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ABSTRACT

Largescale genom&ide DNA sequence data are enabling reconstruction of much- finer
scale relatiortsips anong and wihin speciespromping renewed focus on analyzing species limits
and the trajectoriesf recent evolutionary diversificationWVe utilizedRADseq datas an additional
line of evidemre for speciedelimitationwithin the Florida unifoliolate group dfupinus, a recently
diversified cladenccurringon xeric sand ridges and uplanaishin the North Amerian Coastal Plain
biodiversity hotspotharbaing mary narrowly restricted endemic plant specie$his clade was
previouslythought to comprise diween thre and five taxa, buwith no consensus about species
limits, which has impactedonsevation efforts to protect endangered taxdsing an integrative
taxonomic approach and drawing on evidence from this new phylogeny, morphygogyaphyand
ecology, werecognizeeight specieswithin this clade Lupinus aridorum previously placed in
synonymy or treated as a variety &f westiams by many authors, is recognized as a genetically,
geographicallyandmorphologically distinct specieslhe former concepof thewidespread taxoh.
diffususis polyphyletic and ishere recircumscribed in aarrower sense to encompass populations
from the Florida Panhandle northwardIn peninsular Florida, material previously assigned.to
diffususis hereassigned tdour species within thé&.. cumulicolacomplexi iL. cumulicolaandthe
new speciedupinus floridan us Bridges & Orzell,sp. nov, Lupinus ocalensisBridges & Orzell,
sp. nov, andLupinus pilosior Bridges & Orzell,sp. nov. Althoughthere issomeevidenceof gene
flow and hybridization betweethese species, they shogonsistent morphologicaliversification
correlated withgeographyand ecology Our study demonstrates the utility of RADseq data to shed
light on species limits and relationships withimexcently dversifying plant clade We present a new
taxonomic conspectus of the Fidai unfoliolate Lupinus clade and discuss its evolutionary
diversification in relation to the recent geological arebkogaphic higory of Florida.

Integrative taxonomy (Dagt 2005) that combines mullip data sources(morphologic
genetic, geogrzhic, andecologig to test species hypothesan providea more thorough approach
to unraveling evolutionary complexitighan traditionalspecimerbasedtaxonomy The use of
gendic data in a phylogenetic or coalescent contaxtl inclusion of denseasnpling of multiple
accessios representing intraspecific diversity acragsecies ranges, is revealing many cases of
species nomonophyly and crypti species via reciprocallumination of genetic, morphological,
ecologcal and geogphical evidence (e.¢/ietes et al2009; Dauphin et aR014; Pennington and
Lavin 2015 McClelland2023, evenin very weltstudied clades (g.. Darwinbés finches; L
et al.2015). Recent adances in species delimitation methods and the increasing avajlablbirger
genomewide DNA sequece data sets using next generation sequenamgbe usedo explore
species limits much more thoroughly and exhaustively than lestore (e.g. Fujitateal. 2012;
Wagner et al2013; Lamichhaey et al.2015). In particular, RADseq(Baird et al.2008) data have
renewed interest in integrative taxamy, offering the potential to quickly generateda genome



2

Bridges & Orzell: Unifoliolate Horidian Lupinus

wide DNA sequence dasets for large numbers atcessionstherebycontribuing robust genetic
evidence about specidsmits and relationshipsat the species boundary, evevith possible
incomplee lineage sorting and conflict among individual gene trees (EatoRee@D13; Wagner et
al. 2013; Panteet al. 2015). One advantageof such daasets is thepotential to discove
monahyletic species clades using very high numbers of lonol fiooss thegenome. Wagner et al.
(2013) showed that atsef veryrecently diverged morphologicallyefined Lake Vetoria cichlid fish
species could be robtly resolved as reciprocally maphyletic species clades with dense sampling
including multiple accessions of all speciesRADseq data thus presenew opportunites in
taxonomy, but its uptake within tamy is quite recent with efforts so far focusg mainly on
resolving speds reléionships (Eaton and Re2013; Mort et al2015; Wessinger et a2016). Few
RADseq studies have samgliarge numbers ofcaessions per species to investigate spduidts,
and his potential remains largely untested and untappet fee Wagner et &013; Pante et al.
201%,b Herrera and Shank 2016; Atchison et2il16; Contrera®rtiz et al. 2018. With dense
sampling of populations and individud®ADseq datawhich spanarge numbers of loci and SNPs
scatteredacross theyenome presentopportunities for both phylogenetic / phylogeographic analysis
and demographic malysis of geneflow, thus potenitia spanningphylogenetic andtokogenetic
relationships anoundariedetween species and populations.

Unifoliolate leaves havendependentlyevdved twice in the genusLupinus in the
southeastermorth AmericanCoastal Plairand ineasternSouth America. Although Dunn (1971),
thought that these somewhat similar species gsoapy have represented a catdong-distance
disjunction, genetic anafsis as shown these to be two clearly independently derived lineages
(Eastvood et al. 2008, Drummond et al. 2012)he unifoliolateFlorida clade olupinus(Fig. 1) is
traditionally taken to comprise between three and five species (09@d; Be&ner 1982; I&ly
1986, bu the status of most of these has been questioned at one time loeramoid there is no
current consensuabout how many species should be recognizédirthermore,intensive field
collecting over he lastdecadehas revealed édence for aditional geogrphically structured
morphologicé variation across peninsular Fida (Fig.2), raising the possibility of recognizing one
or more additional speciesn previous phylogenetic analyses (Eastwood et28l08; Drummond et
al. 2012 the Florich unifoliolate clade is robustly supported and is moderately supportsisias to
the Old WorldLupinusclade except in onestudy where a single Florida taxomas samped and
found to be nested withithe Old WorldLupinus clade withweak support (Kelleet al.2017). These
close relationshipto the Old WorldLupinustaxaarein line with chromosome numbers for Florida
Lupinus which at 2n=52, show closer affipito the Old WorldLupinus albusL. micranthusandL.
luteus (2n=5052) than to the otheNew World lineages (2n=388) (Conterato and Schifino
Wittmann2006; Eastwood et al2008). While the divergnce time estimate for the split between the
Old World and Florida clades in a recent tinedibrated phylogen of the genussi c. 10 Ma,
diversification of the Florida clade is estimdtéo be exceptionally recentjtiva crown nde estimate
of 0.9 Ma (Drummond et al2012). The lupines of Florida represeone of two independent
derivations of unifoliolate from digitale compound leaveswithin the genus, thether in eastern
South America (Eastwood et &008), such that # Florida group is both morphologicaland
phylogenetically distinct, as well as geograpHhicakparated, from almost all other NbrAmerican
Lupinus whose diverity is corcentrated in wetern regions (Drummond et 2012).

The species of thd-lorida unifoliolate clade occur on xeric sands across northern and
Peninsular Florida, withwio speciesL. diffususand L. villosus extending north i@ Alabama,
Georgig and Noth and South Caflima, and rarely west to southeastern LouisidiRg. 1; Dunn
1971; Isely 1986, 1998). These habitats germlly occur on fragmented and isolated arehs
predominately xeric upland sands and hawe¢alple cowgertrations of vascular plant mdemism
(Christman and Jud#l990; Estil and CruzaB001; Sorrie and Weakley 200Menges et al2007),
forming regionally distinct hotspotsof biodiversity with nationaly important unique biotaWhile
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Figure 1. General distribution of the Floridian unifoliolate clade of Lupinus - based on verified re-
cords from iNaturalist as of November 16, 2023. Lupinus aridorum - purple: Lupinus westianus -
dark blue: Lupinus villosus - magenta: Lupinus diffusus - light blue from Florida Panhandle and
Georgia northward: Lupinus cumulicola (sensu stricto) - lavender: other species of the Lupinus cu-
mulicola complex - light blue records in peninsular Florida.

3



Bridges & Orzell: Unifoliolate Horidian Lupinus
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Figure 2. Map of central peninsular Florida showing the distribution of Lupinus species in relation-
ship to the major sand ridges of this region, which are numbered as follows: 1 - Lake Wales Ridge:
2 - Lake Henry Ridge: 3 - Winter Haven Ridge: 4 - Bombing Range Ridge: 5 - Atlantic Coastal
Ridge (discontinuous); 6 - Mount Dora Ridge: 7 - Geneva Hill: 8 - Brooksville Ridge: 9 - Sumter
Upland. Lupinus populations sampled — L. aridorum (purple squares): L. cumulicola (blue trian-
gles): L. floridanus (red stars): L. pilosior (green circles): L. ocalensis (green triangles). No other
unifoliolate Lupinus species occur within the area depicted.

these endemidch inland sand ridge areolder than the coastal sand dune systems and habitats, all of
these formations are fuathentally recentreflecting the very migile shorelines and the dmratic
impacts of late Mioene, Pliocene and especially Pleistoceaalevel fluctuations acrosthe very
low-lying topography of the Florida peninsula (Fig.Lbcker et al.1996; Hine2013; see Germain
Aubrey et al.2014: Fig. 1; Krysko et aR016:Fig. 3). Through thePliocene sealevel highs of 20
meters ormore above current levels submergedsubsantial parts ofFlorida with the peninsula
reduced to a set of island&ven at the last Blstocengglacialminimum 125 Kyragq sealevel was
6m higher than nowsuch that virtully the whole of presentay southern Florida and sificant
coastalareaswould have ben inundatedgeneratinghe coastal dune systems clearlyible today
and whid also harborisolatedLupinus populations (e.g. Atlantic Coastal Ridgepptationsi see
below). In contrast, at théast glacial maximumca 20 Kyragq with sealevel a 120m lowerthan
today, shorelines were dramatically altered such that Florida was more tharthevigrea it is today,
with the entire modern cadige formed oer jug the last few 1,000 years as a result of slowlees
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rise thus dlowing for some theoretical connections between formerly isolated populétiociser et
al. 1996; Hine2013; sedGermainAubrey et al.2014, Fig. 1). This recency of many of theahitas
whereLupinusoccurs is in linewvith the recent diergence time eishateof < 1 Myr for the clade as a
whole, and forms thdackdropfor understanding patterns of evolutionary dsifezation within
Florida.

