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Taxonomic History of A. lentiginosus

The nam@éstragalus lentiginosuBouglas ex Hooker (Hooker 1833) has been withinses
David Douglas collected what is currently knownlas. var. lentiginosussomewhere in the
Blue Mountains of Oregon. Many of what we now knaswarieties oA. lentiginosusvere
originally described as unique species and subsgiguamped withinA. lentiginosuonce
distinctions among the taxa became less clear fysiwge to increased collecting). Sereno
Watson was the first to formally describe a varigtypstragalus lentiginosu@/NVatson 1871),
however it was Marcus E. Jones who first propobeddea of numerous varieties contained in
the one species (Jones 1895), culminating in kisian of the genus (Jones 1923) and
recognition of 18 varieties &. lentiginosus

Per Axel Rydberg employed a very different spec@mept stating that any “any form that is
worth describing is worth a name and that a binbraibetter than any other” (Rydberg 1929b:
1540). In order to achieve this he had to eletfaaank of many varieties, subspecies and
species, resulting in the distribution of what werently know asAstragalusover 27 genera and
the varieties oA. lentiginosuglistributed among the geneZgstiumSteven andiumMedic.
(Rydberg 1929a). A novelty proposed by Rydbergevgarctions within these genera including
Coulteriang DiphysaandLentiginosain the genu€ystiumand the sectioRalantiain the genus
Tium While these names have not persisted in theuliterature their structure is reflected in
the keys of Jones (1923), Barneby (1945, 1964,

1989), Spellenberg (1993) and Welsh (2007).  Table 1A history of comprehensiva.
choose to retain Rydberg's sections as lentiginosustreatments. Note that
morphologically cohesive groups which are  Rydberg’s treatment includes the genera
therefore useful in understandiAglentiginosus  CystiumandTium(see text).

It is important to note that a 'species' usuallgdo

not contain 'sections' but | use the word for Author Year Taxa
historical purposes. Jones, M.E. 1923 18
Rydberg, P.A. 1929 36
Our modern arrangement Astragalus gz::ggy’ E'g' iggi gg
lentiginosuss the product of Rupert Barneby isely Dy, o 1998 40
(1945, 1964, 1989). He employed the system of \ n~s b ANTS 2006 35

one species with numerous varieties proposed byyqish s L. 2007 42
Jones but included many of the Rydberian species




which Jones did not. Barneby seemed to displagtt@m of recognizing numerous taxa in his
early treatment (1945) but lumped taxa in his latestments (1964, 1989) when distinctions
became blurred. This did not stop him, or othiecsn describing new varieties which has
maintained a high number of taxa within the species

The most recent treatments include that of Duaaly (4998), whom appears to follow
Barneby’s system but retains taxa that Barnebymsymésed. The NRCS list (2006) appears to
follow Barneby more conservatively. Finally, Wel&®07) has provided a revision of the genus
which will also appear in the Flora of North Americeatment. This most current treatment
recognizes taxa which Barneby had synonymisedagiddes new taxa, proving that
lentiginosusgs still an active field of botanical discovery.

Biology of Astragalus lentiginosus

Distribution ofAstragalus lentiginosydike many members of the genus, is restricted to
marginal habitats. At the extremes this incluagnd dune systems, desert seeps, and alpine
ridges but also includes meadow margins among [malgeine and sagebrush, sagebrush
steppe, pinyon-juniper woodland, and ponderosa foirest (Fig. 1). Perhaps concordant with
habitat type, some of the varieties are widespogathrrow endemics.

The varieties appear to be diploids of an aneupkudl (Spellenberg 1976) which unites them
with the rest of the New Worldstragalusinto a well supported clade refered to as Neo-
Astragalus(Wojciechowski et al.
1993; Wojciechowski et al. 1999;
Appendix B). Relationships within
Neo-Astragalusremain dubious
despite sequence analysis of nucleal
ribosomal internally transcribed
spacer region (ITS; Wojciechowski et
al. 1993) and ITS combined with the
chloroplastirnL intron

(Wojciechowski et al. 1999; Appendix
B).
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The breeding system #.
lentiginosuss still poorly
characterized. Anecdotal evidence
suggests tha. lentiginosuss self
incompatible. This is not entirely
true. A single individual grown from
seed collected at Panamint Dunes,
Inyo County, CA produced copious
amounts of flower. This was the only
individual which flowered in that Fig. 1 Distribution ofAstragalus lentiginosus
greenhouse so there was no opportunity (data inferred from Barneby 1945).
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Table 2 Recognized varieties éfstragalus lentiginosumcluding sectional arrangement which follows
Rydberg (1929a), distribution (B.C. = British Coloi@, Canada; SON = Sonora Mexico), and abundance.
Barneby’s sample is divided into his personallylexibd specimens (listed first) and the herbaribgess

he viewed. CpSSR and AFLP samples are dividedgetgraphic populations (listed first) and total
number of individuals sampled. Column totals arthatbottom in bold.

