wupatki N.M., Coconino N.F.,

dry ridges, 29 April 1961, Demaree 43835 (CAS); Wupatki N.M., low ridges, 29

April 1961, Demaree 43836 (DUD,NY); Wupatki N.M., Flagstaff, rocky mesa,

29 April 1961, Demaree  43841 (NY); Wupatki N.M., low sandy ridges, 29



201

April 1961, Demaree 43843 (CAS,US); Wupatki N.M., Flagstaff, dry ridges, 29

April 1961, Demaree 43844 (NY); Wupatki N.M., sandy washes, 09 May 1961,

Demaree  43976 (CAS,NY); Wupatki N.M., sandy wash, 09 May 1961, Demaree

43977 (NY), Demaree 43978 (NY,RSA); Wupatki N.M., Flagstaff, Navajo I.R.,

dry ridges and washes, 13 May 1961, Demaree 43995 (NY); Wupatki N.M.,

Flagstaff, Navajo I.R., dry sandy washes, 13 May 1961, Demaree 43997 (NY);

Wupatki N.M., Flagstaff, Navajo I.R., low sandy ridges, 13 May 1961,

Demaree 44015 (CAS); Wupatki N.M., Flagstaff, Navajo I.R., sandy bottoms,

13 May 1961, Demaree 44016 (NY);Wupatki N.M., near Spiderweb N.M.,

Navajo I.R., 13 May 1961, Demaree 44050 (DUD,NY,US); Coconino, Wupatki

N.M., near Spiderweb N.M., Navajo I.R., sandy bottoms, 13 May 1961,

Demaree 44051 (NY); Wupatki N.M., Navajo I.R., dry ridges, 13 May 1961,

Demaree 44052 (NY); Wupatki N.M., Flagstaff, rocky ridge, 13 May 1961,

Demaree 44088 (NY); near the Little Colorado River, 10 mi S of Cameron,

Navajo I.R., 13 May 1961, Demaree 44089 (NY);Black Point, 10 mi S of

Cameron, 18 May 1961, Demaree 44134 (NY), Demaree 44136 (NY); sandy areas

near Black Point, 10 mi S of Cameron, 18 May 1961, Demaree 44135 (NY); US

89 at The Gap, 3 April 1993, Foster 10630 (NY); US 89 at Cedar Ridge, 3 April

1993, Foster 10631 (NY); The Gap, Cameron-Navajo Bridge Hwy, 18 April

1940, Goodding sel 18-40 (RM); Cedar Ridge, 3-Jun-38, Goodding sel 39a (RM);

on the rd between Sunset Crater and Wupatki N.M., 31 May 1997, Helmkamp
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& Helmkamp 1990 (NY); 8.5 mi from Sunset Crater on rd to Wupatki N.M., 12

September 1968, Howell & True 45213 (CAS); Painted Desert, between

Cameron and the Navajo Bridge, 25 May 191938, Nelson & Nelson 2858 (US);

Wupatki Ruins, 6 May 1940, Peebles & Parker 14631 (US).
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Figure 27. Distribution map of Astragalus lentiginosus var. palans.  Vouchers and major populations are labeled as follows: 

(asterisk), notable vouchers (see Table 16 for letter codes); (circle), Colorado and San Juan River populations; 

(diamond), Green and San Rafael River population; (square), Fremont River population; (up triangle), Paria and 

Escalante River population; (down triangle), upper Virgin River population; (+), upper Colorado, lower Dolores, 

lower Gunnison, and lower San Miguel River population; (X), Cameron population intermediate to A. lentiginosus

var. wilsonii; (caret), A. lentiginosus var. bryantii, included for reference for proximity to A. lentiginosus var. palans 

populations
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Figure 27. (continued) Distribution map of Astragalus lentiginosus var. palans.
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Astragalus lentiginosus var. pseudiodanthus, comb. nov.

Astragalus lentiginosus var. pseudiodanthus, comb. nov. [not yet published].

Astragalus pseudiodanthus Barneby, Leafl. W. Bot. 3:99. 1942.

TYPE: U.S.A. NEVADA: NYE CO.: plateau north of Cactus Peak, about 

twenty miles southeast of Tonopah, 3 June 1941, H.D. Ripley, R.C. 

Barneby 3725 (HOLOTYPE: CAS!; ISOTYPES: RSA).

Map: Figure 25.

Low, short lived perennial herbs, 0.5-4 dm tall; stems diffuse, prostrate

to decumbent, single or as many as 12 in clumps from a woody, branched

caudex or taproot; herbage sparsely to densely strigulose with basifixed hairs,

occasionally villosulous with ascending and incurved or curly hairs; stipules

2-6 mm long, ovate, lance- or deltoid-acuminate, sometimes deflexed, partially

or fully amplexicaul-decurrent, none connate; leaves 2-7 cm long; leaflets 9-21,

suborbicular, obovate, oblong or broadly oblaceolate, the apex obtuse or

emarginate, 5-15 (18) mm long; peduncles ascending, 2-4.5 cm long; racemes 7-

17 (-21) flowered, early elongating, flowers ascending to spreading, the axis

becoming (0.5) 1-5 (-7.5) cm long in fruit; calyx 3-8 mm long, thinly to densely

white-, black-strigulose or mixed, the campanulate or cylindric tube 2.6-5 mm

long, the teeth, subulate, (0.6) 1-3 mm long; petals pink purple, drying violet,

whitish, or cream colored; banner 9-15 mm long, purple with a white, purple
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striate spot or cream and concolorous; keel 7.8-15 mm long, light to dark

