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ABSTRACT
A multivariate morphometric study of tH&olidago strictacomplex ofS. subsectMaritimae was
performed to assess statistical support for recognRirgustrinaS. chrysopsisS. gracillima S. pulchra S.
stricta, andS. virgataas separate species. Ten analyses were run and discussed.

Solidag subsect.Maritimae (Torr. & Gray) G.L. Nesom includes all the bog and rmars
goldenrod species with sheathing proximal basal rosette ard &teém leaves. TI®olidago strictaAit.
complex includes six of the more inland or at least nonrsaitsh inhabiting species native to the inner
and outer coastal plains and southern piedmont regiortseaéastern U.S.A. (Semple 2016 frequently
updated; Semple et al. 2016: austrinaJ.K. Small (Fig. 1) native to wetter soils on the piedin
generally at 50 m elevation or high&:; chrysopsigd.K. Small of South Florida and the keys (Fig.&);
gracillima Torrey & A. Gray (Fig. 3) native to the inner coastalpkand outer piedmont in habitats that
may be rather wet in the spring but tend to be much drigreisummer and earlier fa,. pulchral.K.
Small (Fig. 4) native to outer coastal plain boggy grouitd $phagnumn southeastern North Carolina;
S. strictaAit. (sensu stricto, not of authors; Figs. 5-6) nativenimist argillaceous sand soils in eastern
Virginia and the pine barons of southern New Jersey and disjua few locations further south; agd
virgata Michx. (Fig. 7) native to the coastal plain at 5-40 m &iem from eastern North Carolina to
Louisiana. The ranges of all six species are illtstran Fig. 8.

Floristic treatments of th&olidag stricta complex have varied considerably during the past
century and a half. Torrey and A. Gray (1841) misappliexl tameS. strictato the northern bog
goldenrodS. uliginosaNutt. and treated the southern speciesSawirgata In his large report on
chromosome numbers Bolidagg Beaudry (1963) noted th& strictawas “probably an aggregate of
more than one species.” Cronquist (1968) recognized the speties as. uliginosa(stems usually
hairy in the inflorescence), lumped several speciés Ins S. stricta(stems usually glabrous in the
inflorescence; rhizomatous) occurring from the Atlanticstaaplain of New Jersey to Texas, and
separated oub. austrinaas lacking rhizomes and occurring from Virginia to Geordiaonquist (1980)
further divided hisS. strictainto three speciesS. strictawith long slender, stoloniferous rhizomeés,
pulchrawithout the rhizomes and with few heads (5-25) with mamet$o andS. gracillimawith many
heads (more than 20) and fewer florets; he also statecsona¢S. uliginosain North Carolina was
transitional withS. gracillima(S. simulang=ernald treated as a synonym). Cronquist (1980) pl&ced
austring S. flavovirenscChapman, an&. perlongaFern. in synonymy under his. stricta Semple and
Cook (2006) followed Cronquist (1980) in recognizfagpulchrabut includedS. gracillimain S. stricta
as a subspecies (aBdaustrinaandS. perlongaas synonyms of the subspecies); and they IStdédago
chrysopsisSmall; S. flavovirensChapmansS. strictavar. angustifolia (Elliott) A. Gray as synonyms of
subsp.stricta Based on multiple field trips after Flora North Ame was published, Semple (2012)
selected a lectotype f@. gracillima thereby restricting the species to plants of the ¢exnywith a few
long to very long lower inflorescence branches, as is doree he recognize8. austrinaas a piedmont
species with inflorescences with many branches thateg from short to distally short to proximately
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mid length with the longest spreading and arching; he restr&t strictato outer coastal plain plants
with short inflorescence branches regardless of therestence size; and he recognized the Atlantic
coastal plain plants of Virginia and New JerseySaperlongawhose robust inflorescences had lower
stem branches that were proximally ascending and divergimyaha away from the main axis of the
inflorescence. After seeing an image of the holotyp®. @tricta Semple (2013) noted that the name had
been misapplied to the southern race, which should bectgrl&beledS. virgata and that the nam®.
stricta was correctly applied to just the plants he treatel. gerlongan 2012. In 2014, the first author
examined the holotype @. strictaat the British Museum of Natural History and confirmesl 2013
conclusion about the proper application of the name. In sumitte@ynomenclatural confusion about
how to apply the nam®. stricta has been a problem for many decades and has requioetb@nation of
field observations of many populations over multiple decatiesaccumulation of a large data base on
chromosome number variation within the complex, and radethinking of how to treat the multiple
ecologically distinct races occurring within the complekernald’s (1950) treatment of the complex
would have been a better place to start than with Cren(L868, 1980), but Gray’s Manual"(8dition)
only covered the more northern members of the complex.

Semple et al. (2016) reported the results of a multivwsaidy of theSolidago sempervirens
complex that includes five specieSolidago azoricaHochstetter ex Seubert is native in the Azores and
introduced in the Bahamas and Bermu&mlidago mexican&. andS. sempervirenk. are native to salt
marshes and coasts from Newfoundland, Canada to TabasdacpM8olidago may&emple is native to
wetter soils in the mountains of Chiapas, Mexico and tlagavMountains of eastern Guatemala and
western and central BelizeSolidago paniculateDC. is native to central Mexico in wetter areashsf
Mexico City region (possibly extinct) and eastern Michoac8pecimens db. mayaand eastern diploid
S. mexican@an be similar t&. virgataand are included in one analysis in the study repoethb

Cytological sampling of the six species of thelidago strictacomplex ranges from just one
known chromosome count to dozens of counts for a speSiedago chrysopsiandS. gracillimaare
only known at the diploid level26 = 18; Beaudry 1963Semple et al. 1993jnpublished data).
Solidago pulchras only known at the tetraploid leveln(Z 36; Semple et al. 1993; unpublished data).
Solidago strictais only known at the hexaploid leveln(Z= 54; Beaudry 1963; unpublished data).
Solidago austrinas known at the diploid level in the eastern and southerts p&its range and at the
tetraploid level in South Carolina, northern Alabama andfxentral Tennesseen(2 18 and & = 36;
unpublished data)Solidago virgatas known at the diploid, tetraploid and hexaploid leveis<28, 2
= 36, and 8 = 54; usually reported &. stricta Beaudry 1963, 1969; Semple et al. 1981, 1984, 1993;
Semple and Cook, 2004; unpublished data). A manuscript on the cytaglepef all species is.
subsect.Maritimae is in preparation by J.C. Semple and R.E. Cook andimdlude details on the
unpublished counts noted here.

A multivariate morphometric analysis of tls®lidago strictacomplex has not been previously
published. Specimens 8f virgatawere included in Semple et al. (2016). The study presém=iexiwas
designed to statistically explore the following questions:(¢grall, into how many species can the
stricta complex be usefully divided? (2) What traits best separate thpecies? (3) What are the
consequences of including small shoots with small infeemeses in the analyses? (4) How well do
habitat preferences and ranges fit with the morphologidallined species?

MATERIALSAND METHODS
In total, 211 specimens selected from a much larger nuofbgpecimens oSolidagosubsect.
Maritimae from BRIT, F, FLAS, FSU, GH, J.K.Morton in ROM, KY,L, MO, MT, NCU, NY, TEX,
UNCC, USCH, USF, and WAT in MT (Thiers, continuously ugditwere scored and included in this
study. Data were scored &n austrina(41 specimens; Fig. 1§. chrysopsi§19 specimens; Fig. 2§.
gracillima 18 specimens; Fig. 3p. pulchra(15 specimens; Fig. 4§. stricta(34 specimens; Figs. 5-6),
andS. virgata(30 specimens; Fig. 7) of tl& strictacomplex andS. maya(9 specimens; see Semple
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2018 for illustrations) and eastern and western populationS. ahexicana(29 and 16 specimens
respectively) of th&. sempervirensomplex. Ranges of species in testrictacomplex are shown in
Fig. 8 along with the locations of samples included imi@ripgroups the multivariate analyses. Nineteen
vegetative and 19 floral traits were scored when possibtereplicates per character depending upon
availability of material and whether or not the trait wiaeristic (Table 1). Mean values were used in the
analyses, while raw values were used to generate rahgagation for each trait.

Traits used to define a priori groups were not included in tiadyses to avoid circular logic.
Differences in general inflorescence shape and branatiagacteristics were used to define a priori
groups along with geographic location. Basal rosette and lst@m leaf traits were not included in the
analyses because these were often not present on specifleasiumbers of longer branches in the
inflorescence and their proximal angle of ascent and dist@unt of outward curvature were used in
defining a priori groups and were not included in the matrbhé discriminant analyses.

All analyses were performed using SYSTAT v.10 (SPSS 20D8jails on the methodology are
presented in Semple et al. (2016) and are not repeated Teneanalyses were performed. In the first
analysis, nine putative species level a priori were indu@olidago austring S. chrysopsisS.
gracillima, S. mayaeastern populations & mexicanawestern populations &. mexicanaS. pulchra,
S. stricta and S. virgata In the second analysis, six species level a priori grevgye includedsS.
austring S. chrysopsisS. gracillima S. pulchra, S. strictaand S. virgata In the third analysisS.
gracillima was excluded and only five species were inclu@&adaustrina S. chrysopsisS. pulchra, S.
stricta, and S. virgata In the fouth analysis, four species were includgdaustrinaS. chrysopsisS.
pulchraandS. virgata In the fifth analysisS. austrinaS. chrysopsisandS. virgatawere included. In
the sixth analysis onl§. austrinaandS. virgatawere included. In the seventh analysis dBlystricta
andS. virgatawere included. In the eighth analysis o8lychrysopsigndS. virgatawere included. In
the nineth analysis onlg. pulchraandS. virgatawere included. In the tenth analysis o8lymexicana
andS. virgatawere included.