This dynamic recent geological historyf Florida is correlated withsimilarly dynamic
changes inthe extehand distibutions of the xeric sand habitats wherginusoccurs Upland areas
of Floridaharba two xeric classesof southeastertJSA evergreen ecosystems: sandhill &idrida
sciub (i.e. sand pine scrub, low oak scrub, rosemamytsand scrubbpinelands). Both habitatsare
pyrogenic grasslands orshrublands withvariable pine overstory physiognomywith scrub
communitiesoften domirated by esprouting xeric oaks, decumbent palJnand clonal ericaceous
shrubs (Menges and Haes 1998). Scrubby eland arefound on poorly drained spodosolhile
sandhill and scrub occur on Wweb excessivelydrained (sandhill and scrub), nutriggdor entists
and rarely spodosols (Menges analkes1998 Myers 1985). Sandhill, with itsdiverse herbaceous
andC4 grass domiated groundaver, is subjecto frequent, lowintensity ground fires.In contrast
Florida scrub (sand pine, rosemaand oakscrub) bun infrequently, yetbecause of ighe fuel
build-up, can burn much more intensely, afteesultingin st@and replacemat fires in sand pine
(Myers1985) The past 30 kyr have seen exigaschanges inhie extent of both these habitatis
addition, sad pine scrub habitat is found along thiery recent Pleistocene shoreline sand dune
systens (Hine 2013). Recent resealcto understand the origing the narrowlyendemic Florida
sandridge scrub biota has attempted to ascertain thtersgroup rationships and biogeographic
affinities of specific endemic sand ridge taxa (Germainbrey et & 2014), and agss vhether hey
are related to specieadilineages in the westelhSA originaing via vicariance associated with mid
Pliocene scrub habitat fraggntation, or instead to easteri®Al species and lineages that diverged
more reently diring the Pleistoene. The landmak study by Germaifubrey et al. (2014)
suggested that three of the four narrow Florida sand ridge endessessedhow affinities to
eastern North American species divtkages, and estimated divergenoees spanningoth the
Plioceneand Pleistocene.

Over the lasR20 years there have been at least 2@t@mic and floistic accounts covering
Lupinusspecies belongingptthe unifoliolateFlorida clade (Villderow 1802; Nuttall1818; Torrey
and Gray 1840; Chaman 1860; Small1903, 1926, 1933; Phillip4d95; Wilbur 1963 1968; Dunn
1971; Beckner1982; Wunderlin1982; Clewell 1985; Isely, 1986, 199 1998; Dunca and
McCartney1992; Wunderlin and Hanse2008, 2011 Weakley 203; Sholars and Riggins 2023
The irconsistencieamong all these taxonomicaaunts are starkThe number of speseecognized
ranges from one to fivéseven in Weakle 2023, two of these unnamed pldwdders based othis
manuscript) and there is still no csenss today about specieimits, the number of species, nor the
staus of the potentially critically endangerkedpinus aridoum McFarlin ex Beckner (Wunderlin and
Hanser?011; Ricono et ak015).

The first species of the group to be described waginus ¥losus Willd., in 1802 from a
population in Southport, Northailina (Willdenow, 1802).Shortly after Lupinus diffusa Nutt. was
describe by Nuttall (188) from nearby Wilmington ifNorth Carolina, thougthis species was
subsequently reduced @ varety of L. villosus by Torrey and Gray (1840), only to be later
resurrected as a distinct species by Chapman (186)is account of the Flora of the Southeastern
United StatesSmall (1903) followed Chapmain recognizingL. diffususandL. villosusasdistinct
species. Small (1926) later described a third specleupinus westiangsic] Small based on material
from the St Andrews Bay regin of the Florid Panhandleln an updated versi of his earlierlbra,
Small (1933) listed the three preuslyrecognized species, diffusus L. villosusandL. westianus
and described a fourth specig@sjpinus cumulicolaSmall from DeSoto County (now Highlands
County) in peninsular Ftala.
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In his revision of Nomi American Lupinus Phillips (1955) reduced ¢hfour peviousy
described taxa to a single species L. villosws, recognizingL. diffususas a variety, and..
cumulicolaand L. westianuss conspecific wh L. villosusvar.villosus Then, for the secontime in
its history, L. diffususwas reirstatel as a distinct spées by Wilbur (1963, 1968) in accounts of
Lupinus for North Carolina and the CarolinasDu nn é s ( tinén? df the ¢raue fllowed
Smal | 6s ( 1 9r808fpur geeids.iinM B8R, afifth speciesLupinus aridorumMcFarlin ex
Beckner vas desibed by Beckner, after he saw a manuscrigitnd from 1935 that gave a short
descriptive account but did noahkdly publishthis name (Beaker1982). Cl ewel | 6s 1985) Gu
the Vascular Rants of the Florida Panhandle lists #rspeies, L. diffusus L. villosus and L.
westianus Isely (1986 was the first botanist to redute aridorumfrom species rank ta variety of
L. westianudecause the sole obvioagomorphic diference froml. westianuswvas the floweicolor.

Later in hisaccount & Lupinusfor the Vascular Flora of the Southeastdmited States, Isely (1990)
recognized just three species, maintggnaridorum as a variety olL. westianus and treatingL.
cumuliola as no morghan a peninsular Florida form of the specfic L. diffusus Subsequently,
Duncan and McCartney (1992)isdagr eed wi t h | sel yld cumdlicbla &0 ) treat
conspecift with L. diffusus listing six consistent and sigicant differerces, besideglant height,
between the two specieDespie this, bely (1998 maintained his previous classificatioh tbree
species for his account in Legumes of the United States, aadtracconts have largelyollowed

|l sel yods tr e a timachHanseg, 2008y 2011 Bholarsland Riggins 20R3Furthermore,
alongsie theseoscillations in the taxonomic haty of the group, the origal motivation for our
study came from extensive and detailed fieldligsi and new field collections that suggeatpdo

nine putative morpHogical entities with largely nomverlappig distibutions (Fig. 1 and 2 and
raising the possibility that adtional specieshould be recognized, and the need to test these using
moleculardata.

This pesistent lack of consensus about the taxonomy af shidl group of species has
confoundedhssessmets of their conservation statusith several contradictoryiewpoints depending
on what taxonomy is used (U.S. Fi&hwildlife Service1987; McCoy and Mushinsk§992; FNAI
2000; Ward et al.2003; Bibbet al. 2007; Contu2012; Bupp et al2017; Richardsa et al.2014;
Nature Srve 2015; Ricono et al.2015). The scrub lupineL. aridorum, is both federally (Fist&
Wildlife Service,1987) and State listes Endangered, amd westianuss Stateisted as Threaned.
However, treating these twgeciesas conspecific at varietal rank (ke 1986) reduces their
conservation ratings (e.g. Confi012) and this has resulted in contchoiy conservation status
assessments, some dfish make no refence to taxonay.

Even when it was first desbed in 198 L. aridorumwas constered to bevery rare and
nearly exinct due to nave habitat loss and disturbance (Beckner, 19@2ding b its federal listing
by the US Fish& Wildlife Service (USFWS)as Endangeredn 1987. Similarly, McCoy and
Mushirsky (1992) make no mention &f. westianusnor treatment of. aridorumat varietal rank, in
their assessment &f aridorumas one of thearest species in the sand pine scrub of Floridéuile
the US Fid & Wildlife Service (USFWS) has maintaththis orignal listing of L. aridorum at the
speies level as Endaeged (Bibb et al2007), other conservation assessments have fok d d s el y 6
(1986) treatment of. aridorumandL. westianusas conspecifivarieties (FMI 2000; Contu2012).
In a gldal review in 1995 NatureServéisted L. westianusvar. aridorum as citically imperiled
citing the taxonds n ar r sswes onahabjfggsvherdai®004ibwass d ance al
changed to/ulnerable(NatureServe2015). Similarly, despite the USNS Endangexd listing ofL.
aridorum at speciesdvel, IUCN categorigd L. westianusonly as Near Threatened (Cor2012),
while acknavledging that the variety has oftebeen considered a distinct speci€hristman and
Judd (1990) and FNAI (2000) alsmliowed Isey 6 s t a x o nlo wegtianussas aridorug as
Endangeed, as did Ward et al. (2003), who ratedwestianusvar. aridorum as Threatened (as
opposed to Endangered if treated as a distinct specising theumerical ranking system mandedte
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by the Flaida legislature.Othess studying rag plant species oflérida (e.g. Esli and Cruzan2001)
seem to have chosen to igadr. aridorum altogether. In contast, conservation researchers and
practtioners workingon the ground to promote thersenation of L. aridorumdo not appear to
gueston its status as agtinct species (Bupp et &017; Richardson et &014; Ricono et ak015;
Peterson et aR012; Peterso2016). Howeverthey are iteated L. aridorumandL. westianusccupy
geographically digunct ranges and Ilio ae globally rae, narrowly restrietdd endemics anare likely

to be independently threatenedheseconflicting conservation assessmie highlight the need to
revisit thetaxonomy of thesgpecies with a more robust arigorous evidencebasedapproach.

The very recat diversification 6 the Florida clade ofupinusacross the recent geology of
the Florida gninsulaprovides an excellenteststudyof the utility of nextFAD DNA sequence data
for resolving relationshipand delimitig species within a recently evolvethde. We generatea
densely sampte ptylogeny alongside demographic analysesestimate gendbw and split times
between pairs ofputative specie{Nevado et al. 2024)and use these to -examine specg
boundaries rad delimitation in an integrative gmework using gene&ti morphologial and
geographical lines of evidencauilding upon this, we presit a new taxomic conspectus for the
clade and discuss the implications fssesing therarity of these species andnderstanding the
evolutionary divesification of xericsand endemic pints in Floida.