purple maculate or cream and concolorous; wings 7-14 mm long, whitish with

a purple tip or cream and concolorous; ovary glabrous or strigulose; ovules

14-30; fruiting pedicels recurved, arched, persistent; pod recurved, deciduous,

in longitudinal section linear, linear-lanceolate, to narrowly elliptic, in cross

section cordate to terete, incurved, falcate or hamate, the lower half of the pod

incurved at least 90 degrees and commonly coiled to 180 degrees, 15-40 x 2.5-8

mm, 4.7-6x longer than wide, sessile to elevated on an gynophore, the

incipient gynophore to 0.5 mm long, contracted at the apex into a uniloculate

beak, the valves stiffly papery to leathery, stramineous, purplish or mottled,

semi-biloculate to sub-uniloculate, the septum 0.2-1.5 mm wide; dehiscence

apical.

Barneby (1964) was described in detail of the degree of intergradation

of A. lentiginosus var. pseudiodanthus and some populations of A. lentiginosus

var. iodanthus.  The intermediate populations of A. lentiginosus var. iodanthus

are widespread throughout its range and it is likely that this taxon is one

populations that recently has become adapted to a stabilized sand dune

habitat.  Similar adaptations have occurred in populations of A. lentiginosus

var. variabilis, A. lentiginosus var. fremontii and in the taxon, A. lentiginosus var.

stramineus (which may be a derivative of A. lentiginosus var. fremontii or A.

lentiginosus var. vitreus)
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Habitat.- Stabilized dunes and sandy flats in sandy, sandy clay, or

alkaline sandy clay soils derived from volcanic bedrock.

Distribution.- Mono County, California; Lyon, Mineral, and Nye

Counties, Nevada.

Phenology.- Flowering from April-May; fruiting from May to June.

 Voucher specimens examined for the morphological analysis. U.S.A.

NEVADA: NYE CO.: sand dunes N of Tonopah, May 2003 (fl,fr), Alexander

1631 (OSC,UNLV).

Voucher specimens examined (to be included in future morphologic

analyses). U.S.A. CALIFORNIA: MONO CO.: Along N side of Mono Lake, 08

June 1963, Reveal 372, (NY); NEVADA: LYON CO.: Smith Valley, Delphi Road,

ca. 5.25 rd mi S of Mason Pass Road, 12 May 1995, Pinzl 11396, (NY); sand

dunes between Artesia Lake and the Singatse Range, southwest of Ludwig, 10

June 1980, Tiehm 5877, (NY); Smith Valley, 0.5 mi NW of Hudson, 10 June

1980, Tiehm 5861, (NY); MINERAL CO.: 1.7 rd mi SSE of Highway 361 from

Luning to Gabbs on the Finger Rock Wash road, E of the road, 18 June 1998,

Tiehm & Nachlinger 12464, (NY); Walker River Indian Reservation, Rawhide

Flats, 0.8 road mile W of the reservation boundary on the main road from

Rawhide, 15 May 1988, Tiehm 11639, (NY); Stewart Valley, 15 mi and 178

degrees from Gabbs, 14 June 1979, Goodrich 12672, (NY); NYE CO.: Stewart

Valley, 13 mi 173 degrees from Gabbs, 14 June 1979, Goodrich 12660, (NY); 0.5
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mi W of Rawhide Junction, along main wash in Lodi Valley, 15 July 1945,

Maguire & Holmgren 25436, (NY); Lodi Valley, 2 mi N of Gabbs, 17 June 1945,

Maguire & Holmgren 25495, (NY); plateau N of Cactus Peak, ca. 20 mi SE of

Tonopah, 03 June 1941, Ripley & Barneby 3725 (CAS,RSA); Big Smoky Valley, 3

air mi SSW of San Antonio Ranch, 17 May 1981, Tiehm 6441, (NY); Gabbs

Valley, 12 air mi WNW of Gabbs, southwest of a corral, 12 June 1980, Tiehm

5915, (NY); Gabbs Valley, 10.8 air miles nearly due W of Gabbs, 12 June 1980,

Tiehm 5906, (NY); 6.2 mi NW of Highway 6 on Nevada Highway 89, 25 June

1978, Williams 78-136-1, (NY); SE of Tonopah, between Monitor Hills and

Cactus Peak, 25 June 1978, Williams 78-133-3, (NY); Ralston Valley, S of

Highway 6, 23 May 1981, Williams & Tiehm 81-22-5, (NY).

Astragalus lentiginosus var. ursinus

Astragalus lentiginosus var. ursinus (A. Gray) Barneby, Leafl. West. Bot. 4: 133.

1945. Astragalus ursinus A. Gray, Proc. Am. Acad. Arts Sci. 13: 367. 1878.

Tium ursinum (A. Gray) Rydb., N. Amer. Fl. 24: 398. 1929.

TYPE: U.S.A. ARIZONA OR UTAH: MOHAVE CO. OR WASHINGTON CO.:

Beaver Dams [west slope of Beaver Dam Mountains, the type locality was

erroneously published by Gray as Bear Valley, Iron Co., Utah], 20-28 Apr

1877, E. Palmer s.n. (LECTOTYPE: GH, designated by Alexander,

unpublished data; ISOLECTOTYPE: K).
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Map: Figure 26.

