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Abstract

The genud.appulaMoenchis a diverse groupf herbaceous planis the large
cosmopolitan family Boraginaceae. Over sixty species are recognized in Eorasiaare found
in cold deserts, steppes, aratrs-deserts of Central Asia. Fewer species were desdiibed
westernNorth America andcompared with the Asiarpecies they are poorly knowMarious
North American taxd&ave been placed into synonomy under Euragi@ciesand complex
patterns of variatiohave made speciegcumscrption challengingThe goal of this dissertation
was toexplore phylogenetieelaionships between North American and Eurasian species and to
revise the taxonomy of the North American species.

A molecular phylogenetic study was initiated in ordeinfer patterns of relationsh#p
among the North American speciesative to Eurasiadiversity. Samples were collected from
throughouthewestern United Statemnd from Siberia. Additional samples of Eurasian species
were taken fronmerbarium specimenSequences were generated for three DNA regions (the
ITS region of the nuclear ribosohfaNA, and chloroplast intergenic spacémsStrnG and
rpl32-trnL) and phylogenies were generated using parsimony and Bayesian analyses. Results
were in general agreement among all analyses. The gappsilawas recovered as a
monophyletic group, with gnexception of the morphologically anomaldusessiliflora
(Boiss.) Gurkewhich was sister to the genRecheliaRchb.The nativeNorth American species
of LappulaandL. redowskii(Hornem.) Greenéormed a cladeSamples of.. squarrosa(Retz.)
Dumort, aEurasiarsteppe plant with a wide introduced ramgdorth America, groupedith
samples fronkEurasia Sampled pecies oHackeliaOpiz, a genus sometimes treated as part of
Lappulg formed a clade separate from theppulaspecies sampled here.

Herbarium and field studies resulted in a revised taxonomy for the North American
Lappula Nomenclatural problems were resolved; nine native species and four varieties were

recognized along with the introduced Eurasian spécisguarrosa
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Abstract

The genud.appulaMoenchis a diverse groupf herbaceouplantsin the large
cosmopolitan family Boraginaceae. Over sixty species are recognized in Eorasiaare found
in cold deserts, steppes, aratrs-deserts of Central Asia. Fewer species were desdiibed
westernNorth America andcompared with the #ian species they are poorly knowfarious
North American taxd&ave been placed into synonomy under Euragi@ciesand complex
patterns of variatiohave made speciegcumscrption challengingThe goal of this dissertation
was toexplore phylogenetielationships between North American and Eurasian species and to
revise the taxonomy of the North American species.

A molecular phylogenetic study was initiated in ordeinfer patterns of relationsh#p
among the North American spesrelative to Eurasian diversitgamples were collected from
throughouthewestern United Statemnd from Siberia. Additional samples of Eurasian species
were taken fronmerbarium specimenSequences were generated for three DNA regions (the
ITS regionof the nuclear ribosomal DNA, and chloroplast intergenic spage34rnG and
rpl32-trnL) and phylogenies were generated using parsimony and Bayesian analyses. Results
were in general agreement among all analyses. The gappsilawas recovered as a
morophyletic group, with the exception of the morphologically anomalossssiliflora
(Boiss.) Gurkewhich was sister to the genRecheliaRchb.The nativeNorth American species
of LappulaandL. redowskii(Hornem.) Greenéormed a cladeSamples of.. squarrosa(Retz.)
Dumort, aEurasiarsteppe plant with a wide introduced ramgdorth America, groupedith
samples fronkEurasia Sampled pecies oHackeliaOpiz, a genus sometimes treated as part of
Lappulg formed a clade separate from theppulaspecies sampled here.

Herbarium and field studies resulted in a revised taxonomy for the North American
Lappula Nomenclatural problems were resolved; nine native species and four varieties were

recognized along with the introduced Eurasian spécisguarrosa
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Introduction

The genud.appulaMoench comprises a group of annual, biennial, and occasionally
perennial herbs in the large and cosmopolitan family Boraginaddaegenus is generally
distributed throughout the Holarctic Kingdom though much of the diversity is concentrated in the
Circumboreal and Iranduranian Regions of Siberia and Central Asia (followiadchtajan
1986. Habitats wherd.appulaspecies can be found include steppes, desaltseanideserts,
and barren substrates (Popov 1958¢zinnikova2006a) Over 60 species have been
recognized for Eurasi@vczinnikova2009b).Lappula squarrosgRetz) Dumort. is widely
introduced throughout the northern hemisphere and this speciewdmasheg genus in general
the reputation as being weedy (at least in North Americappula squarrosas considered
native to the Eurasian steppes and is thought to have spread westward into Europe and to North
America and elsewhere (Popov 1958) cortrast many speciesf Lappulahave much
narrower ranges; a number are narrow endemics found only in the Siberian and Mongolian Altai,
Kazakhstanand in Tian Shan Mountains of China, and are not invasive (Popov 1953; Zhu et al.
1995;0vczinnikova2009) Whereas Asialhappulaspecies have been studied in terms of
cytology (Lugue 1992; Coppi et al 2006), developmental anatomy (Hilger 1985), palynology
(Diez and Valdez 1991)vczinnikova2006c¢), micromorphologydvczinnikova2006b) and
ecology (Ma et al. @L0),comparatively little is known about the North American species.

In North America, estimates of diversity have varied from two polymorphic species,
including the introduced speciessquarrosa Al-Shehbaz 1991) to five species with eight
varities (dhnston 1924). No less than 26 varietal combinations and species names have been

applied by various authors to North America taxa (Terhational Plant Names Index [IPNI]
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2012), but the taxonomic identity of North American species has been confoynded b
complicated patterns of variation, and nomenclatural confusion. Similarities among North
American and Eurasian taxa have resulted in unresolved questions regarding the distinctiveness
of North AmericarLappulaspecies.

Lappulaspecies are typically ppescent, covered variously in simple hairs and have
funnel shaped or campanulate corollas in shades of blue or white (Popov 1953; Edmonson 1978;
Ovczinnikova2006a) The inflorescence is a scorpoid cyme (Buys 20)ecies are
distinguished by a suitd eharacters, but fruit characters amestimportant for identification
The fruits inLappulaare schizocarps of four mericarps (also called nutléiagh mericarp has
an abaxial (outward facing) disk that can be narrowly linear to broadly @vates bordered by
one or more rows of marginal spines which can be free or variously connadbaz 199,
Edmonson 1978)Heterocarpyrultiple fruits types on a single plant anang plants in the
same species) and heteromericarpylfiple nutlet typesn a single frui} arenot uncommon in
Lappula(see for exampl@opov 1953; Zhu et al. 1995; Ma et B992) Heteromorphidruit
characterganinclude differences ithedegree of connatiorr anflation of marginal spinesnd
degree of attachment to the gynobase.

The taxonomy of North Americamppulaspecies has been complicated by multiple
factors While Greene described seven speciesl[2012), specimens with his determinations
were not widely distributed, and it widl seem that his nomenclatural types were not seen by
revisonary workers4s dserved in Nelson and Macbride [1916]; and Johnston [1924] who
omittednames in synonymyecordedquesions marks, or by disregardsgecific epithés with
nomenclatural priaty), and this resulted in unclear concepts of species identNiagation

relative to heteromorphic fruits and the connate spines and swollen margins has also been a



cause of taxonomic confusioi®pecimens with fruits having thin margioa their nutétshad
been described as distinct specledesertorunGreene L. foliosaA. Nels. [based upor.
desertorunGreenevar.foliosaA. Nelsor, L. infelix GreeneL. columbianaA. Nelson andL.
leucotrichaRydberg Lappula desertorurfincludingL. foliosa) is distinguished from the others
by its low branching growth form and fruits shorter than the styl@vever he other taxa with
thin variously connatautlet margins ardistinct in part of theirangesut where their ranges
overlapit is challengingif impossibleto assign specimens a particular speciesThese were
assigned to infraspecififanksunderL. cupulataRydberg(Nelson and Macbride 19)&nd
underL. texanaby Johnstor{(1924), but the relationship of these heteromorphic forniseto
species under which they were placed is unknown and the classificatstargely superficial
For example, Johnstond6és 1924 treatment had
of L. texana(Scheele) Britbn regardless of othenorphological traits This was a change from
Nel son and Ma c(bodG)wheredtise fruits vatlathimengst were considered a
species separate fromtexana Johnston (1935) later changed his taxonamayingdifferences
between the fruits wherthe marginal spines arise from a swollen mavgnsus those where the
spines arise from an obscure or thin margin and become variously connate at midaurity
placed taxa with swollen nutlet margins into synonomy ubhdésxanaand those with a thin
mar gi n or @ wedowskiasLapputheedowskivar. desertorun{Greene) I.M.Johnst
(1935).

Relationships to Asian species have been proposed for some North Anhexigata
taxa on the basis of fruit morpholggndare reflected in various taromic treatments of these

species One example is the treatment of North AmeritanccidentalidS. Watsoh Greene,



described originally as a variety @ primarily Siberian specids redowskii(Hornem) Greene

(originally Echinospermum redowsKb. Wats) Greene varoccidentalé.

Authors have differed in their treatment of this taxétowever, thadentity of Lappula

redowskiiis not as straightforward as it would seefhor ne mannos Myesstis r i pti on

redowskiiHornem., the basionym &. redowskii,served only to distinguish the species from

others in the gardest Copenhagen, It does not cleatigtinguish the species from other species

of Lappulg referring only to vegetative and floral characters (shared by many species in the

genu3, and noting that the dektion in the garden was frormperial RussiaWatson based his

description upon comparisons of North American material collected from various localities in

Nevada with representative Asian species from the Gray Herbarium (Wi83d) He

concluded that the North American material was distinct, and included in the description of his

new variety illustrations of the Asian spectesredowskiandE. patulaLehm. for comparison

(Watson 1871) Watson cited de Cualolle (1846)whd ol | owed Lehmanndés (181

characterization oE. redowskiwhich was based upon material from the vicinity of Lake Baikal

in eastern Russian our study, we followDvczinnikova €005)concept oll. redowskiias an

eastern Asian species, alsoinlinewi Lehmandés and Watsonds conceyf
Lappula squarrosappeardairly early in the collection history of North America and was

reported for Maryland as early as 1698 (Johnston 193&)pula squarrosas now found in

every Canadian provincespecially in the prairie provinces, and it was such a problem in crop

fields that by 1904 the species was declared a noxious weed in Canada (Frick 1984). Though not

federally listed in the United States, it is state listed in Aldska://aknhp.uaa.atka.edu)

where that stateds Nadtsguarmdan Hesiveness caek offarty gr am g



four (out of one hundred)Hultén noted that it was common along roadsides and was
ARapparently introduced into our area [ Al askal]
Three species similar ta squarrosan having multiple rows of spines on their nutlets were
described from the western Unit8thtesi. fremontii(Torr.) Greenel.. cenchrusoides.
Nelson andL. erectaA. Nelson In the two revisionary works focused on North American
species (Nelson and Macbride 1916; Johnston 1#243e were considered distinct North
American speciesLappula fremontiiwas hypothesized to be close to the Central Alsian
semiglabra(Ledeb.) GirkéNelson and Macle 1916. Brand retained one species from
Wyoming, L. cenchrusoide#. Nelson as distinct, but placeld. erectaas a variety under.
squarrosa(asL. echinataGilib.). Subsequent floristic works have followed this to a certain
degree, though. cenchrusoidebas been treated variously as a distinct species, or as
synonymous with.. squarrosa The varying treatments reflect confusion not onlyulibe
taxonomic identity ot.. fremontiirelative toL. cenchrusoideandL. erecta but about the
identity of each of these relative to the introdutedquarrosa Determining how the North
American taxa relate to the diversity in Eurasia has implinatfor the taxonomy of the group.
Historically, Lappulahas been considered part of tribe Eritrichieae Benth. et Hook, a tribe
characterized by corollas with a short tube, a distinct limb with rountadse floral lobes, and
a pyramidal to subulate gynate (Popov 1953and by its fruitswhich attach to a subulate or
pyramidal gynobase along the middle or lower adaxial <ldeZinnikova2009a). Gray
disagreed withhe splitting Eritrichieae and Cynoglossaeae into two tribes, noting that there were
too many overlapping characters between the genera of these tijlistEfyseparating them
and followed DeCandolle imcluding them in the single tribe Cynogossa@amy1884).

Phylogenetic investigations into relationships in Boraginaceae using data from nuclear and



chloroplast DNA support a broader Cynoglosseae including the former Eritrichéags{rom
and Chase 2002Veigend 2010; Cohen and Davis 2012; Nazaire auftoktl 2012). Pollen
shape is the known morphological synapomorphy supporting this circumscription of
Cynoglosseae (Hargrove and Simpson 2Q@8igstrom and Chase 2002

Relationships betwedmppulaand other genera have been proposed based on
morphologi@l similarities.HackeliaOpiz.,RocheliaRchb., and_epechiniellaPopov have each
been suggested as potential close relativéappula Several species éfackeliafrom the
western United States were treated as pdrappulai n Nel s on a evidionditheb r i d e 0 ¢
North AmericanLappula(1916) In distinguishingHackeliafrom Lappulg Johnstor{1923)
reasoned the two genexere clearly morphologically distinct, basing this separation upon
inferences from a number characters including gynobase momphahape of the fruit
attachment scatr, life history traits and vegetative chara€terthermore, he asserted that
Hackeliashared more characteristics wihitrichium, in particular section Coloboma D.C.
(Johnston 1923)rhis similarity has resultedavying treatments for some species. For example
the plant treated asackeliathymifolia(A. DC.) I. M. Johnst. bylohnston (1940), Popov (1953),
andOvczinnikova(2007) is alternately treated Bstrichium thymifolium(A. DC.) Y.S. Lian &
J.Q. Wangn the Flora of China(zZhu et al. 1995) Amblynotus rupestri@Pall. ex Georgi) Popov
ex Serg., separated as a monospecific genus because of its unique smooth fruits, was shown to be
nested within a clade &tritrichium species (Nazaire and Hufford 201Reflecting
disagreement on taxonomic affinities of the species, some authors continue kb thetiéxa
Opiz as part oLappula(e.g.Flora Europeg Chater 1972Mansion et al2009).Popov (1953)
considered the narrow endemic Central Asian géepgchiniella Popov and notlackeliato be

the closest relative dfappula While he noted similarities betwe®&wocheliaand the



morphologically anomalous. sessiliflora,Popov (1953) treated the geriRscheliaas part of its
own tribe.Ovczinnikova s s u diassificatiom df the former Eritrichieae groudesppula
andLepechiniellainto their own sukiribe Echinosperminae.

Molecular phylogenetic studies that have sampled frappulahave confirmed its
taxonomic placement in Cynoglosseae &angstrom andChase 200R A study of the
Trigonotideaeshowed a sister relationship betweappulaandMertensia but sampling of
Cynoglosseae was limited (Weigend et al. 20kboshsokhan et al2010) studying
interspecific relationships iRochelig includedL. sessilifloraandL. barbataas outgroup taxa
based on their earlier unpublished waorlticatinga sister relationship between the two genera
(they did notshae if Lepechiniellaor Hackeliahad been included in those stugjieNazaire and
Hufford (2012),with the most comprehensive sampling in Cynoglosseae s.l. to date, included
four Lappulaspecies, threRocheliaspeciesand threeHackeliaspecies. In their studthese
three genera formed a strongly supported clade, consistent with morphologichlesgsobf
relationshipWe are aware of no published phylogenetic studies thatihelled species of
Lepechiniella

This work represents the first molecular phylogenic study focused on thelgguda The
aims of this research were to investigatetieteships of North American taxa and to place these
findings within the broader context of relationships of the genus, relating North American
members to Eurasian diversity. Additionallye test the alternate taxonomic hypothesds of

fremontiias distirct and native, or part of the introdudedsquarrosa



Materials and Methods

Taxon sampling

Sampling withinLappulaaimed to include diversity from throughout western North
America as well as species from Asia that have been hypothesized to be synonymous with or
closely related to the North American species (Nelson and Macbride 1916; Macbride 1916;
Johnston 1929; Brand931Popov 19530vczinnikova2005, 2006d).Eurasian species with
similar morphology td.. occidentalisandL. redowskiiwere includedo compare relationships
among morphologically similar species; samples were included from the Eurasian species
LappulapatulaAsch. ex Girkel.appulastricta (Ledeb.) GurkeandL. brachycentroide®opov.
Samples of L. squarrosadrom North America and Siberia wareluded. Samples oHackelia
(North American and Siberiargritrichium, andAmblynotuswere includec&mong the ingroup
taxa. Mertensiawas selected as the outgroup taxon for the phylogenetic analyses as it is
consistently placed outsideappula(Weigend2010; Gertsen and Olmstead 2008).

In sampling the North American taxa, the present study followsastembmic revision of
Johnston (1924), but in some cases not all varieteze sampled Samples were compared with
type specimens during preparation of the taxonomic revision (Chapter 2) and nomenclatural
adjustments were made to reflect thi$e taxonmy of the Eurasian species follows that of
Ovczinnikova(2010) who recognize@ightsubsections anburteenseries Table1.1). Efforts
were made to sample divessthroughout the genus, though much of the material obtained from
field collections andherbarium specimercame from Sectiohappula It was not possible to
sample from sectiorRupestresindLipshitziaas these includearrow endemicand collections

were unavailable Samplesf SiberianL. redowskij as well as species with superficially similar



morphology includind-. patula L. tenuis L. stricta(species in Sectiobappulathat have a
single row of marginal spines) were includeéshmplesvere also included from speciegth
multiple rows of spinethat have beehypothesized to be relatéd L. fremontii(includingL.
cenchrusoideandL. erectg.

A total of 30 accessions dhppulawere includedTable1.2), with material from North
America (18 samples), Siberia (7 samples), Kazakhstan (3 samples), and China (2 s&kples).
sampled thoroughly in section Lappula and samfadedof theremaining sevesections of the
genus. Field collected samples were dried in silica gel and stored at room temperature until
extraction. Materialobtained from herbarium specimerssindicated inTable1.2. with an

asterisk.
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Table 1.1 Subgeneric Classification of EurasiarLappulaspecies following Ovcimnikova

(2009.