METHOD OLOGY

Geographial, ecologcal, and morphologial data were assembled usingerbarium
collectionsandfieldwork in order tosurvey and collect aterial of living plantsthroughoutFlorida
Spedmens or digital imges of 596 herbarium collections were examined from FTG, FLAS, FSU,
MICH, SWF and USF (acronyms follow Thiers [continuously update@pecimen datahe Institute
for Regional Conservimn floristic databasecovering south Floridaard floristic lists from Brevard
Couny Environmental Aeas and Lake Wales Ridge consepmtsites weraised tomap potential
lupine populations.Mapsof xeric soilmap unitsfrom NRCScounty soil sirveys ad aerél imagey
were used to identify xeric veggion (sandhill, swb, and scrubby pinelands)Although we
prioritized sites wih intact xeric vegetation we alsoincluded disturbed xeric sandy sitesjnce
populatons of Lupinusoften persist irdegadedhabitats. We mademultiple visitsto some gesdue
to fluctuating populationswith plants absent ding unfavorableyears,followed by episodic mass
flowering in subsequent yeardNe conducted field surys at over 300Floridasites in 35 counties
with an emphass on cental peninsular Floridawherewe hadreamgnized cryptic morphospecies
(groups of biological organissnwhich differin one or more morphological traits from similar
groups). Most sites were visited during peak flowerirgjmarily in the late dryseason (February to
early May). At each pgulation we collected sita-dried leaf material and voucher specimens,
recordedfield morphological characters (12 characters from03plants per population) and
ecologicaffloristic information (surface soil color, habitat, vegetation, assaigd plats), and
photographed plant growth forms, habgainflorescences, leaf lamina and indumentum, and stipules
Final sie visits during the early wet s allowed us to collect maturaiiis andseeds from some
populations. We plotted GPS locains sing ArcView overlaid onto phgiographic and soils data
layers to determine the position aircsample sites in relation to Florida xeric ridges and soil series.
Three to 34 individuals wergampledfrom acrosghe geographic range of each of theeiputtive
morpholaical entities recognized during fieldwork (see belgevibducinga total of 106 accessions
(Table1). Leaf samples were collectecbin wild plants and dried in silicgel. In addition the
Mediterrarean narroweafed lupie (LupinusangustifoliusL.) was included as aautgroup. Locality
details for all nextRAD sequenced individual® listed in Tabld. The details of methods for the
nextRAD preparation and sequencing, assembikiylogeny, hybrid status assessmengnd
demographicandysis are proviéd in Nevado et al 2024. For conservation status we used the
NatureServe global ranking systam determine rarity stas of all the unifoliatdeavedLupinus,
which are presented under eageciesn the taxonomic treatment section.
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PHYSIOGRAPHIC

SAMPLE | SPECIES AND PUTATIVE ID COUNTY LATITUDE LONGITUDE REGION

FO1 Lupinus EFL inland (floridanus)| Highlands 27.56831 -81.25682| Bombing Range Ridge
FO02 Lupinus EFL inland (floridanus) | Highlands 27.56594 -81.25857| Bombing Range Ridge
F03 Lupinus EFL inland (floridanus)| Highlands 27.57027 -81.25580| Bombing Range Ridge
F04 Lupinus cumulicola Polk 27.69177 -81.42891 | Osceola Plain

F06 Lupinus NFL (o@lensis) Polk 27.66954 -81.40775| Osceola Plain

FO7 Lupinus cumulicola Highlands 27.32699 -81.37785 | Lake Wales Ridge
F08 Lupinus SWFL (pilosior) Charlotte 26.99194 -81.93160| Gulf Coastal Lowlands
F09 Lupinus SWFL(pilosior) Charlotte 26.99386 -81.92037| Gulf CoastélLowlands
F10 Lupinus SWFL (pilosior) Charlotte 26.99015 -81.93623| Gulf CoastalLowlands
F11 Lupinus SWFL (pilosior) Hardee 27.46787 -81.63859| Desoto Plain

F12 Lupinus SWFL (pilosior) Hardee 27.47747 -81.58846( Desoto Plain

F13 Lupinus EFL AQR (floridanus) Palm Beah 26.87337 -80.06298| Eastern Valley

F14 Lupinus EFL ACR (floridanus | Palm Beach 26.88750 -80.05957| Eastern Valley

F16 Lupinus EFLACR (floridanus) Martin 27.09314 -80.15429| Eastern Valley

F17 Lupinus EFL ACR (floridanus) | Martin 27.13826 -80.17301| Eastern Valley

F18 Lupinus EFL ACR (floridanus) | St. Lucie 27.49694 -80.34646 | Atlantic Coastal Ridge
F19 Lupinus intermediate Cornwell | Highlands 27.38399 -81.12608| Okeechobee Plain
F20 Lupinus SWFL (pilosior) Hardee 27.41373 -81.69132( Desoto Plai

F21 Lupinus SWFL (pilosior) Hardee 27.40979 -81.68069| Desoto Plain

F22 LupinusSWFL (pilosior) Hardee 27.46782 -81.64036| Desoto Plain

F23 Lupinus EFL inland (floridanus) | Okeechobee 27.52509 -80.80540| Osceola Plain

F24 Lupinus EFL inland (floridanus)| Osceola 27.67150 -80.88952| Osceola Plain

F25 Lupinus EFL inland (floridanus)| St.Lucie 27.22896 -80.62253| Osceola Plain

F26 Lupinus EFL inlandfloridanus) | Highlands 27.59209 -81.16094 [ Osceola Plain

F27 Lupinus intermediate LHR Polk 27.81238 -81.63848( Polk Upland

F28 Lupinus cumulicola Polk 27.85955 -81.76103( Lake Henry Ridge
F29 Lupinus cumulicola Polk 27.84189 -81.53211( Lake Wales Ridge
F30 Lupinus cumulicola Polk 27.81323 -81.54915( Polk Upland

F31 Lupinus intermediate LHR Polk 27.72599 -81.69546( Lake Henry Ridge
F32 Lupinus intermediate LHR Polk 27.70899 -81.69522| Lake Henry Rdge

F33 Lupinus cumulicola Osceola 28.31971 -81.65262| Lake Waks Ridge
F34 Lupinus cumulicola Lake 28.60611 -81.71619| Lake Wales Ridge
F35 Lupinus NFL (ocalens) Sumter 28.87600 -8213698 | Sumter Upland

F36 Lupinus NFL (ocalensis) Marion 29.02657 -8224758 | Sumter Upland

F37 Lupinus NFL (ocalensis) Marion 29.04645 -82.25219| Cotton Plant Ridge
F38 Lupinus villosus Levy 29.30333 -82.44900( Western Valley

F39 Lupinus NFL (@alensis) Citrus 28.71392 -82.41848| Brooksville Ridge

F40 Lupinus NFL (ocalensis) Citrus 28.70666 -82.41815| Brooksville Ridge

F41 Lupinus NFL (@alensis) Hernando 28.64614 -82.28991| Brooksville Ridge

F42 Lupinus intermediate HHSP Highlands 2742841 -8151595 | DesotoPlain

F43 Lupinus intermediate HHSP Highlands 27.42844 -81.51523| Desto Plain

F44 Lupinus SWFL (pilosior) Manatee 27.47516 -82.3179 | Desoto Plain

F45 Lupinus SWFL (pilosior) Manatee 27.442P -82.13827| Desoto Plain

F46 Lupinus SWFL (pilosio) Manatee 27.59451 -82.22452| Polk Upland
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PHYSIOGRAPHIC

SAMPLE | SPECIES AND PUTATIVE ID COUNTY LATITUDE LONGITUDE REGION

F47 Lupinus SWFL (pilosior) Hardee 27.37609 -81.99140| Desoto Plain

F48 Lupinus aridorum Polk 27.96316 -81.74261| Winter Haven Ridge
F50 Lupinus EFL inland (flodanus) | Polk 27.72431 -81.33097| Osceola Riin

F51 Lupinus internediate LHR Polk 27.76074 -81.69462| Polk Upland

F52 Lupinus intermedite LHR Polk 27.87020 -81.67029| Polk Upland

F53 Lupinus cumuliola Polk 27.66582 -81.55852( Lake Wales Ridge
F54 Lupinus eimulicola Highlands 27.56827 -81.49815] Intraridge \alley

F55 Lupinus cumulicola Highlands 27.51999 -81.41148| Lake Wales Ridge
F56 Lupinus SWFL (pilosior) Sarasota 27.18080 -82.45975| Gulf Coastalowlands
F57 Lupinus SWFL (pilosior) Hillsborough 27.67823 -82.34806| Desoto Plain

F58 Lupinus cumlicola Highlands 27.18@7 -81.33535| Lake Wales Ridge
F59 Lupinus SWFL (pilosior) Collier 25.93374 -81.67824| Ten Thousand Islands
F60 Lupinus SWFL (pilosio) Collier 26.02144 -81.73237| Reticulate Coastal Swamp
F61 Lupinus SWFL (pilosior) Collier 26.10034 -81.7753 | Reticulate Coastal Swamp
F62 Lupinus EFL ACR (floridanus) | Brevard 28.77637 -80.78941 | Eastern Valley

F63 Lupinus EFL ACR (floridanus) | Brevard 28.55514 -80.81487| Atlantic Coastal Ridge
F64 Lupinus EFLACR (floridanus) Brevard 28.29495 -80.70B8 | Easternvalley

F65 Lupinus EFL ACR (floridanus) [ Brevard 28.01100 -80.53409| Atlantic Coasal Ridge
F66 Lupinus EFL ACR (floridanus) [ Brevard 27.98568 -80.55957 | Eastern Valley

F67 Lupinus EFL inland (floridanus)| Seminole 28.61982 -81.06234| Osceola Plain

F68 Lupinus NFL (ocalensis) Lake 28.80458 -81.45266| Marion Upland

F69 Lupinus NFL (ocalesis) Lake 28.80485 -81.45347| Marion Upland

F70 Lupinus aridorum Orange 28.40672 -81.49398( Mount Dora Ridge
F71 Lupinus aidorum Orange 28.49197 -81.48023[ Mount Daa Ridge

F72 Lupinus N-L (ocalensis) Orange 28.52418 -81.46106( Mount Dora Ridge
F73 Lupinus villosus Levy 29.49208 -82.63926 Brooksville Ridge

F74 Lupinus villosus Suwannee 290.96812 -82.77463| Gulf Coastal Lowlansl
F75 Lupinus villosus Leon 30.33375 -84.39161( Lake Munson Hills
F76 Lupinus villosus Wakulla 30.30203 -84.40051( Relict Bar

F77 Lupinus villosus Wakulla 30.06922 -84.38826( Gulf Coastal Lowlands
F78 Lupinus villosus Wakulla 30.03154 -84.40844 | Gulf Coasal Lowlands
F79 Lupinus villosus Gulf 29.71635 -85.26779 | Gulf Coastal Lowlands
F80 Lupinus villosus Gulf 29.70468 -85.29215| Gulf Coadal Lowlands
F81 Lupinus westianus coastal Gulf 29.67976 -8533976 [ Gulf Coastal Lowlands
F82 Lupinus westianus coastal Walton 30.37813 -86.35517 Gulf Coastal Lowlands
F83 Lupinus diffusus Panhandle Okaloosa 30.46499 -86.72654| Gulf Coastal Lowlands
F84 Lupinus diffusus Panhandle Okaloosa 30.63631 -86.49290| WesternHighlands
F85 Lupinus diffusus Panhandle Santa Rosa 30.76421 -86.85542| Western Highlands
F86 Lupinus villosis Okaloosa 30.72397 -86.72532| Western Highlands
F87 Lupinus diffusus Panhandle Sana Rosa 30.49854 -86.91159| Gulf Coastal Lowlands
F88 Lupinuswestianus coastal Okaloosa 30.38608 -86.40435| Gulf Coastalowlands
F89 Lupinus westianus coastal Walton 30.%4317 -86.13231| Gulf Coastal Lowlands
F90 Lupinus westianus coastal Bay 30.26213 -85.96373| Gulf Coastal Lowlands
F91 Lupinus westianus inland Bay 30.39383 -85.68226| Greenhead Slope
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SAMPLE | SPECIES AND PUTATIVE ID COUNTY LATITUDE LONGITUDE PHY%S&%QPHIC
F92 Lupinus westianumland Washington 30.51520 -85.65454| Greahead Slop