Perennial herbs, 2-4 dm tall; stems erect and ascending in clumps from

a superficial root crown; herbage glabrous to sparsely strigulose with

basifixed hairs; stipules 3-8 mm long, triangular- or deltate-acuminate, mostly

reflexed, partially or fully amplexicaul-decurrent, none connate; leaves 2-9 cm

long; leaflets 11-17 (19), suborbicular, obovate, or oblong, the apex obtuse or

emarginate, 5-11 mm long; peduncles erect, 4-10 cm long; racemes 7-15 (20)

flowered, early elongating, flowers ascending, the axis becoming 3-9 (-11) cm

long in fruit; calyx 4-8 mm long, white-, black-strigulose or mixed, the

campanulate or cylindric tube 3-6 mm long, the teeth deltate, subulate to

lance-acuminate, 0.8-3 mm long; petals pink purple, drying violet; banner 12-

16 mm long, purple with a white, purple striate spot; keel 8.5-13 mm long,

light to dark purple maculate; wings 10.5-16 mm long, purple with dark

purple tip or purple with a white tip; ovary glabrous or sparsely strigulose;

ovules 22-24; fruiting pedicels apressed to ascending, persistent; pod erect to

ascending, long persistent, in longitudinal section oblong to elliptic, in cross

section cordate to terete, straight to incurved, 10-23 x 4-5 mm, 2.4-4.7x longer

than wide, sessile to stipitate, the stipe to 1.0 mm long, contracted at the apex

into a uniloculate beak, the ventral suture sometimes prominent, the valves

thinly fleshy becoming coriaceous, stramineous to reddish, semi-biloculate to

biloculate, the septum 2-2.5 mm wide; dehiscence apical, through the beak
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while still attached to the raceme.

This taxon was included in Astragalus lentiginosus var. mokiacensis sensu

Welsh and Atwood (2001), Welsh et al., (2003), and Welsh (2007).  Shorn of the

type specimens of A. lentiginosus var. mokiacensis (and specimens from the

western Shivwits Plateau), the habitat and morphological descriptions in these

works corresponds to A. lentiginosus var. ursinus.  The type collections of A.

ursinus are a drought depauperate, limestone crevice variant of A. lentiginosus

var. ursinus.  Despite being only slightly differentiated morphologically from

A. lentiginosus var. mokiacensis and imperfectly distinguished from some A.

lentiginosus var. mokiacensis populations in habitat preference (plants growing

within limestone crevices only), the genetic analysis (Chapter 3) shows that A.

lentingosus var. ursinus is distinct from A. lentiginosus var. mokiacensis.

The presence of a long-persistent pod and similar, but dwarf,

morphologic characteristics is the primary reasons for its persistent confusion

with A. lentiginosus var. mokiacensis in modern treatments (Welsh & Atwood

2001, Welsh et al., 2003, Alexander 2005, Welsh 2007).  The molecular analyses

suggests A. lentiginosus var. ursinus is more closely related to A. lentiginosus

var. palans and A. lentiginosus var. wilsonii.  Astragalus lentiginosus var. ursinus

and A. lentiginosus var. wilsonii are the only two members of the Palantia to

have ascending to appressed fruiting pedicels and erect to ascending,

incurved to nearly straight pods.
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Habitat.- In mixed shrub communities with Larrea and Yucca brevifolia,

in gravely washes and talus slopes derived from the Permian Kaibab

Formation (limestone), Toroweap Formation (limestones and sandstones),

Hermit Formation (sandstones and siltstones), Queantoweap Sandstone,

Permian-Pennsylvanian Callville Limestone, and Mississippian Redwall

Limestone; with Penstemon petiolatus and other limestone crevice species on

limestone cliffs of various Paleozoic limestones, especially the Kaibab

Formation and Callville Limestone.

Distribution.- Washington Co., Utah, in the southern end of the Beaver

Dam Mountains in the vicinity of Bulldog Knolls and Bulldog Canyon, north

to Cedar Pockets Wash on the slopes of the peak south of Jarvis Peak; in

adjacent Mohave Co., Arizona, south to the mouth of the Virgin River Gorge,

and Hedricks Canyon in the Virgin Mountains; to be looked for in the vicinity

of Mokaac Mountain, Wolf Hole Mountain, Quail Canyon or Quail  Hill on the

northern edge of the Shivwits Plateau, Mohave Co., Arizona.

Phenology.- Flowering from March to April; fruiting from April-May.

Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA OR UTAH: MOHAVE CO. OR WASHINGTON CO.: Beaver Dams

[Beaver Dam Mountains, mislabeled as Bear Valley and Beaver Valley by

Gray], 20-28 Apr 1877 (fl, fr), Palmer s.n. (GH, K). ARIZONA: MOHAVE CO.:

Virgin Narrows about 5 mi NE of Littlefield, 2 Jun 1977 (fl, fr), Gierisch 3954
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(BRY, NY); Hedricks Canyon [Virgin Mountains], T40N R15W S23, 2 Apr 1981

(fl, imm fr), Gierisch & Morgart 4824 (BRY, NY). UTAH: WASHINGTON CO.:

Beaver Dam Mountains, Bull Dog Canyon, 25 Apr 2003 (fr), Alexander 1388

(OSC, UNLV), 6 May 2005 (fl,fr), Alexander 2120 (OSC,UNLV), 6 May 2005

(fl,fr), Alexander 2121 (OSC,UNLV), 6 May 2005 (fl,fr), Alexander 2127

(OSC,UNLV); Bulldog Knolls, 6 May 2006 (fl,fr), Alexander 2132 (OSC,UNLV),

6 May 2006, Alexander 2134 [individuals A,B,C] (OSC,UNLV), 6 May 2006

(fl,fr), Alexander 2135 (OSC,UNLV); Bull Dog Knolls, S slope of S knoll, T43S

R18W S28, 1097 m, 21 Apr 1986 (fl, fr), Baird 2324 (BRY); Bulldog Knolls, north

knoll, T43S R18W S21, 341 m, 28 Mar 1986 (fl, imm fr), Higgins & Barnum 16267

(BRY, NY); Bulldog Canyon, Beaver Dam Mountains, W slope, T43S R18W

S26, 381 m, 15 Apr 1983 (fl, fr), Neese & Welsh 13062 (BRY, NY); Cedar Pockets

wash, along a sequential drainage, T43S R17W S20, 1219 m, 5 May 1986 (fr),

Welsh & Atwood 23742 (BRY).