RESULTS

The Pearson correlation matrix yielded r > |0.7| for mass of leaf traits reducing the number
to be used to either mid leaf or upper leaf length, uppémelth, and usually either mid leaf or upper
serrations. Basal rosette leaves were often absenivarednot included in the discriminant analyses.
Ray floret lamina length sometimes correlated with inu@uweight and usually was not included in the
STEPWISE analyses. Ray floret pappus length at antbesslly correlated with disc floret pappus
length and only the latter trait was included in STEPW&8Elyses. Inflorescence length and width traits
were generally used in defining a priori groups and wer@nhitded in the analyses.

Nine species groups analysis

In the STEPWISE discriminant analysis of nine putatjvecges level a priori grougSolidago
austring S. chrysopsisS. gracillima S. pulchra$S. stricta andS. virgataof theS. strictacomplex ands.
mayaand eastern and western populationS.omexicanaf theS. sempervirensomplex, the following
seven traits were selected as best separating the giodse listed in order of decreasing F-to-remove
values: disc floret pappus length at anthesis (15.06), nuohloesc florets (12.57), number of rays florets
(12.42), upper leaf length (11.46), mid series phyllary width (7r@ihber of nodes in distal 25% of the
stem below the inflorescence (5.79), and involucre height (4.3%)ks’s lambda, Pillai's trace, and
Lawley-Hotelling trace tests of the null hypothesis thaigedups were the samples of one group had
probabilities of p = 0.000 that the null hypothesis was truge H-matrix for the discriminant analysis is
presented in Table 3. F-values based on Mahalanobis afistametween group centroids in N
dimensional hyperspace indicated the largest separations beéneen easter®. mexicanaand S.
pulchra (25.088),S. gracilimaandS. virgata(23.649), andS. gracillima and westerrs. mexicana
(23.328), and the least separations were bet®epraysand easter8. mexicangl.487),S. mayaand
westernS. mexican#3.562), ands. austrinaandS. gracillima(3.695).
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Table 1. Traits scored for the multivariate analysespetimens obolidago austrinaS. chrysopsjsS. gracillima
S. pulchra$S. stricta andS. virgata.

Abbreviation Description of trait scored
STEMHT Stem height measured from the stem base to tip(cm)

UPSTMNOD25 Number of nodes in distal 25% of the stem b#tevinflorescence
UPSTMNOD 20 Number of nodes in distal 20% of the stem b#tevinflorescence
BLFLN Basal rosette leaf length measured from thebleak to tip (mm)
BLFWD Basal rosette leaf width measured at the widestit (mm)
BLFWTOE Basal rosette leaf measured from the widest poithe end (mm)
BLFSER Basal rosette leaf dentation - number of sensalong (one side)
LLFLN Lower leaf length measured from lisef base to tip (mm)
LLFWD Lower leaf width measured at #Widest point (mm)

LLFWTOE Lower leaf measured from thdest point to the end (mm)
LLFSER Lower leaf margin - number of serrations (one side)

MLFLN Mid leaf length measured from thaflbase to tip (mm)

MLFWD Mid leaf width measured at thilest point (mm)

MLFWTOE Mid leaf measured from the widasint to the end (mm)
MLFSER Mid leaf margin - number of serrations (one side)

ULFLN Upper leaf length measured formldat base to tip( mm)
ULFWD Upper leaf width measured atwheest point (mm)

ULFWTOE Upper leaf measured from the siigint to the end (mm)
ULFSER Upper leaf margin - number of serrations (one side)

CAPL Length of inflorescence (cm)

CAPW Width of inflorescence (cm)

CAPBRLN Length of longest lower inflorescence branchay (c

INVOLHT Involucre height (mm)

OPHYLN Outer phyllary length (mm)

OPHYLW Outer phyllary width (mm)

IPHYLN Inner phyllary length (mm)

IPHYLW Inner phyllary width (mm)

RAYNUM Number of ray florets per head

RSTRAPLN Ray strap length top of the corolla tube to hefithe strap (mm)
RSTRAPWD Ray strap width measured at the widest point)(

RACHLN Ray floret cypsela body length at anthesis (mm)

RPAPLN Ray floret pappus length at anthesis (mm)

RPUB Density of hairs on ray floret ovary at anthé$is scale)
DCORLN Disc corolla length from the base to tip of theotlarlobes (mm)
DLOBLN Disc corolla lobe length lobe (mm)

DACHLN Disc achene length (mm)

DPAPLN Disc pappus length (mm)

DPUB Density of hairs on disc floret ovary at anth€$is scale)
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In the Classificatory Discriminant Analysis of the nipeatative species level a priori groups, a
posteriori assignments of specimens ranged from 38-95%etodwn group.The Classification matrix
and Jackknife classification matrix are presented ilda. Results are presented in decreasing order of
percent correct placement. Eighteen of 19 specimens dbdhé@ago chrysopsia priori group (95%)
were placed a posteriori into ti$e chrysopsigrroup: 7 specimens were placed a posterior with 90-95%
probability; 3 specimens with 81-86% probability, 2 specimen$ Wit% and 78% probabilities, 4
specimens with 63-69% probability, 1 specimen with 42% probab2B@o(toS. mayaand 20% to
easterr5. mexicang and 1 specimen with 28% probability (23%&omaya20% to easter8. mexicana
13% toS. virgata and 10% tc5. strictg. One specimen of tH& chrysopsis priori group was assigned
to S. gracillimawith 32% probability (29% t&. chrysopsis16% toS. austrinaand 15% tdS. maya
Fourteen of 15 specimens $f pulchra(93%) were assigned a posteriori to $§1gulchragroup; 12 with
92-100% probabilities, and 2 with 64% and 51% probabilities. Onemsproof theS. pulchraa priori
group was assigned & mayawith 42% probability (21% t&. chrysopsis15% toS. stricta 4% toS.
austring and 3% tcS pulchrg. Sixteen of the 18 specimens of t8egracillimaa priori group (89%)
plus one additional specimen were assigned a posteri®i @racillima 6 specimens with 80-93%
probability; 5 specimens with 72-77% probability, 2 specimenk 84t65% probability, and 1 specimen
with 59% probability (40% t&. austringand 1 specimen with 42% probability. Three specimeniseof t
S. gracillimaa priori were assigned to other species. All other lchmuch lower percents of correct
assignment (38-63%) and are not discussed in detail; 69% gietbrens for westerd. mexicanavere
assigned to that group a posteriori, but only 38% of 29 specimeasterrS. mexicanavere assigned to
that group a posteriori; 62% of the 29 specimenS.ofirgatawere assigned to that group a posteriori.
Among the specimens & virgatanot assigned a posteritar S. virgatawasUrbatsch 1077@LSU) from
Louisiana; the specimen was assigne8.taayawith 37% probability (15% each ®. chrysopsiand to
S. stricta 12% each t&. virgataand easter. mexicanand 8% to westerS. mexicang

Two dimensional plots of CAN1 versus CAN 3 and CAN1 versuBlZganonical scores for 208
specimens ofsolidago austrinaS. chrysopsisS. gracillimga S. maya eastern and westeB1 mexicana
separatelyS. pulchraS. stricta andS. virgatawere not very informative due to considerable overlap in
group distributions on the diagrams and are shown in Fi@8ly the symbols o8. pulchraare fairly
well separated from other taxa on CAN1 versus CAN3. Eigeasabn the first three axes were 1.882,
0.830 and 0.661.

Table 2. Between groups F-matrix for the nine putatipeiori groups analysis (df = 7 193).

Group austrina chrysopsis gracilima maya mexicana mexicana pulchra stricta
E w

chrysopsis 18.522

gracillima 3.695 16.406

maya 9.6544 4.870 9.016

mexicanakE 19.311 12.273 17.474 1.487
mexicanawW 13.435 14.611 23.209 3.562 4.621

pulchra 13.367 18.466 15.740 14.032 25.088 25.177
stricta 16.290 12.995 16.754 4.215 12.453 9.089 23.184
virgata 21.051 11.030 23.601 7.6871 16.343 10.965 25.329 4.549

Wilks' lambda = 0.05825 df=7 8 199; Approx. BZ9701 df = 56 1044 prob = 0.0000
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Table 3. Linear and jackknife classification matriftesn the Classificatory Discriminant Analysis of aiputative
a priori groups; a posteriori placements to groups in.rows

Group austrina  chrysop- gracil- maya mexicana mexicana pulchra stricta virgata %
sis lima E W correct
austrina 18 2 10 0 1 0 5 1 2 46
chrysopsis 0 18 1 0 0 0 0 0 0 95
gracillima 1 0 16 0 1 0 0 4 1 89
maya 0 1 1 5 0 0 0 1 0 56
mexican&E 3 0 0 5 11 5 0 4 1 38
mexicanaV 0 1 0 1 1 11 0 0 2 69
pulchra 0 0 0 1 0 0 14 0 0 93
stricta 1 3 0 4 2 2 1 19 2 56
virgata 1 2 0 3 0 0 0 5 18 62
Totals 24 27 28 19 17 18 20 30 25 63

Jackknifed classification matrix

Group austrina chrysop- gracil- maya mexicana mexicana pulchra stricta virgata %
sis lima E W correct
austrina 17 2 10 0 1 0 5 2 2 44
chrysopsis 0 17 1 1 0 0 0 0 0 89
gracillima 0 0 15 0 2 0 0 1 0 83
maya 0 1 1 5 1 0 0 1 0 56
mexicane& 3 0 0 5 10 6 0 4 1 34
mexicanaV 0 1 0 3 3 8 0 0 2 50
pulchra 0 0 0 1 0 0 14 0 0 93
stricta 1 3 0 4 2 2 1 16 5 47
virgata 1 3 0 3 0 0 0 5 17 59
Totals 22 27 28 21 18 16 20 30 26 57
4 <|> I
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of one group had probabilities of p = 0.000 that the null hypothesss true. The F-matrix for the
discriminant analysis is presented in Table 3. F-whased on Mahalanobis distances between group
centroids indicated the largest separations were betfekago gracillimaandS. virgata(68.412),S.
gracillima and S. stricta(54.317),S. chrysopsisandS. gracillima (46.400), andS. austrinaand S.
gracillima (46.089), and the least separations were bet@eamrysopsisindS. virgata(8.205) andS.
strictaandS. virgata(6.211).