F93 Lupinus westianus inland Washington 30.48314 -85.62923| Greenhead Slope
F94 Lupinus villosus Calhoun 30.43003 -85.31950| Fountain Slope

F95 Lupinus villosus Suwannee 30.38092 -83.16144| Gulf Coastalowlands
ELB201 Lupinus cumulicola Osceola 28.0968 -80.95827| Osceola Plain
ELB207 Lupinus cumulicola Osceola 28.10442 -81.42192| Osceola Plain

AS223 Lupinus villosus AL - Covington 31.17017 -8653997 | Western Highlands
AS224 Lupinus villosus AL - Baldwin 30.70925 -87.58953| Western Highlands
AS225 Lupinus villosus AL - Escambia 31.02219 -87.30211[ Western Highlands
DG226 Lupinus difusus NCSC NC - Moore 35.30356 -79.67656( Fall Line Sandhills
DG227 Lupinus diffusus NCSC NC - Moore 35.15081 -79.47119( FallLine Sandhills
DG228 Lupinus diffusus NCSC NC - Richmond 34.96447 -79.60753| Fall Line Sandhills
DG229 Lupinus diffusus NCSC SC- Chesterfield 34.54147 -80.12456| Fall Line Sandhills

Table 1 Locations of samples used in DNA analysi8ample numbers atch those in the ¢ and in
Figure 3. Additional abbreviatios for Species and Putative ID columACR = Atlantic Coatal Ridge
HHSP = Highlands Hammaock State PatiHR = Lake Henry Ridge.

RESULTS

Field ard herbarium survey suggestedthat there arecryptic morphological differeces
between populations, particularly amonge theninsular Florida populations of the widespréad
diffususgroup(Table1; Fig 2), which arestrongly partitioned geographicallyNine morphospecies
were initially identified in the field samimg: L. aridorum L. cumulicola L. diffususCarolina, L.
diffusus North Florida (NFL),L. diffususPanhandlel. diffusus Southwest Florida(SWFL), L.
diffususEast Florida (EFL),L. villosus andL. westianug(Figs. 1 and 2). All of these puttive
morphospeciewverelargely allopatricwith only limited rangeoverlap (less than 5% of populations)
(Figs. 1 and?2). During fieldwork a numberof putative hybridpopulationswvere identified basd on
morphological intermediacy between the nine putative madogiaal entities

NextRAD data assemblyi Sequencing ylded an average of 3,226K reads pamgle.
Atfter filtering and clustering (at 0.8&reshold) the average number of clustper sample was 275K.
The 74-sampledataset for the structure analysis contained 38,244 SNRs.94sample dataset for
phylogenetic iference contained 201,230 loci iwh were reduced to 153,730 locifeer remowal of
paralogs and further féring. The concateated matrix was 15,120K base pairs in length and
contained 1,99,079 and 326,14%ariable and parsimony informative steespectively. The 94
sample dataset had. 996 missing data, while this is high comparison to traditional phylogereti
datasetstecent research (Huang and Knowk4 4 Eaton et al2017 and preliminary tests showed
that missing data do not mistephylogenetic inference and suggestedttiigh levds of missing data
were necessgrto retrieve sufficient infonative sies. The law sequences are archived in the NCBI
sequence read archividdvado et al2024 Appendix S1).

Hybri d status assessmérn The Structure analysis of all accessions edicly L. aridorum,
L. westianusand L. villosus revealed multiple accessions showingdence ofgenetiic admixture.
The best supported model w3 Bétweenhthd. diffasusgFe andL. seK
diffususSWFL groups one sample was foutadhave partial admixture.The five putative hybrids
from Lake Henry Ridge werall found to have gnetic admixture wvith almost equal genetic
contributions from thé.. diffususSWFL andL. cumulicolagrouys.

v al

ue
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Results for K =4 are also presented given thatK = 4 likelihood was close to £ 3. The
overall groupings are sifar to K =3 but the samps showing evidence of admixture are somewhat
different. Two samples ot. diffususfrom Northern Florid are shown to be admixed® smaller
group ofL. diffususaccessions from the Lake HerlRjdge show admixture, and at K =the two
putaive hybridsfrom the Desoto Pia (L. diffususEFL. HHSP- F43 & F32) show evidence of
admixture between the cumuicola andL. diffususSWFL/L.diffususEFL groups.

Phylogenyi The overall topologies oevered are broadly congruent betwéss maximum:
likelihood and Bayesian analyses (Fi§ andNevado etal. 2024 Figs. S1, S2). The L. diffusus
samples from Nortland South Carolina, along with those from the FloR@ahandleform a grade
subtendinghe remainder of the Florida clade or #ivedorum/ westianug villosus (AWV) subclaa,
and are placed quite separately from alllthdiffususaccessions from pamular Florida. The AWV
subclade comprisind.. aridorum, L. westianus and L. villosus has high internal support and
relatively long inernal branches witeach of the thregoscies recovered as monopdtic with high
support. In addition, there is phylgeographic structure withih.. westianuswith three nland
accessions (F91, F92, F93) fony awell-supportedsubclade that is sistén a subclade compiig
the castal accssions. The large subclade comprisithg cumulicola L. diffususNFL, L. diffusus
SWFL andL.diffususEFL (hereafter referred to dke L. cumulicolasubclade) is recoved in all
three phylogeniesyith variable spport. This sibclade has companeely weaker internal support
and shorter internal branches than the AWV clade, andlewlccessions of the putative
morphologicalgeograhical entities danostly group togeter, the support isnot as robus(Fig. 3 and
Nevado etal. 2024 Figs. S1, S2 and there are weakly gported incongruencies between the
different analyses.After reanalysis of miphology, he multiple accessions &f diffususEFL all
group together(Fig. 3) but may show partial phylogeographicrstture with differentiation of
accessios from the Atlantic Coastal Ridge from thosenfi inland localities, albeit agawith only
moderate support.

Demographic analysei Parameter estimates for the besihdgraphic model foeach pair
of populdions (Nevado et al2024 Table 1) show that the best model for @mparisons always
involves migration, suggéng that here issomegeneflow between all the populationsdaspecies
tested. Migration levels arehigher among populations within central penilar Florida I.
cumulicolg L. diffusus SWFL andL. diffusus EFL) than betwee L. villosus and L. westians,
suggestig that thdower phylogenetic support across thecumulicolasubclade is most likely dus
least in part tdhigher levelsof geneflav compared to the lter resolved AWV subcladeEstimated
split times betweerspecies / populationdNévado et al2024 Table 3 vary depending on which
population is usito calibrate, suggesting that theséimeates should be treated with cautiofhe
estimated divergence time betwdenvillosusand thel. westianusL. aridorumclade is somewhat
older (21- 65 Kyr) than between populations in the. cumulicolasubcla@ which are estimated to
range from 14to 38 Kyr. Even taling into account the urertainties surroading these split time
estimates, it is clear that species diversification acrossethire Florida ufoliolate clade is very
receni most likelyoccurrirg in the latePleistocene

Morp hometric analysesi The morphometric datacollected from 1002 leaves fro®R27
individual plants, representing all specigndpotential morphospecies sampled vgasnmarized in
Excel spreadstets and basic statistics weterived for eaclentity. Not all characters measureceve
determined to beignificant, andthe significance of other characters was often apparent only between
certain species pairs. &hs of ndividual characters and combinations were created usedto
visualize significant differeres. A few of these are presented hergigsres 912.
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Figure 3 Phylogeny of the unifoliolte FloridaLupinusclade constructed under maximlikelihood,
using DNA sequences from 153,730 locirggatedrom next RADseq data for 94 accessiorisumbers
above nodes are bootstrap values and the tree is rooted_uaimgustifoliusa speas from the Old
World Lupinusclade that is the putative sistepgp of the Floida clade.
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DISCUSSION

Speciesdelimitation anddesignatiorof new specieserveas the foundation for wide range
of disciplines aavss pure and applied biology, including biodiversity conservation assessment
(Wilson 2004). Without arigorousapprach to species delimitaticand designation of new sgies,
we risk basing subsequent downstream analysefiratidgs on unstablergund. This is particularly
true for the Florida unifoliolatdupines wherea historical lack otaxanomic consensihas resulted
in the recognition ofrom one to fivespecis in the cladeover thepast 200 years This lack of
consensus hasesulted inconflicting assessments of the conservation threat statysotehtially
endangered species ihis clade. Furthernore, recenextensivefieldwork in peninsular Floriddnas
revealedcryptic species which argeographically confinedo and distributed acrasa fragmengd
system of inland and coastal samijesand uplands irtental peninsular Florida (f§s. 1 and 3.
With amore desely sampled phyloggrincluding multiple acessions of each species, as adwecat
by Pennington and Lawi (2015), cryptic specieswithin widespread taxa are being diseced,
prompting reevaluationof species limits via reprocal illumiration of new phylogenetic data with
that from morphologyemlogy and geographye(g.Bickford et al.2007 Vietes et & 2009. Indeed,
the utility of densely sampled DNA sggnce data to reciprocally illuminate mpbologically defined
spedes is such tat genetic datare becoming a routinely used sourceewfdence for species
delimitation and discoveryThe advantages of using RADseq data that a large genorgde set
of loci are sequenced praWng large nurbers of SNPs such that bgbhylogenetiand demographic
analyses can be combihéo provide a morecompkte picture of variation across the species
boundary. However, caution is required due to thatential for ovetinflation of species numbers by
mistekenly equatingpopulationlevel geneticstructuredirecty with species (Sukumanand Knowles
2017)