Astragalus lentiginosus var. wilsonii (Greene) Barneby

Astragalus lentiginosus var. wilsonii (Greene) Barneby, Leafl. W. Bot. 4:139. 1945.

Astragalus wilsonii Greene, Pittonia 3:196. 1897.

TYPE: U.S.A. ARIZONA: COCONINO CO.: in northern Arizona near 

Flagstaff [likely Walnut Canyon & vicinity], May 1893, N.C. Wilson s.n. 

(HOLOTYPE: ND).
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Map: Figure 24.

Perennial herbs, 2-4 dm tall; stems, almost always dark purplish and

stout, prostrate to erect and ascending in clumps from a superficial root

crown; herbage glabrous to sparsely strigulose with basifixed hairs; stipules 3-

8 mm long, triangular- or deltate-acuminate, mostly reflexed, partially or fully

amplexicaul-decurrent, none connate; leaves 6-16 cm long; leaflets (11) 15-27,

suborbicular, elliptic, obovate, or oblong, the apex obtuse or emarginate, 6-20

mm long; peduncles erect to ascending, 2-7 cm long; racemes 9-25 flowered,

early elongating, flowers ascending, the axis becoming 3-9 (-12) cm long in

fruit; calyx 6-10 mm long, white-, black-strigulose or mixed, the campanulate

or cylindric tube 4-7 mm long, the teeth deltate, subulate to lance-acuminate,

1-3 mm long; petals pink purple, drying brownish or white tinged with pink;

banner 13-20 mm long, purple with a white, purple striate spot or whitish and

purple striate; keel 11-15 mm long, light to dark purple maculate or whitish

and light purple maculate; wings 13-18 mm long, purple with dark purple tip

or whitish with a pink tip; ovary glabrous or sparsely strigulose; ovules 25-41;

fruiting pedicels appressed to ascending, persistent; pod erect to ascending,

deciduous, in longitudinal section narrowly oblong to narrowly elliptic, in

cross section cordate to terete, straight to incurved, 17-25 x 3-6 mm, (3.5) 4-6x

longer than wide, sessile to gynophorate, the gynophore to 0.5 mm long,

contracted at the apex into a uniloculate beak, the ventral suture sometimes
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prominent, the valves thickly fleshy becoming coriaceous to subligneous,

rarely stiffly papery, commonly prominently reticulate veined, stramineous to

reddish, commonly drying blackish, semi-biloculate to biloculate, the septum

1.5-2.5 mm wide; dehiscence apical, through the beak.

This taxon has been as nearly as unknown as the collector of the type

since E.L. Green first described it in 1897.  Many of the specimens of this taxon

collected prior to 1950, including the type, were from the "Flagstaff vicinity."

Very little is known about Norman C. Wilson and likely only a search of

Greene’s papers and specimens in his herbarium will provide clues as to the

exact location where the type of this taxon was collected.  In modern

collections, the only localities in the vicinity of Flagstaff from which this taxon

is found is in the Walnut Canyon vicinity and in canyons along the edge of the

Mogollon Rim in the vicinity of Sedona.  Populations observed in 2005 and

specimens seen by the author, from the open pine forests in the San Francisco

Mountains and the plateau summit surrounding Flagstaff, are A. lentiginosus

var. diphysus and not this taxon.  It is likely that A. lentiginosus var. wilsonii

does not occupy the open yellow pine forest habitat and is restricted to the

canyons, chaparral and pinyon-juniper zones along the Mogollon Rim, in the

upper Verde River drainage, and in the vicinity of the South Rim of the Grand

Canyon.

A specimen identified by Barneby (1964) from the Cameron vicinity
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(Glendenning s.n. from 1950, CAS), based on Barneby's description, is the

painted desert form of A. lentiginosus var. diphysus (see discusson of this form

under A. lentiginosus var. palans)

Habitat.- sandy-clay washes and open sandy clay flats, on limestone or

sandstone or volcanic ridges, or along rocky sandy-clay washes in canyons,

mostly found in mesquite-yucca-juniper-oak-Canotia scrubland, reported

(Banrbey 1964; Welsh 2007) from ponderosa pine woodlands based on historic

specimens from “Flagstaff.”

Distribution.-along the upper Verde River drainages below the

Mogollon Rim in Yavapai, Coconino, and far western Gila Counties, Arizona,

disjunctly in Walnut Canyon east of Flagstaff, the South Rim of the Grand

Canyon, and in the vicinity of Tuba City in Coconino County, Arizona.

Phenology.- Flowering from (Feburary) March to May; fruiting from

May-July (September).

 Voucher specimens examined for the morphological analysis. U.S.A.