Rydbergian Barneby's

Variety Section Distribution sample  Morphometrics CpSSR AFLP
A. |.var.ambiguus Coulteriana AZ 1/4 - 1/4 -
A. l.var. australis Coulteriana AZ 10/31 - 1/4 -
A. l.var.borreganus Coulteriana CA, AZ; SON 4/31 19 2/8 2/30
A. l.var. coachellae Coulteriana CA 2/34 20 3/10 3/50
A. l.var. fremontii Coulteriana AZ, %ﬁ\_ NV, 14/101 21 8/31 6/60
A. l.var. kennedyi Coulteriana NV 3/31 19 2/8 2/20
A. |. var.micans Coulteriana CA 0/5 - 1/4 1/10
A. l.var. nigricalycis Coulteriana CA 2/56 - 1/4 1/9
A. |. var. stramineus Coulteriana NV 1/9 - 1/4 -
A. |. var. variabilis Coulteriana CA, NV 9/114 21 8/28 7/100
A. l. var. vitreus Coulteriana AZ, UT 2/16 - 1/4 -
A. l.var.yuccanus Coulteriana AZ 3/16 - 1/4 -
A. l.var.araneosus Diphysa NV, UT 8/39 20 3/12 -
A. |.var. chartaceus Diphysa NV, OR 9/56 10 2/8 -
A. |.var.diphysus Diphysa AZ, NM 10/66 16 - -
A. . var. higginsii Diphysa NM, TX - - - -
A. l.var.idriensis Diphysa CA 1/24 - 1/4 -
A. l.var.latus Diphysa NV 1/5 - - -
A. |.var. multiracemosus Diphysa NV - - - -
A. l.var.negundo Diphysa uT - - - -
A. . var. oropedii Diphysa AZ o/7 - - -
A. . var. piscinensis Diphysa CA - - 1/4 -
A. . var. pohlii Diphysa uT - - - -
A. |.var. sesquimetralis Diphysa CA, NV 1/1 - 217 -
A. . var. albifolius Lentiginosa CA 3/16 - 1/4 -
A. |.var.antonius Lentiginosa CA 0/8 - 1/4 -
A. l.var.floribundus Lentiginosa CA, NV, OR 2/26 14 217 -
A. l.var.ineptus Lentiginosa CA 2/23 21 1/4 -
A. l.var.kernensis Lentiginosa CA, NV 0/8 - 1/4 -
A. l.var.lentiginosus Lentiginosa CA, NV, OR, 3/73 13 4/15 -

WA, ID; B.C.
A. . var. salinus Lentiginosa CA, ID, NV, 12/102 20 10/39 -
OR, UT, WY
A. . var. scorpionis Lentiginosa NV, UT 1/26 10 2/8 -
A. l.var. semotus Lentiginosa CA, NV 0/14 - 217 -
A. l.var.sierrae Lentiginosa CA 2/18 - 1/4 -
A. |.var. maricopae Palantia AZ 0/5 - 1/4 -
A. |. var. mokiacensis Palantia AZ, NV, UT 0/5 - 2/8 -
A. l.var. palans Palantia AZ, CO, UT 9/40 20 1/4 -
A. l.var.trumbellensis Palantia AZ - - 1/4 -
A. l.var.ursinus Palantia uT 1/1 - 1/4 -
A. |.var. wilsonii Palantia AZ 2/16 - 1/4 -
40 varieties 118/1027 244 71/272 22/279



for it to cross with other individuals. Flowersedripped by depressing the keel so that pollen
was shed. Although numerous flowers were prodocdyltwo fruits were produced. Within
these fruits were approximately four seeds eadhs dontrasts with the 23-29 ovules reported
by Barneby (1964: 948). This indicates tAatentiginosuss self compatible at some low level,
however it is still unknown whether this is at adewhich is significant enough to affect the
biology of the species.