Section

species

Series

\[o}

Lappula DC, 1846 20
Lappula Ovczinnikova, 2005 7
Redowskianae Ovzinnikova, 2005 1
Anisacanthae Ovzinnikova, 2005 3
Strictae M. Popov ex Ovczinnikova, 2005 8
Patulae Ovczinnikova, 2005 1
Omphalolappula (Brand) 6
Ovczinnikova, 2005 Omphalolappula (Brand) Ovczinnikova, 4
2005
Macrae M. Popov ex Ovczinnikova, 2005 1
Anomalolappula M. Popov ex 1
Ovczinnikova, 2005
Lipschitzia Ovczinnikova, 2005 2
Sclerocaryum DC. et A. DC., 1846 2
Sinaicaeae (Riedl) Ovczinnikova, 3
2005
Macranthae (Riedl) Ovczinnikova, 8
2005 Macrantheae (Riedl) Ovczinnikova, 2005 2
Semiglabrae Ovczinnikova 2005 5
Lipskyanae Ovczinnikova 2005 1
Rupestres Ovczinnikova, 2005 2
Microcarpae (M. Pop.) Ovczinnikova, 19
2005 Microcarpae M. Pop. 1953 7
Tianschanicae M. Pop. ex Ovczinnikova 8
2005
Popovianae Ovczinnikova, 2005 4
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Table 1.2 Sampling. Summary of DNA samples tied to field collectiaumbers and locality data wiitdication of DNA regions
sequened for each oneClassification of Eurasian samples follo@sczinnikova(200&, 2009). Samples indicated with an asterisk

(*) were extractedrom herbarium materialln cases where thspecies namesed herdor North American taxa differsom

Johnstonds 19haAastoeadt me airdrated méracketsni ti on i s

Species name [Name used DNA
DNA Collector _ by Johnston 1924 _if Fruit morphology Locality data region(s)
number = number different (North American sequenced
species only)]
L. anisacantha (Turcz. ex
SJR Bunge) Gurke Sect. Fruits with two rows of Irkutsk Oblast, Siberia,
2455 1217b Lappula, Ser. Anisacanthae | spines Russian Federation ITS, cpDNA
L. brachycentra (Ledeb.)
Gurke Vostochno-
Sect. Microcarpae, Ser. Fruits with a single row of | Kazahkstanskaya Oblast,
2474 OVC s.n. | Microcarpae spines Kazakhstan ITS, cpDNA
AUK L. brachycentroides Popov | Fruits with a single row of
2458* 27.06.05 | Sect. Lappula, Ser. Lappula | spines Kazakhstan ITS, cpDNA
M. L. consanguinea (Fisch. &
Nazaire C.A. Mey.) Gurke Fruits with two rows of
2485* 1912 Sect. Lappula, Ser. Lappula | spines China, Xinjiang ITS, cpDNA
SJR L. consanguinea Gurke Irkutsk Oblast, Siberia,
2454 1216a Sect. Lappula, Ser. Lappula | See above Russian Federation ITS, cpDNA
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Species name [Name used

by Johnston 1924 if
different (North American

DNA
number

Collector

number Fruit morphology

Locality data

species only)]

DNA

region(s)
sequenced

Fruits with a single row of
spines, plants have
L. cucullata A. Nels. heteromorphic fruits.
[L. texana (Scheele) Biritt. Fruits have homomorphic
var. heterosperma and heteromorphic
(Greene) A. Nelson & J.F. nutlets. Some nutlets with
SJR Machbr.] connate spines and
2440* 757A inflated margins. Wyoming, Carbon Co. ITS, cpDNA
L. cucullata A. Nelson
[L. texana (Scheele) Britt.
var. heterosperma
SJR (Greene) A. Nelson & J.F. North Dakota Bowman
2423 1102B Macbr.] See above Co. ITS, cpDNA
L. desertorum Greene
[Greene, 1924 treats as L.
texana (Scheele) Britt. var.
heterosperma (A. Nelson) Nutlets with a single row
J.F. Macbr. later as L. of spines, frequently
occidentalis var. connate at their bases
SJR desertorum (Greene) .M. forming a wing in the
2488 1124 Johnst. lower part. Elko, Nevada cpDNA
SJR L. fremontii (Torr.) Greene | Nutlets with two rows of
2327 1081 var. fremontii spines. Wyoming, Albany Co. ITS, cpDNA
SJR L. fremontii (Torr.) Greene North Dakota, Bowman
2422 1101b var. fremontii See above Co. ITS, cpDNA
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Species name [Name used DNA
___byJohnston 1924 if - - gi
DNA Collector by Johnston 1924 if Fruit morphology Locality data region(s)

number = number different (North American
species only)]
L. fremontii (Torr.) Greene

sequenced

SJR var. nelsonii var. novem [L.
2330 1080 fremontii (Torr.) Greene] See above Wyoming, Albany Co. ITS, cpDNA
L. heterosperma Greene Nutlets with a single row
[L. texana (Scheele) Britt. | of spines. Fruits
var. heterosperma heteromericarpic with
SJR (Greene) A. Nelson & J.F. | three or more nutlets with | Wyoming, Sweetwater
2325 1071 Macbr.] a swollen nutlets margin. | Co. ITS

L. heterosperma Greene
[L. texana (Scheele) Britt.
var. heterosperma
(Greene) A. Nelson & J.F.
2326 CJF 812 | Macbr.] See above Wyoming, Fremont Co. ITS, cpDNA
L. heterosperma Greene
[L. texana (Scheele) Biritt.
var. heterosperma

SJR (Greene) A. Nelson & J.F.
2428 1062A Machbr.] See above Colorado, San Miguel Co. | ITS, cpDNA
L. heterosperma Greene Plants from this
(homomorphic) population had
[L. texana var. homomorphic fruits and
SJR homosperma (A. Nelson) A. | nutlets with swollen
2438 670A Nelson and J.F. Macbr.] margins. Montana, Prairie Co. ITS
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DNA

region(s)
sequenced

Species name [Name used

by Johnston 1924 if
different (North American

DNA
number

Collector
number

Fruit morphology

Locality data

2425

SJR
1122

species only)]
L. longispinus sp. novem

[Not clear that Johnston
saw this.]

Fruits with a single row of
spines homomaorphic.

Washington, Adams Co.

ITS, copDNA

2420

SJR
1082

L. occidentalis (S. Watson)
Green
[L. redowskii (Hornem.)

Greene var. occidentalis (S.

Wats) Rydb].

Fruits with a single row of
spines, homomorphic

Nebraska, Kimball Co.

ITS, cpDNA

2331

SJR
1054

L. occidentalis (S. Watson)
Greene
[L. redowskii (Hornem.)

Greene var. occidentalis (S.

Wats) Rydb.]
Sect. Lappula, Ser.
Redowskianae

See above

Colorado, Montezuma
Co.

ITS

2429

SJR
1073

L. occidentalis (S. Watson)
Greene

[L. redowskii (Hornem.)
Greene var. occidentalis S.
Wats.]

Sect. Lappula, Ser.
Redowskianae

See above

Wyoming, Uinta Co.

ITS
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DNA
number

Collector

number

Species name [Name used

by Johnston 1924 if

different (North American
species only)]

Fruit morphology

Locality data

DNA

region(s)
sequenced

L. occidentalis (S. Watson)
Greene
[L. redowskii (Hornem.)
Greene var. occidentalis S.
Wats.]
SJR Sect. Lappula, Ser.
2431 1084 Redowskianae See above Nebraska, Keith Co. ITS
L. occidentalis (S. Watson)
Greene var. stricta (S. Fruits with a single row of
Wats) comb. nov. [L. spines, heteromorphic or
redowskii (Hornem.) homomorphic. This
Greene var. desertorum sample had all nutlets the
(Greene) I.M. Johnst. same. Some plants
Fehlberg | Sect. Lappula, Ser. assigned to this variety
2475 50208-3 | Redowskianae are heteromericarpic. Arizona, Yavapai Co. ITS, cpDNA
L. patula Asch. ex Girke Fruits with a single row of | Alma-Ataysky Oblast,
2461* AUK s.n. | Sect. Lappula, Ser. Patulae | spines, homomorphic. Kazakhstan ITS, cpDNA
L. redowskii (S. Watson)
Greene
SJR Sect. Lappula, Ser. Fruits with a single row of | Irkutsk Oblast, Siberia
2453 1203a Redowskianae spines, homomorphic. Russian Federation ITS, cpDNA
L. semiglabra (Ledeb.)
AUK Gurke Fruits with more than one
28.05.20 | Sect. Macranthae, Ser. row of spines,
2480* 03 Semiglabrae heteromorphic. Kazakhstan ITS, cpDNA
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DNA
number

Collector
number

Species name [Name used

by Johnston 1924 if

different (North American
species only)]
L. squarrosa (Retz.)

Fruit morphology

Locality data

DNA

region(s)

sequenced

SJR Dumort. Fruits with two rows of
2436 447D Sect. Lappula, Ser. Lappula | spines, homomorphic. North Dakota, McKenzie | |ITS, cpDNA
SJR L. stricta (Ledeb.) Gurke Fruits with a single row of | Irkutsk Oblast, Siberia,
2476 1200 Sect. Lappula, Ser. Strictae | spines, homomorphic. Russian Federation ITS, cpDNA
M.
Nazaire L. tenuis (Ledeb.) Girke Fruits with a single row of
2486* 1899 Sect. Lappula, Ser. Lappula | spines, homomorphic. China, Xinjiang, ITS
L. texana var. Fruits with a single row of
septemptrionalis=var. spines, fruits
novem heteromericarpic, with
SJR [L. texana (Scheele) Britt. three nutlets having
2421 1100 var. texana] inflated margins. Nebraska, Dawes Co. ITS
L. texana var.
septemptrionalis=var.
novem
SJR [L. texana (Scheele) Biritt.
2333 1083 var. texana] See above. Nebraska, Keith Co. ITS, cpDNA
ovC L. tuvinica Ovczinnikova Fruits with two rows of Siberia, Russian
2459* 2004 Sect. Lappula, Ser. Lappula | spines, homomorphic. Federation ITS, cpDNA
SJR Amblynotus rupestris (Pall.) Irkutsk Oblast, Siberia
2463 1204 Popov NA Russian Federation ITS, cpDNA
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Species name [Name used DNA
DNA Collector by Johnston 1924 if region(s)

Fruit morphology Locality data sequenced

number = number different (North American
species only)]

Eritrichium thymifolium
(DC.) Y.S. Lian & J.Q.
Wang [Ovchinnkova follows
SJR Hackelia thymifolia (A. DC.) Irkutsk Oblast, Siberia,
2464 1211 [.M. Johnst.] NA Russian Federation ITS, cpDNA
2472* SJR 428 | Hackelia deflexa Opiz NA Dawson Co, Montana ITS, cpDNA
SJR Buryatia, Siberia,
2465 1224 H. deflexa Opiz NA Russian Federation ITS, cpDNA
H. floribunda (Lehm.) .M.
2358* SJR 805 | Johnst. NA Utah, Summit Co. ITS, cpDNA
SJR Irkutsk Oblast, Siberia,
2483 1205 Mertensia dahurica G. Don | NA Russian Federation ITS, cpDNA
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DNA extraction, PCR, andeqquencing

Total genomic DNA wasxtracted using the CTABexadecyltrimethylammonium
bromidg method(Doyle and Doyle, 19873s modified bytookerman and Jansen (1996).
Generally, undiluted total genomic DNA was used in PCR reactircsptfor a few samples
where the template was dildtevith ddH0 to a oneenth, or onene hundredth concentration.

The internal transcribed spacer region (ITS) region of nuclear ribosomal DNA was
amplified using the primend S4 of White et al. (1998ndmodified ITS5 of Downie and Katz
Downie (1996)PCR reactions of 581 were prepared using of 2eM primer, 10¢ bf 5X
PCR buffer, & bf 25 mM MgC}, 4 ml of 10mM dNTP, 1.22.50¢ Ibf GotagTaqpolymerase
(Promega) and-2 ¢ bf DNA template. Amplifications were run in a PT00 thermal cycler
(MJ Research, IncJp mostcasewi t h a 5 minute fAihot starto at
whenTaqwas added to each tube. This was followed b32&ycles consisting of a one minute
denaturing step at 94°C, a one minute annealing step at 50°CpB2a one minute extension

at 72°Cjollowed by a final extension at 72°C for five minutes.

The chloroplast intergenic spacer regigoi82-trnL, andtrnS-trnG were amplified using
the primergpl 32 (Shaw et a2007) andtrnL""® (Shaw et aR007) andtrnG (GCU)andtrnS
(UCC) (Hamilton 1999. For both regionsPCR reactions of 58 were prepared using Sof
each primer, 1@ bf 5X PCR buffer, & bf 25mM MgCh, 4¢ bf 10mM dNTP, 1.28.5 units
of GotaqTagpolymeraseRromega)and 12 ¢ bf DNA, with the following exceptionfor 18
samplesde bf 25 m MgC} was used to amplify thienStrnG region, his modification enabled
sufficient amplificationrand improved sequence data qualityhese samplesAmplifications for
rpl32-trnL began with a 2 minute denaturing step at 94°C, followed by 30 cycles consisting of a

one minute denaturing step at 94°C, a one minute annealing step at 56°C, and a one minute
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extension step at 72°C, followed by a final extension at 72°C for five minéesplates that

did not amplify were subjected to bytheistemst st ar

summarized abové&ortrnStrnG, samples were run using two different PCR programs (both

with a hot start 5 minutes at 94°C ) followed by 28@rcycles of a one minute denaturing temp

of 94°C, a one minute annealing step at 52°C or 54.5°C, and a five minute extension step at 72°C.
PCR results wre visualized on a 2% agarosd gtained with ethidium bromide solution.

Samples were compared agdia standard 1 kilobase DNA laddenftrogen).PCR products

were purified using a QiaQuick purification kipiagen Corp.) followingna nuf act ur er 6 s

instructions Purified PCR products were visualized on a 2% agarose gel stained witlhrethid

bromide. Concentrations for sequencing reactions were estimated by visual comparison with a

low DNA mass ladderigvitrogen). Purified PCR reactions were sequetién both directions

using the samprimers as for PCRandsequencing reactions were performed wiigDye

v3.1 kit (Applied BiosystemsIncf) ol | owi ng manufacturerds instru

reactions were usedequencing reactions were run for 2 minutes at 96°C followed by 25 cycles

of 96°C for 15 seconds, 50°C for 5 seconds, and 60°Cuonfmutesaspetma nuf act ur er 6 s

instructions Samples were purified usiplumns filledhydrated Sephadex-80® (Sigma Life

Sciencesand dehydrated in a vacuum centrifuge for 20 minuBssnples were run on an ABI

sequenceeitherat theDNA facility at thelowa State Universitpffice of Biotechnologyor at

the Kansas State UniversiDNA Sequencing and Genotyping Facility in the Plant Pathology

Department

Sequence Editing and Alignment

Sequence data were editedSequencher ver. 4. Géne Codes @p., Ann Arbor, MI),
and manually aligned in SeAl ver(0a11 Rambaut, 2002)T'helTS sequence data did not

include extensive polymorphisms.oWever, ina fewsequencethere were single basepéip)
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polymorphisns, andthese were treated as biguous @ta. Five quencesvere downloaded
from GenBank and added to the ITS alignménbarbata(AB564703.1) Rocheliacancellata
(AB564702.1) R. cardiosepalAB564711.1)andEritrichium nanum(AY092901.1). Some
areas of ambiguity were observed in the KBSp), andrnS-G (5 bp) alignments and were
excluded in the phylogenetic analyg&able 1.4)

Three datasets weamalyzdin this study, one nuclear region (ITS), one dataset
comprisng the two chloroplast regionand one concatenatelata seincluding the chloroplast
plus ITS regions (combingd

Gaps in sequence alignments (also referred to as indels) of varying lengths have been
hypothesized to be phylogenetically informative when coded as binary presence absence
characters (reviewed by Simmoand Ochoterena 2000Fomparative analyses of simulated
datasets suggest that both simple and modified complex indel coding can increase support values
and improve resolution in those datasets that have low sequence variation but numerous gapped
positions (Simmons et a2007). Alignments for the ITS¢hloroplastand combined datasets
were coded following the simple indel coding (SIC) and modified complex indel coding (MCIC)
schemes in the program SeqStatei€ller 2005. Prior to loading the fileshealignments were
exported from S&\l as rexus filesandchecked and edited in a text editor to ensure that the
formatting was compatible with SeqStateEdited rexus files were loaded into SegState and the
SIC and MCIC options were selected.

Phylogenett Analyses
Maximum parsimony (MP) analyses were performed in PAUP* ver. 4.(%40fford,

2003)for the ITS, chloroplastand combined datasetgith various approaches to coding indels
in order to compare how coding gaps (using both SIC and MCIC) eesusg gaps as missing

daia would affect tree resolutiaand branch suppofTablel.3). For all analyses, the ambiguous
21



regions in the alignment8 pp tota) were excluded, and polymorphismere treated as
ambiguous dataWhen heuristic searches could not run to comple26;000 madnum trees

were selectedStatistical support for relationships was assessed using bootstrap analyses
(Felsenstein 1985)Bootstrap support was assessed using a heuristic search with simple taxon

addition andree bisection reconnectiomBR) swapping. The number of bootstrap replicates

and maximum trees held per bootstrap pseudoremiastesummarized ifablel1.3. Visual

inspection of the trees ditbt reveaktrongly supported irmgruence. fie partition

homogeneity testHarris199) was implemented in PAURas the ILD tegtto check for

incongruence of the nuclear and plastid data parti{ibd80 repetitions) The result was

insignificant(p=0.350), andhe concatenated ITS acntloroplasidatasets were analyzed as a

combined dataset.

Table 1.3 Summary of parsimony analyses.

Dataset

Maximum trees
set for Heuristic

Bootstrap

Pseudoreplicates

Maximum trees held
per bootstrap

tree search

pseudoreplicate

ITS Maximum trees | 1000/500/1000 500/100 (but
gaps allowed to allowed to
excluded/SIC/MCIC increase in in all increase)/500
analyses
Plastid Maximum trees | 10000/500/500 1/100/100
gaps held at 20,000
excluded/SIC/MCIC for all analyses
Combined Maximum trees | 500/500/500 500/100/100
gaps allowed to
excluded/SIC/MCIC increase in all
analyses

22




For the Bayesiaanalysesmodels of evolution were chosasingMrModeltestv.2
(Nylander 2004 The selected models are summarizethble 1.4below). Bayesan analyses
were performedn the program Mr. Bayes v.(Bluelsenbeck 2001; Ronquist 20@#h the ITS,
plastid and combined datasets usingsblected model select¢fiablel.4), andmodel
parameters were estimated directly in Mr. Bayeall analysesBoth the chloroplasind
combined datasets were partitioned by geggon. The partitions were unlinked and rates were
set to variable. Two million generations were run for each analysis, sampling one tree every 500
generations. Twentfive percent othe total trees were discarded as burn in.

Table 1.4 Models selected for Bayesian anasgs.

DNA region Model selected Mr. Modeltest
ITS GTR+G
GTR+R
rpl32 HKY, F81
trnS-trnG F81
Results
Alignments

The ITS alignment had the shortest length but had 73 more parsimony informative nucleotide
characters than thehlorgplast data matriTable 1.5. The combinedlatasetvas 2131

basegoairs (bp)long and included 99 parsimony informative charadieith gaps coded as

missing datd able 1.5. TrnS-trnG had more indels thampl32-trnl. For all the datsets simple
indel coding (SIC) contributed more parsimony informative characters than did modified

complex indel coding (MCICTable 1.5.
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Table 1.5. Summary of charactersand tree statisticsfor each indel coding scheme for each dataset.

ITS (nuclear) | Chloroplast | Combined
Aligned matrix length 637 total: 1494 2131
rpl32-trnL: 738
trnS-trnG: 756
Number of ambiguous | 4 total: 5 9
characters excluded rpl32-trnL: O
from analyses trnS-trnG: 5
Total number of 633/682/670 1489/1574/1527 2119/2250/2192
characters (included)
Number of coded indel | 49/37* 85/38** 131/73
characters
(SIC/MCIC)
Number of parsimony | 95/120/114 22/64/40 99/160/133
informative characters
(excl. indels/SIC/MCIC)
Number of equally 192/1407/1407 20,000%20,000%20,000° | 576/6/576
parsimonious trees
(excl./SIC/MCIC)
Tree length 272/340/339 122/221/216 331/484
(excl./SIC/MCIC)
Cl ex 0.64/0.62/0.63 0.98/0.79/0.89 0.72/0.72/.72
(excl./SIC/MCIC)
HI ex 0.33/0.37/0.37 0.02/0.21/0.11 0.28/0.28/.28
(excl./SIC/MCIC)
RC 0.63/0.63/0.63 0.92/0.83/0.88 0.76/0.75/.76
(excl./SIC/MCIC)

*30 unordered 7 step matrices
**23 unordered 15tep matrices
***51 unordered 22 step matrices

SMaxtrees set at 20,000
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ITS trees

In the analysis of the ITS data where indels were scored as missing data, the strict
consensus of 192 trees resoladidsamples ofthe genus.appulaexceptl. sessiiflora as a
strongly supported clade with 100% maximum parsimony bootstrap (MPBS) sugigare(
1.1). Within this clade, the North Americdrappulaspecies plus Siberidn redowskiiformed a
clade with 100% MPBS and the Eurasiappula(including the North American accession of
introducel L. squarrosa formed a moderately supped clade with 74% MPBS suppolm.the
Bayesian ITS tree, where a Genbank sequentelmrbatawas available, it formed a clade of
L. brachycentrgSection Microcarpeae) though with very little PP suppbéppula sessiliflora
(an anomalous species in the genus) grouped with the accessikmshetia Amblynotus
rupestrisandE. nanunformed a clade, but the positionBfthymifoliumrelative to that clade
andto therest ofLappulawas not resolvedAnalyses of the ITS data with SIC and MCIC indel
coding did not change the tree topology and had minimal impact on bootstrap support values
(Figurel.2 andFigurel.3). The Bayesian analysis of the ITS data recovaredry similartree

topology aghe parsimony analyses and hsichilar support valuesHgure1.4).

Chloroplast trees

The chloroplastiataset was reduced relative to the ITS dataset and did not include
Genbank sequencedhe plastid dataset resulted in a less resolved tree topology, but no strongly
supported contradictions with the ITS dataséhen gaps were treated as missing dagppula
forms a group with little internal resolutiovith 75% MPBS spport (Figurel.5). Lappula
redowskiiandseveral North American taxarmed a clade with 85% MPBS\ccessions of
Hackeliawere resolved as a clade with 97% MPHEyesian analysis of the plastid data
resuted in the same tree topology as the parsimony analysis but with very strong support for the

clades that were recoverdddurel.8). Coding indels as informative ctecters in the plastid
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dataset resulted in increased resolution within the tree as well as higher support\Wéiaas.
the gaps were coded followed SIC, four clades were recovered within the gernhs and
placement ofour speciesvas unresolve@Figurel.6). Hackeliaformed a strongly supported
clade that did not include eithEr thymifoliumor A. rupestris MCIC coding of the plastid tree
changedhe treetopology only slightly for examplethe clade includind.. fremontiiaccessions
was not recovered in the consensus tFegufe1.7)).

The combined analysis with gafreated as missing data resol\egpulawith 100%
MPBS a clade of North American species plusedowskij and a clade dflackeliaspecies
(Figurel.9). The MCICtree was identical to the tree where gaps were treated as missing data,
though with slightly higher bootstrap support for some relationships within the gegus(
1.11). Relationships withirLappulawere better resolved in the SIC consensus tree, though with
weak to moderate suppofigure1l.10). The Bayesian tree showed the same general patterns of
relationships as those recovered from the parsimony analyses, and with similar support values.
However, in the Bayesian analysis, soctees within the North Americdn/redowskiiclade
were resolved with higher support than in the parsimony analygps¢1.12).