Table 4. Between groups F-matrix for the six a pgooup analysis (df = 8 144)

Group austrina  chrysopsis gracilima  pulchra  stricta
chrysopsis 16.4892

gracillima 46.089 46.400

pulchra 14.268 14.684 48.452

stricta 20.133 12.040 54.317 23.458

virgata 21.856 8.205 68.412 19.742 6.211

Wilks' lambda = 0.0228 df=8 5 151; Approx. F = 21.75%63 40 633 prob = 0.0000

In the Classificatory Discriminant Analysis of the sigecies level a priori groups, a posteriori
assignments of specimens ranged from 79-89% to their own gidwp.Classification matrix and
Jackknife classification matrix are presented in TableR&sults are presented in decreasing order of
percent correct placement. Seventeen of 19 specime8slidhgo chrysopsi§€89%) were assigned a
posteriori to theS. chyrsopsigroup; 9 specimens with 90-99% probability, 5 specimens VitB78%6
probability, and 3 specimens with 70-76% probabilityvo specimens of th8. chrysopsia priori group
were assigned a posteriori$o virgatawith 62% probability (19% t&. chrysopsisand 16% td5. stricta
Correll et al. 44222NCU from Dade Co., Florida) and 56% probability (37%5tahrysopsisind 6% to
S. stricta McCart 11218USF; Martin Co., Florida; narrow basal leavBs,mexicandike inflorescence
but 5% probability to easter8. mexicanain the first analysis)Seventeen of 19 specimens $f
gracillima a priori group (89%) plus one additional specimen not includdtiera priori group were
placed a posteriori into ti& gracillimagroup:16 specimens with 98-100% probability; 1 specimen with
73% probability (16% t&. austrinaand 10% td. strictg; and 1 specimen with 59% probability (41% to
S. austrinaSmith s.nNCU from Darlington Co., South Carolina]J.wo specimens of th8. gracillimaa
priori group were placed a posteriori irfdoaustrina 1 specimen with 96% from Florid&¢dfrey 60447
FSU with a possibly damaged inflorescence and atypi@aiching pattern), and 1 specimen with 62%
from Florida (32% toS. gracilimg Godfrey 67758FSU with a small inflorescence without long
branches). Thirteen of the 15 specimens ofSthaulchraa priori group (87%): all 13 with 90-100%

Table 5. Linear and jackknife classification matrifresn the Classificatory Discriminant Analysis of siypdori
groups; a posteriori placements to groups in rows.

Group austrina  chrysopsis gracillima pulchra stricta virgata % correct
austrina 34 1 0 5 1 0 83
chrysopsis 1 17 0 0 0 1 89
gracillima 2 0 17 0 0 0 89
pulchra 0 1 0 13 0 1 87
stricta 0 4 0 0 27 3 79
virgata 1 1 0 0 3 24 83
Totals 38 24 17 18 31 31 84
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Jackknifed classification matrix

Group austrina  chrysopsis gracillima pulchra stricta virgata % correct
austrina 30 1 0 5 5 0 73
chrysopsis 1 17 0 0 0 1 89
gracillima 3 0 16 0 0 0 84
pulchra 0 1 0 13 0 1 87
stricta 0 5 0 1 23 5 68
virgata 2 1 0 0 4 22 76
Totals 36 25 16 19 32 29 77

probability. Two specimens of th8. pulchraa priori group were assigned to other species: 1 specim
(Kologiski 512UNCC from Brunswick Co., North Carolina) & chrysopsisvith 60% probability (14%

to S. virgata 13% toS. stricta and 11% tdS. austring and 1 specimenMcCarthy s.n.NCU; from
Willington, North Carolina), with 41% t8. virgata(25% toS. pulchra 14% toS. chrysopsisand 12% to

S. austrinaand 8% tadS. strictg. Thirty-four of the 41 specimens 8t austrina a priori groug83%)
were assigned a posteriori to theaustrinagroup: 19 specimens with 93-100% probability, 5 specimens
with 81-87% probability, 3 specimens with 70-76% probability, 3 spexes with 63-66% probability, 3
specimens with 52-55% probability, and 1 specimen with 40% prolyafii% toS. stricta 12% toS.
virgata and 8% td5. chrysospisHeller 1284NY from Rowan Co., North Carolina). Seven specimens of
the S. austrinaa priori group were assigned to other species: 4 spesitoeh. pulchrawith 45-99%
probability (3 with very immature inflorescences without loweanches elongated including a tetraploid
Semple & Suripto 978RVAT from Kershaw Co., South Carolina), 1 hexaploid spegirf@mple &
LeBlond 11788WNAT from Pender Co., North Carolina; with serrateroar lower stem leaves) t6.
chrysopsiswith 78% probability (16% tdS. austring, and 1 specimenR@dford 18716NCU from
Chesterfield Co., South Carolina)$o strictawith 58% probability (41% t&. virgatg. Twenty-four of

the 29 specimens of ti& virgataa priori group (83%) were assigned a posteriori tcSthergatagroup:

9 specimens with 89-96%, 2 specimens with 81% and 79% probapfitsgecimens with 70% and 73%
probability, 9 specimens with 59-68% probability, 1 specimen with p@ability Semple 1163WAT
from Pender Co., North Carolina; hexaploid; 28% So chrysopsisand 15% toS. strictg, and 1
specimens with 44% probability (Urbatsch 10776 from Tangipahoallaisiana; 37% t&. strictaand
18% toS. chrysosps)s Five specimens of tH&. virgataa priori group were assigned a posteriori to the
other species: 3 specimens 3o stricta with 51% probability Ahles & Leisner 3344NCU from
Cumberland Co., North Carolina; 49% & virgatg; 38% probability Semple 1177MWAT from
Orangeburg Co., South Carolina; hexaploid; 31%Stovirgataand 30% toS. chrysops)s and 36%
probability Wright 3602GH from Cuba; 30%. chrysopsisand 17% each t8. virgata and S. austrijia

1 specimen td. chrysopsiwith 42% probability $emple & Suripto 10128VAT from Mobile Co.,
Alabama; 39% t&. strictaand 19% tdS. virgatg; and 1 specimen t8. austrinawith 46% probability
(Smiley s.nNCU from Collier Co., Florida; 25% t8. virgataand 15% tc5. strictg. Twenty-seven of 34
specimens of th&. strictaa priori group (79%) were assigned a posteriori toShstrictagroup: 7
specimens with 90-100% probability, 8 specimens with 80-89% prolyalslispecimens with 71-75%
probability, 3 specimens with 63-68% probability, 2 specimens B8 and 55% probabilities, and 1
specimen with 46% probability. Seven specimens ofShestrictaa priori group were assigned a
posteriori to two other groups, four had small infloreses and three had larger inflorescences, two with
long branches4 specimens t&. chrysopsisvith 60%, 55%, 46%, and 35% probabilities; 3 specimens to
S. virgatawith 77%, 66%, and 49% probabilities.