We teskd species boundaries across th@foliate-leavedFlorida Lupinusclade including
the central Floridageographically confined morphpecies, prducing a densely sampledgenome
wide RADseq data setnd fully sampled phylogeny fothis clade (Nevado et al. 2024) A novel
hypothesis of relationships arspecies limitss presentedvhich does not coincide with any of the
previous taxonomic accoungsd differs significanyl from all previous species dieitations, earlier
phylogeniesand genetc studes (Eastwood et la2008, Drummond et al. 2012, Keller et 2017,
Bupp etal. 2017, Ricono et al2015). Firsty, there is robust phylogenetic supptor the AWV
subclade(L. aridorum, L. westianusandL. villosug. Secontly, L. diffusus oncethoughtto occur
widely acrosspeninsular Florida, thé&lorida Panhandle and further north into Alabama, Gexrg
South and North Qalina, is noamonophylett. Thirdly, the populatons previousy referred toL.
diffususfrom peninsular Floridare hererecognizd to comprise thelLupinus cumulicolacomple,
with three new specie@NFL = L. ocalensis SWFL = L. pilosior and EFL= L. floridanug all of
which ae more closely relatetb L. cumulicda than to the more northerly populationsLofdiffusus
This relationship betweeh. cumulicola and other populationgrom peninsular Florida previously
assigned td.. diffusts sheds newnsight on thetaxonomic stius of these two speciéksely 1990,
1998; Duncan antcCartney1992) Furthermore,timay help eplainis el y6s (19198) vi ew
cumulicolarepresents geninsularFlorida form of L. diffususa n d D W97 h) placen{ent of some
peninsular Fldda popuations which others redrred toL. diffususwithin his somewhat broader
concept olL. cumulicola

Within the Lupinus cumulicolasulxlade there isevidence of phydgeographic structure
corresponding to our fieldasedmorplospecig, and with some revalwation, air new species
described irthis manuscript Some of theseare notstronglysupportedso it is possiblethat someof
these putative entitiemmay benonmonophyleti¢ or that additional evidence may shalat their
morphologicandgeographic limig may need some adjostnt Furthemore, theres morphological
and genetic evidence for geneflamd hybridization between some thie species of theupinus
cumulicolacomplex These contrasting patterns of resolution and ctaggort coincide with mults
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from the denogrghic anaysis which show highe levels of geneflow and younger split time
edimateswithin the geographically confineld. cumulicolasulxladethan betweer. westianusand
L. villosus Even tiough thé& supportmay beweak,we feel hat the fourpeninsula Florida entiies
within the Lupinuscumulicolasulclade represerdt leasincipient speciatiostronglycorrelated with
the eklatively recent eographic isolation of most populationsAlternatively, these could be
consideredas faur varietiesof L. curnulicola, howeer there has beeincreasing recogtion within
the past decadthat incipient species, evdmot fully genetically isolatedmay meritrecognition at
the speciesevel when supported by geographic isolatiomhe larg number of populatits in our
study may have resulted iuncoveringmore geneflow than would hae beenreveded in a more
limited sample of populations Some populations which weessignedn the fieldto a particular
morphospeies may actually havesane genetic dmixture rot evidenced g morphology. Tis is
perhaps becoming more common dsturbed landscape with humanmediaed movementof
propagules, whether intentional or not. With varying levels of suppgwsepatterns across the
Florida Lupinus clade provide eviehce for delimiing eight specieswithin the clade:L. diffusus(re-
defined b include only material from northern Florida and adjacent States to the hormingorum

L. westianusL. villosusandfour incipient species ithin the L. cumulicolacomplex(here expanded
to include allspeciesrom central pemisular Florida excegor L. aridorum.

Although we did nohave strong support faall the geographically confineghorphological
entitiesof the Lupinus cumulicolasubcladeacress central Floridaand evidence bhybrids between
sone ofthese entities is indicativaf recency, species status will hopefullyisulate rtherresearch
into their complexpattern of vaation. Everwithout completereproductive istation, andwith some
gene flow,we hae recognizeéhesemorphospeasat species rankNFL asL. ocalensis SWFL asL.
pilosior; and EFLasL. floridanus with L. cumulicolacorresponding td.. cumulicolaas originally
describedby Small (see Taxonmy below; Table S2). Our treatment ofthesemorphospeciess
speciegather tharas varietiegepresents a somewhéiher split than inpublished and forthcoming
analyses of RABeq datasets for othdrupinusclades RADseq d#a resolve all the Old World
Lupinus species as redipcally monoplyletic with maximal species clade support (Deflorin et al.
unpub. data), as well as very recently derived species in thes{Atchison et al2016; Contreas et
al. 2018. This wide context is important to considar the Florida examplbecause it prades a
comparable basis for delimiting species across thesyas a whole.

Lupinus aridorum is strongly differentiated genetiba from L. westianuswith multiple
accessions of each of 8 species forming robustly supted (BS 100%; P 1.0) sisterclades
subtendedy long branches (especially the branch sudliteg the L. aridorum clade) indicatre of
substantial genetic diverngee. These data strongly support recognition Lof aridorum and L.
westianusas distint species. These twaspecies occupgisjunct distributions geographically isolated
from each othe with L. wedianus restrictel to coastal and inland sand ridges in therigia
Panhandle and. aridorumrestricted to inland sand gés in central peninsul&lorida (Fig. 1). A
suite of mnor but consist®& morphological differences in plant statuseanchinghabt, flower color
and leaflesize also support recognitionwfo distinct species

Our results clearly show that the biogeographic affinitied..ofiridorum as with other
Lupinus species that occur elsewhere in Florida and thehfeasten United Statesalign with the
predominant patterof easterly origins of Florida sand ridge endemic plants (Gerfsiney et al.
2014). However, in contrast tthe four sandidge Florida endemics studiethy GermainAubrey et
al. (2014), inLupinusthere has been in situ diversification bfst small clade ogightspeciexented
in Florida with all of them dating from the Pleistocenideed, there is no edénce that thelbrida
and souh-easterrlJSA Lupinusclade is closely relatea the lupires of western North America, but
is instead mostkely sister to the Old World lupas (Eastwood et aR008; Drummond et aR012)
or evenpotentially nested whin the Old Wold clade (Keller et al.2017) In contrast to the general
view of south to nah Pleistocene migrations from glacrafugia in eastern North America (Soltis et
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al. 2006), br Lupinus the trajectory of differentiation across the Southerastnited State gopears
to be from north to south with the peninsular Floridene¢énts derive within the clade.

The threespecied_upinus ocalensis, L. pilosiogndL. floridanus occupyinggeographically
confined areas within central penitesu Florda, belongto the L. cumuli®la complex Despite
limited evidence of hybridization and gendlow, we find some support forthese entities and
intriguing patterns ophylogeographical structure within this subcladkar example, accessionslof
ocalensigNFL) are comsistently recuered as a aelde albeit with varying leveld support, and witim
this clade two well supported lstlades are found which correspond to the Sumter Upland & Cotton
Plant Ridge (F35, F36, F37) and the Brooksville Ridge (H340, F41) respectiely. The
phylogenetic positn of F72 isuncertain and lacks supporT.his sample originates from the Mount
DoraRidge, and along with F39, shows admixture, suggestive of possible hybridiz&iioiarly,
acacessions ok. pilosior (SWFL) also form a lade.

Thelargely alloparic isolationof thesemorphospecieacross centtgeninsular Floridawith
eachalmost entirely restricted ta few ofthe major sand ridge systems: Lake Wales ridgmifius
cumulicolg, Atlantic Coastal RidgeTenmike Ridge andBombing RangeRidge (L. floridanug,
Brooksville Ridge Cotton Plant RidgeandOcala UplandL. ocalensi}, andsouttwest Florida sand
ridges (. pilosior), which areseparatedy largelylupine-free habitats (Fig2) is striking This is
very much in Ine with what night be expected for very recemapid speciationwhere reproduive
isolation isstill incomplete, andould becompatible with the idea of ephemesglecies (Rosenblum
et al. 2012 Rabosky 2013) whereby speciation is very comnamd rapid,but the majaty of
producedspeciesdo notnecessarilypersist, but insteadogextinct or are eabsobed into parental
forms. With tentative age estimates for the spliggviieen these varieties confintxdjust the last 40
Kyr, plus the wekly supportel pattern of dferentiation of thesepeciesfrom the older Lke Wales
Ridge L. cumulicolatowards both coasts and including the floridanus populations onte very
recently formed Atlantic Coastal Ridge, we speculate that timese weakly differentiatedspecis
diverged in reponsed very recent late Pleistocene d4e2el changes and representipient species.

Conservation The Florida xeric sand ridges and umlancontain one of the highest
concentrations of narrowly restrictedaemic plats in the sotin-easternrJSA andare considered one
of the mat threatened hatits in North Amega (Richardson et aR014). Within Florida 407 plant
species hve been classified as Endangered (Ward €20413) and within the Southeastdomited
States, the Flada Panhandle ahCentral peninsular Florid29 endemics are feddsalisted as
Threaened or Endangered (Christmandadudd1990; Estil and CruzaB001; Menge<t al. 2007,
Richardson et al2014). The degradation and destructimf habiat due to enaaching Citrus
agricuture, and especially urbaredelopment ithe suburbanizatiorof cental Floridai iis a major
threat to these globally rare, narrewdemics, including unifoliolateupinustaxa in Florida. Within
these habitat Lupinusaridorumis one ofthe most critially endangered plant species in Florida,
occupyingjust the Winter Haen and Mount Dora ridges in Polend Orange counties in central
Florida(Fig. 2), with the number of knowlocalities declining from 15 (1$. Fish& Wildlife Service
1987) to just nine (Peterson et a012; Richardsn et al.2014; Peteson 2016). Furthernore, all
populations are small (31 ha), mostly decliningand mostly unprotected, prompting recent efforts
to more closely monitor populahs, promgate plantsot augment poputens (Richardson et al.
2014; Peterson et &012; Reterson2016), and inestigate the conservation genetics of this species
(Ricono et al2015;Petrson et al2012; PetersoA016).

The lack of consensus surraling the taxonomic staus of Lupinus aridorum and its
treatment as a variety bf westianudavedetracte attention fom its endangered rdidting status at
boththe state and fedal levels U.S. Fish& Wildlife Service1987; Bibb et al2007; Contu2012)
Herewe present edience suggestintpat L. aridorumis strongly geneticallydifferentiatedfrom L.
westianusjustfying its treatment as a distinct species and bringing renewed fodtssendangered
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status and comsvation. Furthermore, recognitioof L. aridorum andL. westianusas distinct species
also further highlightshe threatened atus ofL. westianus Within L. westianusthere is robust
support (Fig. 3) for theeparation of the inland accessions (F®EB) from those along the coastal
dune systens (F81F90), indicative of Iimited dispersal and geflew between these sand ridges
separatedby just 30 km. The genetic distinctiveness of these inland and coastal subcladeslwith
westianussuggests that ivill be important to protect botareas @ conserve thgenetic diversity of
this species.