The system | adhere to represents a hybrid bettiemse of Barneby and Welsh. For the most
part | agree with the synonymization of taxa inrigdy’s later works, but | also recognize some
of the new taxa presented by Welsh. | have alsnddrydberg’s sections as useful
morphological groups and feel that add an importayer of hierarchy in the understandingfof
lentiginosus | feel that these sections have been an imanit of all comprehensive treatments
of A. lentiginosusand here | simply make them explicit. It is imiaort to recognize that many
taxa have been described since Rydberg’s treat(h®829a) so the arrangements presented here
should be considered an interpretation which attergpfollow Rydberg but includes new
opinion.

Morphometric Perspectives inAstragalus lentiginosus

Data type: Morphometrics (measurement of morphological chtearadrom herbarium sheets).
Status: In manuscript, to be

submitted. Table 2 Morphometric characters measured and their

principle component loading
Methods: In order to explore current

circumscription (Barneby 1945, 1964

1989) as well as to explore phenotypicharacter Precision PC1 PC2 PC3
correlations to climatic parameters, Vegetative

measurements of taxonomically Internode Length 0.5mm  0.3047 0.2498 -0.0130
important characters were collected eaf Rachis Length ~ 0.5mm  0.3683 0.1681  0.0536
from herbarium specimens (Table 3). |eaflet Number count  0.0850 -0.2800 -0.0470
Most characters were measured with @eafiet Length 05mm 03375 0.1614 -0.0020
ruler. Small structures were measuredeafiet width 05mm 03381 0.1692  0.0552
either with an ocular micrometer or & pegigle jength 0.5mm 00242 00828 -0.2333

digital calliper. A goal of 20
individuals per taxon was pursued for
the common varieties (the varieties
which are best represented in
herbaria) and was frequently obtained

Floral

Peduncle Length 0.5mm  0.3658 0.2069 0.0409
Floral Axis in Fruit 0.5mm  0.2937 0.3250 0.0267
Calyx Tube Length 0.5mm  0.2577 -0.4654 0.0713

(Table 2). Calyx Tooth Length 0.05mm  0.2741 -0.3029 0.0415
Keel Length 0.5mm 02956 -0.3821 0.2145

Principle components analysis was ~ Fruit

performed on a matrix of correlations Pod Length 0.5mm  0.2543 -0.2265 -0.3597

so that each character would be Pod Height 0.5mm  0.0993 0.0835 -0.5256

We|ghted equa”y' Princip|e Beak Length 0.5 mm 0.0663 -0.2751 -0.5270

Pod valve thickness 0.0l mm 0.0866 -0.1807 0.4458
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components were extracted from the analysis fahéurcomparisons. Here we interpret
principle components as a multivariate summaryewtsal characters. For example, it a
population of plants receives a lot of rain theyyrgeow well and this may be evident in the
plant’s height, internode length, and leaf sizec@ise these characters are responding to the
same parameter, water, they are correlated andmaymmarized as growth. Other characters
such as seed production or flower size may respmother parameters. In the present study
characters associated with vegetative growth daurttd to the first component while floral
characters contributed to the second.

Climatic parameters were extracted from the PRISkAskt (Daly et al. 2002). Because of the
large geographic region coveredAstragalus lentiginosuis was desireable to attach
seasonality to climatic parameters (i.e., spring g@me in early March in Southern California
but not until late April in Eastern Oregon). Irder to assign seasonality to climatic parameters
sine waves were fit to monthly temperatures torpakate daily values using custom R scripts (R
Development Core Team 2007). A growing seasondciingdn be defined as days above 10° C
(or some other value if desired). A growing seasauid then be defined from the first frost free
day to the last frost free day in the year. Beeaguscipitation data did not appear to follow a
sine wave approximation the temperature data waglgiused to assign months as growing
season or dormant season.

Results: Statistical analysis resulted in correlations wideiparted dramatically from a random
expectation (Fig. 2; Table 4). Approximately 38&=0.3838) of the variance in vegetative
characters and 21% (& 0.209) of the floral characters can be explaimgdlimatic parameters.
While these strong correlations indicate patteriimiwiA. lentiginosust also appears that the
varieties and sections lack clear regions of dignaity (Fig. 2) to define them. This suggests
that the species represents a cline in morpholbdiearsity which lacks clear divisions. Itis
also important to recognize that this perspectm@esents a large geographical area (the Great
Basin, the Mojave and Sonoran Deserts). Due tpabehy nature oA. lentiginosus’s

PCA1
pC2
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Dormant Season Precipitation (log mm) Days Abave 10° C

Fig. 2 Correlations of principle components in respoies@j dormant season precipitation
and (b) days above 10° C. Color scheme follows&abl



Table 4 ANOVA tables for linear models fit in Fig. 1.