Two dimensional plots of CAN1 versus CAN 3 and CAN1 versuBlZganonical scores for 157
specimens ofolidago austrinaS. chrysopsisS. gracillimg S. pulchra S. stricta andS. virgataare
presented in Fig. 10. Eigenvalues on the first three\agss4.376, 1.683 and 0.766.
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Figure 10. Two dimension plots of CAN1 versu: 3 ) |
CAN2 and CAN1 versus CAN3 scores for 1E chrysopsis
specimens of six a priori groups of t8elidago stricta 2 % :;f o u
complex: S. austrina(red dots),S. chrysopsiggray *
stars), S. gracillima (orange +s),S. pulchra(yellow 1 o oA pulchra gracillima |
triangles), S. stricta(gray diamonds), an&. virgata ;%‘of&oo .
white dots). L , ) .
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In the STEPWISE discriminant analysi -3 O e t? —
of 138 specimens of five species level a pric °
groups Bolidago austrina S. chrysopsis S. 4+ & —
pulchra S. stricta andS. virgatg, the following °
seven traits selected in a STEPWISE analysis -9/4 . :
listed in order of decreasing F-to-remove valut o
disc floret pappus length at anthesis (23.7 3r oo © |
number of disc florets (22.08), mid leaf lengi oL © smc:a& |
(17.98), involucre height (7.19), mid serie _ DB\
phyllary width (6.45), number of ray floret: 4 [ "™ S |
(5.78), and mid series phyllary length (4.7 ;. .
Wilks’'s lambda, Pillai's trace, and Lawley% oF o\ . i -
Hotelling trace tests of the null hypothesis that <C chrysopsis %% - it
groups were the samples of one group -1 } . N
probabilities of p = 0.000 that the null hypothes oL o0, austrina i
was true. The F-matrix for the discriminar
analysis is presented in Table 6. F-values ba  _3| A%ﬁ,,- ° .
on Mahalanobis distances of the between grc pulchra \;
centroids indicated the largest separation v -4 a8 u
betweenSolidago pulchraandS. stricta(27.556); 5 | |
the smallest separation was betw&erstrictaand 5 0 5 10

S. virgata(5.194).

CAN1

Table 6. Between groups F-matrix for the five anpgooup analysis (df =7 127)

Group austrina  chrysopsis pulchra  stricta
chrysopsis 18.355

pulchra 15.878 15.459

stricta 24.461 14.532 17.556

virgata 24.739 9.009 22.640 5.194

Wilks' lambda = 0.0829 df=7 4 133; Approx. F =3141 df= 282 459 prob = 0.0000

In the Classificatory Discriminant Analysis of the fispecies level a priori groups, percents of
correct a posterori assignment to the same a priori gramged from 74% to 89%. The Classification
matrix and Jackknife classification matrix are preseimedable 7. Results are presented in order of
decreasing percents of correct placemedg¢venteen of the 19 specimensSolidago chrysopsié89%)
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were assigned a posteriori into tise chrysopsisgroup; 7 specimens with 91-97% probability, 8
specimens with 81-89% probability, 3 specimens with 70-76% prolyalalid 1 specimen with 67%
probability (29% tdS. virgata vanHoek & Wargo 98®SF from Highlands Co., Floridayhirteen of 15
specimens of th&. pulchraa priori group (87%) were assigned a posteriori tohpulchragroup: 12
specimens with 93-100% probability, and 1 specimen with 88% prolgafilto specimens of ths.
pulchraa priori group was assigned to other species: 1 specon®ndhrysopsisvith 60% probability
(14% each t&. stricta andS. virgataand 10% t&5. austrinaKologiski 512UNCC from Brunswick Co.,
North Carolina; a tall plant for the species) and kspen toS. virgatawith 33% probability (25% t&.
pulchra 20% toS. chrysopsis13% toS. austrina and 8% toS. stricta McCarthy s.n.NCU from
Willington, North Carolina). Twenty-four of the 29 specimens of tBe virgataa priori group (83%)
were assigned a posteriori to t8e virgatagroup: 4 specimens with 92-95% probability, 5 specimens
with 81-89% probability, 1 specimen with 74% probability, 8 spensnaith 61-69% probability, and 4
specimens with 52-56% probability. Five specimens ofSheirgataa priori group were assigned to
other species: 4 specimens3ostrictawith 40-70% probability and 1 specimen3o austrinawith 44%
probability (26% tdS. virgata 14% toS. strictaand 2% tdS. chrysopsisSmiley s.nNCU from Florida).
Thirty-one of the 41 specimens of tBeaustrinaa priori group (76%) were assigned a posteriori tdsthe
austrina group: 20 specimens with 91-100% probability, 4 specimens v&tB98o probability, 4
specimens with 70-75% probability, 2 specimens with 63 % and 68Balptities, and 1 specimens with
53% probability (37% t&. chrysopsisand 7% tdS. virgatg. Ten specimens of ti& austrinaa priori
group were assigned to other species: 5 specimeéBsdwictawith 45-57% probility; 3 specimens &
pulchra with 99%, 85% and 74% probabilities; and 1 specime8.tohrysopsisvith 77% probability.
Twenty-five of the 34 specimens of tBestrictaa priori group (74%) were assigned a posteriori tdSthe
stricta group: 8 specimens with 93-99% probability, 6 specimens with 81g8%ability, 2 specimens
with 72% and 75% probabilities, 3 specimens with 66-69% probaklitg 4 specimens with 53-57%
probability, and 1 specimen with 43% probability (39%Stovirgataand 15% tdS. chrysops)s Nine
specimens of th&. strictaa priori group were assigned to other species: 6 specimé&hsvirgatawith
49-69% probability, 2 specimens 0 chrysopsisvith 54% and 45% probabilities, and 1 specimes.to
pulchra with 42% probability (23% t& stricta 19% toS. chrysopsis9% toS. austrinaand 7% toS.
virgata).

Table 7. Linear and jackknife classification matrifresn the Classificatory Discriminant Analysis of siypdori
groups; a posteriori placements to groups in rows.

Group austrina  chrysopsis pulchra stricta virgata % correct
austrina 31 1 4 5 0 76
chrysopsis 10 17 0 0 1 89
pulchra 0 1 13 0 1 87
stricta 0 2 1 25 6 74
virgata 1 0 0 4 24 83
Totals 33 21 18 34 32 80

Jackknifed classification matrix

Group austrina  chrysopsis pulchra stricta virgata % correct
austrina 31 1 4 5 0 76
chrysopsis 1 17 0 0 1 89
pulchra 0 1 13 0 1 87
stricta 0 3 1 24 6 71
virgata 2 1 0 5 21 72

Totals 34 23 180 34 29 77
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Two dimensional plots of CAN1 versus CAN 3 and CAN1 versdiSiZcanonical scores for 138
specimens oBolidago austringS. chrysopsisS. pulchraS. stricta andS. virgataare presented in Fig.
11. Eigenvalues on the first three axes were 2.186, 1.040.%54@l

Figure 11. Two dimension plots of CAN1 3 I T T I
versus CAN2 and CANL1 versus CAN3 scori
for 138 specimens of five a priori groups ¢
the Solidago strictacomplex: S. austrinared
dots), S. chrysopsiqgray stars),S. pulchra
(yellow triangles),S. stricta(gray diamonds),
ands. virgata(white dots).

21 chrysopsis % ° . N
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inflorescence (6.46), number of ray flore— o stricta 5
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Wilks’'s lambda, Pillai's trace, ancQ " <>0<> o %o o X
Lawley-Hotelling trace tests of the nul = O o O’
hypothesis that all groups were tF @ 6
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analysis is presented in Table 8. F-valu 2 *
based on Mahalanobis distances of t chrysopsis Ak A
between group centroids indicated tt -3 ' ' ' '
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Table 8. Between groups F-matrix for the four arpgooup analysis (df =9 89).

Group austrina chrysopsis pulchra
chrysopsis 19.972

pulchra 20.989 15.540

virgata 21.381 8.628 25.881

Wilks' lambda = 0.0484 df= 9 3 976; Approx. F=17.5306 &7 260 prob = 0.0000

In the Classificatory Discriminant Analysis of the fispecies level a priori groups, percents of
correct a posterori assignment to the same a priori granged from 90-100%. The Classification
matrix and Jackknife classification matrix are preseimmedable 9. Results are presented in order of
decreasing percents of correct placement. All 19 spesimkSolidago chrysopsi€l00%) were assigned
a posteriori into th&. chrysopsigroup; 15 specimens with 91-100% probability, 2 specimens8&ith
83% probability, 1 specimen with 76% probability, and 1 specimeh 8826 probability (32% tc.
virgata; Correll & Correll 50353 NCU from Big Pine Key, Monroe Co., Florida). All fdeen
specimens 08. pulchra (100%) were assigned a posteriori to$hgulchragroup; 12 specimens with
100% probability, 1 specimen with 79%, and 1 specimen with 50% Ipilitp§45% to S. chrysopsiand
5% toS. virgata McCarthy s.nNCU from Willington, North Carolina). Thirty-four of tH&9 specimens
of S. austrinaa priori group (90%) were assigned a posteriori tdthaustrinagroup; 29 specimens with
94-100% probability; 2 specimens with 80% and 86% probabilities; @mpes with 71% and 77%
probabilities, and 1 specimens with 68% probability. Four spEws of theS. austrinaa priori group
plus 1 only included in the a posteriori classification wassigned to other species: 1 specimerg.to
virgata with 99% probability Radford 18716NCU from South Carolina; serrate lower stem leaves; thi
is likely a specimen 0. strictg; 1 specimen t&. pulchrawith 93% probability Godfrey & Fox 50299
NCU from Chatham Co., North Carolina with an atypmaen few-branched inflorescence); 2 specimens
to S. chrysopsisvith 86% probability $emple & Leblond 11788/AT a hexaploid from Pender Co.,
North Carolina,; this is likely a specimen $f stricta andSemple 1182&8VAT a diploid from Walton
Co., Georgia with serrate lower stem leaves and a very umenbower inflorescence); and 1 specimen to
S. virgatawith 58% probability (39% t&. austrinaGodfrey & Fox 505146MU in BRIT from Harnett
Co., North Carolina with serrate lower stem leavesdardaged inflorescence).

Table 9. Linear and jackknife classification matriftesn the Classificatory Discriminant Analysis of fivepgori
groups; a posteriori placements to groups in rows.