ARIZONA: YAVAPAI CO.: sandy washes north of Cottonwood, 1 June 2005

(fl,fr), Alexander 2334 [individuals B,E,J,K] (OSC,UNLV); south of the

boundary of Montezuma Castle National Monument, 2 June 2005 (fl),

Alexander 2339 [individual F] (OSC,UNLV), 2 June 2005 (fr), Alexander 2340

[individuals A,D]; in scrubland 1.3 mi west of I-17, near junction of FR 9204F

and AZ Hwy 179 2 June 2005 (fr), Alexander 2367 [individuals A,B]
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(OSC,UNLV); on roadcut 0.1 mi west of I-17, along AZ Hwy 179, 02 June 2005

(fr), Alexander 2368 (OSC,UNLV).

Voucher specimens examined (to be included in future

morphologic analyses). U.S.A. ARIZONA: COCONINO CO.: Flagstaff [likely

Walnut Canyon], 08 April 1940, Beath 6-205 (RM); Cottonwood, Boynton Pass,

Demaree 43816 (NY); Walnut Canyon N.M., 4 May 1961, Demaree 43908 (NY);

Walnut Canyon, 9 mi E of Flagstaff, 15 April 1940 (fl), Ensur & Deaver 480

(BRY); between Tuba City and The Gap 11 May 1972 (fl, fr), Higgins 5195

(BRY,NY); 10 mi S of Sedona on Hwy 179, no date, Keith et al. s.n. (NY);

Church of the Holy Cross, Sedona, 7 March 1976, Lehr s.n. (NY); Sedona,

Church of the Holy Cross, 7 March 1976 (fl), Lehr 1853 (BRY); vicinity of

Flagstaff [likely Walnut Canyon], 18 June 1898 (fr), MacDougal 140

(BRY,GH,NY,RM,UC); Walnut Canon, May 1902, Purpus 23 (UC);Oak Creek,

Arizona Territory, 22 June 1883, Rusby 568 (NY, 3 sheets, ORE); GILA CO.:

overlooking Fossil Creek just below Mogollon Escarpment, steep SW facing

slope, 19 August 1976 (fl), Johnston 666 (BRY); YAVAPAI CO.: 3 mi N of

junction 179 on I-17, 44 mi S of Flagstaff, 9 April 1995 (fl, fr), Atwood 20175

(BRY, 2 sheets); Montezuma Castle National Monument, 12 May 1936, Bailey

134 (UC); Sycamore Canyon Wilderness, NW end Sycamore Basin, 25 Sept

1992, Baker 10269 (NY); Sycamore Canyon Wilderness, 4 km SW of Black Mtn,

2 May 1992, Baker & Wright 8951 (NY); 15 mi N of Fort Verde, 11 May 1955,
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Barneby 12659 (NY); near Verde Hot Springs, Barneby 18092 (NY); 1 mi N of

Verde Valley School, 28 April 1978, (fr), Bauman & Dobry s.n. (BRY); Hwy 89A,

10 mi N of Cottonwood, 21 March 1965 (fl), Blalock s.n. (BRY); East Verde

River, above NB Ranch, 19 April 1922 (fl), Bruhl 4 (RM); Yavapai, Boynton

Pass, N of Sedona, 28 April 1961 (fl, immfr), Cureton 41 (BRY); Verde River

farm land, Cottonwood, 2 June 1960, Demaree 42467a (NY), Demaree 42471

(NY), Demaree 42473 (NY); Cornville, Page Spring, 19 April 1961, Demaree

43781 (NY); Perkinsville, Paulden, 7 May 1961, Demaree 43946 (NY);

1 mi S of Sedona, 06 May 1961 (fl, fr), Drake & Welsh 46 (BRY,NY); Rim Rock

Road, 12 mi SE of Sedona, 13 May 1963 (fl, fr), Fitzgerald 33 (BRY), (fl),

Fitzgerald 44 (BRY); Rim Rock Road, 12 mi SE of Sedona, 13 May 1963 (fr),

Gerrard 38 (BRY); mesas E of Cottonwood, 25 March 1947, Goodding 6-47 (NY);

AZ 179, 6 mi S of junction of US 89A (in Sedona), near Courthouse Rock

[Butte], open sandy roadside, 26 May 1963 (fl), Gunn 2604 (BRY,NY); Oak

Creek, Cornville, 09 April 1921, W.W. Jones 303 (GH); 4.4 mi from Sedona, 0.25

mi S of Chapel of the Holy Cross, 31 March 1965 (fl), Kinne 3 (BRY); Boynton

Pass, 9 May 1962 (veg), Kuntz 45 (BRY); Verde River at Fort Verde, 2 April

1888 [1887?], Mearns 154 (NY); Verde River at Fort Verde, 2 April 1888 [1887?],

Mearns 303 (NY, 2 sheets); along I-17, 5 mi S of Camp Verde Junction, 75 mi N

of Pheonix, 26 March 1983 (fl, immfr), Neese & Kass 12647 (BRY,NY); I-17 &

Hwy 179, between Flagstaff and Phoenix, 12 April 1981 (fl, fr), Neese & Neese
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10055 (BRY), Neese & Neese 10056 (BRY); near Sedona, ca 40 mi S of Flagstaff,

12 April 2001 (fl, fr), Pfister s.n. (BRY); in a sandy wash, 5 mi N of Cottonwood

near the Verde River, 21 March 1941, Porter 2805 (RM); ca 2 mi NE of Camp

Verde in the Verde River Valley, 8 April 1990 (fl, fr), Porter 7068 (BRY); county

barn, Cottonwood, 15 March 1963 (fl fr), Richards 19 (BRY); 0.5 mi E of I-17 exit

to Sedona (Hwy 179), on USFS Rd 618, S side of rd, 10 April 1984, Ricketson

1043 (NY); roadsides on the Mogollon Rim between Verde Valley and Mile 13

on Crook's Trail, 09 March 1988, Scott 6556 (RM); I-17 at Montezuma Castle

NM, 17 April 1971, Spellenberg & Good 2529 (NY); Montezuma Well, 1964,

Stockert s.n. (NY); 30 mi S of Flagstaff, Black Cyn, 3 April 1969, Velasco s.n.