A. PC1 in response to dormant season precipitation. B. PC2 in response to Days above 10° C.

Std.
Estimate Error tvalue Pr(>|t|) Estimate Std. Error el Pr(>|t])
Intercept  8.784 0.824 10.66 <2e-16 Intercept -4.34 0.228 -5.883 2.02E-08
Slope -1.600 0.144 -11.12 <2e-16 Slope 0.011 0.0026.872  1.08E-10
Residual s.e.: 1.782 on 196 degrees of freedom. sidRal s.e.: 1.375 on 174 degrees of freedom
Multiple R-Squared: 0.3869, adjusted R-squared3883  Multiple R-Squared: 0.2135, adjusted R-squa®e2D9
F-statistic: 123.7 on 1 and 196 DF, p-value < 2.8e- F-statistic: 47.23 on 1 and 174 DF, p-valueG82e-10

distribution it seems doubtful that any transeotfra basin to a range may collect all the
intermediates in this cline, however when all thexps of the puzzle are collected from
throughout the range of the species the distinstimtome blurred. Also, because this cline in
phenotype is distributed throughout the rangA.déntiginosust seems doubtful that the clinal
nature is due to a shared ancestry, instead itse®re plausible that the clinal nature of the
group is due to a common response to climate.

Chloroplast molecular perspectives iPAstragalus lentiginosus

Data type: Chloroplast Simple Sequence Repeats (SSRs; Mielbss; Short Tandem
Repeats; STRS).
Status: In prep.

Methods: A goal to survey the taxonomic and geographicrditae with Astragalus lentiginosus
was pursue by sampling populations with a sampke af three to four individuals per
population. For some analyses samples from offemias ofAstragaluswere employed. These
taxa wereA. amphioxugA. iodanthus, A. platytropi#\. pseudiodanthy#\. purshij andA.
utahensis

In order to visualize relationships among the t@amd haplotypes a neighbor-joining tree was
created from a matrix of pair-wise distances. riferi optimal group number within our sample
and their geographic distribution the software Gameéwas used (Guillot et al. 2005, Guillot et
al. 2005). This is a hierarchical Bayesian analyghich the authors describe their algorithm as
identical to the popular software Structure (Pairchet al. 2000, Falush et al. 2007) except that it
allows for the use of an x and y coordinate inrttadel. Here we’ve used latitude and longitude.

Results: Chloroplast analysis revealed 57 haplotypes wighitentiginosusand a total of 65
haplotypes (Fig. 3). Haplotypes are shared amanigties. While no haplotypes are shared
amongA. lentiginosusand the other sampled specief\sfragalusthere is very close
relationship among all the taxa, includiAgtragalustaxa nesting withir. lentiginosus
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Fig. 3 Neighbor-joining dendrogram constructed from ariratf pair-wise distances among five chloroplast
microsatellites. Numbers refer to the number ohiiddials which share a haplotype.



Fig. 4 Map of posterior probabilities of group memberdb@sed on five chloroplast
microsatellites where white represents a high gritbyaof belonging to a particular group
and red represents a low probability. Dots represampled site

The software Geneland resulted in an optimal nurabgroups of seven, this is neither the
number of sections recognized by Rydberg (1929%lgT2) or any other the previous treatments
(Table 1). Some of these groups appear to be gpbmgally cohesive (Fig. 4b), an expectation
of isolation by distance. However some groups apfeimply the sharing of genetic material
across the Great Basin while not sharing with arty@ geographic intermediates (Fig. 4a).

Chloroplast SSRs do not appear to support the hgsat of varieties nor do they seem to
support a pattern of isolation by distance. Heeanterpret this data as evidence of incomplete
lineage sorting, where ancestral diversity was laigth time since divergence has been recent so
that the haplotypes have yet to sort themselveslimages. Coalescent simulations were
performed on datasets with the same sample sizgearetic diversity observed in the empirical
dataset which resulted in time on the order of nedsl of thousands of years required for lineage
sorting to complete (this analysis is ongoing).

Nuclear molecular perspectives irAstragalus lentiginosus

Data type: Amplified fragment length polymorphism (AFLP; ario of DNA fingerprinting).
Status: In prep.