With the exception otf.. sesdiflora, Lappulasamples form a clade
In all analyses of the plastid, and combined datakefgulawas recovered as a

monophyletic groupHowever, in the ITS dataset, whdre Genbank accessiofnL. sessiliflora
were includedl.. sessilifloradid not group with the remainingappulaspecies and was
consistently strongly supported as sister to a cladRooheliaaccessiongFigure1.13). In a
parsimony angsis includingall available Genbank accessionsRafcheliaspecies as part of the

ingroup,L. sessilifloraresolved as sister to that genus.
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North AmericanLappulaplusL. redowskiiform a clade

The North AmericarappulaandL. redowskiiformed a strogly supported clade in all
parsimony (regardless of indel coding schemes) and Bayesian analyses of the ITS and combined
datasetgFigure1.13, Figurel1l.14). While relationships among the North American taxa were
poorly resolved by thehloroplasidata,L. redowskiiwas part of a clade that included all the
North American taxa thdad a single row of spines, including heteromorphic and
heteromericarpic taxal. redowskiiwas the only Eurasian species sampled that grouped with the
North American species.

Within this cladeL. heterospermand similar taxa were recovered as a cladsl
analyses of the ITS and combined data matridéss relationship is most strongly supported by
the ITS dataset witB5% MPBS valugsanda high posterior probabilityalue (1 PP)n the
Bayesian analysi@igure1.13). Two accessions df. heterosperm&rm a weakly supported
clade in the parsimony analyses of the plastid datasets where gaps were coded as parsimony
informatics characters: SIC (67% MPBS), MB360% MPBS), otherwise there was little
resolution in the plastid datasdtappulatexanawas not part of the. heterospermaub-clade
of North American species in any of the analyses wherestimtladewas resolved.

In all analyses of the ITS and combined datasetsemontiigrouped with the North
American species and not with squarrosalL. anisacanthaor L. semiglabraLappula
fremontiiwas part of an unresolved polytomy in both parsimony and Bayesian araiylses
plastid dataset, except in the analysis of the SIC plastid dataset where the three accessions
formed a moderately supported cladée plains form of. fremontiivar. fremontiiwas
resolved as part of a cladeloffremontiiaccessions (76% MPB$8) the parsimony analyses of

both the SIC plastid and SIC combined datasets, but not in the other analyses.
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Lappula squarrosasamples groupvith Eurasian species
Both North American and Siberiaamplesf L. squarrosavere consistently resolved as

partof a clade of Eurasian species; though relationgbfihs squarrosao L. consanguined..
tuvinica L. tenuisandL. brachycentroidesas not resolved (Figure 1.7¢Coding the indels
(both methods) recovered trees whierequarrosaormed a clade (thaih weakly supported)
with other Eurasian species with simitaorphology Figure 1.6, Figurel1.7).

Placement of other genera related kt@ppula

In none of the analyses dithckeliaspecies nest within accessiond.appula Hackelia
deflexaandH. floribundaconsistently formed a strongly supported clade and this relationship
was supported by both ITS and plastid ddtatrichium thymifoliumdid not group with the
remainingHackeliaspecies, but it did form a clade wiimblynotus rupestrig analyses of SIC

plastid and SIC combined datasets.
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Figure 1.4 Bayesian ITS tree Fifty percent majority rule tree from MCMC analysis of datay®&sian posterior probability support
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Figure 1.5 Chloroplast (CpDNA) parsimony strict consensus treeGaps are treated as missing data in this analysis.
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Figure 1.6. CoDNA parsimony strict consensus tree (SIC)Data in this analysis were coded using simple indel coding.
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Figure 1.7 CpDNA strict parsimony consensus tree (MCIC)Data were in this analysis weteded using MCIC
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Figure 1.8 BayesianCpDNA tree. Fifty percent majority rule tree generated from MCMC analysis of cpDNA data. Bayesian

posterior probability values are shown above the branches.
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Figure 1.9 Combined datasetstrict consensus treeln this analysis gaps were treated as missing data.
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Figure 1.10 Combined datasetparsimony strict consensus tree§IC). Thedata in this analysis were coded using simple indel

coding
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Figure 1.11 Combined parsimony strict consensus tree (MCIC).The data for this analysis

were coded using modified complex indel coding.
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Figure 1.12 Combined Bayesian analysisFifty percent majority rule tree from MCIC analys

Posterior probability vakes are shown above the branches.
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Figure 1.13. Overall ITS tree. Strict consensus tree from MP analysis where gdgsencoded usin§IC. Parsimony bootstrap
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Figure 1.14 Strict consensus tree based on parsimony analysis of combined dataset (simple indel codikgimum parsimony
bootstrap values are shown above lthenches and Bayesian postepoobability values are underlined below. Fruit characess

highlighted on the tre@ndsectional classification is indicated by bars next to the tree
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Discussion

The phylogenetic analyses are in general agreement across the DNA regions sampled and
were little affected ¥ various indel coding schemédsappulasamples consistently formed a
monophyletic group (with the exceptionlafsessililora) SiberianL. redowskiiconsistently
groups vith the North American specie3hetrees illustrated ifrigure1l.13 andFigurel.14
illustrate general patterns of relationships for the ITS and combinecttfatas

Lappulas. str.is strongly supported
In all analysesLappulas. str.formed a strongly supported cladéhe Eurasian species

of SectionLappulg seried_appulaformed a monophyletic group, the remaining Eurasian and
North American species sampled from that section did bappulapatula(Series Patulawas
sister to all Eurasiabappulasamples except fdr. redowskiiandL. sessiliflorain all analyses.
Lappula anisacanthgSeries AnisacanthaandL. stricta(Series Strictaformed a clade witlh.
brachycentraSection MicrocarpgeandL. semiglabraSection Macranthge Though samples
from herbarium specimens were taken from species representing each &atept the
endemic Section Rupestres), extractions from these samples yielded highly fragmented DNA that
did not amplify despite repeated attempBampling in the genus is not complete enough to
support or refute the current sgbneric classificatio in the genus overallHowever, this study
does not support the separatiorotemiglabraandL. brachycentranto sections outside of
sectionLappula as these species ap@uped in the phylogenyith species from Section
Lappula

Phylogenetic angesconsistently place@enBank accession of the ITS regior_of
sessilifloraas sister t&Rocheliaand not as part of tHeappulaclade(Figure1.13). The position

of L. sessilifloraas sister tdRocheliais not surprising given the an@hus morphology of the
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species Lappula sessilifloréhas fruits that are sessile on the stems arefle that occur in
sessile headdNasir1989. Lists of synonyms show that it has been treatddedsrocaryum
divaricatumStocks ex Boiss., but more recent treatments include_appula(Popov 1953;
Nasir1989 Ovczinnikova2010).Popov placed the species in SeAe®malolappulareflecting
his uncertainty regarding its classificatioln. sessiliflorais similar toRocheliain floral
morphology, but in the later genus, only two ovules develop whereasassilifloraas in other
species of.appulafour of the nutlets develop (Popov 1958)ytological data would seem to
suggest a closer relationship withppula WhereadRochelia cardiosepalhas a reported
diploid count of2n=20,the mitotic count foL. sessiliflorawas 2n=48in line with other
tetraploidLappulaspeciegCoppi et al. 2006).

There are other species currently placedappulathat may be misplaced. For example,
Brand (1932) treateld. spinocarpsas part of a separate gen8slerocaryopsi8randas did
Hilger (198B5), who observed different fruit developmental patterns for this species relative to
other species dfappula Thefruiting gynobasen L. spinocarposs taller than the fruit, and at
maturity the fuits do not dehisceemondson 197&ederov1999. While L. occultataandL.
sinaicaare more similar thappulain their nutlet morphology than the aforementioned species,
the gynobase extends above the fruits ds spinocarpogsee treatmentsf these species in

Popov 1953Riedl 1967; Edmongbn 1978Nasir 1989 Zhu et al. 1995)

North American Lappula including L. redowskii is strongly supported

A cladethat includes taxa from North America and Sibetianredowskiiis strongly
supported irtheanalyses.Analyses of the ITS dataset supplortedowskiias sister to the North
American species, but analyses of the plastid and combined datasets returnethaftclade

includedLappula redowskinested within the North American tax@he close relationship
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betweenL. redowskij a species from the Baikal region of Siberia, and the North American
species supports the close relationship implic®utzinnikovad s ¢ | a s sL. dceidersalisi on o f
andL. redowskiias part of Series Redowskianae; however, all théhNamerican species
regardless of morphology are in the same clade, rendering thsestibnal classification
artificial.

Relationships among the species in this clade wereiglbtesolved, particularly based
onanalyses of the plastid datBlowever,some consistent topological patterns were observed.
The two accessions L. heterospermalong withthe cupulate and nezupulate form ot..
cucullatagrouped together in a strongly supporsedi-clade This clade is supported by a suite
of morphologicacharacters.L. cucullatatendsproduce heteromorphic plants with
homomorphic or only weakly heteromorplfiiaits, butL. heterospermaan produce either
Avariousl yo heteromorphic or mdmespedesipthsc fr ui
subclade generally produce fruiting branches that arise from the base of the plant (there are
some variant forms df. heterospermé#hat do not) and plants generally have a bright green cast.
In contrast, specimens bf texanatend to be canescent, with fiiag branches arising in the top
half of the plant, and have white or blue flowers (small, white flowers are consistently observed
in the northern variety df. texana.

Without samplind-. diplomaor L. balchaschensjst is not possible tsupport orefute
the hypothesized relationship of the North American heteromorphic species with those in Section
OmphalolappulgOvczinnikova2006ad). On the other hand,. heterospermand related species
with connate marginal spines and heteromorphic fruits areedewithin the strongly supported
North AmericanLappulaplusL. redowskiiclade (though the position bf texanas unresolved

relative toL. occidentalisand other species with a single row of spines), lending support to the
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assignment ofhe North Anericanspeciego SectionLappula(Ovczinnikovapersonal
communicatiorf010. Given the prevalence of heteromorphic and winged nutlets in species of
Lappulg Lepechimella, Heterocaryumandother species i€ynoglosseae s.l. it is possible that
similarities between the Central Asian and North American species represents convergent
adaptations to arid habitatEurther sampling of Central Asian species wowdchbcessary to
test this but for nowit is appropriate tenaintain the North American species as part of Section
Lappulg as this is supported by the phylogenetic data

In all of our analysek. occidentaligs part of aclade that includes North American
species The sample of. redowskiifrom Lake Baikal $ sister to this clade in the analysis of the
ITS data and part of iin all other analysesRegardless of the taxonomic interpretatioh of
redowskij our data suggest a relationship betwkeeoccidentalisandL. redowskiias
circumscribed byovczinnkova (2005, 2006)1 Morphological data point to the distinctiveness
of L. occidentalisand the phylogenetic data lend support to the taxonomic interpretation of
occidentalisas a species distinct from redowskii(Ovczinnikova2005) This interprettion is
supported by micromorphology of the fruit ultrastruct@e¢zinnikova2005 and by
cytologicaldata(Probatova et. al 201Prokatovaet al. 2012).Specieswith fruits that have a
single row of spinegesolved in various places throughout thelpbgnysuggesting that
morphological character is not indicative of relationgffilgure 1.13, Figure 1.14).
Observations in the North American species suggestiét the number of rows afutlet
marginalspines is likely nba useful charactday itself for identification,it can be useful in

combination with other characters
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Introduced L. squarrosa is Eurasian and not closely related to L. fremontii
The North American accessionlafsquarrosawas not part of the North Americatus

L. redowskiiclade. Rather, both accessions were part of a clade of Eurasian spElcese
results support the hypothesis thasquarrosas a Eurasian species introduced to North
America.

The phylogenetic data did not support hypotheses of a tsenship betweeh.
fremontiiandL. squarrosaor L. semiglabra.LikewiseL. fremontiiaccessions did not resolve as
sisterto L. anisacantha These were unexpected resultd afemontiiandL. anisacanthare
remarkably similar in terms of habftpwers, and nutlet morphology.

In this studyL. cenchrusoideé. NelsonandL .erectaA. Nelson(in part)were treatecs
synonymous with.. fremontii(Torr) Greenevar. fremonti (see Chapter 2 for discussion).
Lappulafremontiivar. nelsoniiwasdescribed as a new variety@hapter 2 A close relationship
between thdiennial/winter annual Rocky Mountain form lof fremontiivar. fremontiiandthe
morphologically distinct.. fremontiivar. nelsoniiis strongly supported by the ITS datehile
the annual form oL. fremontiivar. fremontiiis in the unresolved polytomy with occidentalis
and other species with a single row of spines (Figure 1. 13). This relationship was also recovered

in the combined analysis.

Hackeliais not supported as padf Lappula
Hackelia deflexdnas been treated as partLappula(see treatments by Chater 1972, and

Nelson and Macbride 191&)ough the North AmericaHackeliaspecies have been treated as a
distinct genus since Johnston resurrected the genus (19%8)the majority oLappula
species, some speciesHdckeliahave blue myosotibke corollas and produce four parted

spiny fruits, though the fruit walls in the latter tend to be thinner (Popov, 1$si8he authors
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have maintained that there is littlédfdrence between the two gene@a(r 1973 Cronquist;
1984 while others have suggested a closer relationship beti@ekeliaandEritrichium
(Johnston 123; Ovczinnikova2007, 2009 Popov 1953). Morphological distinctions between
the two genera were made @phnstorl923)and summarized by Gentry and Carr (1976).
The phylogenetic data lend support to maintairiagpulaandHackeliaas separate
genera; however they do not speakigher level relationships amohg@ppula Hackelig and
Eritrichium. For exampleEritrichium thymifolium as treated in the Flora 6hina ¢hu et al
1995, has also been treatedtdsthymifolia(Johnstorl935 Ovczinnikova2007). It is not
supportechereas part oHackelia Amblynotus rupestrigias recently inferred to be nesit
within a larger clade d&ritrichium (Nazaire and Hufford 2012a findingconsistent with
morphological studies that showed similarities between it and cé&ntaiithium species

(Ovczinnikovapersonal communication

Conclusions

Despite the presence of morphologically anomalous t&eh ad.. sessilifloraandL.
spinocarposthere is strong support for a monophylétappulas.str and for a close relationship
between the North Americdrappulaand the Eurasian members of Sectiappulg to which
they aremost similar in terms of morphologysampling of the genus throughout Central Asia
and the Middle Eastern regions will provigsight inb the relationships between
morphologically anomalous species such asesdiflora, L. spinocarposand the more
northerly distributed.appulas.str. species.

This study supports the presence of a distineagethat includes th&lorth American
species andsianL. redowskii Phylogeneticstudy did not recover evidence of other introduced

Asian species besidés squarrosa.
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Here we concludéatLappula is the strict sense, monophyletic, but that taxonomic
adjustments will be likely be necessary as sampling of sec@idesocaryunfthe section that
includesL. spinocarpoy andSinaicaeM. Pop( the section that includés occultatg may
suggestloserrelationships with ther members of Cynoglosseae ©lur resultgevealpotential
problems within the current circumscriptionlafppula however without broader sampling
within Lappulaand its hypothesized relatives, we do recommend any taxonomic changes at the
generic leel, rather we suggest an integrative approach to future classification in the genus that
includes additional molecular data, and draws from the existing morphological (including
micromorphology), developmental, and cytological work.

This phylogenetic stud the first to include sampling of both Eurasian and North
American taxa, revealed a close relationship between species from North America, and
redowskij a Siberian species. This lineag#ile not as speciose in North America as the genus
is overallin Asia, is diverse irterms of morphology and habitat, occurring throughout western
North America in grasslands, deserts, intermountain basins and Rocky Mountain meadows.
Rather than a series of introductions from Asia, it appears that diversificai@ttared in
western North American, a phylogenetic hypothesis that opens door for further study into

evolutionaryrelationshps, biogeography, and ecology.
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Introduction

The genud.appulaincludes approximately 7€pecies of annual, biennial rarely perennial
herbsworldwide. Many species grow isemiarid grasslands, steppes and dedeappulahas
much of its diversity in the Siberian and Irafioraniean provinces of the Holackingdom
(following Takhtajanl986) where upo 62 species were recognized netmost recent treatment
of the Eurasian specie®yczinnikova2009). The genuss less diversen North America, where
approximatelyten specieareestimated to occurorth of Mexico. There are alstew outlying
species in temperate Africa, South America andtfglia (Popov 1953; Edmondsafa78;
Ovczinnikova2009)

Two species in the genus are considered invasive wéegulasquarrosas
introduced from the steppes of Asia and naturalized gtrout North America and Europe with
a widespreadorthern distribution Lappulapatulais presumed to have spread with human
activity throughait Europe and intaorthern Africa (Popot953). There are also a number of
narrow endemics in the genus, esplgiin parts ofKazakhstarand parts of China (Popov 1953;
Ovczinnikova2010)

Lappulais a member of the largeosmopolitarfamily BoraginaceaeHistorically, the
genus has been considd part ofEritrichieag a tribe characterized by corollas witlsfzort tube,
a distinct limb with roundedbtuse floral lobes, and a pyramidaldubulate gynobase (Popov
1953). However, asearlyds884 Gr ay cr i ti ci zed Bentham and
Eritrichieae from Cynoglossaefieeatedas suktribesof tribe Boraginoideaa (Bentham and
Hooker 1876)] noting that there were too many overlapping characténgeka the genera of
these two groups to separate th@nay, 1884). Phylogenetic investigations into tribal

classification in Boraginaceae ugidata from nuclear and chloroplast DNA supjploet
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recognition of dbroader Cynoglosseae including Eritrichieaér(gstromand Chas2002
Weigend201Q Cohen andDavis 2012 Nazaire and Huffor@012).

Relationships betwedmppulaand other genera habeen proposed based on
morphological similaritiebetween the fruitsLepechiniellaPopov andHackeliaOpiz. have
each been suggested as close relabf/ésappula Lepechiniellaa narrowly distributed Central
Asian genus, was suggested to be the gistieus td_appula(Popov, 1953) and was included
with it in the subtribe Echinosperminag@vczinnikova 2007) Several specigsom the western
United Statedatertreatedby Johnston (1923)sHackelia wereclassified informally aga non
rankedgroupof perennials and bienniails the genusappula(Nelson and Macbrid&916). In
distinguishingHackelig Johnston reasoned the two genera were clearly morphologically distinct,
basing this separation upon inferences from a number characters ingydabgse
morphology, shape of the fruit attachment scar, life history traits and vegetative characters
(Johnstorll923). Furthermore, he assertadiackeliashared more characteristics with
Eritrichium, in particular section Coloboma D.C. (Johnston 192Bdudh H. deflexais
occasionally treated gart ofLappula e.g. Flora EuropegChater, 1972)Lappulaas treated
here excludeblackelia

The genud.appulahas been vaously divided into swsections Popovrecognizeda
broad sectiohappulaDC. with a separate secti@clerocaryum D.GPopov, 1953).More
recently,Ovcannikova recognized eight sections, primarily on the basggyonbbasenutlet
shape, and corolla heighdlevating to section groups treated by Poposeaie2006). The
three North American speci€yczinnikovasurveyed in her monograpvere placed into two
sections.Lappulaoccidentalis(S. Watson) Greensas placed with.. redowskii(Hornem.)

Greendn SectionLappula Series Redowskian&vczinnkoa. L. texanaScheelePBritton and
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L. cupulata(Gray) Rydberg(here ad.. occidentalisvar. stricta) weretreatedn Section
OmphalolappulgBrand) OvczinnikovaSeriesOmphalolappulgBrand) Ovczinnikovalong

with Central Asian and Australiapecies The phylogenic hypotheses developed in Chapter 1
do not resolve intespecificrelationships within the genus add not support separating the
North America species into serjélsough they are most closely related to species currently

classified into Sewn Lappula(Ovczinnikova 20072009.

Morphology

The morphological terms used in this treatment of the gitlosv terminology used in
Edmonston(1978, Popov (1953), an@vczinnikova(2006, and termaisedfor fruit
morphologywere chosemo be in lire with recent treatments of North American Boraginaceae
genera (Roald Kelly, personal communicationfedmonson (1978) discusses morphological
terminology specific to Boraginaceaad givesexamples from several genera to illustrate
commonly used terms drcontinues to be useful resource.