TAX ONOMIC TREATMENT

This first well-sampled phylgeny for the Florida unifoliate clade of Lupinus with a
hypothesisfor its evolutionary diversificationserves as an additional line odvidencefor species
delimitations within the clade This taxonomic treatmeradds to theapidly increasingnumber of
studieswhich have successfy used RADsegnethods (Eaton and R&®13; Wagner et ak013;
Pante et al2015; Eatm et al.2017 to resolve phylogenetic elationships, even among recently
diverged species (Ree and Hi@015; Mort et 4 2015; Wessingert al. 2016) and species
delimitation. Using the results of the phylogenetic analysis in an integrative daxicnapproach
(Dayrat 2005) we present a new teonomic conspectus, recogniziegght speces, with three new
spedes which areformally named here.For each of the eight species providea full species
description followed by notes dts geographic range, lifaistory, and ecolgy. A rarity statusis
assigned using the NatureServakiag criteria for global and state rarityGlobal rank is based on
rarity worldwide, and state rank applies to rarity in Florida unless otherwise spedifiédria for
assigning global and statearity include estmated number of occurrences including protected
occurrences, overall range, tatg and habitat or ecological fragility. Examples ofthese rank
include G1= Globally Critically Imperiled G2=Globally Imperiled G3= Globally Vulnerabe, and
G4 = Globally Apparently Secure State ranks assessedising the same criteria &lobal rark,
exceptapplying only to statuwithin an individual statet A A TO rank is given for
(subspecies orarietieg.

Taxonomic Conspectusf the Florida unifoliolate Lupinus clade

Key to specieof the Florida unifoliolate Lupinus clade
(for addtional morphometric differeition of speciesn theL. cumulicolacomplexsee Table2).

1. Banner petal with a reddigturple, maron, or dark puplish-blue central "eyespot”, darkdran
the surrounding part of the banner

2. Plants prstrateor decumbenthe brarghesat or neaground evel leaf blades narrowly
elliptic, mostly more than 10 cm long and 3 to 4 times as &ngice, theascending to
spreadingpubescence dhe stems and leaves lergjous, free portiorof stipules evdent,
USUANY 35 CM IONG . ..iiiiiiiiiieii e Lupinus villosus

2. Plants erect, the main stem erect and usually branchedaimored ground leveforming
somewhat wody, suffrutesca t sthor uiib by 0 p | eeltipticstg ovateenzoétly® | ad e s
cm long androm 1.5 to 5 times as long as wagthe pubescenaef the stera and leaves
tightly appressedree portion of stipules absent or rarely present and then kes4 ttm long

3. Banner petal pale pink wh a dark maroon eyespot; leaf blades mostly6550cm bng and
2.5-3.0 cm wide; robst plants averging 4560 cm talj plants of centrgbeninsular Florida
......................................................................................................... Lupinus aridorum

3. Banner petal light to darkue with a maroon to purplisblue eyespot; leaflades mosy
7.59.0 cm long and 3-8.5 cm wide; robugtlants averaging 685 cmtall; plants ofthe
Florida Panhandle.............ooooiiiii i reee e Lupinus westianus
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1. Banner petal with a white cream-colored central "eyespotlighter than the surrounding part of
the banner

4. Plants erect, the mastem erect andrnched muclabove ground levelforming suffrutescent
to somewhat woody "shrubby" plants

5. Leaf blades densely silvesjlky appressed pubescent, the htitally obscuring tle leaf
surfacejeaf bladedlat or nearly somostly3.54.5 cm wide, the leaf bladergth:width
ratio mostly 1.8:1 10 2.1 1. ...oiiiiieii e e Lupinus cumulicola

5. Leaf bladesnoderately appressed pubescent, the hairs not obscuring the greerféeaf s
leaf bladesnore or less awduplicate, mostly 2:8.2 cm wide, the l&f blade length:width
ratio Mastly 2.4:1 10 2.9:1 ...eeeniiiiiei e Lupinus floridanus

4. Plans matforming, the main stesprostratebranched at or neground level and the
branches mostlgecumbent, ascending only at theafietips

6. Plants forming relatively small clumps,-88 cm in dameter; leaf petioles mostly&cm
long; leaf bade lengthwidth ratio mostly over 3:1, often 4:1; freertion of stpules mostly
10-16 MMIONG oo eeee e mr e e e e e e e Lupinus diffusus

6. Plants forming relatively largelumps, often 9430 cm or morén diameter; leaf peties
mostly 36 cm long; leaf blade length:widthtio mosty 2:1 to 3:1; free portion dtipules
mostly17-25 mm long

7. Plants wih denseshat, appressed pubescence, the green surface lefabes evident;
leaf petioles mostly over 5 cm long; met legumes mostly-2 cm long, 68 mm wide
..................................................................................................... Lupin us ocalensis

7. Plants with dense, spreadimghitish-villous pubescencemostly obscung the leaf
surface leaf peioles mostly 34 cm long; maire legumes mostly 3-8.5 cm lang, 1612

0010 T T PPN Lupinus pilosior
1. LUPINUS VILLOSUS Willd., Sp. PI. Editio quarta 3(2): 1029. 180ZYPE: iHa b . | n
et i ns ul awilldenaw (Bi- deattoyed) ANEOTYPE (Dunn (197): North Carolina,

SouthportGodfrey& Wiebe50379(FSU). Figure4.

Plants amual to shodived perennial (mostly semelparous)matforming, main stem
branches prostrate, forming clpsy mostly 2560 cm in dameter, occasiomlly larger. Stens
ascending20-50 cm tall, denselyillous with agending to spreadinghitish hars 1-4 mm long.
Leaf petioles (3§ 60-110 (140) mm long2-4 mm wide,densely villous with ascending to spreading
whitish hairs 24 mm bng Stipules fised to the petiole at base, tinee tips (26) 30-50 (60) mm
long, curvate, densehillous with spreadng to spreadingwhitish to tawy hairs 13 mm long. Leaf
blades lanceolate to leeovate, usually bratest below the middle, (80100-140 ¢150) mmlong,
(20) 25-35 (45 mm wide, the legth:width ratio mostly3:1 to 51, the tips acute tobtuse and
mucronate, botteaf sufaces densglvillous with appressed whiteahis 23 mm long, the hairs more
ascading-appressed along thmaidvein, the hairs nostly obscuring the leaf surface. Inflorescence
racemose, 125 cm long, densely vecillate to subvertcillate, 10-15 mm in diameter,bracts
subulate,10-18 mm long, caduaus. Pedicels-5 mm long at anthesis, elongating in fruiCalyx
denselyvillous, the lower lip 816 mm long tridentate, the lol®510 mm long, the upperpl 7-12
mm long, bifid. Coolla glabrous,light to bright pinkor pinkish-lavender, the centrapot onthe
banner dark maroon to purple, standeaived, ovate1214 mmlong, 9-11 mm wide wings 1215
mm long, 56 mm wide, the bsal clawed portio 2.74.5 mm bng, keel3.4-4.6 mmwide. Legumes
25-40 mm long, 1215 mm wideyery densly villous with tawny hairs up to 5 mm longyules 48,
seeds 3 mm in diameer, broady ellipsoidto neary orbicular, slightly flattenedlight tan with
irregular darkebrown to gray patches anithé short brown lines.

Car ol

I
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Figure 4 (A-F). Lupinus villosus. A - Small plant in flower. Gulf County, Florida, May 1. 2012,

B - Inflorescence in Mlower, Clay County, Florida, Apnl 6, 2023, C - Large plant in flower, Clay County.,
Florida, April 6, 2023, D - Single leaf with free stipules, Suwannee County, Florida, Mayv 5. 2012, E - Plant
inearly flower. Marion County. Florida. April 28, 2017, F - Inflorescence in fruit. Alachua County. Florida.
Mayv 1. 2017,
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Occasionalfrom southeasterrLouisiana, eastvard through southern Mississippisouthern
Alabama, northem Floridasout to Marbn and Levy countiessouthern Georgia, and northwaod
the Coastal Plain osouthCarolina andsoutheasterrNorth Carolina Typically occurringon deep
sandsof longleaf pine(Pinus palustriy dominated sandhgland dry pinesavainas,often cdonizing
adjacentoadsids and disturbed sitd§ig. 18). It is a gap specialist specitdgat occurs inopenings
with bare exposed soiscattered lichensnd sparse cover of forbs, usually where there is a lack of
continuous grassy covand with little to no &rub competition.

In partsof the Big Bend region ofloridaand the eastern Florida Panhandlis is the only
unifoliolate speciesfd_upinuspresent atites with siitable habitat. loverlapsin range withLupinus
ocdensisin northeast Floda, althaugh they were not found to be sympatric in ofigld studies in
that region Although bothL. villosusandL. diffususare present in the western Florida Panhandle
and agacent statesthey rarelyco-occur, despite no gmrent differace in hatliat preference.n the
South Atlantic Coastal Plain of Georgia and the Carolibasgillosusis more common on the Outer
Coastal Plain, wheras L. diffususis more common in the inn€oastal PlainFall-Line Sandhills
regions.

Basd on its reldively wide range and diversity of habitatapinus villosusappears to be
relatively securefor the recentdture, and its current NatureServe rank of Gliobally Apparently
Secure) seems corredt is considered as a S$tateCritically Imperiled species in NortiCarolina
and S2 Gtatelmperiled) inLouisiana at the periphery of its rangelLike many of thesd.upinus
species, ppulation levels aa fluctuate widely fromyear to year, based on time since fire and other
disturbancesso hat single yar population assessments nmey reflect longterm population sizes or
population viability tends. It is a reseeder, germinating from the seedbank usually-foesor after
other disturbances to the seithanceyerminationwith vegetatie plants beaming reproductie in a
year or more

2. LUPINUS ARIDORUM McFarlin ex Beckner, Phytologia 5@09 1982 Tvpe: Florida.
Orange Co Bank of drainageanal, in baclof factories in scrub, jus$ of US 441, on FLA
437, Plymouth13 Apr 1970 Beckner et al2375(holotype FLAS! 112612;isotypesFLAS!
112611, FSUGH, NCU, NY, USH. Figure5.