Methods: In order to survey within population diversity hiih a subset of\. lentiginosughe
Coulterianawere chosen. A goal of 10 individuals per popatatvas created with a few select
populations which had sample sizes of 20.



Results: Data analysis is currently ongoing. Small amowhtstructure appear to support
varietal hypotheses however it is currently ungentehether this differentiation is significant.

AFLPs produce large quantities of molecular datdgmiunately there is also an inherent amount
of genotyping error associated with AFLP datas€ts example, | am currently working with

288 samples (some are controls which are not listddble 2) and approximately 500 markers
(from six primer pairs), this results in a matrontaining 144,000 data points. I'm currently
exploring new software (Whitlock et al. 2008) antom R scripts to screen the dataset for high
guality, reproducible data.

General Conclusions

Many species concepts have been proposed ovee#tie §nd a common theme among them is
that the species is ‘discrete.’” It is the metrithwvhich we judge ‘discreteness’ which has been
the source of much debate (i.e., morphologicakadyrctive, genetic, etc.). This seems to imply
that the infra-taxon should somehow be non-discrétas is the perspective that | feel fits
Astragalus lentiginosus

A lack of discontinuity should not be taken asaesnent that there are no notable differences
among what we currently know as varietief\ofentiginosus The morphological diversity
containing inA. lentiginosusas been captured in its taxonomic history as waxah range from
purple to white flowers, stems and leaves whichhaiigy to glabrous, and a habit which varies
from erect to prostrate. The habitats whiréentiginosuss found vary from inland dunes and
desert seeps to forests of Ponderosa and eveteBoisé Pine. The climatic spectrum these
varieties exist in spans from sites where a fraay tve expected any night of the summer to sites
where freezing temperatures are rare even in Deeeanta January (Knaus et al. 2007). Its not
that this group is not diverse, its that it lackarl regions of distinction with which to subdivide

it, hence it is recognized at the infra-specifick®f variety.

Chloroplast molecular genetic data do not supparthlypothesis of varieties. However it is also
important to recognize that the chloroplast dataoloappear to support the hypothesis of
isolation by distance. This is interpreted asya sif more complex processes, such as
incomplete lineage sorting. When two populatioasdme isolated they are not immediately
genetically distinct. Each population containsibset of the molecular diversity of the
progenitor population, much of which may be shaembng these newly isolated populations.
Through generational time some of this diversitgdmees extinct due to genetic drift, while
some of it may be replaced by new mutation. As uinlikely that an identical mutation will
occur in multiple populations it is these new migiag which slowly lead to the divergence of
lineages until they no longer share diversity amisotated populations. The time for this
process to occur is dependent on generationaldimdehe amount of diversity contained in the
ancestral population. The greater the ancestvarsity the longer it will take to sort into
distinct lineages.

Astragalus lentiginosulsas several attributes which suggest lineagengpntiay be ongoing in



the group. Firstis an assumption that
the group is fairly young. Sites
currently occupied by populations of
A. lentiginosusnay have been very
different during the last ice age. What
are currently inland dune systems may
have been Pleistocene lake shores,
desert seeps may have been part of
Pleistocene river systems, and alpine
regions may have been covered with
perennial snow and therefore have
been unavailable. Dispersal to these
new sites may have driven the
evolution of the group into varieties
and therefore may have been a fairly
recent event.

Members of the genusstragalusin

the New World are similarly .. Fig. 5 Comparison of normally distributed (A)
considered to be part of a recent radiatic 54 yniformly distributed (B) data. Normally
which may have initiated around 5 distributed data may have a ‘natural’

million years ago (Wojciechowski et al.  giscontinuity, uniformly distributed data lack
1993). This has been interpreted as a  ihis feature.

recent for the low levels of molecular

divergence within the group (Wojciechowski et &93; Wojciechowski et al. 1999). Of
particular importance is the concept of ‘radiatiofhe process of lineage sorting relies on
ancestral neutral markers to go extinct and beaogpl with new mutations. Each population has
a finite amount of molecular diversity which it ceontain, which is usually a fraction of its
census size. As a population grows, such as thraugdiation event, it increases the amount of
neutral molecular diversity it may contain. Inskegrowing populations genetic drift (the force
that removes shared ancestral diversity) is mirehizOnce a population size stabilizes mutation
will act to add diversity until it equilibratest i not until this equilibrium is reached that
ancestral diversity begins to be sorted from thedge. The small divergence times in
AstragalusandA. lentiginosusnay have led incomplete lineage sorting, but #ugation (i.e.,
growing) of the population has exacerbated theeissu