Group austrina  chrysopsis pulchra  virgata % correct
austrina 35 1 1 2 90
chrysopsis 0 19 0 0 100
pulchra 0 0 14 0 100
virgata 1 2 0 26 90

Totals 36 22 15 27 93

Jackknifed classification matrix

Group austrina  chrysopsis pulchra virgata % correct
austrina 33 2 2 2 85
chrysopsis 0 19 0 0 100
pulchra 0 12 132 0 93
virgata 1 2 0 26 90

Totals 34 27 14 25 90
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Two dimensional plot of CAN1 versus CAN2 canonical scoreslfd specimens dbolidago
austring S. strictag andS. virgataare presented in Fig. 12. Eigenvalues on the first tves svere 2.807
and 2.341.

Figure 12. Two dimension plots of CAN1 versu: 4 I I I I I
CAN2 and CAN1l versus CAN3 scores for 1C
specimens of four a priori groups of tismlidago 3+ ° _
stricta complex: S. austrina(red dots)S. chrysopsis
(gray stars),S. pulchra (yellow triangles), andS. W °
virgata (white dots). 2+ % e 7
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In the Classificatory Discriminant
Analysis of the three species level a pric.. CAN1
groups, the percents of correct placement a posterimecafrom 76-88%. The Classification matrix and
Jackknife classification matrix are presented in Table Thirty-five of 40 specimens oBolidago
austrina (88%) plus 1 additional specimen were assigned a postéoidtie S. austrinagroup; 31
specimens were assigned with 93-100% probability and 5 specwitn$83-87% probability. Five
specimens of th&. austrinaa priori group were assigned $o strictawith 59% probability (36% t&.
austrinaand 5% toS. virgata Small s.n NY from with serrate lower leaves and a possibly dachage
inflorescence, from Stanley Co. North Carolina), 54% poiitya (41% to S. austrinaand 5% toS.
virgata; Small s.nNY from Stanley Co., North Carolina), 50% probabilitg¥4 toS. austrinaand 3% to
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S. virgata Lindholm s.n.GA from Liberty Co. Florida, broadly lanceolate lovetem leaves with large
serrations and small inflorescence), 50%+ probability (5086S. virgata Radford 18176NC from
Chesterfield Co., South Carolina), and 43% probability (3@%. tvirgataand 25% td. austrinaHeller
1284 NY from Rowan Co., North Carolina). Twenty-four of th® specimens of th®. virgataa priori
group (83%) plus one additional specimen were assigned a postetw the S. virgata group; 7
specimens with 91-97% probability, 8 specimens with 81-86% probal8ligpecimens with 69-76%
probability, and 1 specimen with 51% probabiliyemple & Suripto 980WAT from Colleton Co.,
South Carolina; a tetraploid with non-serrate lower deames). Five specimens of th®. virgataa priori
group were assigned to the other two species: 1 specingratstrinawith 71% probability (17% t&.
virgata and 12% td&. stricta Smiley s.nNCU from Collier Co., Florida; with ovate crenate Hdsaves)
and 4 specimens t8. strictawith 66% probability (33% td. virgata Urbatsch 10776LSU from
Tangipahoa Par., Louisiana), 64% probability (36%5tovirgata Semple & Suripto 1012@/AT from
Mobile Co., Alabama with entire lower stem leaves), 64%bability (22% toS. austrinaand 12% td.
virgata; Wright 3602GH from Cuba with entire lower stem leaves), and 52% probalf4ir% toS.
virgata; Semple 1177WAT from Orangeburg Co., South Carolina, a hexaploid witirestdwer stem
leaves).Twenty-six of 34 specimens of tl$e strictaa priori group (76%) were assigned a posterioB.to
strictac 9 specimens with 91-100% probability, 5 specimens with 81-89% ptitpadispecimens with
71-75% probability (including 2 of the 6 specimensSeimple 1182¥VAT from New Jersey; a 173 cm
tall shoot with a 39 cm tall long-branched inflorescence a®d cm tall shoot with a 29 cm tall long-
branched inflorescence), 3 specimens with 61-68% probalilggecimen with 55% probability (45% to
S. virgata Semple 1182%VAT, Fig. 5; a 94 cm tall shoot with a 33 cm tall long-bramcimiorescence),

1 specimen with 53% (42% ®. virgataand 5% tdS. austrina; McMillan & KjellmarkLl122NCU from
Liberty Co., Florida; 125 cm tall shoot with a 24 cm tldhg-branched inflorescence), 1 specimen with
52% probability (46% t&. virgataand 5% tdS. austrina Parker s.n.NY from New Jersey; 81 cm tall
shoot with sparsely serrate lower stem leaves and a 1@lcmatrow inflorescence), and 1 with 44%
probability (40% toS. austrinaand 16% tdS. virgata Brinton s.n.NCU from New Jersey; 75 cm stem
with serrate lower stem leaves and a 12 cm tall inflerese with a damaged tip and 5 elongated
branches).Eight specimens of th®. strictaa priori group were assigned a posteriori to other speti
specimen was assigned$o austrinawith 85% probability (8% t&. strictaand 7% tcS. virgata Ahles
35961NCU from Onslow Co., North Carolina; 125 cm tall shodhvgerrate lower stem leaves and with
25 cm short-branched inflorescence); 7 specimens weignadgioS. virgatawith 86% probability (12%
to S. stricta Ahles 36278NCU from Pender Co., North Carolina; 109 cm tall shoohws#rrate lower
stem leaves and an 11 cm tall short-branched infloresge88% probability (17% t8. stricta Anderson
21472FSU from Leon Co., Florida; 121 cm plus tall shoot wittDacm tall long-branched inflorescence;
no lower stem leaves present), 76% probability (23%.teirgata Semple 1182%VAT, Fig. 6; 48.5 cm
shoot with a 12 cm short-branched inflorescence; this vsase@nd shoot taken from the base of the 173
cm shoot listed above and placed a posteriori $htatrictg, 61% probability (39% t&. stricta Long
13368 GA from New Jersey; 51.5 cm tall shoot with a 5.5 cmdhért-branched inflorescence), 58%
probability (42% toS. stricta Semple 11824VAT; 135 cm tall shoot with a 29 cm long-branched
inflorescence), 52% probability (47% % stricta Semple 1182%VAT; 84 cm tall shoot with a 16.5 cm
short-branched inflorescence), and 48% probability (47%. trictaand 5% tdS. austrina MacKenzie
5588 NY from New Jersey; 76 cm tall shoot with a 20 cm tall shm@anched inflorescence with
immature lower branches).

Table 10. Between groups F-matrix for the four a pgosup analysis (df =6 95).

Group austrina stricta
stricta 27.039
virgata 28.729 7.131

Wilks' lambda = 0.2117 df= 6 2 100; Approx. F= 18.546= 12 190 prob = 0.0000
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Table 7. Linear and jackknife classification matricesrfithe Classificatory Discriminant Analysis of foupori
groups; a posteriori placements to groups in rows.

Group austrina stricta virgata % correct
austrina 35 4 1 88
stricta 1 26 7 76
virgata 1 4 24 83
Totals 37 34 32 83
Jackknifed classification matrix
Group austrina stricta virgata % correct
austrina 35 4 1 88
stricta 2 23 9 68
virgata 2 4 23 79
Totals 39 31 33 79
S |
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Two species groups analysis|

In the STEPWISE discriminant analysis of 68 specimerobtlago austrinaandS. virgata the
following six traits were selected in a STEPWISE analgsd are listed in order of decreasing F-to-
remove values: disc floret pappus length at anthesis (303)er of disc florets (18.10), number of ray
florets (14.84), number of upper leaf serrations on mosateeside (6.81), upper leaf length (4.77), and
number of mid leaf serrations on most serrate sid@2]7Wilks’s lambda, Pillai's trace, and Lawley-
Hotelling trace tests of the null hypothesis that alugis were the samples of one group had probabilities
of p = 0.000 that the null hypothesis was true. Group ceistafiSolidago austrinaandS. virgatahad an
F-to separate value of 30.0441 (Wilks' lambda = 0.2528, df = & Agprox. F= 30.0441, df =6 61
prob = 0.0000).

In the Classificatory Discriminant Analysis of theotwpecies level a priori groups, the percents
of correct placement a posteriori of specimens t@tpgori groups were 97% f@&. austrinaand 97%S.
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virgata: one specimen of each species was assigned a posteridre other a priori group. The
Classification matrix and Jackknife classification matre presented in Table 12. Thirty-eight of the 39
specimens included in ti& austrinaa priori group (97%) were assigned a posteriori to thatiss: 36
specimens with 92-100% probability; 1 specimen with 88% probabiigmfple 11826NAT from
Walton Co., Georgia), and 1 specimen with 84% probabiBtydfrey & Fox 50514MU in BRIT from
Harnett Co., North Carolina). One specimen of$haustrinaa priori group was assigned a posteriori to
S. virgatawith 100% probability Radford 18716NCU from Chesterfield Co., South Carolina; serrate
lower stem leaves). Twenty-eight of the 29 specimer® wirgataa priori group (97%) were assigned a
posteriori to theS. virgatagroup: 26 specimens with 93-100% probability; 1 specimen with 72%
probability Wright 3602GH from Cuba); and 1 specimen with 59%eple et al. 3978VAT from
Sumter Co., Florida; non-serrate lower stem leaves)e $pecimen of th8. virgataa priori group was
assigned a posteriori @ austrinawith 77% probability $miley s.nNCU from Collier Co., Florida; this

is the specimen with the ovate basal leaves with crenatgins).

Frequencies of CAN1 canonical scores for 68 specimenS. afustrinaand S. virgata are
presented in histograms in Fig. 13. The Eigenvalue ofirsh@xis was 2.955.