Lappulaincludes annual, biennial, and occasionally perennial H&ba) with or
without a basal rosette of leaves and anmany stems.The basal leaves when present
frequently wither once the plant produces fruitiairs are simple anstiff. Plant vestiture varies
from sparse hairy to gray canesceRtowering branchegypically arise froma singlemain stem
(or several stems from crown of basal leaviesgnching in the upper haidf third of the plant
Another common growth form, typically found @mid habitats, produces several stdmgghly
branched from the near their basegh long flowering branchesSepals are ée to the base and
become accresscent in frigitherwidely spreading or claspingt maturity. Corollas are
generally funnel shapdthfundibular)with limbs spreading@ 7 mm wide (Popowt953;

Ovczinnikova2009). Most species have flowers in shades of blue, some have white or cream.
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The fruit inLappulais a schizocarp of four megagps (also called nutletsfruits are important

for identification of specieEdmonson 1978)The mericarps are ovate to pestrtaped and have

clearly defined abaxial (outward facing)rfaceand an angled adaxial surface (inward facing ).

The abaxial grface of themericarpis divided into a margin and a disksnamentedvith a row

ofspinef someti mes referred to in the |iterature

Apri ckl es o, evhighcan Pedfrpecowvar{ousl9 GBnjidp a detate wing. The
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spines often have anchorlike projections at their tips. In a few species marginal spines are absent
or reduced to short turbercles, in others a second or third row of spines is present directly
fibehind the primary row, on the sides of thatlet The abaxial disk is muricate, tuberculate or
smooth convex or flat, sometimes a line of short spindsiberclesin Popov (1953)), or a

raised crest Keebin Popov (1953)s presentlong the median lineThe adaxial (inward

facing) mericarp surface has a kefeirmedby a narrowing of the nutlet in its upper half or third.

Adaxial surface

Attachment

scar

Adaxial

Figure 2.1. Image of flower and fruit morphology illustrating terms used throughout the
taxonomonic treatment.
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Following dehiscence linearor teardrop shapestar(cicatrice) remainalong the adaxial keel
of the nutlet The gynobases formed from the receptacle (Edmonson 1978)hé&North
American specieghe gynobases triangular tosubulate, gradually peering to the style which is
generally persistent in fruithere is not a strondemarcation lindetween the style and
gynobase in fruit, but in the literature the thin projectiear the apex of the gynobasaong
the nutlets is referred to as the stigr purposes of discussing its relative positibnsane
Asian species the style and part of the gynobase is visible above the fruit as what Popov (1953)
describes as fna thick, more or | ess angul ar
species.Mericarps can be identical, or variously heteromorphic, having differencesfate
sculpturing or texture, degree of connation of spiaesl in persistence attachmentto
gynobase The general fruit and flower morphology is illustratedemor! Not a valid
bookmark self-reference.

Heteromorphic fruit morphology has been recognized for species in the Eurasian flora
(Ovczinnikova 2006a; Popov 1953; Zatial 1994). For the North American sfec
heteromericarpy was observed, but different fruit types in a single plant or populations was not
reported, and this may have complicaspécies idntification and classification. Based on
observations of herbanin species and field collections of the autlaogeneral classification of
fruit types in the North Americabappulais presenteth Table 2.1 lpelow) that summarizes

which species (as treated belguwdduce heteromericarpic fruits, and which specieshameght

to be heterocarpic (rather than each fruit type representing a separate species)
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Table 2.1 Variation in Lappulafruits. Species vary in whether they have highly variable fruits orTriaty can be classified into
four groups. Some species are so variable that they appear in more than one category. The asterisk (*) indicatesibsabthly spe

occasionally produces plants with homomorphic nutlets in a population with either inflateithiteited margins and free spines.

One fruit type More than one fruit type (Fruits
(Fruits homomorphic) heteromorphic)

One nutlet type fruits: homomorphic fruits: heteromorphic

nutlets: nutlets: homomorphic nutletsthomamorphic

homomorphic Examplesi.coronata L. fremontij L. ExamplesL. cucullata,L. occidentalisvar. stricta
occidentalisvar. occidentalis L. longispina L.
squarrosa

More than one fruits: homomorphic fruits: heteromorphic

nutlet type: nutlets: heteromericarpic nutlets: heteromericarpic

heteromericarpic L. cucullata, Ltexana,* L. heterosperma* Examplesi. cucullata, L. occidentaligar. stricta
L.desertorun{weakly heteromorphic)
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Cytology

Chromosomes ihappulaareextremelysmall,measurements of less than 2 micrometers was
reported for a Spanish population (Luque 19%2)all chromosome&10 miclometery are
apparently typical for a number of genera in Eritrichi@#ton 1951, Luque 1992 Numbers
reported from North Ararica todate are2x=48 forL. squarrosa(asL. echinata(Mulligan

1984)] L. occidentalisLove and Love 1976 Recentountsreported from Siberia fdwo
specimens of.. redowskiiwere2n=24(Probatova et al. 2011, 2012)he same numbers were
reported forL. anisacantha(morphologicallysimilar toL. fremonti) andL. consanguinea
(Probatova 2011, 20)2Mitotic couns for Lappula fremontifrom root tips grown from seeds of
Rdfsmeier collectiongl011 , and 401L, two plants from the same population, were 2n=48

(Figure 2.2).

Figure 2.2. Mitotic chromosomes from root squasof Lappula fremonti{Torr.) Green@n-48,
seeds germinated from SJR 4011 (left) &KRIO1L (right)

Taxonomic background
The genud.appulahas a complicated taxonomic history in North America. Over 26

combinations were published based on western North American matdragdmilabetween the
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mid-19th and early 20th centuries (IPNI, 2012). The oldest named North American species,
originally described under the broadly circumscribed gdfcisinospermumwereE. texanum
Scheele $cheelel852[=L. texana(ScheelePBritton]), E. fremontiiTorr. (Torrey 1860)E.
redowskii(Hornem.) Lehmvar. occidentalisS. Watsor(Watson 1871andE. redowskii
(Hornem.) Lehmyar. strictumS. Watsor(Watson1871). Greeneaddressing priorities in
generic nomenclature determined the genus raappulahad priority ovefEchinospermum
(Greene 189).
Botanists focused astudyingwestern North Amerigaspeciesncluding A. Nelson, EL.
Greene, and FA. Rydberg, described the majority bappulaspeciedrom the Rocky
Mountains and the intermountain basins. Attempts were made early in the twentieth century to
more clearly circumscribe the North American taxa tandarify the nomenclature. Nelson and
Macbrideds revision r ecognNebsmdnddeachrid@d®16Nor t h Am
Their concept includet. cenchrusoidef. Nelsonas a species endemic to southeastern
Wyoming, and included. erectaA Nelsonin synonymy undek. fremontii(Torr) Greene
(Table 22). They recognized two groups of taxa with cupulate margiie ones having a
narrow wing they placed as varieti@sderL. cupulata(Gray)Rydb.( app |l i edeE.t o Gr ay 0 s
occidentalig(S. Watso var. cupulatumGray (a superfluous replacement name for
Echinospermum redowskiar.strictum as t hswictuep i it hedn iavai |l abl e nae
vari et al |l evel, see discussion underThehe sect
ones with inflated margins were considered varietids téxana Lappula occidentaligandL.
patulawere considered varieties bfredowskii
Johnstondés (1924) study on tehmativlandtivd Amer i c a

introduced taxal(. echinataGilib. = L. squarrosaRetz). Dumort. andl. redowskii(Hornem.)
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Greene varpatula(Lehm.) A. Nelson & JF. Macbr). J o h n sconceapt®k. texanaincluded
everything with connate spes regardlessf thedegree of nutlet inflationHowever,he later
revised his taxonomgf the species witheteromorphic fruit¢Johnston 1932)Johnstorhad
observedhat somdaxahad fruitswith an obeser inflated nutlet margin from which the spines
arose and that others had a narrow wireg appeared toe derivedrom basal fusion of the
spines.He determined thapecimens with connate spines forming a thin veinguld referred
to L. redowskii(S. Watson) Greenear. desertorun{Greene) I.M. Johnstequivalentn part to
Nel son and Macbr i O eupuatg(addéthditbose witlhoam mfatpd nutlet f
margin with sharspines perched on top shoble referred.. texana(Johnston I. M., 1932)
Johnston put the varieties loftexana that he had recognized in his 1924 treatment into
synonymy under these two names (Johnston 1932).

Brandds monograph placed the New W8mndd t axa
1931) though he considered much of the variation he obstrvt o b e fi muoanesidsr osi t i
of EurasiantaxaOv c zi nni k o v a OLappulacomsidgredamyithree North American
speciegOvczinnikova 2007and did not att@pt to revise the North American taxonomy
(Ovczinnikovapersonal communication).

While the work of Nelson and Macrbride (1916) and Johnsto24 1932 did much to
clarify the nomenclature and concepts in the genus, there were multiple prolamsvas that
Nelson and Macbride did natldress o me of Gr e e n e 6 sTheotheneadhepy sy non
did not follow what is now accepted practice regarding nomenclatural p(Netgon and
Macbride1916). Neither Johnston nor Nelson and Macbride had clear concepts for some of
Greenebs taxa, 1indicated iafterndnsiwheshe placéedshemvor k a

in synonomy(Johnston, 1924)Gr e e n e Othat weadrasedipon collectionghat were
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widely distributed were not problematic, but those from his herbarium may not have been
studiedby Nelson and Macbrid&vh at appears to be Johnstonds ha
the type specimen af. desertorunifrom (E.L. Greene s.n. 16 July 1896D-G 42397) but there
is no date or other notes to indicate when he studied this specimen

A morphological species concepas used talelineate species for this treatmafihen
available, informatio from geography and ecology wiasluded as source ofecondary data.
The species concepts followed here are narrower than those of Johnston and in some cases a
different suiteof characters was used to distinguish among them. The primary reason for
reexaminingcharactersvas that keys from both North American revisions often led to
specimens of the same species keying to different species because of the nature of variation
Literature review of treatments from Asia suggested characters that had formerly not been
addressed (at least in published treatments) for the North American spéeiesrangement of
species recognized here is alphabetical by species and then by Vdnietighout the text thee
are references to specimens collected by the
followed by the collector numbeFfhesespecimens are deposited at the Kansas State University

Herbarium(KSC) unless indicatedtherwise
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Table 2. Summary of synonymy intaxonomic treatments of North AmericanLappula

speciesThetaxonnameshighlighted inbold wereaccepted by the author

Nelson and Macbride1916

Johnston1924

Brand 1931

L. echinataGilib. (=L. squarrosa (RetzDumort.)
L. cenchrusoidesA. Nelson
L. fremontii (Torr.) Greene

L. erectaA. Nelson

. echinataGilib.
. cenchrusoidesA. Nelson
. fremontii (Torr.) Greene

. erectaA. Nelson

L. echinataGilib.
L. echinataGilib. var. erecta(A. Nelson) Brand
L. cenchrusoidesA. Nelson

L. brachystyla(A. Gray) J.F. Macbr.

L. redowskii(Hornem.) Greene var.occidentalis(S.
Watson) Rydb.
L. occidentaligS. Watson) Greene

L. redowskii(Hornem.) Greene var.patula (Lehm.)
A. Nelson & J.F.Machbr.

L. cupulata(A. Gray) Rydb.

L. columbianaA. Nelson

L. cupulata(A. Gray) Rydb. var. foliosa (A.
Nelson) A. Nelson & J.F. Macbr.

L. foliosaA. Nelson

. brachystyla(A. Gray) J.F. Macbr.
. redowskii(Hornem.) Greene

var. occidentaligS.Watsm) Rydb.
L. montanaGreene

| o A e e N

L. calycosaRydh.
L. leucotrichaRydb.
L. redowskii(Hornem) Greenevar.

patula(Lehm.) A. Nelson & J.F. Macbr.

L. brachystyla (A. Gray) J.F. Macbr

L. redowskii(Hornem.) Greene

L. fremontii(Torr.)Greene

L. occidentaligS. Watson) Greene

L. redowskii(Hornem.) Greene var.texana
(Scheele) Brand

L. heterosperm&reene

L. desertorunGreenevar.foliosaA. Nelson
L. cupulata(A. Gray) Rydb

L. cucullataA. Nelson

L. foliosaA. Nelson

L. texana(Scheele) Brittonvar. heterosperma
(Greene) A. Nelson & J.F. Macbr.

L. texana(Scheele) Brittorvar. genuinal.M.
Johnst.
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Nelson and Macbride1916

Johnston1924

Brand 1931

L. texana(Scheele) Britton

L. collinaGreene
L. texana(Scheele) Britton.var. heterosperma
(Greene)A. Nelson & J.F. Machbr.

L. heterospermé&reene

L. desertorunGreene

L. cucullataA. Nelson

L. texana(Scheele) Britton var. homospermdA.
Nelson) A. Nelson & J.F. Macbr.

L. heterosperm&reene varhomospermégA.

Nelson) A. Nelson & J.F. Macb

L. texana(Scheele) Britton var.coronata(Greene)
A. Nelson & J.F. Macbr.

L. coronataGreene

L. texana(Scheele) Britt.var. genuina

L. texana (Scheele)Britt.

L. cupulata (Gray) Rydb.

L. texana(Scheele) Britt. var.
heterosperma

L. heterosperma Greene

L. desertorum Greene

L. cucullataA. Nelson

L. texana(Scheele) Britt. var.
columbiana

L. infelixGreene

L. anoplocarpaGreene

L. cupulata (Gray) Rydb.

L. texana(Scheele) Britt. varfoliosa
(Nels.) Johnston

L. desertorum Greene var. foliosa Nels

L. foliosa Nels.

L. cupulata (Gray) Rydbg. var. foliosa
Nels. &J.F. Macbr.

L. texana(Scheele) Britt. var.
homosperma (Nels.) Nels. & Macbride

L. heterosperma Greene var.
homosperma (Nels.)

L. montana Greene

L. texana(Scheele) Britt. var

coronatg(Green) Nels. & Macbride

L. coronata Greene

L.

redowskii (Hornem) Green var diploloma

Brand

L.

.texana(Scheele) Britt.
L.

heterosperma Greene

L. coronata Greene

L. montanaGreene

L. columbianaA. Nelson
L.
L
L
L

infelix Greene

. collinaGreene

. texana(Scheele) Britt. vatheterosperma

varcolumbiana

texana(Scheele) Britt. vathomosperma

(Nels.) Nels. & Macbride. texar(&cheele) Britt.
var coronatgGreen) Nels. & Macbride
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Taxonomic Treatment

Genus descriptiorfas applicableto the North American species)
LappulaMoench, LappulaMoench, 1794, Method.: 41Mleth.:1794 LappulaWolf, 1776.
LappulaGilib., 1782 FIl. Lithuan.25.nom. inval.

Type:L. squarrosaRetz.) Dumort. (£. myosotisMoench) (Following Ovczinnikova 2009Al-
Shebaz, 1991; Popov 1953)

Etyology:from diminutive ofLappa with small burs

Common nameSticksesd,

Native and Introduced

Echinospermunbwartz ex Lehm. Pl. Asperif. 2:113. 1818.

Growth form, annual Biennia), various but often upright or brelming from the basdairs
single frequentlywith pustulate basedkoot simple taproot.Stem ascending to erecgreen,
height.Leaf: alternate; petiol@resent on basal leaves ordfpsenbn cauline leaves,-¢ mm,;
lanceolate to oblongeinsinconspicuous, margientire frequently with ciliate hairs
Inflorescence arising at base or in upper half of plastorpiodcymes (typically racembke,
paniclelike), tip coiled or not; bracts distributed throughout infloresceleed-like reduced
above; flowers one per axiPedicelreflexed, ascending or ereElowers: radial
brachymorphigcalyx lobesb, free to baseaccresscenn fruit, widely spreading or clasping in
fruit; corollabluewnhite (creanor white), tubeshorter than calyxconstricedat throat
appendages, narrow ovateaboveanthers; throatubular, glabroudobes spreadingnore or

lessequal stamensttached in tubeanthersot excerted froncorolla; ovary deeply lobed, style
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1, not exsertedgynobasic, 1 stigma per floweapitate Fruit gynobasesubulate slightly
shorter than to slightly taller than nutldtgiting style may be visible above frujspexusually
obscured by apical spines; nutlet orientation, 4 nutlets per fruit, ripening tan to brown, attached
along adaxial surface by narrow keel, adaxial attachment scarliaeeeolate, narrow keel
above scaradaxial surface sculpturing varigmsaminal rim smooth to tuberculatabaxial
surface(disk) shiny or not, sculpturing various, prickle shape flat and subulate to terete and
swollen

Species numben the flora(9): Primarily Eurasig65), a smaller number of species in

North America with on@r two species in temperate zones of Africa and South America

Key to Species

la. Nutlets withtwoormore ows of spines oneekeée .édargin éeeéeeé
1b. Nutlets with a single row of spines the margin, or spines absent..................... . 3.
2a. Inner row of nutlet marginal spines 2 times lontj@m outer row, longest spines greater than

2 mm long, third row of marginal spines absent. Style obscured by in mature fruits,

exceeded by nutlet apical spines. Corolla li®)®(4 d 7 mm wideé é . 4. L. fremontii
2b. Inner and outer rows of marginglises subequal, longest spines less ttram long, a third

row of reduced marginal spines usually present. Style visible in mature fruits, not exceeded

by nutlet apical spines. Corolla limld 23 mm wideé é ... . 9. L. squarrosa
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3a(1). Marginal spines of nutlets distinct to base. The annutagm at the base of the spines
inconspicuou®r as thin rih spines mabe reduced or absent (rarel§)é .. é4.

3b. Marginal spines of nutlets connate (one or more nutlets). The annular margin at the base of
the spines conspicuous, forming a thin wingalving at least basal spines, or an inflated
crowntlike rim (resembling a horseshoe collar in shape) in one or more nutlets
eééeéeéeéeéeéeéceececeéeéeéeéeéeée beece. .

4a. Disk inside annular margin small, relative to rest of nutlet. Marginal spinastiets absent,
or if present, reduced and lower spines inserteetioing from the base of the nutlet.
Nutlets typically less than 2mm lorigé € € é é .é ... . . &L. montana

4b. Disk inside annular margin large, relative to rest of nutlet. Margipiales present, and
lower spines inserted near the base of the nutlgtets typically greater tha2mm long
céeéeéeéeéeceéeceéeéeéeéeéeéeee. . . eébe

5a. Disk of nutlets less than®mm wide at broadest part, narrow lanceolate, disk surface with
threeor more uneven rows of spiny tubercules, enprominent at midlineAdaxial
(inward facing)surface spiny tuberculate, surface texture same as on4fis&.spines
perside €@ éééééeeeeeéeééee.é&ééé 6.L longispina

5b. Disk of nutlet typic#ly greaterthan 05 at broadest parbroady lanceolate to subvate,
surface various (verrucose, finely to broadly muricate), or if spiny tuberculate then
tubercles not arranged in uneven rows, prominent midline of tubercles abslerxial
(inward facing)surfacetexture usually the same as disk, but rhaysmooth apically.

6a. Plants low and spreading, fruiting branches arising from base, plangoéiga sparsely

short pubescent. Flowers pale®lwith slight purple tintNutlet height & 3.5mm.Disk
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of nutlet smooth or wrinkled, some fruits coarse tuberculate along midlilaxial nutlet
surface smooth toward the apex on one or both sides of nutlet
eéeéeéeéeéeéeéeeceeéeéeé . éé 2.L. cucullata(in part)

6b. Plants with 1 or more erect stems, branching throughout or in upper half, fruiting branches
often arising in upper part of plant. Flowers pale to sky blue, white or chaihet
height 2 2.5 mmDisk of nutlet otherwise (usually muricatetaberculate)Adaxial
nutlet surface muricate or tuberculate on both sides of nutlet
....................................................................................... £...8.L. occidentalis

7a(3). Margins of two or more of the nutlets cpfhately inflated (looks similar to a horseshoe
8.

7b. Margins of two or more of the nutlets forming a thin wing or-sbpped margin, may be
slightly inflated basally, bt appearing as teeth or lobe&)é ¢ ¢ ¢ € € .é.é € é
13

8a. Nutlet margins homomorphic with all nutlets with an inflated margin..............ccccc......
0.