(NY); Camp Verde, no date, White 219 (NY).

The following vouchers are from populations along the South Rim of

the Grand Canyon that are intermediate to A. lentiginosus var. bryantii, A.

lentiginosus var. mokiacensis, or A. lentiginosus var. ursinus.

Voucher specimens examined for the morphological analysis. U.S.A.

COCONINO CO.: Kaibab Trail, 10 May 1940 (fl, fr), Collom KT24 (US); Grand

View Trail, Grand Canyon of the Colorado River, 16 June 1916 (fl, fr), Eastwood

5748 (CAS,GH,UC); Grand Canyon [Bright Angel Trail vicinity], June 1915 (fr),

Macbride & Payson 945 (GH,RM); Kaibab Trail, Grand Canyon N.P., 23 May

1938 (fl, fr), Nelson & Nelson 2799 (RM); near El Tovar, South Rim Grand

Canyon, 3 June 1947 (fr), Ripley & Barneby 8472 (RSA).
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Morphological Characters & States

J. Alexander

Version 6

July 2007

1.  leaflet length & width ratio (mm, measure 3)

1a. leaflet length & width ratio, range (mm)

1b. leaflet length & width ratio, average (decimal, mm)

1c.  leaflet length & width  ratio, coded range:

1.  1-1.9           2.  2-2.9             3.  3-3.9

2.  adaxial (upper) leaflet pubescence:

1. densely pubescent (surface obscured, overlap)

2. moderately pubescent (some hair overlap, gap 

less than 0.2 mm)

3. sparsely pubescent to  subglabrate

(uneven to evenly across 

surface with no overlap,  or 

just confined to midrib & base)

4. entirely glabrous (or just a few hairs at base)

2a.  abaxial (lower) leaflet pubescence:
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1. densely pubescent (surface obscured, overlap)

2. moderately pubescent (some hair overlap, gap 

less than 0.2 mm)

3. sparsely pubescent to  subglabrate

(uneven to evenly across 

surface with no overlap,  or 

just confined to midrib & base)

4. entirely glabrous (or just a few hairs at base)

2b.  leaf  & stem hair quality:

1. strigose to strigulose, straight & appressed

    (hairs <0.5 mm).

2. hispid, hispidulose or scabrous, ascending -

spreading

   (longer than above, but mostly not 

appressed, hairs straight)

3. pilose, sericeous, soft & flexible, appressed -

ascending

    (hairs 0.5-1.0 mm., straight, silvery silky)

4. canescent, short soft & flexible, mostly 

straight, dense
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(hairs 0.1-0.5 mm., with a whitish 

appearance, mostly ascending)

5. pubescent,short soft flexible, mostly straight, not 

dense

(lvs & stem greenish, hairs mostly

 ascending, 01.-0.5 mm.)

6. villose, villosulous, hairs wavy, contorted, soft &  

 flexible, not dense, appressed or ascending

   (hairs 0.5 - 1, or 0 - 0.5, or longer )

2c.  leaf & stem hair length: 1. 0 - 0.5

2. 0.5 - 1.0

3. > 1.0

2d.  leaf margin  hair distribution: 1. hairs marginal, ciliate, surface mostly 

glabrous, if present     

 hairs uneven or on midrib, margins ciliate

2.  hairs surficial, not more densely ciliate 

on margin.

2e.  adaxial (upper) leaf surface hair distribution:

 1. even across surface

2. uneven across surface

3. confined to midrib
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4. basal

5. none

2f.  abaxial (lower) leaf surface hair distribution:

 1. even across surface

2. uneven across surface

3. confined to midrib

4. basal

5. none

2g. stems & leaves appearing: 1. greenish, hairs not dense, long or short

2. Incanous, hairs dense & short, canescent 

(whitish) to argenteus (silvery), hairs short

3. Sericeous (silky), Argenteus (silvery), 

Nitidous (lustrous) hairs dense and longer.

3.  leaflet shape (no longer measured)

3a. leaflet base: 1. rounded

  2. cuneate

3. attenuate

4. leaflet number (average range of 3)

4a. leaflet number, average

4b. leaflet n umber, coded range: 1.  <9.9
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2.    10 - 14.9

3.    15-19.9

4.    20-24.9

5.    25-29.9

6.    >30

5. leaflet apices: 1. obtuse

  2. obtuse-mucronate 

3. retuse

4. emarginate (deeper than retuse)

5. acute

6. leaflet orientation: 1. mostly folded

  2. mostly flat

7.  leaf rachis pubescence: 1. densely pubescent (surface obscured, overlap)

  2. moderately to sparsely pubescent (some 

hair overlap)

3. entirely glabrous to subglabrate (or just 

a few scattered hairs)

8. leaf length & width ratio, mature (mm, measure 3, shortest to longest,

mature only)

width: measured leaflet tip to leaflet tip, flat, width

X2 if leaf folded
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length: lowest leaflet to tip

8a. leaf length & width ratio, range (mm)

8b. leaf length & width ratio, average (decimal, mm)

8c.  leaf length & width, coded range:       1.  1-1.9           2.  2-2.9             3.  3-3.9