Plants shodived suffrutescentperennials(iteroparous) sometimesmonocarpi¢c with a
woody erect main sternd many sympodial asceliny lateralbrandes, mosthyfrom the uppe half
of thestem, (36) 45-60 (-80) cmhigh, (45-) 80-115 ¢165) cm widethewidth:height réio mostly 1.6
to 2.2. Stenbranching mostly above the base, most often with thedovateral branch 1@ 30 mm
above theground suface, butoccasionallybranchng at the baser notbranchingn the lower 25 cm
of the stem. Leaves ratly near the branchs, the lower leaves often caducosspngy silvery-
pubescent with dense appressed haibgyvate orelliptic, tips rourded am mucronate the largest
leaves (45 55-65 (-80) mm long, (26) 25-30 (-36) mm wide, the leakhgthwidth ratio typically 2.1
to 2.3. Leaf petioles (1p 26-39 (-52) mm long,2-3 mm wide, densely appressqulibescent.
Stipules fused tahe petiolefor most a all of their length, rarely (in less than 5% of leawsih free
stipule tips 12 (-16) mm long. Inflorescence racemoseostly 1215 cm long, densely flowered,
bractlets absent or subtending otihe lowermost flowers.Calyx 2-lipped, theupperlip 9-10 mm
long, lobedanceolate, apically shedcunminate,lower lip 1014 mm long, lanceolate, thieree lobes
alruptly acuminate. Qolla pale pink, sometimes nearly white, occasionally a darker pthk,
standard with a prominenéntral darknarom (to nearly black) central are@egyespad), 15 mm long,
the Bade 1012 mm long and -B mm wide,ovate,ape& apiculate the sides rolled or folded; wing
petals 14 mm long5 mm wide oblong, the apex rounded; keel petal upcureedminde, 12 mm
long. Mature fruits mostly 138 perinflorescencethe pods (20 24-30 (-35) mm long,(8-) 9-11 (-
14) mm wide ellipsoid, with an obljue acuminatdeak and rounded base, wooly pubescent. Seeds
few per fruit,orbicular, flattened, ca. 3.5 min diametey palegray with darler gray spots.
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Figure 5 (A-C). Lupinus aridorum. A - Habit of typical erect suffrutescent plant in flower, Polk
County. Florida. March 10, 2012. B - Branched vegetative plant. with leaves clustered near the
branch tips, Orange County, Florida. April 5. 2012. C - Inflorescence. Polk County, Florida, March
10, 2012.
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Figure 5 (D-F). Lupinus aridorum. D - Leaves (showing no free stipule tips. Polk County, Florida,
March 20. 2012. E - Plant in early flower. Orange County. Florida, April 5. 2012. F - Inflorescence.
Polk County, Florida, March 20, 2012.
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Lupinus aridorumis a sand gap specialist (Richardson ek@l4) ofFlorida scrubknown
from the Winter Haven Ridge in Polk County and the Mount Dora Ridge in Orange County
(Richardson et al. 2014, GstmanandJudd 1990)(Fig. 18). It is now only known from white sand
entisolsof the St. Lucieseries(Typic Quartzpsamments) Historically it occurred in both scrub and
sandhillcommunitiesin peninsular Florida (Kane 1978), with 6(8&vingwhite sandentisols, 30%
gray sadentisok, and 10%ellow sand entisols.

McFarlin first named and gave a short account isfgpecies on page 119 lafs unpublisted
6Fl ora of the Centr al Por t i o.nLupinds artddrienwdsmuche Regi on
laterdescrbed by Joh Beckner(in 1982)af t er seei ng Mc Hasnal nudberoimanuscr i
populations. The stéus ofL. aridorumas a species distintbm L. westanushassincebeen doubted
and the species was reduced to a varietl.olvestanusby Isely (1986). We recognie both as
deeply divergent reciprocally monophyletic sistpecesbased orNevado et b 2024 (Fig. 3), a
consistent set of morphological differencasd their strongly disjunct geographical rangesh L.
aridorum redricted to sand ridgesnicentral perinsula Florida andL. westianusto the Florida
panhandle.

Lupinus aridorunis typically less robust thah. westianus with smaller leaves and a shorter
average plant height. Although plant sizejiste variable, L. aridorum plantswere seen which
were nore than 80 cm talind 160 cm wide, whereas the lardeswestianugplantswere 120 en tall
and 260 cnwide. Some othe main lateral branches bf aridorum seem to diverge below ground
level, perhaps indicatg a longer life span drburial ofbranche by shifting sandsand areypically
leafy only inthe upper third to half dheir length. The latetdranches otf.. westianusall diverge
well above ground leveand are typically leafy for mostf their lergth. There may be other
characterdifferentiating these spees, but the field measurements made in the limited nunfoer o
popuktions studiedmiorphometrics fromd populations ofeach)had enough overlap that there is
insufficient confidence to describether differences. Botl. aridorum and L. westianuscan
sametimes hag evident free stipuléps, contrary to some refamces (e.g., Wunderlin and Hansen,
2008) whch use the sigle key character "stipules obsolete" to distinguish these @thher Floric
unifoliolate Lupinus species. Plants with free stipule ips were seen most frequently in the inland
populations ofL. westianus in Washington County, Florida, bwith variaton both within and
between individuals, some with no free stipule tips andrsthaving one or raretwo per ledup to
11 mm long.

NatureServeurrentlyconsides Lupinus aridorumas a variety of.. westianusand so ranks
it as G3T1 HpeciesGlobally Vulnerablevariety Globally Critically Imperiled. With reinstatement
as a full speci it should be mked & G1 Globally Critically Imperiled. Perhaps oly one or two
viable natural poplations remainalthough it has beeartificially introduced at several additional
sites Although it is possible that these introddcpopulations may help preserhe tspecies fio
extinction, this is still uncetain, given thainsufficient time has sed to determinehether these
introduced populationwill become longterm stable viable populations. Severaturalpopulations
have been destroydd the last twadecadeslong after it wadlisted asFederallyEndangered in 1987
mostly to residentiadevelopment

3. LUPINUS WESTIANUS Small, Torreya 8 91 1926. Lupinus villosussubsp. villosus Phillips
(pro parte, Res. StudSt. Coll. Wash. 23: 2011955.Type: Florida. Bay Ca: St Andrews
Bay, 4 May 126, Small,Mosier, & Matthous(holotype NY!; isotype GA!). Figure 6.

Plants suffrutescenttypically biennial, or shortlived perennials (either semelparous or
iteroparous)from a thick,deep tapoot, typically with an eect main stenup to 1 cm in diarter,and
few to numerous ascendirigteral branches(40-) 60-80 (-120) cm tall (60) 100170 (-260) cm
wide, generally (10-) 1.52.2 (-2.4) times as wide as tall, he main stem with-45 ascendingdteal
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Figure 6 (A-F). Lupinus westianus. A - Habitat. Washington County, Florida, May 4. 2012. B -
Plant habit, Washington County. Florida. May 4. 2012. C - Leaf. with no free stipule tips. Walton
County. Florida. May 3. 2012. D - Leaf, with free stipule tips. Washington County, Florida. May 4.
2012. E - Inflorescence in flower, Walton County. Florida. May 1. 2012. F - Inflorescence in fruit.
Bay County, Florida, May 3. 2012.
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brarches, thesenostly starting at the plant base in coagtiants,sometinesto 65 cm above the soil
level in inland plants.Stems terete, stiff, gray to broywtlensely tomentose, the lower leatygscally
absent by the¢ime of flowering Leaves alternatesimple (unifoliolate), petiole§25-) 40-50 (-65)
mm long (1) 2.53.0 (-3.5) mm wide, densely villous with mostly ascending tawny Hasmm
long. Stipules adnatto leaf petioles, the free stipulips dsent, represented by a tuft ofirsaor
present and 43 (-8) mm long,curvate densely villouswvith spreading hair$-3 mm long. Leaf blades
(larger leaf blades on each plasljptic, rounded and apiculate at tigapered to rounded atibe
(55-) 75-85 (-93) mm long,(20-) 40-45 (-47) mm wide,mostly (1.7) 1.92.1 (2.5) timesas long as
wide, both leaf surfacefinely and densely appressed villous with hairs most®yriim long,velvety
to the touch. Iftores@nce racemose, mostly-1Z cm g, 25 cm wide, pedicels stout, moséy4
mm long, the inflorescence axis, pediceland calyx all densely villous withtawny appressed
ascending hairs mostly2 mm long Calyx ca. 1 cm long, the twbbroadly campanulate;lpped,
the upperip low ard broad, the laer lip longer than theube, thelobes 59 mm long,linear
triangular. Corollaa. 1 cm long, the standastightly longer than the wings and keel, shadwed,
the blade bwadly ovate to nearlyrbicular, emarginate, the sides folded uands, a bright pal blue
with a broad dak blueto purplishlower central portion (théeye sptd); wings shorclawed,pale
blug the blades narrowly obovatealdate; keel pale blue, strongly curvedwapd to arrow,
yellowishrorange firm tips Stamens 0, filaments fged below the middjevith one set 5 longer,
rounded anthers and one set of 5 with shorter, elongateranttOvary superior, narrow, densely
silky-hairy, the long style eued upward.Fruit anoblongelliptic nearly cylindric beakettgume25-
32 (-45) mm long, 111 mm widedensey villous with white to tawny hies up to6 mm long.