8b. Nutlets margins heteromorphic with at least twtlets with an inflated margin
€Eééeéeée..écéécéecéecéecécéecéeéeéeéecéee e 1L

9a.Many arcuate stems arising from base, fertile branches arising from near the base of each

stem. Inflorescence not much branched, cymose. Nutlet margins generally only slightly

inflated, abaxial surface wide, smoatiith raised crest along midline

,,,,,,,,,,,,,,,,,,,,,,,,
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9b. One or more erect stems arising from a single crown, fertile branches arising primarily in
upper half of each stem. Inflorescence racéikesor paniculately brached cymes.
Nutlet margins strongly inflated
eéeéeéeéecéeéeée.eeeeeeéeé 10

10a. The nutlet disk completely smooth, shiny, frequently with a raised keel along the midline,

10b. The nutlet disk finely muricate or smooth with fine line of murication along the midline,
nutletadaxial (inward facinggurface fine to rough tuberculate
eéeéeéeéeéecéeéeeéeée.éeéééé. b L. heterosperma

1148). Style clearly visible among the nutlets. Apical spines reduced and shorter than style.
Three nutlets with a completely inflated margin and one nutlet with a tear shaped disk
smaller than the nutlet body with@spines per side. Disk surface of all nigtlpapillate
to muricate. Nutleadaxial (inward facingyurface papillate touricate throughout
€. . eééeceééececéee.&&ce.eéée. . eeéioL. texana

11b. Style hidden among the nutlets, shorter than or equal to the nutlet apex, apical spines, three
nutletswith a completely inflated margin, and one with a narrow to lanceolate disk with 5
spines per side. Disk of nutlet with horseshoe shaped margin smooth or finely muricate
along midline. Nutleadaxial (inward facingdurface tuberculate to verrueothrougpout
orsmooth apicallyé .6 é ééééeeéeeeeéeéeééééeceecéeée. . d2

12a. Plant sparsely sharinereougpubescent throughout. Many arcuate stems arising from base,
basal rosettes absent. Fertile branches arising from near the base of each stem, bracts

more or lss equal in length to leaves, plant appearing foliose throughout. Two or more

nutlets with inflated margin that does not obscure the disk. Nutlets with inflated margin
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have ovate disk > 2mm at broadest point, disk smooth often with raised crest along
midline. Nutlet shape broadly ovate, apex acuminate (viewedddaxial (inward
facing) surface)adaxial (inward facingyurface various usually muricate or tuberculate
belowbecoming smooth toward apex
Eéééeééecéeeéeceeéeeeéeéeeéé. é. .2.L. ecullata(in par).

12b. Plant appearing green and short pubescent or appearing gray acithésagus,
pubescence harsh. One to many erect stems, some plants with basal rosettes. Fertile
branches arising throughout or in upper half of plant, bracts broadly leafy ceckdnd
linear, plant may appear foliose throughout or divided into clear stem and inflorescence.
Two or more nutlets with inflated margins obscuring all or part of the disk. Nutlets with
inflated margin with disk (if visible) appearing linear to narronckeolate < 2mm at
broadest point, disk smooth and muricate along midline or thoughout. Nutlet shape

narrow to broadly lanceolate, apex acute (viewed fadiexial (inward facinggurface),

adaxial (inward facingyurface various usually muricate or tubeatellbebw becoming

,,,,,,,,,,,,,

13a (7) Stems erect, simple up to inflorescence, frequently arising from basal rosette of
spatulate leaves. One to few stems per plant. Fruiting pedicels erect. More thah on
type often present on a single plant(some fruits having a thin cuplike margin and some
with marginal spines free to base), or fruits rbayheteromericarpic having 2 nutlets
with a thin shallow cuplike margin, and others with spines free or cemmdy at bases.
Frequently the spinewith bristles along their margins, and on the undersides of the
spines near the bases (may also be present amtlegside of marginal wing) 867

conspicuouspines per side. Stylegu@al to or exceeding nutlets andible among or
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abovetherd é e ééééeé. eééeéeée.eéeéeé .. 8L
occidentalisvar. stricta.

13b. Stems arcuate to ascending, diffusely and branched and floriferous from base, basal rosette
absent. Many stems arising from single root. Fruiting pedwetkly to strongly
reflexed. Only one fruit type present on a single plant, nutlets more or less the same in a
single fruit though some margins may have more prominerg.\@ristles on spines
absent. 8 4 conspicuouspines per side. Styles shorter thatiets and hidden among

themé ééeeééééeeceééééeeeéééee. 3L desertorum
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1. Lappula coronataGreene
LappulacoronataGreene Pittonia. 4:941899Type: U.S.A. Arizona, Mesas near Tucs8.
Apr. 1884,C.G. Pringles.n (Lectotype designated hefdS- 26390Q, Duplicates of type NY!
imageseenMO!) EchinospermuncoronatumSchuman. Just's botanischer Jahresbericht.
27(1[3]): 522. 1901Lappulatexana(Scheele) Britt. varcoronata(Greene)A. Nelson&
MacBride The Botanical Gazetté1(1):41 1916.

Thespecimen at US was chosen as the lectotype for the species because there was no
specimen at NDG. Greene was working in Washington D.C. at that time and in the same
publication (Greene 1899) he referredtberspecimense had seeat the National Herbarm
(USs).

Description
Herbs annual Rootssingle, long and narrovetems1d 3 stems main stem erebtranchingn

upper thid, flowering stems ascending.30 2 dm, mixed short appressed hairy and pilose
canescent_eavesbasal leaves withered at maturfbasal rosette not observe8jem leaes

narrow oblong to narrow lanceolaté) 3 cm x & 4 mm,abaxial surfacéong spreading hairy,

may be glabrous near midvien and more densely hairy near mardsalsurface long

spreading hairy, canescent; leafbsa attenuate to cuneate, apex subacute to obtuse, margins long
spreading hairyinflorescencesto 10 cm in fruit, raceme like cymeasrect to ascendingracts

oblong to linear5d 10 mmbecomingprogressively smallemear branch tipg-ruiting p edicels

erect, length in fruiRd 3 mm. Calyx lobeslinear to narrow lanceolat&,50 2 mmto 3.9 4in

fruit, slightly accresscerftlasping or stellate spreadin@orollas (color not seen)1.59 2.5

mm corolla lobeserect and spreading, oblorigruits homomorphic, subglobose (wider than

tall), 40 6mm x 2.% 4 mm.Nutlets homomorphi¢ovate to broad ovatg,5 mm, bases
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rounded, apices swdcute to acutefour nutlets with 1 row of spines arising from a broadly
inflated margin5 spines per sideerete 0.50 1 mmlong, 2spines per sidefree from margin

near apexAbaxial disklanceolate to broadly ovate (or partially obscured by margii .5 x

10 1.5, disk surface smooth wittaised crest at midlinéddaxial surfacesmooth throughout
(equally @lheringequally togynobas®). Style taller than nutlet body, obscured by apical spines
Gynobase2.5 mm.

Discussion

This species is most similar ko heterospermandL. texana but the smooth abaxial and
adaxial surfaces of the fruits distinguishcoronatafrom both specied.. cucullatahas
mericarps with smooth disks and a raised éinerest down the midline, and frequently viidve
four mericarpswith an inflated marginal windyut even then the two species can be
distinguished by the ventral surfastich is smooth irL.. coronataand tuberculate in L.
cucullata (at least below). The style is usually completely hiddengncullatabut visible
among the apical spineslin coronata The two species have completely different ranges.
Observations wermade from herbariurspecimens only, becauigs species was not
observed in the field. Measurements of the corolla limb width were made from dried specimens,
and it is expected that measurements from fresh specimens will be Widss not possible to
confirm the corolla color because the flowers change color as thelyudrgbservations of dried
specimens suggest that it may be white.

Distribution and Ecology
Southern ArizonaSonoran deser80004500 ft

The distribution map wasnade in ArcGIS omhe by entering the locality name into the

search field and placing the marker dot by eye. If localities were specified to be a certain distance
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from a town or | andmar k, thheaduirse atne®el wa sEach

represents an herbariuspecimen observed and cited below in the specimens cited section.

o ABIZONAL T

Tig= gl 40

Fefacn = gl

NPS, Esri, DeLorme, FAQ, USGS, EPA

Figure 2.3 Map showing distribution of L. coronata Greene Dots represent fruiting
specimens identified ds coronataGreene listed under specimens citddhe collections are
mostly from historical localities now locatedvitinty of Tucson.
Phenology
Flowering and fruitingMarch-Aprild (Jung
Specimens cited

The locality data from the specimens listed below werd tsenake the distribution map
above. Each locality was searched by address in ArcGIS online and dots were placed by eye.
Distances were estimated using the measuring o specimens mapped were identified to
species with confidencelther specimensot cited were left unmapped because they were

immature and it was not possible to confidently identify them to species.
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UNITED STATES. ARIZONA.[GRAHAM CO.:]: On mes& mi N. W. SaffordN of
Gila River, Bassett Maguire, B. L. Richards, Jr., Theo. ModlD107, 16 Mach 1935 (RM,
ARIZ) [ co]: Mesas above [name is unreadapldjornber s.n., 18 Marct06. (ARI2; [co]:
Small range reserve, Wilmot, J. J. Thornb825, 23 March 1905 (ARIZ[PIMA CO.]: Dry
plains near Camp Lowell [=Tucson], C.G. Pringlen. 16 April 1881 (GH); [CO.]: Santa Cruz.
Dry hills. W. F. Parish 164, ApriMay 1884 (GH); [PIMA CO.]: Tucson, J. W. Toumey s.n., 10
June 1892; [PIMA COJ: His east of Vail R. H. Peebles1367, 28 April 1935 (ARIY [PIMA
CO.]: Tucson, flatsouthwest of Tumaroc Hill near Street, 32.2°N Latitude, 111.0°W
Longitude, 29 March 1983 (AR)Z[COCHISE CO.]: BensarClay creek bottom®elzie

Demaree 2055, 31 March 1960 (AR)
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2. Lappulacucullata A. Nelson
Lappula cucullata A. Nelson Botanical Gazette 34(1): 29. 190pe: U.S.A.
Wyoming Carbon Co.: Fort Steeldry sandy sloped.6 Junel900, Nelsof25Q (Holotype:
RM! Isotype: image seen US

Description

Herbs annu& Rootssingle, narrowStems(1)d 40 10+ ascendindo erectbranching

primarily from just above base of plant, hegf@.5)0 16 2 dm, $rigose and hispidBasal
leavesabsentStem leavesarrowly lanceolate or narrowly oblong, length 1.5 cm, width &

3 (5) mm, strigose to shothispid, adaxiallystrigose to shotispid (typically more densely than
above) basesessile or cuneate, margin ciliate hairy, apex subacute to &dldeescencesto

10 cm fruit, cymose not much branched (fruits may appear secund along branche&dfracts
like throughout, reduced diskg shape narrow lanceolate to lanceolated1252.5) cm, upper
bracts shape narrow lanceolate, 5 cm lengthFruiting p ediclesld 2 mm, ascending to
reflexed but often appearing sessile on bra@etyx lobeslinear to lanceolated 2 mm, to 4 in
fruit, erect or clasping the frui€orollas pale blue or lavender (fading darker blue), lingb 2

mm wide, lobes erect to |gading, lobes linear, oblongruits heteromorphic, some plants with
homomorphic nutlets (either nutlet type), some plants with hetemnwonutlets, ovate (if fruits
homomorphic and nutlet margins uninflated and spines free), globose (if fruits homomorphic
with margins inflated and spines connate, or fruits heteromorphic with both nutlet types present)
30 5 mm high.Nutlets heteromorphicbroadlyovateto orbicular 30 3.5mm long, bases

rounded, apices acute to acuminat;4l nutlets with one row of spines arising from inflated
deeply involute or revolute margifd 8 spinesper sidearising from margin up to 1mm long, at
least 2 of these apical spines free-geriete to subulate, disk broadly lanceolate to broadly ovate,
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completely visible or partially obscured by mardihd 3 x 16 2 mm abaxial disk smooth to
rugose with raised creatong midline smooth or striate with fine papillae, adaxial surface with a
narrow keel above middle, muricate, smooth apically or one side smooth the other muricate,
nutlets easily released from gynobase or nét4dInutlets with @ 8 spines along each side
arising from a smooth or muricate margin, longest spines bases free to confluent, disk shape
lanceolate to broad lanceolat@, 2.5 x 0.8 1.5mm, abaxial disk rugose, or finely muricate,
adaxial disk sparsely to densely muricate. Nutlets frequently clingiggnobaseGynobase
2.8.Style shorter than or equal to nutlet body, not visible, obscured by nutlet apex and spines.

Discussion

One difficulty in delineatind.. cucullatawas the discovery thatdan produce
monomorphi¢cweakly heteromericarpior strongly heteromericarpidruits in the same or
separate population$lants collected from the eastern part of its rang@RTH DAKOTA.
BOWMAN COUNTY: S. J. Rolfsmeier 1102; WYOMING. CARBON COUNTYJ.R 670)
were initially thought to ba newspecies.The fruits hachomomorphiautletswith spineshat
werefree to the base and horizontadlyreading Thenutletdisk was wide smoothandsmooth
somewhat wrinkledand the flowers were pale blue to laven@e image of fruit belowkigure
2.5) . However examination of the type specimen (cited above), and comparison with specimens
with heterormorphic fruits (cited below under specimens examined), sadtestthe plants
with homomorphic fruitsand nutlets with free spinese likely members of the same spe@ss
those with connate and hooded nutlet margins

On the herbariunsheet, two collections from the same population may initially appear to
be separate specieBruitson asingle plantcan havehreeconsimilar nutlets witltonnate bases
and onenutletwith free spinesin the same populatigolants maye found withfour consimilar

nutlets with free spinedess common) Or there may be plants that have dissimilar nuttes
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vary in degree of dissimilarityWhen the fruits are heteromorptseems tdea correlation
betweemutlets havingupulatemargin and a smooth disk surfaéeégure2.6). However plants
that have fruits without connate margins can havaaate or smooth to rugose nufieh plants
with two fruit types, the nutletwith free marginal spines may be smaller &aste narrower
abaxial diskghan those with a cupulate margin, the midiior these nutlets ademarcated by
a line of muricate bumps (sometimes on a raised riggkgr than a smooth raised kesth a
sharp crest

When this planhas strongljheteromericarpidruits it may apgar similar td..
heterospermabut it can be separated by taegernutlets which havevider abaxial disk, and
styles shorter than the nutlelisalsotypically hassmaller flowers andlower, more widely
spreadinggrowth formthanL. heterospermarhis species frequently grows with fremontii
(Torr.) Greene in sparsely vegetat@aswith clay soils butL. fremontiihas larger blue
flowers, fruits with multiple rows of spineand a different habit (see description of that species)

Observations dfresh plants in the field were basedindividuals froma population in
North Dakota (SJR 1102). Corolla lobes were narfleas than 1 mm wide), arnide angle
between the lobes was 5990°. The corolla appendages (fornices) were light yellow to white,
minute and beatike, and sepals were narrow and linear. When untifgdruits weregreen and
the spines were tinged blue.

In the western part of its rande, cucullatais verysimilar toa form here treated &s
desertorun(described by Aven Nelson asdesertorunvar.foliosa elevated to species by him
and then treated &s cupulatavar.foliosg). Both of these speciemnhavefoliose bractsand
are low growing and bushy branched from the b@sedifferencethatseens to separatidnem

is size of thdruits. The fruits n L. cucullataA. Nelsonare larger than those bf desertorunby
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10 1.5mm. Theabaxial diskin theformeris typically broadey though both have smooth wide
surfaces when the bases are conr#tenutletapex isacuminatenot acute Theadaxial

surface of the nutlets aremooth at least apicallyAlso, adaxially, the sides are often oblique,
where one side is acuminate and the other acute; also the surfaces may differ with one half being
smooth apically and the other muricaltéowever, specimens from the Snake River Plains of
Idaho and Oregoriincoln and Sublette counties in Wyoming are difficult to place without
carefully examination Both of these species have a low spreading growth &ord are foliose
throughout. Howevel,. desertorunseems to have narrowieavesandsmaller more widely
spacedlIt may also be possible that the number of margipedesmay be a good character, with

L. cucullataconsistently having 5 to 6 or more spaper side and. desertorunhaving 3 or 4

spines per sideAnother character that seems to distinguish thespeziesyhen the spines are
free is thatL. cucullataspines are usually ascending and get progressively smaller apically and
L. desertorunseems to have spines that are horizontally spreading with relatively longer spines
at the bottom Acornerso of t Ahelowantostspinessinand v e
the nutlets ot.. desertorunare sometimes connate and foarthin cup, or wilg andthis can be
similar in appearance to the thin, hooded maogiserved inL. cucullata(though the fruits ir..
cucullataare often larger) Furtherevaluationis needed to determiriiethese two species are in
factthe same, if they intergrade, or if they simply share some morphological characters that
make it difficult to distinguish thenit is included here, but with low confidence in the

delineation The specimens cited below best represent the species assirihed here, but

some confusing specimesn are cited with comments in brackets.

Distribution and Ecology
Sandy basins of Souttentral WyomingSalt desert scrulith Atriplex, clay shale

barrenssparsely vegetated sagebrush slopkeg, soils inbadland of the Missouri Plateatfhe
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map below was made in ArcGIS online and is based on localities from herbarium specimens

listed below under specimens cited.
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Figure 2.4 Map showing distribution of L. cucullata A. Nelson

Phenology

Flowering and FruitingJuneJuly
Specimens cited
U. S. ACOLORADO .[MESA CO.]: DeBeque, 22 June 1912, G. E. Osterhout,

RM)WYOMING . BIG HORN CO: Legal description [onlyg92W T50N NE NW Sec 20, 6

June 1967, H. G. Fisser 16 (RMDARBON CO.: 20 miles north of Baggs, sagebrush slopes.
Common on disturbed soil of bottom land, 20 June 1957, C. L. Porter 7296,(REXZ RM).
LINCOLN CO.: ca 4.5 air mi SW of Opal, 4.7 mi S on Wagon Wheel Road off of U.S. Hwy 30,
1 June 1995, C. H. Reafal, Larry Refsdal 4750 (RM). Ca 10 air mi ENE of Opal, 30 June 1995,

C. H. Refsdal 4701 (RM); Between Zieglers Wash and Dry Muddy Creek ca 9 air mi WNW of
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Granger, 3 July 1995, B. E. Nelson, C. H. Refsdal 368Ri4, RM); .PARK CO.: Absaroka
Mountains: éong south side of inlet to Buffalo Bill reservoir, ca 13 mi W of Cody, 3 June 1988,
Erwin F. Evert, 14142 (RM); SUBLETTE CQCa 11. 5 air mi SW of Boulder, 7 Junl 1995,

Tom Cramer 7423 [seems like it is approacHinfpliosasensu Nelsoi®R](RM);North m of

Dry Basin just off Calpet Road, ca 10 air mi SW of Big Piney, 28 June 1993, B. E. Nelson 26578
(RM); Green River Basin, ca 1.5 air mi E of Marbleton, 21 June 1995, Tom Cramer, Jane T.
Kellett 6533 (RM)SWEETWATER CO. : al ong He,R8l@edo5EGr k neeé
L. Porter, R. C. Rollins 5667 (GH22 miles South of Green River, 29 June 1951, C. L. Porter,

R. C. Rollins 5714 (GH\WASHAKIE CO.: Big Horn Basin; on Lightning Ridge above

Homestead Gulch on the Nowater Trail, ca 3 air mi NNW of Nalyca 20 air mil S of

Tensleep, 8 July 1980, B. E. Nelson 5883 (RM); 19 miles NW of Worland at Hawk Exclosure,
31 May 1979, H. G. Fisser s.n. [mixed sheet.wffemontij 3 specimen on sheet is cited here]

(RM).
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U. S. AWYOMING . LINCOLN CO.:Ca 13 aimi N of Opal, 11 July 1995, Tom Cramer, Jane
T. Kellett 7769 [Specimen seems betwéedesertorun{recurved pedicles, branching from

base),and.. cucullatd(RM)

Figure 2.5 Image ofL. cucullatafruit with free spines (SJR 1102)
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Figure 2.6 Image ofL. cucullata fruit with inflated margin (SJR 757)
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3. Lappula desertorun@reene
LappuladesertorumGreene var.desertorum Pittonia. 4:951899.Type: U.S.A.: Nevadaflko
Co]: nNndeserts of central Nevada,; described fro
Hol born, 0 E. L. GreendD&. 042368670l Wol&96nTHOE
Greenebs speci mennlgamalt chlkgt It Me Bamdwit ionids (
not Greeneds.
Echinospermum desertoruh Schum.Just's Bot. Jahresber. 27, Abt. 1: 522. 1899.
LappuladesertoruntGreene varfoliosaA. NelsonBull. Torr. Bot. Club. 27(5): 26:268. 1900.
Type: U.S.A. Wyoming [Uinta]: Evanston. 4 June 1898, A. Nelson 4502, 13 June 1898 A.
Nelson 4685. (Lectotype designated here: RM!foliosaA. Nelsonin A. Nelson and J.M.
Coulter, Man. Rocky Mount. p 4139Q9. L. cupulataRydb. varfoliosaA. Nelson& MacBride.
Bot. Gaz. 61(1): 40. 1916. redowskii(Hornem.) Greene vadesertoruni. M. Johnston pro
parte.J. Arnold Arb. 392-94. 1932.