9. leaf pedicel length (no longer measured)

10.  stem pubescence: 1. densely pubescent (surface obscured, overlap)

  2. (2,3) moderately to sparsely pubescent (some hair

overlap)

3. (4) entirely glabrous to subglabrate (or just a few 

scattered hairs)

10a. stems: 1. prostrate & ascending, ~decumbent & diffuse

2. diffuse & ascending, incurved ascending (low 

clumps, Barneby 1964)

3. several to many, erect to ascending in clumps

10b. stems: 1. branched at base (root crown) or simple, <3dm 

long

2. branched at or above base, below mid-stem, 3-5 

dm long, rarely to 8 dm

3. branched at or below mid-stem. not at base, 3-5 

dm, rarely to 8 dm

11. flower number (integer, count, measure 3)
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11a. flower number (integer, count, average)

11b. flower number, coded range: 1.    <9

2.    10-19.9

3.    20-29.9

4.    30-30.9

5.    >40

12. inflorescence length in flower (mm, measure 3)

12a. inflorescence length in flower, average of 3 (mm)

12b. inflorescence length in flower, coded range (mm): 1.   0-39.9

  2. 40-79.9

3. 80-119.9

4. >120

12c. inflorescence length in flower, largest (mm)

12c. inflorescence length in flower, largest, coded range (mm):

1.   0-39.9

2. 40-79.9

3. 80-119.9

4. >120

13. inflorescence rachis pubescence:

1. densely pubescent (surface

 obscured, overlap)
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  2. moderately to sparsely pubescent (some 

hair overlap)

3. entirely glabrous to subglabrate (or just 

a few scattered  hairs)

14.  inflorescence  pedicel length (mm, measure 3)

14a. inflorescence pedicel length, average (decimal, mm)

14b.  inflorescence pedicel length, coded range:

1.   0-39.9

  2. 40-79.9

3. 80-119.9

4. >120

15. flower peduncle length (mm, measure 3)

15a. flower peduncle length, average (decimal, mm)

15b.  flower peduncle length , coded range: 1.    0-0.9

2.    1-1.9

3.    2-2.9

4.    3-3.9

5.    >4

16. flower peduncle orientation: 1. ascending, straight, & medially or 

obliquely attached
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2. ascending, arched, & medially or 

obliquely attached

3. recurved, straight, & medially attached 

to calyx

17. calyx tube length (mm, measure 3)

17a. calyx tube length, average of 3 (mm, decimal)

17b. calyx tube length, coded range (mm): 1.   <2

2.   2-3.9

3.   4-5.9

4.   6-7.9

5.   >8

17c. calyx tube length, largest. (mm)

18. calyx teeth length (mm, measure 3)

18a. calyx teeth length, average (mm)

18b. calyx teeth length, coded range (mm): 1.   0-0.9

2.   1-1.9

3.   2-2.9

4.   3-3.9

5.   >4

18c. calyx teeth length, largest. (mm)

 19. calyx teeth orientation: 1. erect to spreading (formerly states 1,2,3)
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  2. loosely long recurving (i.e. pattersonii)

20. calyx teeth shape: 1. deltoid

  2. lance-subulate, subulate

3. subulate-setaceous

4. lance-attentuate

5. lance-acuminate

21. calyx pubescence: 1. densely strigulose (surface obscured, overlap)

2. moderately strigulose (some hair overlap)

3. evenly & sparsely strigulose

4. entirely glabrous (or just a few scattered hairs)

21a. calyx hair color: 1. white (may have a few black hairs, especially on

calyx teeth)

  2. black (may have a few white hairs, especially on 

upper tube or sides)

3. mixed evenly

21b. dense calyx hairs in teeth sinus (also on back of tooth): 1=y, 2=n

22. calyx color: 1. yellow & thin papery

 2. pinkish & thick papery

3. yellow & thick papery

4. whitish to green & thin papery (tan on drying)
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5. whitish to green & thick papery (tan on drying,

not early rupturing & constricting base of pod)

23. keel length (mm, measure 3)

23a. keel length, average (mm, decimal)

23b. keel length, coded range (mm): 1.   <5.9

2.   6-10.9

3.   11-15.9

4.   16-20.9

5.    >21

23b. keel length, largest, coded range (mm): 1.   <5.9

2.   6-10.9

3.   11-15.9

4.   16-20.9

5.    >21

24. keel color: 1. light to dark purple maculate

2. tan to pink maculate tipped

 3. ochroleucous, not maculate

4. yellow

25. wing length (mm, measure 3)

25a. wings exceeding keel by: (mm, average of 3)

25b. wing length, average (mm, decimal)
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25c. wing length, coded range (mm): 1.   <5.9

2.   6-10.9

3.   11-15.9

4.   16-20.9

5.    >21

  26. wing color: 1. purple, dark purple tipped

2. purple, white tipped

3. white, pink-purple tipped

4. ochroleucous

  5. yellow

27. banner length (mm, measure 3)

27a. banner length, average (mm, decimal)

27b. banner length, coded range (mm): 1.   <5.9

2.   6-10.9

3.   11-15.9

4.   16-20.9

5.    >21

  28. banner color 1. purple & white & purple striate central spot

2. whitish to ochroleucous & pink tinged

  3. tan ochroleucous to whitish
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4. yellow

29. inflorescence length in fruit (mm, measure 3)

29a. inflorescence length in fruit, average of 3 (mm)

29b. inflorescence length in fruit, coded range (mm): 1.   0-39.9

  2. 40-79.9

3. 80-119.9

4. >120

29c. inflorescence length in fruit, largest (mm)