The varieties oAstragalus lentiginosusepresent a remarkable array of diversity whicly ima
interpreted as a group in the process of speciatignoup which demonstrate adaptation to
climate and perhaps a group which is in the miflstradiation. However this diversity is
surprisingly uniform in its distribution (Fig. 5)reventing unbiased division. There are
undoubtably numerous statistically significant elifnces among populationsAflentiginosus
however | here take the opinion that a taxon, afohilely a species, requires a more robust test
that statistical significance. Normal distributsomay have significantly different means but also
have largely overlapping 95% confidence intervalutting in significant difference but low
diagnosability. Until an unbiased measure can heldped to subdivide the bewildering
diversity in this group | encourage adherence ¢oetkisting taxonomy of Barneby (1964, 1989),
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Spellenberg (1993) and Welsh (2007) who clearly ertheéir taxonomical decisions with the
belief that they were making distinctions and aexéfore relatively unbiased in respect to this
new information.
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Appendix A.
Astragalus lentiginosusSynonymy

Astragalus lentiginosu®ouglas ex Hook. 1831.

A. |. var. albifolius M.E.Jones 1923.

A. . var. ambiguusBarneby 1964.

A. |. var. antoniusBarneby 1945.

A. |. var. araneosugE.Sheld.) Barneby 1945.
A. |. var. australisBarneby 1945.

A. |. var. borreganusM.E.Jones 1898.

A. |. var. caesariatuBarneby 1944 A. |. var.idriensisM.E.Jones.
A. |. var.carinatusM.E.Jones 1923 A. |. var.lentiginosusBarneby.
A. |. var. charlestonensi§Clokey) Barneby 1945 A. |. var.kernensigJeps.) Barneby.
A. |. var. chartaceusM.E.Jones 1895.

A. |. var. coachellaeBarneby 1964.

A. l. var.coulteri (Benth.) M.E.Jones 1898A: I. var. coachellaeBarneby.
A. |. var.cuspidocarpudl.E.Jones 1895 A. |. var. chartaceusM.E.Jones.
A. I. var. diphysus(A.Gray) M.E.Jones 1895.
A. |. var. floribundus Gray 1865.

A. I. var. fremontii (A.Gray 1857) S.Watson 1871.
A. I. var. higginsii S.L.Welsh 1981.

A. |. var. idriensisM.E.Jones 1902.

A. l. var. ineptus(A.Gray) M.E.Jones 1923.
A. |. var. kennedyi(Rydb.)Barneby 1945.

A. |. var. kernensis(Jeps.) Barneby 1945.

A. l. var. latus (M.E.Jones) M.E.Jones 1923.
A. |. var. lentiginosusBarneby 1964.

A. |. var.macdougali(E.Sheld.) M.E.Jones 18954 |. var. diphysugA.Gray) M.E.Jones.
A. |. var.macrolobum(Rydb.) Barneby 1945 A. |. var.salinus(Howell) Barneby.

A. |. var. maricopaeBarneby 1945.

A. |. var. micansBarneby 1956.

A. |. var. mokiacensigA.Gray) M.E.Jones 1923.

A. l.var.mokiacensi$ma. Barneby 1945 A. |. var.ambiguusBarneby.

A. |. var. multiracemosusS.L.Welsh & N.D.Atwood 2007.

A. |. var.mysticusappears in ‘Plumas County and Plumas Nationaldtdtiera: 2001 Draft.’
This is not a validly published name, apparentlyduas a placeholder fé. lentiginosus

A. |. var. negundoS.L.Welsh & N.D.Atwood 2007.

A. I. var nigricalycis M.E.Jones 1895.

A. |. var. oropediiBarneby 1945.

A. |. var. palans(M.E.Jones) M.E.Jones 1898.

A. |. var. piscinensisBarneby 1977.

A. l. var.platyphyllidius(Rydb.) M.Peck. 1940 A. |. var.chartaceusV.E.Jones.

A. |. var. pohlii S.L.Welsh & Barneby 1981.

A. |. var. salinus(Howell) Barneby 1945.

A. |. var. scorpionisM.E.Jones 1923.

A. |. var. semotusleps. 1936.
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A. I. var. sesquimetralifRydb.) Barneby 1945.

A. |. var. sierraeM.E.Jones 1923.

A. |. var. stramineus(Rydb.) Barneby 1945.

A. |. var. tehatchapiensigRydb.) Barneby 1945 A. |. var.idriensisM.E.Jones.
A. l. var.toyabensiBarneby 1945 A. |. var. scorpionisM.E.Jones.