Description
Herbs annual Rootssingle, narrowStems(1)d 40 10+ asending to erect, branching

primarily from just above base of plant, heights (8.2)d 3 dm, strigose and hispiBasal
leavesabsentStem leavesarrowly lanceolate or narrowbblong, length @ 1.5 cm, width

3 mm, strigose to short hispid, adaxiallyigise to short hispid (typically more densely than
above) bases sessile or cuneate, margin ciliate hairy, apex subacute timthorgscencesto

20 (30)cm fruit, cymose not much branched (fruits may appear secund along branches) bracts
leaflike or narow throughout, reduced distally, shape nartm&arlanceolate tmarrow

lanceolate, 1& 2 (2.5) cmlong, upper bracts shape narrow lanceolated Am bng

Fruiting pedicles 2-4 mm,ascending to reflexe@alyx lobesnarrow lanceolated 2mm, to 5
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mmi in fruit, clasping or spreadin@orollas white, pale lavendeblue,limb 26 3 mm wide
lobeserect, lobes lineaFruit homomorphicNutlets heteromorphic (not strongly pronounced),
ovate 20 2.5 mmlong, bases rounded, apices aclfe nutletswith 49 5 spnes arising from

a thin wing (may be inflexed at base of spines), longest spéds5lmm long, bases confluent

or closely adjacent, disk ovate &.2 x 0.3 0. 5 mm; disk surface finely muricate with a line of
closely muricate bumps along midline, or smowetth striations of muricate or papillose bumps
along midline. Adaxial surface muricate or smooth or muricate below andisioove 18 4
nutletswith 4-5 spines arising from obscure margin, longest spife$.2 mm long, bases free

or closely adjacent, disovate 1.8 2 x 0.3 0.5 mm; disk surface finely muricate with a line of
closely muricate bumps along midline, or smooth with striations of muricate or papillose bumps
along midline. Adaxial surface muricate or smooth or muricate below and smooth above.
Gynobase20 2.5style shorter than or equal to nutlet body, not visible, obscured by nutlet apex
and spines.

Discussion
Johnston 1932 considered.. desertorunGreenea variety ofL. redowskii(S.Wat®n)

Greenemaking the combinatioh. redowskii(S.Wats) Geene vardesertorun(Greene) IM.
Johnst. Hssubmerged.. cupulata(Gray) Rydb, L. desertorunGreeneL. foliosaA. Nelsonand
L. columbianaA. Nelsoninto synonomy undel. occidentalisvar. desertorum His earlier work
had largely followed that dflelson and Mebride in recognizing sixarieties with variously
inflated marginsbut Johnstorplacedall of theseasvarietiesunderL. texana(Scheele) Britt. and
put Gr e eln deSestorumatorsgnonomy unddr. texanavar. heterosperm#Greene) |.
M. Johnstwith a question marklohnstoril923)
When Johnston publishdtls new combinatiob ased on Gr ebeneds basio

determined that some nutlets had an inflated margin upon which the spines were perched, and
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others formed a wing by becoming cotenduring development (Johnston 1932). Specimens
with the later type of nutlets were all referred_taedowskiivar. desertorum Here,L.
desertorums retained as a species distinct franoccidentalisand fromL. redowskii There
are differences ihabit, vegetation, and fruits that support thedineation.In particularL.
desertorums low growing, the fruits have fewer spines on the nudatsovertop the styleand
the longer spines at the basal @mof the nutlet give the disk (and tieif overall)a more
triangular shapegsompared with thevate shape of the fruits In occidentalis

Her e, N e | d.adesérrunvaa. folioss tisyreated within the species without
varietalseparation, but this merits further stutliglsonthought the variety was distinct enough
to be considered a separate spedie®liosaA. Nels.(Coulter and Nelson 1909), but later he
placed it a variety of. cupulata(Gray) Rydb. (a combination based on a superfluous name, here
treated a&. occidenalis (S. Watsoh Greene varstricta (S.Wats.)}comb. noy. The habit of the
plants described ds desertorunvar.foliosaarevery bushy branched and leafy and have widely
spaced fruits, whereas the plants of the typical form are more closely fruitttedn@cts less
leaflike. Some specimens labeled by Nelsoh afliosa,have very large fruits anddk very
similar toL. cucullata One possibility is thal. cucullataandL. foliosaare the same, and
should take the older namefoliosa For now, the name is left as a synonym under

desertorum

Distribution and Ecology
Clay hillsides and badland8pld desert basin&olling plains,2000-7000 ft

The distribution map shown below is based on specimens observed and determined to be L.
desertorum. Each dot was placed manually in ArcGIS online. The locality listed on the label was

entered into the search field, the dot was placed manually. Distances from towns or landmarks
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were estimated using the measurement tool in the mapping applieatd dots werglaced
manually. Specimens mapped are listed below under the specimens cited section. General

habitat data was compiled from herbarium specimens.

Sources: Esri, DeLorme, NAVTEQ, TomTom, Intermap, AND, USGS, NRCAN, Kadaster NL, and the GIS User
Community

Figure 2.7 Distribution of L. desertorum Dots represent examined specimens.
Phenology
Flowering and FruitingJuneJuly
Specimens cited
U. S. A.CALIFONIA. MODOC CO.: Upper Alkali Lake, E side of Surprise Valley, 2 June

1989, B. Bartholomew, B. Anderson 4821 (N¥DAHO . Snake Plains, 1893, Dr Edward
Palmer 280, 11519(NY); BANNOCK CO.: Soda Springs, 18 June 1920, Edwin B. Payson,
Lois B. Payson 1714 (RMBUTTE CO: Big Butte, 27 May 1938, Ray J. Davis 140 (@H)
miles northeast of Arno, 8 June 1941, JOHrist 122@ (NY). ELMORE CO.: 9 miles south of

Mountain Home, 29 May 1953, William H. Baker 10193 (RM)EVADA. ELKO CO.: South
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of Contact, 29 June 1941, R. L. Riemeisel 261 (GH). ESMERALDA Tfit Canyon, White
Mountains, 15 June 1930, Victor Duran 2709 (ARI&,, OSU, RM).EUREKA CO.: 5 mi S of

Walti Hot Springs, ca 55 mi NE of Austin (Lander Co.), 13 June 1964, R. Spellenberg 366 (NY).
NYE CO.: South end of the Monitor Range, 3.7 km (2.3 mi) North of U.S. Highway 6 from a
turnoff 29 km (18mi) east of Tonopah June 1976, Noel H. Holmgren, Patricia K. Holmgren

8158 (NY). WASHOE CO.: Granite Range, upper meadows at the south fork of Rock Creek, ca
1.6 km (1 mi) east of Granite Peak, 16 km (10 mi) airline distance-northwest of Gerlach,

29 June 1980, Noel HHolmgren, Patricia K. Holmgren 9685 (NYQREGON. Big Butte

Station, 20 June 1893, Dr. Edward Palmer 200 (WHd)ney Valley, 27 May 1885,Thomas
Howell s.n. (NY) BAKER CO.: 1 mi E of Unity, 18 June 1928, M. E. Peck 16050 (WILLU).
HARNEY CO.: Steins,une 1927, Lilla Leach 684 (OSUPueblo Mt. Mining Co., Pueblo Mts.,

3 July 1927, L. F. Henderson (OSU); Silvies River, 23 June 1912, M. E. Peck 7838 (WILLU)
LAKE CO.: Warner Valley, ¥ mile north of junction of road into Hart Mtn. refuge and road
between Rgstaff and Wagner Lakes, just north of CCC Camp, 17 June 1977, Virginia Crosby
1300 (OSU)Near Guano Lake, 4 July 1936, Roy C. Andrews 633 (O8Ild))g State Route

140, 44 miles S.E. of junction with State Route 395 mile post 44, 24 June 1986, Thomas W.
Nelson, Jane P. Nelson 8212 (RM); Hart Mountain Headquarters, 25 June 1941, Lilla Leach s.n.
(OSU);Road near Flook Lake, about 6 mi NE of Refuge Headquarters, Hart Mountain National
Antelope Refuge, 9 June 1996, David Gil28 (WTU), Chewaucan River, giles northwest

of Valley View, 30 May 1940, C. L. Hitchcock 675RY, WTU); West side of the Black Hills,

5 miles SSW of the town of Christmas Valley, 7 June 1983, Stephen Shelly B1L B Valley
Falls;31 May 1948 M.E. Peck 25034 (WILLUYMALHEUR CO.: Owyhee Ufands, Dry Creek

basin, hills northwest of Eddy Spring, 37 air miles sesghthwest of Vale, 27 May 2004,

96



Danna Lytjen, R. E. Brainerd, N. Otting176 (OS2 km E of Whitehorse Ranch, 13 km W of
hwy #95, crest of ridge above hairpin turn, 3€Jd8983, Elaine Joyal 451 (OSU); Blue Mountain
Pass, 19 June 1958, L. E. Detling (OSW)YYOMING . Yellowstone Park, Junction Butte, 15

July 1899, Aven Nelson, Alias Nelson, 5888 (RI@ARBON CO.: SanCreek, 17 July 1973

M. H. Schroeder, G. L. Ranick, s.n.(RMJNCOLN CO.:N of Opal, 8 June 1987, R. Dorn

4613 (RM);Holden Hill above Fontenelle Reservoir, ca 8.5 air mi NW of Fontenelle Dam, 5
June 1995, Tom Cramer 5586 (RM); Sugar Loaf, ca 26.5 ai\whbf Farson, 17 June 1995; Ca
13.5 air mi NE of Kemmerer, 4 July 1995, Tom Cramer 7096 (R84;15.5 air mi SSW of La
Barge, 21 June 1995, Tom Cramer, Jane T. Kellett 6607 (RUBLETTE CO: Ca 9.5 airmi E

of La Barge, 8 July 1995, Tom Cramer 7562 (RMa 10. 5 air mi SSW of Big Piney, 24 July

1993, Ronald L. Hartman 41806 (RM);12 air mi N of Farson, 18 July 1995, Tom Cramer, Jane
T. Kellett 8583 (RM);Southern end on the east side of the Prospect Mountains, ca 17 air mi W
of South Pass City, 16 Jun8, Tom Cramer 752 (RM); ca 20 miles N of Farson, 17 June

1995, Tom Cramer, Jane Tekett 6163 (RM);Near Cora, 9 July 1925, Edwin B. Payson, Lois

B. Payson 4317 (RM); ca 17.5 air mi NW of Farson, 2 August 1995, Tom Cramer, Jane T. Kellet
10184 (RM) SWEETWATER CO.: Delaney Rim, Ca. 4 air mi S of Tipton, 19 June 1980, Kieth
H. Dueholm 10120 (RM); Ca 15 air mi s of Red Desert, 8 June 1980, Keith H. Dueholm 9916
(RM). Ca 11. 5 air mi NW of Farson ice cream store, 18 July 1995, Tom Cramer, Jane T. Kellett

8504 (RM).UINTA CO.:Kemmerer, 1 June 1907, Aven Nelson 9(RH);
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4. Lappula fremontii(Torr.) Greene

Key to varieties:

Fruits 4 mm high (including apical spineg)irees of secondary row half as long as those
of main row, dorsal faeof nutletca. mm wi d e 4&.EBagpula fremontivar.fremontii
Fruits 3 mm high (including apical spinejrees of secondary row reduced to tubercles,

dorsal face | ess than 1 J4niappuiatieenonévarenélsordié . é é .

4a. Lappulafremontii (Torr.) Greenevar. fremonti.
Lappula fremontii (Torr.) Greene var. fremontii, Pittonia. 4:96. 189%chinospermum
fremontii Torr. Pacif. R.R. Prep. X2): 46. Type: U.S.A. California: Creek of the [0.ih the
Sierra Nevadal860,J. C. Frémons.n (Holotype: NY!). The label was not legible, but the
publication I|ists the | ocality as fAPass Creek
(Torrey, 1899).
Lappulacenchrusoide#. Nelson Bull. Torr. Bot. Club. 1899. Type: U.S.A. Wyoming Laramie
Hills, 14 Sept. 1898Aven Nelson 5339Holotype:RM! Isotype: NY).
Echinospemumenchroidegsic] K. Schum.Just's Bot. Jahresber. 27, Abt. 1: 522. 1899.
LappulaerectaA. NelsonBull. Torr. Bot. Club. 27(5): 268. 1900. Type: U.S.A. Wyoming
[PlatteCounty}: Uva, July 7 1894 , A. Nelsof24.(Lectotype designated here: RM!
IsolectotypeNY!) Nelsonreferredt o t wo speci mens in his publica
Nelson 424which was selected for the lectotypappula echinatavar. erecta(A. Nelsm)
Brand. In Engler, H.G. Das Pflanzenreich V. Zb2ft 97): 140. 1931Lappula squarrosaar.
erecta(A. Nelson) Dorn. Vascular Plants of Wyoming 295. 1988.

Description
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Herb Annual or biennialRootssingle, narrow or stout and conic8tems1d 3 (occasnally
more) arising froncrown with basal rosett®r simple stem arising from root, ascending or,
erect, banching throughoutom near base, or primarilg upper third of plant(0.50 16 30
(4) dmhigh, strigoseor appressed long hairfpasal leavesabsent or withering at maturity or
present anthnceolate ospatulate 10 4 cm x 3 5 mm), strigose or densely appressed long
hairy, bases attenuate, apices obtuse to sub&teta.leavesarrowoblongto narrow
lanceolateor oblong elliptic;10 4 cm long 36 66 (10) mm wide abaxial surface frequently
sparsely pusilate hairyapproaching glabrous at midline or appressed long hiapicial
surface more densely pubescent; bases cuneate to rounded, apices rounded or subacute, margins
ciliate or long hairylnflorescence$d 30 cm, ascendingacenelike cymes orerect and
paniculately brancheih upper part of planracts oblong to ovate, becomipigpgressively
smaller near branch tis50 1.5 an. Fruiting pedicels 20 3 mm ascendingCalyx lobeslinear
oblongor lanceolate.50 30 (4) in fruit, stellate spreadin@orollas blue, limb (2)0 46 50
(7) mm wide,lobesovate to broadly ovaté&ruits homomorphic2.59 40 (5) mm, broadly
lanceolate to triangulaNutlets homomorphic4 mm highbroadly lanceolate, nutlets with 2
rows of spines along disk margspines of inner rovarising from inconspicuous margigines
of primary row6d 79 (9) spines per side, free or closely adjacgrhetimes fusing to form a
thin wing,1.50 3.5 (5)mm long spines of outer rovhalf as long, teret.50 1.5 mm long,
bases freegbaxial disktriangular or lanceolatdd 3.5 mm longk 18 1.5mm wide, disk surface
scabrous tuberculate with prominent line of taller tuber@tegiuently glochidiate@long
midline. Adaxal surfacescabrous tuberculatene nutlet adheng more strongly to gynobase.

Style exceeding nutlet body, stykxceeded by apical spin€dynobase3.59 3.8 mm high.
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Discussion

This species has twgrowthforms which may be recognized varieties.One is found
throughout the Missouri Plateau physiographic regiontaedVyomingBasin(Chapman et al.
2004)and north to badlands Baskatchewaand Alberta, consistently growing gray smectite
clays derived from volcanic asfi.he other appears to bdennialor winter annuafat least in
some populationdut not confirmed empiricallyand is found throughout Wyoming, the Rocky
Mountains, and the Yukon and Alaska (see specimens cited béltmpasin dwellingplants
are typicallybright greenshorthispid, branching thrahoutfrom the basgwith ascending
fertile branches.The keavesareappressed hairfsparsely so above)nd usually leaf hairs have
pudulate basesThe plants found in the hills and mountain zones tend to branch abowe f@ad t
more robust, frequently with multiple stems arising from a leafy crown, and have a more gray
hairy appearanceThesetwo formsmayconstituteseparate varietiebut in Wyoming andNorth
to Alaska, they can be difficult to tell apas the fruits a the similar and the combination of
vegetative characters that distinguish them varies inconsistently

Thetaxonomic identity of.. fremontiihas been uncleaGr eene consilder ed
cenchrusoidesynonymous with i{1899). Nelson and MacbrideypL. erectainto synonymy
under itand retained.. cenchrusoideas a distinct speci€$916). Johnston determined the
collection must have bedn occidentalisince he considered that species common to the region
(1923).In part, the confusion arose because the ltypality, recorded a®ass Creek in the
Sierra Nevad®ountainsof California, was considered doubtful

The basionym Echinospermum fremonfliorr., was published in a report on a survey of
collections from tke Missouri Platau region, but Torrey typified it withremon® specimen
from Californiaa n d n ot .EBEythe tkne @rgehestransferred the name from

Echinospermunto Lappulg the species had nagainbeen reported from Californgo he

100



inferredthatthe collection had been misattributed to tlogglity. Greeneexamined the type
specimenas well aghat forL cenchrusoidesand determined the two were the sahhelson
continued to retaih. cenchrusoideas distincion the basis of itgestiture branching and
flowering time andhe minute flowersobserved on the fall collected plan®n the other hand,
he considered his. erectato be a synonym df. fremontiion the basis of the vegetative
characters. Specimens from California were not obsemnredrte fromNevada (cited below)
was so it is possible that it is presentCalifornia.

An attempt was made to separate the vegetativeforms asvarieties but the
morphology was extremely variableven in the fieldwWhile plants in eastern part of its range
were collecteexclusively in badlads habitats, further west, thegem less restricted in their
habitat preferences and were found in sandy and clay soils, in basins and montane woodlands.
Furthermore, it was observéathe field (observations by SJR in 2003, 2005, and 2006 at
Toadstool Park ithatplants in the Missouri Platedaehave annuals and complete their life
cycles by midJuly. Nelson collected the type lof cenchrusoides the fallin the Laramie Hills
of Wyoming finding themstill in flower. He made additional collections in subsequent years at
the same time, from the same general locality. The minute flowers he reported in his type
descriptiorwere also observed on later flowering plants of the strictiainform.

A third form was als@bservedand wasseparated owds a distincvarietyon the basis of
the fruits(seeL. fremontiivar. nelsoniidescribed blow).1 t was i ncl uded under
conceptol.erecta but t he speci menre 6o nwavshiocfh thhee wWrooatne d
above, with larger fruits, hence that name was put into synonymy unfftemontiivar.
fremontii Theficotyped la érecta as labeled by Nelson (Wyoming. Park Goda Bultte,

Yellowstone ParkJuly 15, 1899Nelson 5872RM!) was chosen as the type for a new variety
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described belowPlants of this varietpbserved in the Uintah Mountaing Utah and similar
specimens were seen frofttaska. It branches in the upper third of the plant with erect branches
andhas fruitswith shorter spines in the mainwpand a second row of much shorter spines
which may appeaonly as tubercles and may be visible only with a hand lens.

Plantswith fruits like L. fremontiiand vegetative morphology like thatlofsquarrosa
were observe. These specimens many aborted fruits and were found where their ranges overlap
in the Rocky Mountains and Alaska. In North Dakota, where the two species @sow
living plants were observed growing in the same area but they were distinct in dhefmalogy,
and phenology with plants af squarrosain early flower state, and those laffremontiiwere
in late fruit. As both species produce large flowers, largtjuarrosas reported to be both
selfing and outcrossin@rrick, 1984)it is possible that there may have been past or ongoing

introgressiorbetween the two species
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Figure 2.8. Distribution map of L. fremontii (both varieties). Map based on specimens
observed and identified &s fremontiivar. fremontii(red dots), andl. fremontiivar. nelsonii

(yellow dots).
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Distribution and Ecology

Habitat data for this variety is based on observations and herbarium label data.
Sparselyegetated areas in clay sadlong eroding badlands slopepaBsely vegetated
sagebrush slogeand sandy soils foothills. The map shown ifigure2.8 is based on
specimens of both varieties. More specimens were obsertedrefmontiivar. fremontit
Specimens chose represent morphological variation across a broad geographic range and these
specimens were mappehe maps were produced in ArcGlS8lioe by using the search feature
to find localities listed on the specimen labels. The dots were placed by eye and when the locality
was a specified distance from a locality or landmark, the distance was estimated using the
measure tool in ArcGIS and tldet was placed manually.

Phenology
Flowering and fruitingMay- July (September)
Specimens cited
The locality data was copied from the labels as written and historic locality names were

not updated. As mentioned above, sometime two forms can be obdmri/dte pattern was not
consistent enough to distinguish them at the varietal level. An attempt was made below to group
the specimens by whether they had an erect stem and were branching above (usually the plants
are also more canescent), or whether thesevgpreading (often these were robust bushy plants
with very bright green color on the sheet). This was not exact however and some plants that were
cited could just as easily be placed in one category or andtiehdped however that citing the
specinens this waynight be useful folorganizing the locality data féarther study into
variation in habitand growth form

CANADA.YUKON : White Horse, Upper Yukon River 14 August 1932, L. F. Henderson

14646 (OSU); Haines Junction, 14 September 1999, P. CasweldP@0@ALA). ALBERTA:
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South of Brooks, 28 June 1932, J.W. Eastham 3867 (UBC); below Sunalta School, Calgary, 26
August 1948, WC. McCalla 10272 (UBC)Along road on N. side of Slims River, from Alaska
Hwy. ca. 5 mile up river from Kluane Lake, 15 July 1974, K.I. Beamisnbs$1A,; Whitehorse,

18 July 1949, J. M. ditt, D. A. Mitchell 3859 (RM); Contact Creek Esso Station &ka Hwy.
953.5, 12 July 1983,W.J. Cody 32637 (UBU)S.A.IDAHO. CUSTER CO.: 10 miles west of
Clayton, 5 August 1944, C. L. Hitchcock, C. V. Muhlick 10769 (WTU). CLARK CO.: 9 miles
s.w. of Dubois, along Highway #22, 19 June 1963, C. L. Hitchcock, C. Vilitkh22777

(WTU). Challis, 15 July 1915, J. F. Macbride, Edwin B. Payson (RAQONTANA

[MISSOULA CO.] Fort Missoula, July 1914, Chas Lively (NEBOUTH DAKOTA .