Table 12. Linear and jackknife classification matriesn the Classificatory Discriminant Analysis of thrae
priori groups; a posteriori placements to groups in rows.

Group austrina virgata % correct
austrina 38 1 97
virgata 1 28 97
Totals 39 28 97
Jackknifed classification matrix
Group austrina virgata % correct
austrina 37 2 95
virgata 2 27 93
Totals 39 28 94
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Figure. 13. Histograms of CAN1 canonical scores forpg8isens ofs. austringleft) andS. virgata(right).
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Two species groups analysis ||

In the STEPWISE discriminant analysis of 64 specimerfSatiflago strictaandS. virgata the
following four traits were selected in a STEPWISE asialyand are listed in order of decreasing F-to-
remove values: upper leaf width (15.94), mid series phyllemgth (8.82), involucre height (7.26), and
disc corolla length (3.87). Wilks's lambda, Pillai'sceaand Lawley-Hotelling trace tests of the null
hypothesis that all groups were the samples of one group badhiities of p = 0.000 that the null
hypothesis was trueSolidago stricteandS. virgatahad an F-to separate value of 12.769 (Wilks' lambda
=0.5360, df =4 1 62; Approx. F=12.7694 df= 4 59 prob = 0.0000).

In the Classificatory Discriminant Analysis of theawpecies level a priori grougolidago
stricta and S. virgata the percents of correct placement a posteriogpecimens to the a priori group
were 85% forS. strictaand 87% forS. virgata The Classification matrix and Jackknife classification
matrix are presented in Table 14. Twenty-nine of the 34irapas ofS. stricta(85%) were assigned a
posteriori to that species: 14 specimens with 94-100% prolyadilitith 80-87% probability, 1 with 74%
probability, 3 with 60-68% probability, and 7 with 52-59% probabilive specimens of th®. strictaa
priori group were assigned a posteriorBtovirgata 1 specimen with 94% probabilitliles 36278CU
from Pender Co., North Carolina with serrate lower lsgvé specimen with 78% probabilitizqng
133368GA from New Jersey), 1 specimen with 71% probabiliplés 3596INCU from Onslow Co.,
North Carolina with serrate lower leaves), 1 specim&h 89% probability $emple 1182%AT from
New Jersey, the smallest shoot of the 6 specimen sarapti)l specimen with 51% probabilitygmple
11824 WAT from New Jersey, the second smallest shoot of theeGimpn sample). Twenty-six of the
30 specimens db. virgata(87%) were assigned a posteriori to Shevirgatagroup: 13 specimens with
90-99% probability, 51 specimens with 81-87% probability, 1 specimeéh W% probability, 4
specimens with 65-69% probability, and 3 specimens with 53-58% Iplia Four specimens of th®.
virgata a priori group were assigned a posteriorbtostricta 1 specimen with 82% probabilitpémple
& Suripto 10126WAT from Mobile Co., Alabama, non-serrate lower leavdsypecimen with 81%
probability Urtbatsch 10776LSU from Tangipahoa Par., Louisiana, non-serrate lowaves, 1
specimen with 75% probabilitysémple 1177WAT from Orangeburg Co., South Carolina, hexaploid),
and 1 specimen with 58% probabilitygmple et al3913 WAT from Madison Co., Florida, haxaploid).

Frequencies of CAN1 canonical scores for 64 specimeS8s sifictaandS. virgataare presented
in histograms in Fig. 15. The Eigenvalue on the first axis 0.866.

Table 14. Linear and jackknife classification matritem the Classificatory Discriminant Analysis of twqoriori
groups; a posteriori placements to groups in rows.

Group stricta virgata % correct
stricta 29 5 85
virgata 4 26 87

Totals 33 31 86

Jackknifed classification matrix

Group chrysopsis stricta % correct
stricta 25 9 74
virgata 5 25 83

Totals 30 34 78
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Figure. 15. Histograms of CAN1 canonical scores forpgtisens of. stricta(left) andS. virgata(right).

Two species groups analysis 11

In the STEPWISE discriminant analysis of 44 specin@riSolidago chrysopsiandS. virgata
the following four traits were selected in a STEPWIS&lgsis and are listed in order of decreasing F-to-
remove values: mid series phyllary width (20.01), upper Jadth (5.59), disc floret pappus length at
anthesis (4.77), and the number of ray florets (4.23)kd/&ilambda, Pillai's trace, and Lawley-Hotelling
trace tests of the null hypothesis that all groups wesesamples of one group had probabilities of p =
0.000 that the null hypothesis was trugolidago chrysopsiandS. virgatahad an F-to separate value of
23.861 (Wilks' lambda = 22.8612, df =4 36; prob = 0.0000).

In the Classificatory Discriminant Analysis of the tapecies level a priori groups, the percents
of correct placement a posteriori of specimens to #ngiriori group were 87% fdBolidago chrysopsis
and 96% forS. virgata The Classification matrix and Jackknife classificatioatrix are presented in
Table 15. Thirteen of the 15 specimens 8t chrysopsiglus four additional specimens included a
posteriori were assigned a posteriori to that specids 94-100% probability (includinganHoek &
Wargo985 USF from Avon Park Air Force Range, Highlands Co., tomorthern most symbol on the
S. chrysopsisnsert of Fig. 8; has a non-serrate basal leaf of 174 >m#5 possibly introduced from
further south around Homestead A.F.B. in Dade Co., Flpritlaspecimens was assigned with 63%
probability Calvert s.n.WAT from Big Pine Key, Monroe Co., Florida). Two speeims of theS.
chrysopsisa priori group were assigned a posterioriStovirgata 1 specimen with 64% probability
(McCarthy 11218JSF from Martin Co., Florida has a basal leaf 190 x®and an inflorescence that is
S. mexicandike in shape) and 1 specimen with 60% probabifigrfell & Correll 44222NCU from just
north of Everglades National Park, Dade Co. Florida; allsslmoots on sheet, the right hand specimen
has a mixture of basal leaves including a 120 x 10 mm lead 450 x 5 mm leaf, the left hand specimen
has only very narrow basal leaves; the specimen was &hata2011 by the first author aSolidago
aff. stricta / close toS. chrysopsfisbut is now assigned t&. chrysospsis Twenty-five of the 26
specimens ofS. virgata (96%) plus three additional specimens included a posteriare \&ssigned a
posteriori to theS. virgata group: 23 specimens with 94-100% probability, 1 specimen with 83%
probability, 1 specimen with 65% probabilitysdmple 1177AVAT from Orangeburg Co., South
Carolina, hexaploid). One specimen of thevirgataa priori group plus one additional specimen
excluded from the STEPWISE analysis were assigned a jposterS. chrysopsisvith 97% probability
(Radford 4264NCU from Hyde Co., North Carolina; has non-serratedalate basal leaves, 110 x 10.2
mm), and 61% probabilitySemple et al. 3978/AT from Sumter Co., Florida).
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Frequencies of CAN1 canonical scores for specimens.othrysopsisand S. virgata are
presented in histograms in Fig. 15. The Eigenvalue onrgtekis was 2.651.

Table 15. Linear and jackknife classification matriiesn the Classificatory Discriminant Analysis of thrae
priori groups; a posteriori placements to groups in rows.

Figure. 15.

Count

Group chrysopsis virgata % correct

chrysopsis 13 2 87
virgata 1 25 96
Totals 14 26 93
Jackknifed classification matrix
Group chrysopsis virgata % correct
chrysopsis 13 2 87
virgata 2 24 92
Totals 15 25 90
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Histograms of CAN1 canonical scores forpétimens of. chrysopsifleft) andS. virgata(right).

Two species groups analysis IV

In the STEPWISE discriminant analysis of 44 specimerSotitiago pulchraandS. virgata the
following five traits selected in a STEPWISE analysie &sted in order of decreasing F-to-remove
values: number of disc florets (45.28), disc floret pappustheag anthesis (21.55), upper leaf length
(16.04), number of nodes in distal 25% of the stem below therestence (8.95), and mid series
phyllary length (4.62). The number of ray florets had lteest F-to-remove value (0.07). Wilks’s
lambda, Pillai's trace, and Lawley-Hotelling tracedes the null hypothesis that all groups were samples
of one group had probabilities of p = 0.001 that the null hypistheas true Solidago pulchraandS.
virgata had an F-to separate value of 65.883 (Wilks' lambda =38.16f = 5 1 42; Approx. F=
65.8832 df= 5 38 prob. 0.0000.

In the Classificatory Discriminant Analysis of 44 sipeens the two species level a priori groups
(Solidago pulchraand S. virgatg, all 44 specimens were assigned a posteriori to theiraai grioup
species. Thirteen of the 14 specimens opulchrawere assigned a posteriori $o pulchrawith 100%
probability, and 1 specimen with 94% probability. All 30 spmmns of S. virgataincluded in the
classification analysis were assigned a posteriohigspecies with 100% probability.
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Frequencies of CAN1 canonical scores for 44 specimenS. gdulchraand S. virgata are
presented in histograms in Fig. 16. The Eigenvalue onrgtekis was 8.669.
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Figure. 16. Histograms of CAN1 canonical scores forp&2imens ofs. pulchra(left) andS. virgata(right).