A. l. var.tremuletorunmBarneby 1945 A. |. var.scorpionisM.E.Jones.

A. I. var. trumbullensisS.L.Welsh & N.D.Atwood 1981.

A. |. var.typicusBarneby 1945 A. I. var.lentiginosusBarneby.

A. l. var. ursinus (A.Gray) Barneby 1945.

A. |. var. variabilis Barneby 1945.

A. |. var. vitreusBarneby 1945.

A. |. var.wahweapensiS.L.Welsh 1978 A. |. var. araneosuéE.Sheld.) Barneby.
A. |. var. wilsonii (Greene) Barneby 1945.

A. |. var. yuccanusM.E.Jones 1898.

AstragalusL.

Astragalus agninugdeps. 1943 A. . var.borreganusVi.E.Jones.

A. albifolius(M.E.Jones) Abrams 19444 |. var. albifolius M.E. Jones.

A. amplexus$ays. 1915 A. |.var. palans(M.E.Jones) M.E. Jones.
A.araneosus.Sheld. 1894 A. |. var.araneosugE.Sheld.) Barneby.

>PPPPPP>P>P2P>P>2>>>>P>2>>2>> > P

. arthu-schottiiA.Gray 1863 =A. |. var.borreganusM.E.Jones (in part).

. bryantiiBarneby 1944 A. |. var. palans(M.E.Jones) M.E.Jones.

. coulteriBenth. 1848 A. |. var.borreganusM.E.Jones.

. coulterivar. fremontii (A.Gray) M.E.Jones 1895 A. |. var. fremontii (A.Gray) S.Watson.
diphysu®\.Gray 1849. =A. . var.diphysugA.Gray) M.E.Jones.

d.var. albiflorus A.Gray 1849 =A. I.var.diphysugA.Gray) M.E.Jones.

d.var. albiflorus (A.Gray) Schoener 1974.A4. |.var.diphysuqA.Gray) M.E.Jones.
d.var.latusM.E.Jones 1893 A. |. var. latus (M.E.Jones) M.E.Jones.
eremicusSheld. 1893 A. |. var. fremontii (A.Gray) S.Watson.

fremontiiA.Gray 1856= A. |. var. fremontii (A.Gray) S.Watson.
f.subsperemicugSheld.) Abrams 1944 A. |. var. fremontii (A.Gray) S.Watson.
f.var.yuccanugM.E.Jones) Tidest. 19414 |. var. yuccanudM.E.Jones.

. heliophilus(Rydb.) Tidestr. 1925 A. |. var. salinus(Howell) Barneby.

. idriensis(M.E.Jones) Abrams 1944/ |. var.idriensisM.E.Jones.

ineptusA.Gray 1864 =A. . var.ineptus(A.Gray) M.E.Jones.

kernensideps. 1923 A. |. var. kernensigJeps.) Barneby.
k.ssp.charlestonensi€lokey 1942 =A. |. var. kernensigJeps.) Barneby.
latus(M.E.Jones 1893) M.E. Jones 189AA. var.latus (M.E.Jones) M.E.Jones.
macdougalE.Sheld. 1894 A. |.var.diphysugA.Gray) M.E.Jones.

. merrillii (Rydb.) Tidestr. 1937 A. |. var.chartaceusVl.E.Jones.
mokiacensig.Gray 1878 =A. |. var. mokiacensigA.Gray) M.E.Jones.

. nigricalycis(M.E.Jones) Abrams. 1944/ |. varnigricalycis M.E.Jones.
palansM.E.Jones 1893 A. |. var. palans(M.E.Jones) M.E.Jones
p.var.araneosugE.Sheld.) M.E.Jones 1895A¢ |. var.araneosugE.Sheld.) Barneby.
. salinusHowell 1893 =A. |. var. salinus(Howell) Barneby.

. sierrae(M.E.Jones) Tidest. 19374 |. var. sierraeM.E.Jones 1923.
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A. tehatchapiensi@Rydb.) Tidest. 1937 A. I. var.idriensisM.E.Jones.
A. ursinusA. Gray 1878= A. |. var.ursinus(A.Gray) Barneby.

A. wilsoniiGreenel897 =A. I. var. wilsonii (Greene) Barneby.
A. yuccanugM.E.Jones) Tidest. 19354 |. var.yuccanudvl.E.Jones

Cystium Steven

Cystium agninunfJeps.) Rydb= A. |. var.borreganusM.E.Jones.