BUFFALO CO.: T107N, R71W, SEC 36, 11 June 1997, James R. Johnson 346 (OSU).
PENNINGTON CO.: Bifalo Gap National Grasslands, 5 mi SE, 3.2 mi S Wall, 18 Jung; 197
Garrett Severson (USHSM). UTAH. [DAGGETT CO.]:Carter Dugway,Uintah Mts., 19 July
1899, Leslie Gooding (NEBWYOMING . ALBANY CO.: North of Tie Siding, 24 June 1919,
George E. Osterho®959 (RM); Chug Creek, 29 June 1900, Aven Nelson 7302 (OSU).
CARBON CO.: Pryor Mountain desert: narrow canyon on E flank of Pryor Mountains ca 0.4
miles N of the Wyoming State line, 30 May 2001, Walter Fertig 19428 (RREMONT CO.:

E of Agate Flat or BM Road 2404, ca 15.7 air mi NW of Three Forks Junction, ca 9 air mi NE
of Jeffrey City, 3 July 1997, Amy J. Roderick, Pamela Foster 1528 (RM); Atlantic City, 22 June
1946, Helen L. Cannon, Maude C. Weigand s.n. (RM); White Pass and vicinity, ca 6 af mi S
Ramshorn Peak, ca 9 air mi NW of Dubois, 28 June 1984, B. E. Nelson 10927 (RM); Across US
hwy 26 from Hainesd Farm, ca 9 mi W of Rivert
6106B (RM);Laramie Hills, 10 August 1910, Aven Nelson 9569 (RM); Augit2], Aven

Nelson 9665 (WTU)BIG HORN CO.: Six Mile Reservoir and vicinity, ca 9 air mi SW of
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Manderson, 15 air mi S of Basin; 5 June 1981, B. E. Nelson 7585 (RM); Potato Ridge, ca 14 air
mi ESE of Greybull, 7 June 1981, B. E. Nelson 7736 (RM); Sore FReservoir and vicinity,

ca 15 air mi S of Lovell, ca 7.5 air mi N of Emblem, 25 June 1987, B. E. Nelson 13931 (RM);
Little Sheep Mountain, ca 7 air mi ESE of Lovell, 25 June 1987, B. E. Nelson 13888 (RM);
Rainbow Canyon, ca 18.5 air mi ESE of Lovell, 286 1987, B. E. Nelson 13761 (RM).
CAMPBELL CO.:Ca. 8 (air) miles SW of Spotted Horse, 12 July 1978, Keith H. Dueholm,

Mary Alice Sanguinetti 4008 (RM); ca 4.5 (air) miles W of Pine Tree, 14 July 1978, Keith H.
Dueholm, Mary Alice Sanguinetti 4210 (RM)eBdhorse Creek, ca 2.5 miles south of Interstate
90 and 19 miles SW of Gillette, 16 June 1992, Michele Barlow 350 (RM); Ca 14 (air) miles ESE
of Reno Junction, 20 June 1978, Ronald R. Hartman, Keith H. Dueholm, Mary Alice Sanguinetti
6819 (RM); Ca. 12 (ayrmiles NNE of Recluse, 10 July 1978, Keith H. Dueholm, Mary Alice
Sanguinetti 3902 (RM)¢a. 14 (air) miles NW of Savageton, 11 July 1978; Keith H. Dueholm,
Mary Alice Sanguinettii 3960; 6 ¥2 miles S of Weston, 21 June 1978, Keith H. Dueholm, R. L.
Hartman Mary Alice Sanguinetti 2397 (RMEZARBON CO.:W of Seperation Rim, ca 14.5 air

mi SE of Bairoil, 26 June 1995 B. E. Nelson 35527 (RM); Fort Steele, 16 June 1900, Aven
Nelson (NEB);Near Table Mountain ca 6 air mi SE of Ferris, ca 3 air mi N of Windy&idi

July 1995, Laura Welp 6511 (RM). Along Buzzard Road, ca 2 air mi NE of Rendle Point above
Separation Flats ca 16 air mi NNW of Rawlins, 3 June 1994, B. E. Nelson, Laura Welp 30950
(RM). Stinkhole Draw and ridges to NE, ca 16.5 air mi N of Sinclairl €.5 air mi NE of

Rawlins, 20 June 1997, B. E. Nels@my J. Rodericlkt0467(RM); Pathfinder Reservoir, Tye

Draw leading into reservoir, ca 8 air mi N of Seminoe Dam, ca 38 air mi NE of Sinclair, 12 July
1997, Amy J. Roderick 2095 (RM); Ca. 5 air mi MWMMuddy Gap Junction (Three Forks), 30

June 1985, June Haines 4503 (REPNVERSE CO.Ca 15 miles ENE of Bill, ca 43 air mi NE
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of Douglas, 21 June 1994, B. E. Nelson 31858 (RM); Above the head of Shonsy Draw off Pine
Ridge, ca 28 air mi NNW of Glenrocka 47.5 air mi NW of Douglas, 13 July 1994, B. E.

Nelson 32808 (RM); Ca 4 air mi SSE of Douglas, 1 July 1993, Ronald L. Hartman 39399 (RM);
Along Spring Canyon or County Road 11 and La Prele Main Canal at the base and NNE of Table
Mountain, ca 7.8 air mi VBf Douglas, ca 6.8 air mi S of Orpha, 26 August 1993, B. E. Nelson
29292 (RM); Flats N of Betty Reservoir, 5 July 1978, Keith H. Dueholm, Mary Alice

Sanguinetti 3292 (RM);FREMONT CO.:Sweetwater Rocks; ca 8 air mi ENE of Jeffrey City, 4
August 1985, Jue Haines, Georgia Haines 5357 (RM); 5 miles west of Shoshoni, 21 June 1947,
A. A. Beetle 4548 (RM); East Fork of the Big Wind River, 7 air mi ESE of Dubois, 23 June

1983, Ronald L. Hartman 15606 (RM)ly o Game and Fi sh Deptodés Whi s
winter range, ca-% air mi S of Dubois, 31 August 1985, Scott Benson 40 (RM); Beaver Rim,

ca 17 air mi NE of Jeffrey City, 3 July 1981, Ronald L. Hartman 13604 (RM); Badwater Road
near East Fork of Dry Crkecrossing, 4 July 1998, R. Scott 11250 (RM); Lysite Badlands, Pony
Cr #1 gas line site just W of Monelgsite Rd, 3.3 rd mi N of Moneta, 16 June 1986, Hollis

Marriot 10062 (RM)HOT SPRINGS CO.: 22.5 mi SE of Hot Sprirgark Co. line on Wyo.

120, 16 Jua 1968, James and Helen Mears, 2297 (LL); S of Thermopolis, 13 June 1973, B. L.
Turner 8085 (LL); On the road to Grass Creek, ca 3 air mi N of Grass Creek, ca 40 air mi NW of
Thermopolis, 19 June 1983, B. E. Nelson 9513 (RM); Ca 3.5 air mi N of Hamiltore Dza 22

air mi NW of Thermopolis along Wagonhound Creek, 16 June 1983, B. E. Nelson 9398 (RM).
JOHNSON CO.: Culp Draw, ca 22 (air) miles NNE of Sussex, 27 June 1978, Ronald L.
Hartman, Mary Alice Sanguinetti 7750 (RM); Ca. 9 (air) miles S of Arvadaug@ 1979, Kieth

H. Dueholm 7720 (RM). LINCOLN CO.: Commissary Ridge, 0.5 air mi SE of Kemmerer

Reservoir along power lines E of paved road; ca 12 air mi NW of Kemmerer, 27 June 1992,
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Ronald L. Hartman 33477 (RM); Tunp Range, Rock Creek Ridge, ridge gbpeg reaches of
Antelope Creek, 27 June 1992, Ronald L. Hartman 33630 (RKMYRONA CO.:Laramie

Range, County Road 403, ca 0.2 to 1.2 air mi W of Twin Buttes, 11 June 1997, Ronald L.
Hartman, Amy J. Roderick, Cherie Winner 57528 (RM); Casper MountainJrsigbehind
Casper College on ACOo0 Hill, 19 June 1962, Fra
Arminto, 6 July 1993, Ronald L. Hartman 40451 (RK2g. 24 (air) miles N Natrona, 3 July

1979, Keith H. Dueholm 7707 (RM); Ca 1.5 mi E of Arminto, 6 JY93, Ronald L. Hartman,

T. W. Nelson 40322 (RM); 11. 75 mi S of Alcova on Rd. to Alcova Dam, 17 June 1968, James
and Helen Mears, 3021 (LL); Near the end of Ormsby or County Road 705 ca 2.3 air mi w of
Converse County on the divide between Sand Springk@Gnee McKenzie Draw, ca 21 air mi

NNE of Casper, 27 June 1994, B. E. Nelson 32163 (RM); Ca 3.5 (air) miles SE Powder River, 5
July 1979, Keith H. Dueholm 7825 (RM); Along west side of County Road 410, ca. 4.4 air mi E
of Independence Rock; ca 22.5 air nit Nf Three Forks Junction, 14 August 1997, Amy J.
Roderick 3665 (RM)NIOBRARA CO.: Ca. 6 (air) miles southwest of Redbird, 23 June 1979,
Kieth H. Dueholm 7366 (RM)Ca. 31 air miles NW of Lusk, ca. 8 air miles WSW of Lance
Creek, 2 June 1978, B. E. Nelsb®07 (RM). PARK CO.Near the head of Spring Creek, ca 6

air mi S of Cody, 26 June 1983, B. E. Nelson 9916 (Rdgaring Pens Reservoir above West
Branch Whistle Creek, ca 12 air mi SSE of Powell, 30 Jun 1987, B. E. Nelson 140970&M);
2.3 air mi W ofFannie on the road from Elk Basin Oil Field to Fannie, ca 16 air mi NNE of
Powell, 21 June 1987, B. E. Nelson 13752 (RBYBLETTE CO.: Southeast end of Deer Hill
and lower slopes, ca 9 air mi W of Big Piney, 23 June 1992, Ronald L. Hartman 33177 (RM);
SWEETWATER CO.: Ca 3 air mi e of Fontenelle, 22 May 1994, Ronald L. Hartman, Tom

Cramer, Charmaine Refsdal 45152 (RM)Drainage to Gap Creek and along Gap Creek, ca 2.5 air
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mi N of Red Creek badlands; ca 5 air mi S of Titsworth Gap; ca 31 air mi SSE of RaulsSp

26 June 1997, Beth Ward 6324 (RM); North facing slope of Rifles Rim, ca 1 air mi W of Wyo
Hwy 430; ca 35.5 air mi SSE of Rock Springs, 9 June 1997, Beth Ward 4853 (RM); ca 13.5 air
mi SW of Green River, 3.9 mi W of Wyo Hwy 530 on 2 track, 10 JW@851C. H. Refsdal 3839
(RM); Steamboat Mt., 9 June 1900, Aven Nelson 7049 (RM, NEB); Along Lost Soldier Creek

on Bairoil or County Road 22, ca 4.5 air mi W of Bairoil, ca 42 air mi NNE of Wamsultter, ca
36.5 air mi NW of Rawlins, 5 June 1994, B. E. Nel|dosura Welp 31084 (RMNE of Cedar
Mountain, ca 35 air mi SW of Green River and 10 %2 air mi N of Burntfork, 19 July 1979, Ann
Aldrich 495 (RM) Flaming Gorge National Recreation Area, ca 8 air mi NW of Dutch John; 2.1
mi W of the Forest boundary, 7 Jub@95, C. H. Refsdal, S. Goodrich 3771 (RM); Slopes of
Simpson Gulch and Big Sandy River and river bottom area adjacent to Big Sandy River, ca 9 air
mi SW of the confluence of Big Sandy River and Little Sandy Creek, ca 9.5 air af SW

Farson, 24 July 199'Beth Ward 6117 (RM); Ca 5 air mi E of the green River, ca 1 air mi W of
Alkali Creek; ca 18 air mi WNW of Rock Springs, 24 June 1997, Beth Ward 6230 (®&B}
Divide Basin, ca 7.5 air mi N of Eagl eds Nest
Laura Welp 5752 (RM)Battle Spring Draw, ca 27 air mi SW of Bairoil, ca 26 air mi N of
Wamsutter, 21 July 1995, Laura Welp 6636 (RBBtween Red Lake and Chalk Butte at the

edge of Red Desert Basin along County Road 20, ca 30 air mi NW of Wamsu#@raicani

ENE of Rock Springs, 5 July 1995, B. E. Nelson 36336 (RM); Near Dugout Wash in Red Desert,
ca 25.5 air mi WNW of Wamsutter; ca 46 air mi ENE of Rock Springs, 5 July BO®5,

Nelson 36264 (RM)UINTA CO.: Lower east flank of Hickey Mountain, 8aair mi NNW of

Lonetree, 13 July 1995, C. H. Refsdal 5334 (RM); East end of Wildcat Butte, ca 14.8 air mi NE

of Lyman, 5.4 mi E of on Church Butte Road, 18 June 1995, C. H. Refsdal, B. E. Nelson 4167
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(RM).WASHAKIE CO.: Dry Cottonwood Creek just above te&é&nmile Creek, ca 20 air mi NW
of Worland, 12 June 1988, B. E. Nelson, Erik Nelson 15710 (RM); Ca 14 air mi SSW of
Tensleep on Blue Bank Road, 11 June 1981, B. E. Nelson 8009GRMY; air mi SSE of
Worland on the Nowater Trail, 9 June 1981, B. E. Nel&84 (RM);WESTON CO.: Black
Hills, W of WY Hwy 116 near Jct with Arch Cr Rd, ca 5 air mi NNE of Upton, 27 June 1984

(RM);

4b. Lappula fremontii(Torr.) Greene var. nelsoniivar. novem

Lappulafremontii (Torr) Greene (Type:U.S.A.Wyoming Park Co.: Soda Butte, on the
disintegrated formatiorAven Nelsorand Elias NelsoB872 July 15, 1899(Holotype
designated here: RNI9718).

The specimen chosasthe holotype of this new variety was labeled by NelsoafasC-o
t y p elLoereotdA. Nelson but represents a different form from the specimen on which he
wr ot e .Mmhisyaietyds namediAv e n N ddnar fontlde svork that he did on the
North American species, particularly in Wyoming where he collected inapgyulaspecimens
throughait his career.

Description
Herb Annual (biennial?)Rootssingle, narrow or stout and conic8tems1d 4 (occasionally

more) arising froncrown with basal rosetterect, lbanchingprimarily in upper third of plant,
10 3.53 (4) dmhigh, strigoseor appressebbng hairy Basal leavesbsent or withering at
maturity or present arldnceolate ospatulate 10 4 cm x 3 5 mm), strigose or densely
appressed long hairy, bases attenuate, apices obtuse to subtmutkeavesarrowoblongto
narrow lanceolatetd 4 cmlong,3d 60 (10) mm wide abaxial surface frequently sparsely

pudulate hairyapproaching glabrous at midline or appressed long hiaphdial surface more
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densely pubescent; bases cuneate to rounded, apices rounded or subacute, margins ciliate or long
hairy. Inflorescencessd 10 cm, erect anganiculately brancheith upper part of plant, and
some short single cymes arising from upper half of stem; bracts linear oblong to broad
lanceolate becomingprogressivelysmaller near branch tifis50 1.5 cm Fruiti ng pedicels26

3 mmascendingCalyx lobeslinear oblong or linear lanceolat®55 3 in fruit, clasping or
spreadingCorollas blue, (2)0 46 (5)mm wide,lobesovate to broadly ovat&ruits
homomorphic2.58 40 (5) mm, broadly lanceolate to triangul&lutlets homomorphi2d 2.5
mm high,lanceolate nutlets with 2 rows of spines along disk margipines of inner rovarising
from inconspicuous margigpines of primary rovsd 7 spines per siddjasedree 1.30 1.5 mm
long; spines of outer roweduced to glochidateibercles primarily in lower halfterete0.59
1mm long,bases freegbaxial disknarrowlanceolate2d 2.59 (3) mm longx 0.58 1 mm wide,
disk surface scabrous tuberculate with prominent line of taller tubencteangular tootHike
spinesalong midline. Adaxiasurfacescabrous tuberculatautlets equally adhering gynobase
(otherwise?)Style exceeding nutlet body, styterelyexceeded by apical spin€dynobase2.5
mm.

Discussion
Nel sonds i nlk. erecaias asedupanp erectostem and upright

branching. His description of the species mentioned a single row of spines on the fruit, though he

| ater noted that his earlier description was
referred to two specimens in hisdepctii on, but wrote ATypeo on the
cited above in synonymy under fremontiivar. fremontii(see discussion above). The second
specimen, on whypgé&édohieswselteci€d as the type f

fruits that tte typical variety and highly reduced spinasharacter that is invariant in this
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variety, as is the consistently erect branching and long gray canescent vestiture. This variety was

found only at higher elevations and in Alaska.

Distribution and Ecology
Montane zone Rocky Mountaingpenings irAspen and’ine and Spruceoodlandsfound at

higher elevations than the typical variety. Specimens were observed from Alaska, Yukon
Territory, Utah, and Wyoming. The specimens cited below are mapped alongevtipital
variety (as yellow dots) iffigure2.8

Phenology
Flowering and fruitingJure-July
Specimens cited
CANADA. YUKON. Roadside turnout at KM 1539 of the Alaska Hwy, ca. 2 miles N of

Stoney Creek, 3 September 1985, LuDean Marvin 2215 (A&)nity of Pine Creek, neani
1019, 28 June 1944, H. M. & L. G. Raup 12091 (ALA). Mile 1019 Alaska Highway, 4 July
1968, S. L. WelshG. Moore 7801 (ALA)U.S.A. ALASKA. 3 miles south of Chicken, 287

June 1954, Galen Smith, Leslie Viereck 2419 (ALAgirbanks Quad, College, University of
Alaska campus, 17 June 1969, Pat Rutledge 59 (ALA). Tok, along Alaska Highway, 17 June
1986, R.Lee 8648 (ALA). WYOMING. SUBLETTE CO.: Black Canyon Creek at base of
grade, ca 18 air mi SW of Big Piney, 27 July 1993, Ronald L. Hartman 42384 (RM). TETON
CO.: E of Alkali Creek %1 mi S of the Gros Ventre River, Bridgéeton National Forest, 23

mi NE of Jakson, 8 July 1996, Erwin Evert 31858 (RMWEETWATER CO.: Cedar Moutain,
ca 11 air mi NNE of Burntfork, 4 July 1980, Keith Duoholm 1028NTA CO.: North Slope
Uinta Mountains, ca 7.5 road mi W from Wyo Hwy 414 on County Road 291; Ca 6 air mi SW of

Lonetree, 3 July 1994, C. IRefsdal 1422 (RM); Ca 2 air mi E of Lonetree; ca 8.0 road mi e of
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the junction of County Road 1 with Wyo Hwy 414 on south side of Wyo Hwy 414, 7 June 1994,

C. H. Refsdal 525 (RM).

5. Lappula heterosperm&reene
Lappula hetercsspermaGreenevar. heterospermaPittonia. 4:94: 1899. Type: U.S.A. Colorado
[Montezumg Mancos MessrsBaker, Earle, and Tra@R26. (Lectotype designated here: NB
042417image seen! Duplicate of LectotypggY!)
Greene lists two collectionthe earliest,by him (dried upfrom Peach Springs in northern
Arizona 2 July 1899 antthe secondwidely distributed collectionwhich he noted werin better
condition.The latter has been selected as the lectotypexana(Scheele) Britt. var.
heterospemaGreene A. Nelson& Macbride). Bot. Gaz. 61(1):41. 1916.
L. heterosperm&reene varhomosperma. NelsonBot. Gaz. 34:29. 1902. Type: U.S.A.
Colorado[Weld Co.]New WindsorJune23,1899 Mr. G. E. Osterhout (HolotypBM!)L.
texana(Scheele) Britt. &r. homosperm@A. Nelson& Macbride) Bot. Gaz. 61(1):411916.