Two species groups analysis V

In the STEPWISE discriminant analysis of 70 specimenSalifiago mexicanandS. virgata
the following six traits selected in a STEPWISE analgses listed in order of decreasing F-to-remove
values: upper leaf width (13.35), number of nodes in distal 26%e stem below the inflorescence
(8.70), length of ray floret pappus at anthesis (5.93), numbdisc florets (5.35), length of ray floret
ovary at anthesis (5.20), and number of ray florets (4.18)ks’s lambda, Pillai's trace, and Lawley-
Hotelling trace tests of the null hypothesis that alugis were the samples of one group had probabilities
of p = 0.000 that the null hypothesis was tr8elidago mexicanandS. virgatahad an F-to separate
value of 14.488 (Wilks' lambda = 0.4202 df = 6 1 68; Approx1&488 df=6 63 prob = 0.0001).

In the Classificatory Discriminant Analysis of 70 smeens of the two species level a priori
groupsSolidago mexicanandS. virgata the percents of correct placement a posteriorpetisnens to
the a priori group were 88% f@. mexicanaand 89% forS. virgata The Classification matrix and
Jackknife classification matrix are presented in TableTlbity-eight of the 43 specimens 8f mexicana
(88%) were assigned a posteriori to iemexicanagroup:30 specimens with 93-100% probability, 2
specimens with 85% and 89% probabilities, 2 specimens with 74043 probabilities, 1 specimen
with 67% probability, and 3 specimens with 51-59% probabilfpur specimens of th®. mexicana
priori were assigned a posteriori to tBevirgatagroup with 96% probabilityGorrell 40681NY from
Grand Bahama 1Is.), 54% probabilit¢drrell 40681 MO from Grand Bahama Is.), 51% probability
(Moreno Casasola et al. BD-10980m Tabasco, Mexico), and 50% probabilibyefvis 7171INY from
Grand Bahama Is.). Twenty-four of the 27 specimersS. afirgata(89%) were assigned a posteriori to
the S. virgatagroup: 18 with 91-100% probability, 2 specimens with 83-83% probabllitypecimen
with 71% probability Ahles 3577ANCU from Duplin Co., North Carolina {ca 60 km inland fromast,

1 specimen with 56% probabilitys(niley s.nNCU from Collier Co., Florida; basal leaves are broadly
ovate and crenulate but not serrat&hree specimens of ti&. virgataa priori group were assigned a
posteriori toS. mexicanawith 88% probability $emple 1163WAT from Pender Co., North Carolina;
basal leaves entire, hexaploid=5%4; ca. 25 km from coast roughly in line withles 35774NCU from
further inland), 60% probabilityDarst 113 NCU from Pinellas Co., Florida; wet open slash pineds

on barrier island), and 52% probabilityrpatsch 10776.SU from Tangipahoa Par., Louisiana).
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Table 15. Linear and jackknife classification matriiesn the Classificatory Discriminant Analysis of thrae
priori groups; a posteriori placements to groups in rows.

Group mexicana virgata % correct
mexicana 38 5 88
virgata 3 24 89

Totals 41 29 88.5

Jackknifed classification matrix

Group mexicana virgata % correct
mexicana 34 9 79
virgata 5 22 81

Totals 39 31 80

Frequencies of CAN1 canonical scores for 70 specimeriS. ohexicanaand S. virgataare
presented in histograms in Fig. 18. The Eigenvalue onrgtekis was 1.380.
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Figure. 18. Histograms of CAN1 canonical scores forp&gimens ofs. mexicandleft) andS. virgata(right).

DISCUSSION

The results of the multivariate analyses support the reemgndf Solidago austrina S.
chrysopsisS. gracillima S. pulchra S. stricta andS. virgataas separate species. As noted in Semple et
al. (2016), the ecological species concept is particularlyulisetiealing withSolidagotaxa (Peirson et
al. 2012). As unpublished results became available over thegmsie which supported splitting tBe
stricta complex into multiple species occurring in differenbitets and as unpublished and published
results from other subsectionsSdlidagoalso began to indicate the same conclusion, the realgpnahbl
Solidagotaxonomy was recognized: there had been too much lumpingtofctiispecies isolidagoby
Cronquist (e.g. 1980). Each species will be discussed helalphabetical order.

Solidago austrina

Confusion in separatingolidago austrina S. stricta and S. virgatais understandable and
complicated by multiple ploidy levels known & austrina(2x, 4x) andS. virgata((2x, 4x, 6x). Solidago
austrinaoccurs in Piedmont and Fall Line moist soil habitats frontraéNorth Carolina to north central
Georgia, where the range bifurcates in east centralgizeand heads southwest in a narrow zone to the
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hills around Tallahassee, Florida, and northwest intahaastern Alabama then north into southern
Tennessee and disjunct to southern Kentucky (Fig. 8). Actdlections come from the Coastal Plain in
North Carolina and GeorgiaAhles 36276NCU) was placed a posteriori in& austrinawith 83%
probability and is from Pender Co., North Carolidozeman 1962GA) was placed a posteriori inf
austrina with 97% probability and comes from Long Co., Georgia. Tlubadrilities of a posteriori
placement intc. strictawere only a few percent in each case. Thus, some8masstrinagets onto the
coastal plain, but only rarely and possibly does not edtaitdislf in this atypical habitatLazor 4587
(MT) from Liberty Co., Florida, was placed a postérinto S. austrinawith 100% probability.Lindholm
s.n.(GA) also from Liberty Co., Florida, was placed atposri into S. austrinawith 46% probability
(50% probability tcS. stricta the inflorescence is small and appears to be damadéd) ploidy level of
these Florida collections is unknowrgolidago austrings diploid in nearby and north central Georgia
and northeast through South Carolina and North Carolkdae tetraploid from South Carolina has been
found in the eastern portion of the range.

Plants ofSolidago austrinan northern Alabama and adjacent Tennessee are tetrap®easple
& B. Semple 11208WAT and unmounted; from Cherokee Co., Alabang8mple & B. Sempl&1198
(WAT; from Etowah Co., Alabama) were all placed a pusteinto S. austrinawith 100% probability.
Semple et al11857 (WAT) from Coffee Co., Tennessee, was assigned a ipasterS. austrinawith
96% probability in the three species analysimampbell s.n(KY; Pulaski Co., Kentucky) was assigned a
posteriori toS. austrinawith 100% probability; this was originally identified &s uliginosa the ploidy
level is unknown, but if the Kentucky population is disjunct froennessee or northeastern Alabama,
then it is likely also tetraploid. Generally, even fa#ints ofS. uliginosahave fewer stem leaves that
plants ofS. austrina Inflorescencences of southeBn uliginosaplants can be similar to those $f
austrinain having spreading and curved lower branches.

Solidago chrysopsis

Solidago chrysopsikas previously been ignored for the most part and tfeete synonym .
stricta auth. non Ait. (i.e.S. virgatg, e.g., Semple and Cook (2006). The species is a late-oigom
goldenrod with very narrow lower stem leaves and a smiddr@scence similar to that &. virgata It
occurs in the Florida Keys and extreme southeastern Flandan a few scattered locations further north
in the Florida peninsula, which may be chance introduct{fSnghrysopsisnsert in Fig. 8). Statistical
support for recognizin&. chrysopsisvas strong in the five species analysis with 100% piace of all
specimens 08. chrysopsia priori group intdS. chrysopsig posteriori. In the two species analysis with
S. virgata two specimen of each species were assigned a posterthe other species. Based on the
distribution of the specimens and the small number of techaeakcters selected in the STEPWISE
analysis to separate the two species group centroitisdimensional hyperspace, all four specimens
seem likely to belong to their respective a priori grou@lidago chrysopsisan be confused with
narrower-leaved small specimensSofvirgatawhere the ranges of the two species are sympatric in south
Florida Only one diploid chromosome count is known $rchysopsis Only diploids are known i.
virgata from southern Peninsula Florida.

Solidago gracillima

Solidago gracillimacan be one of the most distinctive species in the fiedtd its sparsely, but
long branched inflorescence and very reduced mid and uppetestees. As delimited here, the range of
S. gracillimaextends from northern South Carolina to near Tallahass@anhandle Florida (Fig. 8).
The greatest confusion with the species has been in igspptication of the name, as was done in
Semple & Cook (2006).

A possible collection from Carteret Co., North CarolfAagerman s.nUSF; the one symbol for
the species in North Carolina in Fig. 8) was inclutrethe Solidago gracillimaa priori group in the six
species analysis and was placed a posteriori in gesies with 98% probability, but it was annotated as
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S. aff. gracillima in 2012 by the first author. This specimen representedadl samber of collections
from North Carolina that were identified by othersSagyracillimabut that do not appear to be the same
species as all other collections included in the analy§bs specimen was included in the analyses to see
where it would be placed a posteriori; it was placed aepos in S. gracillimabecause of its long
inflorescence branches. The leaves are less reduceddihaa usual in the species and the arrangement
of long branches in the inflorescence is not identicalpcisnens in South Carolina, Georgia, and
Florida. Whether or not these plants are hybrids betweanrgataand other species &olidagois
unknown. Further research is needed to determine the coleatty of this small group of specimens
that, in conclusion, are n& gracillima includingAngerman s.n(USF).