Lupinus westianuis endemicto the Florida panhandlgsheremost populations are found in
coastal andpine scrub, often in association with other endeamirestricted species of these habitat
(i.e.,Conradina canescens, Polygonella macrofd)y A secondary area of diditionoccursinland
on the Geenheadslope,centered on the &/ - Washington County line (Fig.8L Thisis an area of
extensivedeep sandy uplandgpocketedwith steepsided sinkhole mnds knavn for the narrow
endemicson their flucuating margins(e.g. Paronychia minima Hypericum issophloeusRhexia
salicifolia, Xyris longisepala, X. isoetifolja The uplands of thiiilly landscpe were once covered
by extensivePinuspalustrig Quercus laevisAristida beyrichianaceric sandhill woodlandsLupinus
diffususoccurs in similadongleaf pine Pinus palustriy sandhill habitatdo the west ofhis karst
region andL. villosusto the eat, butneitherof theseappear to occun the Greehead Slope region
of inlandL. westiams populatons

Lupinus westiaus (as Lupinus westianusar. westianuy is currently ranked 8 G3T3 by
NatureServe, the species and the variety lmthsideredVulnerable. Howeer, based on the
acceleratecbace d reddential aad commercial development within its narrow rangshould be
considered aa G2 Globally Imperiled) species. Many small populations thasiséed in vacant lots
within coastal sand pingcrub mly a few decades ago arewextirpated, \th little potential habitat
remaining h some ounties where it was onocsommon incoagal xeric scrub There are few
protectel populationsin its coastal range.The inland populatiorof the Greenhead &pe region,
which isgeretically distinct from thecoastal populéon region is underthreat byrapidly increasing
reddertial development. Some of itebitat was dissected lbgads andlivided into lots as part of
land sale schemes decad®o, but theeremainedmostly in natural veggtion until rabher recently.
As an area ofelatvely high elevatios and well drainedoilsonly ashort drive from the coaghese
inland fabitats will be increasinglysubjectto development pressure due dea levelrise and
subsequeninland migrationof the humarpopulation. Both the inland and coastareas of its range
should beindependentlyevaluated forconservation of this speciewith coastal populations facing
the most imminent pressure from land clearimgd sprawling coastal developmentLupinus
westianus appears tde a sand gap specialitom whichit canspread into diturbed sitespften
germinating from the seed bankl&ling both natural and artificiadlisturbance. Plants with first



27

Bridges & Orzell: Unifoliolate Horidian Lupinus

year vegetive growth carprecociously flower, buthis spet@stypically flowersduring the second
yearof growthfrom thefirst yeaGs stems (Isley 1990), often with mass flowering displays.

4. LUPINUS DIFFUSUS Nutt., Gen. N. Amer. PR: 93. 1818.Lupinus villosusvar. diffusus(Nutt.)
Torr. & Gray, FI. N. Amer. 1(3): 382. 1840.Lupinus villosusubsp diffusus(Nutt.) Phillips,
Res. Stud. St. Coll. Wash. 2301. 1955. Type: North Carolina. Around Wilmingtan,
Nuttall s.n.(holotype:PH 00026523. Figure 7.

The PH sheet has Nuttddl annotation atupinus diffususand hisasterisk(= new specigs K
829313has Nuttalk annotation ofLupinus diffisus Alabamé and someoneelse has addedNuttall
1829." BM 1046841has a branch dfupinusmounted with two other speciesithout indication that
it was collected or seen by Nuttall.

Plants annualprobably semelparoushprostrate, rat-forming, generallyabout 1550 cm tall,
with as@nding flowering branches at the ends of the branched stems, thenostig25-80 cm in
diameter Stems densely ser@ous tocanescenthe hairs mostly appressed tocagsding and.5-1.0
mm long. Leaf pévles 60-80 mm long, stipulesconnate to the petiol¢heir free linear to filiform
tips mostly D-16 mm long Leaf blades 4.0 cm long, 1535 mm wide, the leaf lengthwidth ratio
mostly over 3:1, dén exceeding 4:1he tps acute to lotuse, mostly rouwked andnucronulate at the
tip, oblanceolate to awate,with appressed to ascending hairs on both surfaces, but the hairs not
usually obscuringhe green leaf surface.Inflorescence racemose;2® cm long,10-20 mm n
diameterthe flowers verticillated subveticillate, bracts & mm long, suhlate, calucous Pedicels
2-3 mm long at anthesi8;4 mm long in fuit.

Populationgrom peninsulaFlorida previously assigned taupinusdiffususare now intuded
within the four speies of thelL. cumulicola conplex (see b#ow). Lupinus diffusus as now
recircumscribed,ranges from southern Mississippi east though southern Alabatine,Florida
Panhandleandeastern Georgiaorth toSouth Carolina and southern North CaroliRg(17;Dunn,
1971) It occursin clearingsand on margins of wodlands of oafpalmetto and pine on deep sands.
Although we havenot sanpled populations ofLupinusin northeast Fldda, based onNaturalist
photographigecordsandhetbarium specimens evbelieve hese taepresent the northernmosttert
of the range oL. ocalensis Therange disontinuity betweerk. diffususin southcentral Georgia ah
the cental Florida PanhandleandL. ocalensisin northeast Florida isnostly corréated with the
fiISunwamee Straitg, alowland ar@ where both species are abseAtthough the Suwanneéstraits
developedduring a muchearlier geologicalperiod than the divergencentes ofthe species of the
Floridian unfoliolate Lupinusclade, itrepresentsa disconinuity in dry sandy upland habita, since it
is geneally of lower elevation thanthe sand ridgesf the Florida Peninsaland the inland Florida
Panhandle. During times of more recent high sea leyjelt would have beemundatedwhile the
cental ridge fisland of peninsularFlorida were above sea level. This could explain why the
entities of theL.. cumulicolacomplex are more related to each other tioan diffusus,which is nav
restrictedo areas nortbf the Suwannee $aits.

Lupinus difusushas not beeglobally ranked by NatweServe as to iteange-wide status but
is ranked asS3 (StateVulnerable) in North Carolina and Mississippi,the peiphery of its range.
Even wth its new, narrower, dafition and rangejt is probably best ranked asG4 (Globally
Apparently Secure). It does not seemlie of immedite conseration concern despite destruction
and firesuppression of much of its sdmlil habitat in the Western Highlandsf ¢he Florida
Panhandle It is a gap specialist and seedbank rseeder, often gmiinating from theseedbank
following soil disturbance or burning of its habitat.
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Figure 7 (A-E). Lupinus diffusus. A - Habit, Scotland County. North Carolina, May 17, 2021. B - In-
florescence. Okaloosa County. Florida. May 2. 2012. C - Inflorescence in fruit. Okaloosa County.
Florida. May 2. 2012. D - Habit of typical sized plant. Okaloosa County. Florida, May 2, 2012. E -
Habit of several individual plants in a small area, Okaloosa County. Florida, May 2. 2012.
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5. LUPINUS CUMULICOLA Small, Man. S.E Fl. 681. 1933. Lupinus villosussubsp.diffusus
(Nutt.) Phillips (pro part¢, Res Stud. St. Coll Washington 23: 201. 1955LECTOTYPE
(Dunn 1971): Florida. Highlands Co(orig. as "DeSota" CountyBandhills E of Sebring, 1
May 1919,J.K. Small & J.BDeWirkeler9081(NY!; isolectotype GH!). Figure 8.

Annual o winter biennial heb (probably iteoparous) or kecoming a shortlived
suffrutescent perennial, thain stem usually stiffly erect, becoming suffrute$cen somewhat
woody, forming plantsmostly (42) 70-110 ¢(210) cm in diameter, usually (4360-90 (-200) cm tall
at thetallest wint (plant width/heght ratio mostlyfrom 1.1 to 1.5), the main stemsually with 7 to
16 primary branches, with the first branch mostly formed from 4 to 1Gametimesmore than 30
cm, above the soil siace, tle plants mostly with an ereshrubby aspect>eept wha collapsed or
recumbat from their own weight. Stems dutateral branches mostly leafy only in the upper,half
leafless for halfor more of theirlength, he young stems and leaf petioles densely appressed
pubescent with 0:4.5 mm long tghtly appresseéscening hairs, mos$y obscuring the surface of
the stens and leaf petiolesLeaves narrowly to broadly ellig, petiolate, the petiole (3030-42 (-
80) mm long(1-) 2-3 (-5) mm wide, dasely appesseeVill ous; free portion fostipules most 10-14
mm long rarely longer; leaf blade narrtgto broadly elliptic, (45 6582 (-103) mm long, (2§ 34
44 (-58) mm wide, the leaf length/width rationostly from 1.8 to 2.1, very densely appressed
ascendingoubescenon both surfaceghe hairs tighy appressed téhe leaf surface, slightlynore
evident along ta leaf margin, the fah leavesvelvetywith a reflective bluistslivery cast due to the
derse pubescence, the leaffawe not evident ddlow thepubescence. Inflescence ingterminate,
mosty 10-20 cm lorg and 2530 mm wide in flower when fully eveloped, the inflorescence rachis
densely appressedscending pubescemtith short, curled hairs Bracts lareolate,4-5 mm long,
densely spreading pubescent with hair@ fnm long. Pedicels prealing, and 23 mm long at
anthesis, becoimg reflexed, stouter and-2 mm lang in fruit. Calyx bilabiate, 91 mm long,
densely acendingappressed villouwith light brown has obscuring the outer gace. Rowers ca. 1
cm long, the barer 310 mm long,light to vivid sky blue or sometimesbluishlavender,with a
white i creamcoloredfeyespa, wings 911 mm long, slightly curvate, keeF®0 mm long, sbngly
curvate. Legume (1B 24-35 (-45) mm long, (5-) 811 (19) mm wide, with ausually strongly
recurved 46 nm long easilydetached beak, dengelillous with erect & ascending tawny to light
brown hidrs, the longest hairss2 mm long, irregularly moothto barbellate or sometimes pectinately
brancled, evenly pubescent, over a derlayer of shodr, dense, cued hairs on the legue surface.
Ovules 46, the legume ith short, scarcely edient incomptte crosgartitions, typically maturing-2
4 seed per legume. Seeds suborbicular;8Hmlong, 33.5 mm wide, flattened at thelinin end
and slidgntly indented athe hilum,laterally somewhat tstrongly flattened, glbrous except for a tuft
of translecent to whitish branched hairs at the hilum, $bedsurface varying from pale gray to dark
brown, the color comprised of irregulaanastomizing ligt brown and d& brown patches andots,
with few light brown patcheshe rim of the latera compressedeed somewhat lighter colored than
the seed fase

A broader concept dfupinus cumulicolaincluding some specimens now refertedasL.
floridanus wasfollowed by Dunn (197). In contrast, or concept ofL. cumulicolais identcal with
L. cumulicolaas described by Small (1933)Lupinus cumulicda is a Lake Wales Ridgenear
ermdemicand ismost common on the upper terraces @f tllige at someof the highest kevations in
peninsular FloridgFig. 17) It is found exclusivelyon yellow sandy erdbls of current or former
longleaf pine Rinus palwstris) sandhills from Lake unty south to Highlands County, barely
extending intofar western Osagla and Orange cmties, and with a single record from the highest
terrace of the Lake Henry Ridge in Polk Coun@nly one location clearly refable td.. cumulicola
based orboth morphologal andgeneticevidence was foundff the LakeWales Ridge, tis being at
a high elevation on théake Henry Ridge about7 km west ofthe Lake Wales RidgeAll other
Lupinus populationson the Lake Henry Ridgeshowed evidence of introgression betwden
cumulicolaandL. pilosior.
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Bridges & Orzell: Unifoliolate Horidian Lupinus