. albifolium(M.E.Jones) Rydb. 1929 A. |. var. albifolius

. araneosunfE.Sheld.) Rydb. 1913. A. |. var.araneosugE.Sheld.) Barneby.
. arthu-schottii(A.Gray) Rydb. 1929 A. |. var.borreganusM.E.Jones.

. cornutunRydb. 1929 ZA. |. var.chartaceusvl.E.Jones.

. eremicun{Sheldon) Rydb. 1929. A. |. var.fremontii (A.Gray) S.Watson.
. floribundum(Gray) Rydb. 1929. A. I. var.floribundusGray.

. fremontii(A.Gray) Rydb. 1929 A. |. var.fremontii (A.Gray) S.Watson.

. griseolunRydb. 1929. A. |. var. fremontii (A.Gray) S.Watson.

. heliophilumRydb. 1917 =A. |. var. salinus(Howell) Barneby.

. idriense(M.E.Jones) Rydb. 1929A. |. var.idriensisM.E.Jones.

. ineptum(A.Gray) Rydb. 1905 A. . var.ineptus(A.Gray) M.E.Jones.

. kennedyRydb. 1929 =A. |. var. kennedy(Rydb.)Barneby.

. kernens¢Jeps.) Rydb. 1929 A. |. var. kernensigJeps.) Barneby.

. latum(M.E.Jones) Rydb. A. . var.latus (M.E.Jones) M.E.Jones.

. lentiginosun{Dougl.) Rydb. 1913 A. |. var.lentiginosus

. macdougal{E.Sheld.) Rydb. 1929. A. |. var.diphysugA.Gray)

. macrolobunRydb. 1929 =A. |. var. salinus(Howell) Barneby.

. merrillii Rydb. 1929 =A. I. var. chartaceusvl.E.Jones.

. nigricalyce(M.E.Jones) Rydb. A. I. varnigricalycisM.E.Jones

. ormsbyensBydb. 1929 =A. |. var.floribundusGray.

. pardalotumRydb. 1929 =A. |. var. variabilis Barneby 1945.

. platyphyllidiumRydb. 1929 =A. I. var.chartaceusvi.E.Jones.

. salinum(Howell) Rydb. 1917 -A. I. var. salinus(Howell) Barneby.

. scorpionigM.E. Jones) Rydb. 19294 |. var. scorpionisM.E.Jones 1923.
. sesquimetral®ydb. 1929 A. I. var. sesquimetrali§Rydb.) Barneby 1945.
. sierrae(M.E.Jones) Rydb. A. |. var.sierraeM.E.Jones 1923.

. stramineunRydb. 1929 =A. |. var. stramineugRydb.) Barneby 1945.

. tehatchapiensBRydb. 1929 =A. |. var.idriensisM.E.Jones.

. vulpinumRydb. 1929 =A. |. var. salinus(Howell) Barneby.

. yuccanunfM.E.Jones) Rydb. 1929 A. |. var.yuccanusM.E.Jones

O00000000000000000000000000000

HamosaMedic.
Hamosa amplexudays.) Rydb. 1917 A. |. var. palans(M.E.Jones) M.E.Jones

Phacal.
Phaca ineptgA.Gray) Rydb. 1900 A. I. var.ineptus(A.Gray) M.E.Jones.
P. lentiginosaDouglas) Piper 1906 A. |. var.lentiginosus



Tium Medic.

Tium amplexunfPays.) Rydb. 1929 A. |. var. palans(M.E.Jones) M.E.Jones.
T. mokiacens@A.Gray) Rydb. 1929 A. |. var. mokiacensigA.Gray) M.E.Jones.
T. palans(M.E. Jones) Rydb. 19294 |. var. palans(M.E.Jones) M.E.Jones.
T. ursinum(A. Gray) Rydb. 1929 A. . var.ursinus(A. Gray) Barneby.

T. wilsonii (Greene) Rydb. 1929 A. |. var. wilsonii (Greene) Barneby.

TragacanthaTournef.

Tragacantha diphyséA.Gray) Kze 1891. A. |. var.diphysugA.Gray) M.E.Jones 1895.

T. lentiginosaDougl.) Kuntze. 1891 A. . var.lentiginosus
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Appendix B.
Reproduction (and reformat) of the Wojciechowskale{1999) phylogeny of New World
Astragalusbased on nuclear ribosomal ITS and chloroplast intron.
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