29d. inflorescence length in fruit, largest, coded range (mm):

1.   0-39.9

  2.  40-79.9

3.  80-119.9

4.  >120

30. pod peduncle length (mm, measure 3)

30a. pod peduncle length, average (decimal, mm)

30b. pod peduncle length, coded range (mm): 1.    0-0.9

2.    1-1.9

3.    2-2.9

4.    3-3.9

5.    >4

31. pod peduncle orientation: 1. ascending to spreading, straight
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 2. ascending to spreading, arched

3. appressed to erect, straight

4. recurved, arched

32. fruiting pedicel length (mm, measure 3)

32a. fruiting pedicel length average (decimal, mm)

32b.  fruiting pedicel length, coded range (mm): 

1.    0-0.9

2.    1-1.9

3.    2-2.9

4.    3-3.9

5.    >4

  33. pod pubescence: 1. sparse & minutely scaly pubescent

2. densely white strigulose

 3. sparsely to moderately white strigulose

4. mostly glabrous

34. pod length & width ratio (mm, measure 3)

34a. pod length & width ratio, range (decimal, mm)

34b. pod length & width ratio, average (decimal, mm)

34c. pod length & width ratio, coded range (mm):

1. 0x-2x  (round, globose)

  2. 2x-4x  (broadly elliptic, elliptic)
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 3. 4x-6x  (narrow elliptic, oblong, narrow oblong)

4. 6x-8x  (linear)

5. >8x  (linear)

35. immature pod length/width  (decimal, mm, average of 3)

36. pod length, average (decimal, mm)

36a. pod length, average, coded range (mm): 1. 0-4.9

 2. 5-9.9

3. 10-14.9

4. 15-19.9

5. 20-24.9

6. 25-29.9

7. 30-34.9

8. >35

37. pod width, average (decimal, mm)

37a. pod width, average, coded range (mm): 1.  0-4.9

2.  5-9.9

3.  10-14.9

4.  >15

38. beak length (mm, measure 3)

38a. beak length, average (decimal, mm)
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38b. beak length, average, coded range (mm): 1.  0-4.9

2.  5-9.9

3.  10-14.9

4.  >15

  39. pod: 1. deciduous

 2. persistent

40. pod stipe/gynophore present: 1. none (obconic receptacle)

2. gynophore

3. stipe

40a. pod stipe/gynophore dehiscence: 1. mid

 2. base of pod

3. base of receptacle

41. stipe/gynophore length (mm, measure 3)

41a. stipe/gynophore length, average (decimal, mm)

41b.  stipe/gynophore length, average, coded range (mm): 1.   0-0.39

2.   0.4-0.59

3.   0.6-0.89

4.   >0.9

42. maximum stipe length (decimal, mm)
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42b.  maximum stipe length , coded range (mm):

1.   0-0.39

2.   0.4-0.59

3.   0.6-0.89

4.   >0.9

  43. pod shape, longitudinal section:

1. seculate; abruptly acute apically

  2. seculate; attenuate apically

3. elliptic, narrowly elliptic, lunate; acute apically

4. oblong, narrowly oblong; attenuate apically

5. linear

6. lanceolate, widest at base; attenuate apically

7.  oval, ovoid, broadly ovoid

8. obovoid, broadly obovoid

9. subglobose

10. clavate-oblanceolate

43a. pod shape, cross section 1. subterete; dorsiventrally compr.;

 obcordate, suture shallow

  2. obcordate; laterally compressed, broadly

to narrowly (obcompressed)
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3. didymous; dorsi-ventrally compressed, 

broadly to narrowly

                                  4. cordate; dorsi-ventrally compressed,

 broadly to narrowly

5. cordate; laterally compressed, broadly to

narrowly

44. upper pod suture sulcate: 1=y, 2=n

44a. suture shallow: 1=y, 2=n

45. lower suture sulcate: 1=y, 2=n

45a. suture shallow: 1=y, 2=n

46. pod orientation: 1. ascending, erect; beak & 1/2 pod curved inward

  2. ascending to spreading; straight

3. spreading, declined; beak & 1/2 pod recurved

4. spreading; slightly curved inward from middle

 (lunate, falcate)

5. spreading; beak & 1/2 pod incurved to 180°

(hamate)

46a. pod orientation, degree of pod incurve, coded range:

1. <90 (45-60) (lunate)

   2. ~90 (60-120) (hamate)
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3. 90-180 (120-180) (circular)

47. filaments in pod: 1. pulpy

                              2. none to hairy or webby

48. septum to flange distance (decimal, mm; bilocular =0 mm)

48a. septum width (mm, measure 3)

48b. septum intruded in beak, beak biloculate: 1=y, 2=n

48c. septum width, average (decimal, mm)

48d. septum width, coded range (mm)

49. septum fused to flange : 1=y, 2=n

50. weak septum present 1-2 mm): 1=y, 2=n

       (or less than 1/2 width of pod, lesser of the 2

 51. pod: 1. bladdery inflated

  2. scarcely inflated

3. not inflated (no locule cavity, seeds surrounded

by valves)

52. pod: 1. mottled

  2. reddish tinged

3. greenish to tannish, not mottling or tint

53. pod valve texture: 1. papery-membraneous (translucent; i.e vitreus)

2. papery, (opaque; i.e. fremontii, salinus)
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 3. firmly (stiffly) papery (not transparent, i.e. 

diphysus)

4. leathery (valves thin)

5. leathery to subligneous (valves thick)