Solidago pulchra

Solidago pulchravas well separated in the analyses frf@nvirgata Although the species has
not historically always been recognized as distinct f@mirgata(i.e., S. strictaauthors non Ait. in the
literature, e.g., Radford et al. 1968, Cronquist 1968), @iehd1980) did recogniz&. pulchraas
distinct, based on its higher numbers of ray and disetfpas did Semple and Cook (200&plidago
pulchrais tetraploid and endemic to a narrow band of sphagnum depressvay from the coast in the
southern coastal counties of North Caroli® pulchrainsert in Fig. 8); our sample included one
specimen cultivated at tidorth Carolina Botanical Garden on the PiedmoNb collections have
been seen from South Carolin&olidago pulchras the only species to be well separated from the other
eight species included in the first analysis of nine iggec In the two species analysis includig
pulchraandS. virgata,all specimens were assigned a posterior to their ai grioup species with 100%
probability with the exception of one specimen Qf pulchraassigned with 94% probability. The
involucres ofS. pulchraare more broadly cylindrical than those $f virgataand this was used in
defining a priori groups. The mean number of disc floneis 15 forS. pulchraand 7.6 forS. virgata
This explains the difference in involucre shape because mnegeptacle area is needed to accommodate
the much higher number of disc floretsSnpulchra Shoots and lower stem leavesSofpulchratend to
be much shorter than those $f virgatabut the most robust shoots of the former could causebp@ssi
confusion in identification.

Solidago stricta

Historically, trueSolidago strictaAit. non auth. has only recently been recognized as aespeci
separate fron®. virgata(asS. strictaauth. not Ait. in much of the literature). Semple (20E8jewed
the misapplication of the name to plants now treated ea$®r uliginosaNutt. or asS. virgata The type
of S. strictaAit. is a European garden-grown specimen of North eae origin. Eastern Virginia seems
a likely source. Fernald (1938) descrilidperlongaas a segregate of tie virgatacomplex (referring
to group asSolidagosp.-groupUliginosae Mackenzie in Small) native to southeastern Virginia and
compared it t&. austrinaS. flavovirens<Chapm. (a synonym @&. austring, andS. yadkinensi§Porter)
Small (=S. austrinax S. argutaAit. var. carolininanaA. Gray) and concluded it was most similarSto
austrina Fernald also noted that Iftis perlongabloomed later tha®. austrinain contrast to the usual
pattern of more northern plants blooming earlier than mouhsrn plants. The explanation for the
difference in phenology is likely the. austrinais diploid and rarely tetraploid, whil8. strictais
hexaploid. InSolidagg polyploid races tend to bloom later than diploids, &ggcanadensik. versusS.
altissimalL. var. altissimaat any particular location where the two are sympaffite New Jersey plants
of S. strictasensuauthors also belong with Fernald’'s specieSirstrictaAit. non auth. The range is
more extensive than previously thought (Fig. 8), as rotéuiv.

Six specimens representing 5 individualsSeimple 11824WAT) from a single population in
Burlington Co., New Jersey, were included in the analys#seSolidago strictaa priori group; these all
had serrate lower stem leaves but differed greatlyeim $teight, inflorescence height, and inflorescence
lower branch length. Probabilities of placement iStostrictaranged from 25-75% (75%-25% &
virgata). One of the small shoots placed a posteriori $tstrictawas taken from the base of a large
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shoot that was placed in& stricta both shoots were from the same individual. One chromosoo c
of 2n = 54 from a transplanted rootstock was obtained but cannoben@issigned to an individual
voucher. These results clearly demonstrate the problem detftifying small shoots o8. stricta
because such specimens lack an inflorescence large emoalihwt lower inflorescence branches to bolt
into the characteristic length and diverging pattern obsemeddrger specimens. If a specimen is
hexaploid and has mid and lower stem leaves with serratiomsit ikemost likelyS. stricta Regrettably
most herbarium collections do not include chromosome caitatfdr the individual sampled.

The results of this study and final conclusions on identiioatindicate thaSolidago strictaAit.
non auth. occurs in North Carolina and South Carolinghercoastal plain and possibly further south.
Semple & LeBlond 11788VAT) is a hexaploid with serrate lower stem leaves fRender Co., North
Carolina, and is treated here in conclusiordastrictabut was included in th8. austrinaa priori group
and placed in that group a posteriori in the three speaidisvariate analysisS. austrinaS. stricta,and
S. virgatg. In the field at the time of collecting, RichardBlend suggested the possibility that a second
collection from the same sit&¢mple & LeBlond 1178WAT; a hexaploid without serrations and past
bloom thus not included in the analysis but treated hefe @isgatg and the blooming collectiocBemple
& LeBlond 11788(WAT) were not the same species. He was correcused1788is most likelyS.
stricta. Another collectionRadford 4161INCU from Pitt Co., North Carolina) was includedSnstricta
in the three species multivariate analysis and had @idkhability a posteriori of bein§. stricta(28%
probability of beingS. virgatg. Ahles & Leisner 3243ACU from Pender Co., North Carolina, was
included in theS. strictaa priori group and was placed a posteriori fttrictawith 81% probability in
the three-species analysiRadford 18716(NCU) from Cash, Chesterfield Co., South Carolina was
included in theS. austrinaa priori group because it had serrate lower and mid l&&@ves but was placed
a posteriori inS. virgatawith 55% probability and. strictawith 45% probability. Cash appears to be a
low area south of Cheraw, South Carolina at the upper efdtie coastal plain along the “Fall Line”,
although it is no longer labeled as a separate communitpagl€Earth™. With very limited a posteriori
probability ofRadford 18716NCU) beingS. austrinathe serrate leaves indicate it to®estricta No
collections ofS. strictawere seen from Georgia, fMtcMillan & Kjellmark 1122NCU from Liberty Co.,
Florida, appears to 8. strictaas well and has the lower long inflorescence branchéedpecies, but
with ambivalent a posteriori probability in the analys8$us, it appears that hexapl@&d strictaoccurs
rarely from southern New Jersey south to Panhandle Fldolawing the inner coastal plain margin.
Finding S. strictain Georgia will be a challenge because confirmation dafjend on determining that
any individual from the inner coastal plain with serrate losem leaves is hexaploid. Finding a
particularly robust individual with a large long-branched bloonmfigrescence later in the season would
be ideal. Confirming the presence Sf strictain the Tallahassee area of Florida should also involve
determining the ploidy level of possible individuals to be hexaploid

Solidago virgata

All specimens ofSolidago virgataincluded in the multivariate analysis had non-serrate lower
stem leaves and inflorescences with short lower brandgesdless of the length of the inflorescence
array. All specimens d@. virgatacame from the coastal plain from North Carolina soathlorida and
likely west to eastern Louisiana (Fig. 8). Lower sleaves are petiolate with lanceolate or oblanceolate
blades, but can be narrowly so.

The identity ofSmiley s.n(NCU) from Collier Co., Florida, is uncertain becatise basal stem
leaves are ovate to very broadly lanceolate and crenatobeerrate. Such leaves are very atypical for
Solidago virgata but the inland Collier Co. location is well out of the rawgether species in th8.
stricta complex into which it might be placed. It was includedheS. virgataa priori group in the
analyses but usually was placed iStoaustrinaor a mixture of taxa. The plant is not a specime8.of
austrina. It is treated here &.aff. virgata for lack of a better solution. From the lower mid sterthe
tip of the inflorescence, the specimens looks 8kevirgata This is not the only hard to place one-of-a-
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kind specimen ofolidagoencountered in herbaria by the first author. Additional dasome kind is
needed in this case.

Only one possible specimen 8blidago virgatafrom Louisiana was included in the analyses
(Urbatsch 10776_.SU from Tangipahoa Par.). Although virgata(under the nam8. strictaauth. not
Ait.) has been reported from Louisiana, there is vétle levidence that it occurs in the state. All
collections seen by the first author that were identife&.avirgatahave turned out to b®. mexicana
with the exception obrbatsch 1077§LSU), which is similar to specimens 8f virgatafrom southern
Alabama and Panhandle Florida. The overall appearance sjf¢hanen fits well with specimens treated
here asS. virgata but the results of the nine a priori groups analysis itt@dtided S. mexicanaare
inconclusive as to the probable identify of the specimes.wall, Urbatsch 1077§LSU) was placed a
posteriori intoS. strictain the five-species and three-species analyses witlptobabilities, and int&.
stricta with 81% probability in the two-species analysis wihvirgata Of note, a J.K. Morton & J.
Venn collection ofS. virgatafrom Mobile Co., Alabama, was hexaploid (unpublished daw)were
collections ofS. virgatafrom Walton Co., Bay Co., and Wakulla Co., in Panhantiada (Semple et al.
1993; unpublished data). Thus, it may be thatUWheatsch 10776LSU) is also hexaploid and the
multivariate analyses indicates that hexaploidsSinvirgata are often assigned a posteriori to the
hexaploid specie$. stricta even though these plants do not have serrate lowerlste®s. Finding
hexaploid plants without lower leaf serrations in Louigigand southern Mississippi) would confirm the
presence of the species in these stdtebatsch 1077§LSU) is certainly no8. strictamorphologically.

In conclusion, theSolidago strictacomplex is best treated as a group of six morphologically
similar species occurring in different, but wetter soil tatbiof the coastal plain and outer Piedmont from
New Jersey to western Florida and adjacent stateh, tivé range of Piedmont speciSs austrina
sweeping around the southern Appalachians into north Alabamadgancent Tennessee and disjunct to
southern Kentucky. The final statement in Semple.€Ral6) is repeated here: “Like members of other
species complexes iBolidagg some difficulty in identifying some collections to spEciis to be
expected. While the multivariate analyses reported have led to a much better understanding of the
complex, they do not provide a 100% fool proof solution to the challesfgeentifying goldenrods in
the complex.”
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