Description
Herbs annual Rootssingle, narrowStems1d 4+, frequently ascending but sometimes grect

much branched from below, sometimes branching above from an erect si@B0(%) dm

high, mixed strigose and spreading haBgsal leavesvithering or absent at maturity, or if erect
stem then forming a basal rosetegves spatulate 914 cm x 0.8 10 mm abaxial surface long
spreading hairy, adaxial surface long spreading hairy, base attenuate, margin long hairy, apex
obtuse Stem leave®blong to broad lanceolate, 0.3l cm x 3 5mm, abaxial surface strigose,
adaxial surface strigose, bases cuneate, magjiate, apices obtuse to subacutéorescences

up to ca. 20 cm in fruit (variable, some plants low addl® cm long cymes), cymes raceme

like or paniculiform, fruiting branches frequently appearing secund. bracts leaflike throughout
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becoming progresively smaller, oblanceolate to lanceolate®12% cm long, upper bracts
narrow lanceolate to lanceolate ®.2cm long.Fruiting p edicles2d0 3 mm, erect to ascending.
Calyx lobesnarrow lanceolated 2mm, to 4mm in frui{variable, sometimes enclosing fiit
stellate spreading or accresscénrollas blue or whitelimb (2)d 38 4mm wide, lobes
divergent, oblong to subovateruit homomorphic, subglobose (wider than long),4mm high
Nutlets ovate to broadly ovate322.5 mm long, bases rounded, apices acute,
heteromorphic(0)0 38 4 nutletswith 4--5 spines arising from highly inflated disk margin;

1.5 2mm and 12 spines per side free; disk narrow lanceolate to broadly lanceolate, 2 mm x
1mm disk surface frequently obscured by inflated margin, smooth anefigwith a slight
muriculate crest along midline, ventral surface tuberculate throughatlets not adhering to
gynobase at maturityemaining nutlet/svinglesswith 5 spines along each side of margin
(spines ascending), spines subulate and clos@get to connate at bases, disk lanceolate 2.5 x
1mm, disk surface muricate, ventral surface tuberculate throuyghalet adhering firmly to
gynobaseStyle surpassing nutlets, exceedbyg spinesGynobase2.50 3 mm.

Discussion

This species was considered a variety..afexanain revisionary work on the North
America sgcies (Nelson and Macbride 190&hnston 1923nd synonymous with. texana
Johnston when he put all species with inflated nutlet margins under that speoged..He
heterosperma is treated as distinct on the basis of its nutlet characters, habit, ecological affinities
and geographic distribution. Wherdagexanahas strongly dimorphic nutlets with either 4
spines per side (clearly visible on the nutlet viide spines), or nutlets with 6 or more spines per
side(see photographs under the treatment for that specidsterosperméas variablenutlets
where eventhévef r ee spines on the Aoddo nutl et tend

(Figure2.10). The spines oh. heterospermare ascending, rather than widely spreading as in
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L. texana and the style, while visible among the nutlets is ededdy spines near their apices.

This plant is common on the Mancos shale and occurs frequently in openings in sagebrush and
pinyontjuniper woodlands throughout the Colorado Plateau region of southern Colorado and
Utah. Collections from British Columbia diMontana have also been reéaf to this species,

but not manyspecimensvere seen, and they are not confidently placed here (see specimens cited

below).

Distribution and Ecology
Open, sparsely vegetated areas in sagebrush and Mancosshgds pinejuniper

associationColorado PlateguChihuahua desert scruBpecimens were mapped by manually
placing dots on a basemap in ArcGIS online. The address search feature was used to find
localities and the placement of the dot was done manually. The méagiuras used to

estimate distances from towns and landmarks. All dots represented in the map are cited below.

The Mexico localities were not found and so they were not mapped.
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Figure 2.9. Map of L. heterospermaased on specimen data.
Phenology
Flowering and fruitingMayd June
Specimens cited
MEXICO. SONORA. Municipio de Aqua PrietaAnimas Valley, 58.7 km (by air) E of Agua

Prieta,Cuenca Los Ojos Foundation propeft$ May 2010, T. R. DevendéA. L. ReinaG., C.

Roll, 2010407 (ARI1Z2).,; 33 km east of Aqua Prieta on MEX 2, Rancho Guadalupe, 1 May 2007,
T. R. Van Devender, A. L. Reina 20803 (ARIZ). U. S. A ARIZONA. COCONINO CO.:

Road south of Hwy 89 in House Rock Valley; 26 May 1999, Stéwelaughlin 7909 (ARIZ).
MOHAVE CO.: Hack Canyon about 1.0 mile below Hack tank and junction with highway to
Grand Canyon National Monument, 2 June 1977, C. T. Mason, 3247, C. T. MasoReédBr,

3247 (ARIZ). COCONINO CO.: In loose, sandy soil on dasing slope at base of cliff

opposite falls; Grand Falls of the Little Colorado River, 7 June 1966, C. T. Mason, Jr, 2547, W.

E. Niles 775, W. S. Phillips, E. F. Haase (ARIXAVAPAI CO: Tuzigoot National Monument.
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East of Tavasci Marsh on path to ritlge, 8 April 2003, Meg M. Quinn, James B. MacAdam

680 (ARI1Z).COLORADO : GARFIELD CO.: Ca 5 air mi N of Rifle, 25 May 1991, James P.
Vanderhorst 2163 (RM). MESA CO.: At base of Mount Garfield, 5 mi N of Clifton, 16 May
1978, W. A. Weber 15326 (RMMONTEZUMA CO.:: Ca 12 air mi NW of Cortez at Burro
Canyon, 1 June 1995, Lynn Marie Moore 4662 (RMB Indian Reservation, near Towaoc, 23
May 1936, David F. Costello 2026 (USIRM). MOFFAT CO.: Ridge separation Conway from
Vermillion drainage, between GreystonelaGates of Lodore, 26 June 1965, William A. Weber
and Peter Salamun 12630 (WTU). MONTROSE CO: Sinbad Valley, south end, 30 May 1995,
Ronal d L. Hart man, Timothy K. Lowr ey, Robert
Pocket, Little Gypson Valley, 30 Ma&y©82, W. A. Weber, R. & J. Wittman 106048 (WTU).

SAN MIGUEL CO.: Ca 15 air mi NE of Dove Creek, Disapointment Valley, 21 June 1995, Lynn
Marie Moore 5843 (RM)IDAHO . CUSTER CO: Challis, 15 July 1916, JNracbride, Edwin

B. Payson 3227 miles south of Challis, 7 June 1941, J. H. Christ 12216 (NY). LEMHI CO. 42
miles southwest of Salmon City, 7 June 1941, J. H. Christ 12222 (WINTANA. Jack Creek
Canyon, 19 July 1897, P. A. Rydberg, Ernst A. Bessey 4892 (Yarkee Jim Canyon,

Gardirer, 4 July 1899 (WTU). GALLITIN CO.: Lombard, 1 June 1901, E. J. Moore (RM).

NEW MEXICO. Chaco Canyon Nato6l . MonumentRjo May 1937
Puerco at crossing near village of Guadalupe 7 June 1974, Vorsila L. Bohrer 1863 (ARIZ).
HILD AGO CO: Lordsburg Mesa, alongeRirockDuncan shortcut, 4.6 miles west of New

Mexico Highway 464, 17.5 airline miles nontlorthwest of downtown Lordsburg, 1 May 1973,
Noel H. Holmgren, Patricia K. Homgren 7033 (WTEANDOVAL CO.: San Ysidro Pasture
Allotment, 18mi SW of San Ysidro, 21 July 1979, C. Pase (RWM)AH. DAGGETT CO.:.Ca

15.3 air mi E of Dutch John, 31 May 1995, C. H. Refsdal 3418 (RM), 1 mi S of Manila, 12 July
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1935, Bassett Maguire 12373 (GH)UCHESNE CO. About 18 miles west of Duchesne, 5

July 1947, Roxana S. Ferris 11294 (WTGBARFIELD CO. 1.3 miles south of the junction of

the Cottonwood Wash Road with Utah 54 at Cannonville in upper Cottonwood Wash, 3 June
1967, James L. Reveal, Johnnie L. Gentry, Jr. Gerrit Davidse (RM, WHXJ). KANE CO.:
along the Paria ARiver o, 8 road miles northwe
Cronquist 10203 (WTUMILLARD CO. South of Tunnel Spring Mountain, 4 June 1965, Sam

F. Brewster, Jr., 4 June 1965, Sam F. Brewster, Jr. 18 (BSMHSUINTAH CO.: 15 mileswest

of Vernal on US 40, 11 June 1965, Don G. Despair42, (WTU). Coyote Basin, 13.4 road mi

S of Naples, thence E of dirt road0.3 mi, 19 May 2001, N. Snow 8420 @riijes west of

Vernal, on US 40, 2@1 June 1967, C. L. Porter & Marjorie W. Portéd17 M, TEX,

WTU); WASHINTON CO.: Ten miles east of St. George, 10 May 1938, Fred A. Barkley 3220
(WTU). WAYNE CO. near Capitol Reef National Monument, Pleasant Creek Ranch, ca 10 mi S
of Fruita, 5 June 1953, Rogers McVaugh 14463 (TEASHINGTON CO.: White Cliffs NW

of Diamond Valley Ranch, 28 May 1986, R. B. Warrick 1614 (RMYOMING. BIG HORN

CO.: Sykes Mt. 10 June 1983, Robert W. Lichvar 6030 (RBAMPBELL CO.: ca 15 (air)

miles SSE of Reno Junction, 10 June 1978, Ronald L. Hartman, Kieth H. bydtila (RM).
LINCOLN CO.:South end of Fontenelle Reservoir, ca 2 air mi NW of Fontenelle Dam, 5 July
1995, Tom Cramer 7305 (RMPARK CO.: Along W side of YU Bench Rd. ca 8 mi S of Hwy

14, 16, 20 SE of Cody, 13 June 1990, E. Evert 18925 (BWEETWATERCO.: ca 18 air mi

SW of Green River, 4.7 air mi S of FMC access road off of Westvaco Road, 27 June 1995, C. F.
Refsdal 4447 (RMUINTA CO.: 6 mi east of Lyman, 19 June 1956, C. L. Porter 7009 (TEX),
Wildcat Butte between Church Butte Road ai@f lat Swewvater County, ca 14.8 air mi NE of

Lyman, 18 June 1995, B. E. Nelson, C. H. Refsdal 35233 (RM).
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Figure 2.10 Nutlet variation in L. heterosperm. Images showing some of the variation in the
degree ofnflation of the nutlet margin among individuals. Some specimens can have fruits
where all the nutlets have inflated margins, in others the one or more nutlets have margins that
are barely inflated. In all specimens, a line of muricate bumps was obstrgdre median

line of the abaxial surface in the nutlets with inflated margins.
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6. Lappula longispina
Lappulalongispina sp. novTYPE:USA Washington Adams Co.: North of Othello, vicinity of
Lyle Lake, 49.8955° N;119.20310W?°, gentle to moderate slapeve Lyle LakeArtemesia
tridentataand bunchgrassnoderately vegetad. Susan J. Rolfsmeier and Steven B. Rolfsmeier
1123, 20 June 2009 (Holotype designated here: depositesit K

Description
Herbs AnnualRootssingle, narrowStemssingle (or up® 7 arising from single crown) erect,

ca. 30 cm, branching from the middle or throughout, mixed short appressed and long pilose
hairy. Basal leaves absent or withered at matusitym leavesinear oblong to blong

lanceolate, 15 4 cm x d 5 mm wide, abaxial surface dense tuberculate hairy, adaxial surface
long hairy less densely hairy, bases cuneate, margins ciliate, apices subacute to acute.
Inflorescencesracemelike, ascending, ® 15 cm long; bracts lanceolate becoming smaller at
branch tig 3 mm1.5 cm.Fruiting pedicels 2-3 mm. erect, becoming arcuate in fr@galyx

lobes linear, 0.5 to 4mm in fruitCorollaswhite, 0.5 1mm (only late flowers observed), lobes
narrow and erect, line&ruits homomorphicNutlet margins with a single/otheow of 810

spines total (% per side) spines horizontally spreading, angled more or less 45° relative to disk
surface, adjacent or connate at their bases,-bk@jpnd frequently with hairlike spines near the
base, lateral and basal spines > 2 tifoager than apical spines, length of longest spines 1.5
2mm, shortest spines-.8 , abaxial disk (outer facing surface) -2.% .5.8 mm wide, disk with
irregular rows of tubercles, surface becoming smooth at disk margin, keel of taller tubercles at
midline, ventral surface of nutlets evenly spiny tuberculate throughout; none of the nutlets
adhering more firmly to the gynobasityle more equal to nutlet apex, nutlet exceeded by apical

spinesGynobasel.6d 2 mm.
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Discussion

Lappulalongispinais distinad from other North American species and frbappula
patulaAsch.ex Girketo which it is superficially similar What is here treated &soccidentalis
var. strictaalso has secondary spines or fine bristles on the outer surface of theapionegh
that variety has a wider dorsal face and spines that are frequently connate into a thin margin in
most fruits.Other characters that distinguish this species are the uniformly spiny tuberculate
surface of the fruits, the spines that extent from the disksuat fortyfive degree angle, and
the narrow width of the diskit is similar to the Eurasian speciespatula however in that
species the tubercles on the disk are arranged in orderly lines, and the sides are not uniformly
spiny tuberculateBelow the fruits of both species are shofen comparisonkrror! Reference

ource not found).
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Lappula patula Asch. ex Girke .

Left hand side, image showing abaxial sur-
face of fruit. Right hand side, image showing
adaxial surface.

L. longisping sp. nov.

Left hand side, image of fruit showing narrow adaxial disk and angle of spines relative to the surface. Right
hand side, image of fruit showing tuberculate adaxial surface and uneven rows of tubercles on the abaxial
disk.

Figure 2.11Figure 2.11Fruit characters ih. longispina Differences in fruit morphology
betweerlL. patula(above) and.. longispina(below) Adams Co. W&hington, 16 Jun 2009, SJ

1122
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Distribution and Ecology
Canada: British Columbia; United States: Idaho, Oregon WashingtonSagebrush steppe,

basalt scablads, rocky hillsides, sand dunes.
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Figure 2.12. Distribution of L. longispina
Phenology
mid April -June (July)
Specimens cited
CANADA. British Columbia: Midway, 25 June 1938, J. W. Eastlsam.(UBC); UNITED

STATES. Idaho. Bonneville Co.: 25 mi west of Idaho Falls, 19 June 1953, J. H. Ch#iat 53
(WTU); Idaho. Ada Co.: 14 miles southeast of Boise, 15 June 1955, William H. Baker 12920
(WTU); Idaho. Boise Co.: ca. 10 miles southeast of Boisen2 1944, C. L. Hitchcock and C.

V. Muhlick 8638 (WTU);Oregon. Morrow Co.: near Lexington, 7 May 1894, J. B. Leiberg 35
(RM); Oregon. Morrow: about 13 air miles south southeast of Boardman, 4 June 1987, Richard

R. Halse 3450 (OSU, ARIZPregon. Umatilla G.: near Echo, 16 May 1923, William
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Sherwood 12974 (OSUYVashington. Adams Co.: 31 May 1950, about 10 miles west of
Washtucna, Arthur Cronquist 6482 (WTU); Washington [Benton Co.]: Rattlesnake Mountains, 5
June 1901, J. S. Cotton 407 (ND, RM); Washingouglas: Badger Mountain, 1 June 1940, J.
William Thompson 14641 (UBC, RM, WTU); Washington. Grant Co.: near Vantage, 18 May
1935, J. William Thompson 11489 (4D,NY, WTU x2) Washington. LincolrCo.: near Clark,

17 June 1935, J. William Thompson 11681TWx2, NY); Washington. Yakima Co.: 5 mi.

south of Toppenish Creek, 8 May 1938, C. L. Hitchcock and J. S. Martin 3405 (WTU, RM);

7. Lappula montanaGreene
LappulamontanaGreenePittonia. 4:96. 1899Type: U.S.A. Montan@lLewis and Clark
County]: Helena. 1887, Rev. F. D. Kelsey [199p(otype: NDG: 42428
Echinospermum brachycentrumedeb. varbrachystylaA. Gray, Proc. Acad. Nat. Sci.
Philadelphia. 21 (2): 413. 1886. CANADA. BRITISH COLUMBIA: [Kamloops Division Yale
Land Distr.] Spenceds Bridge, THobtypegisvage Ri ver .
seenDAOQ!). Lappula brachystyldGray) Macbride. Contr. Gray Herb. 48: 40.19C@&nada.
British Columbia [ Kaml oops Division Yal e LaRivdr, Di st r ]
Jameg29 May 1885, James Fletcher 1371 (Holotype: image seen DAO!)
Boivin annotated the specimen in 1970 and noted that the ndrib8published by Macbride,
and 1371, listed on the specimen, were not collection numbers but reference numbers to two
catalogs that were published, one detailed and one not. Note that Gray was not specific in his
description about the collection detaigstin g o nl y @A FIl et dut®acbritle,idle Mac oL

el e v at evdrietto the/spexies level did specify a collection number
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Lappula echinata fo. brachysty(A. Gray) B. Boivin. Le Naturaliste Canadien 93(6): 1060.
1966[1967].Lappula redowskifo. brachystyla(A. Gray) Scoggan. Scoggan, H. J..
Dicotyledoneae (Loasaceae to Compositae). Part 4.. In Fl. Canada. National Museums of

Canada, Ottawa. 1979]

Lappula anoplocarp&reene, Ottawa Nat. 16: 39. 1902
Canada: British Columbia, [Kamloops Division Yaland Distr]Spence's Bridge, 25 May 1889,
Mr. John Macoun17038 of Canadian Survey Herbariuno(btype CAN; fragment of

Holotype: NDG- 042391!)

Herbs Annual.Roots single, narrow and straigtitems single, erect, branching in upper forth
of plant,148 4 dm, appressed hairBasal leavespatulate & 2 cm x 510mm Stem leaves
narrow lanceolatéo oblanceolat@d 4 cm x 2.5 4 mm, abaxial surface densely appressed
hairy, adaxial surface densely appressed hairy, bases cuneate, margins long hairy, apices
subacute to acuttnflorescencesto 33 5 cm (more?) in fruit. raceme like, ereBtacts not
leaflike, narrow oblongo linear becoming progressively smaller abové015cm long.

Fruiting pedicles 20 3 mm erect.Calyx lobeslinear & 2.5 mm to ca. 4mm in fruiCorollas
not observedruits homomorphic 2 mm, subovat®utlet homomorphic, broadly lanceolate,
1.5 mm long bases rounded, apices acuminate, nutlets with a single row of thin spige3 1
mm long or absent, arising from a thin smooth margin, bases free; disk lanceolate smaller than
nutlet body, 1 x 0.5 mm, no obvious central keel, disk surface smooth ttaapilmuriculate,
adaxial surface muriculate or papillddecoming smooth toward nutlet apices, all nutlets
releasing from gynobas8tyle surpassing nutlets, about equal with or surpassing spines.

Gynobase2d 2.3 mm long.
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Discussion

The specimeifrom Helenaby which Greene typifiedsL. montanaseemed similar
enough to those @f. anoplocarpao consider them the samspeciegseeFigure2.13 which
shows an image dfuits from the packets attached to the shedtd)owever it is determined
that the two are separate, then the oldest available name at the species taeeCanadian
speciess L. anoplocarpaGreene.The reduced size of the fruit, the disk snallen the nutlet
body and the narrow erect growth form with reduced leaves separate lt.fomnidentalis The
species is maintained here, primarily because it is distinctive and it is not clear at present whether
it is a variety ofL. occidentalisor notand it should be studied in more detail before further
nomenclatural changes are made occidentaligs variable throughout its range, further study is
needed to tease apart the geographic and morphological varadians possible that fruits
become smaller in the northern part of its rarkd@wever, if this is a species distinct frdm
occidentaliswith a narrow range within British Columbia and Montana, then submerging it
within the widespread and commbnoccidentals would seem a mistakeappula
brachycentroide$/. Pop. a species remarkable similar to this one occurs in Sibergs able to
observe this species in the herbarium and to sample DNA from a specimen of that species from
Asia and it grouped with sampleslaogquarrosal. tuvinica, and L. consanguineall species
with multiple rows of spines (See phylogenetic study). What those species had in common was
short, needkike spinesSamples of.. montanawvere not included in thstudy, so its
relationship to the other North Amean and Eurasian species is still unknown. Given its known
narrow range in British Columbia, and that it was difficult to determine from the specimens on
hand the extent of its variation relativeltooccidentalisthis is a species that could benefinfr

more intense field and herbarium study.
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Figure 2.13 Close up ofL. montanafruits. The image on the left is of fruits in the packet of -l
042391, considered by Greene tolb@noplocarpaThe image on the right is of fruits in the pac
on the type specimen af montanaND-G 642423). Here they are treated_.amontana(see
discussion in text).

Distribution and Ecology
British Columbia,Northern Rockies MountaingiesternMontana

Distribution is not well knownThe distribution map is based on specimens observed
and confidently identified as. montanaThe map was made in ArcGIS online by searching for
the locality by name and mapping each dot by hand. Distances from localitiegrens
landmark features was estimated using the measureing tool. The specimens included in the map

are listed below under specimens cited.

R T e ALBERTA
COLUMBIA by
SASKATCHEWAN

(]

NPS, Esri, DeLorme, FAD, USGS, NOAA, EPA

Figure 2.14. Distribution map of L. montana Dots represennature specimens confidently

identified to species.
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