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ABSTRACT

Nesom (1989) describesblidago gypsophila based on three collections from central Coahuila,
Mexico. It is investigated here in a multivariate morpkoro analysis that also includes specimenS. of
altiplanities, S. altissima var. gilvocanescens, S. juliae, S leavenworthii, S microglossa, S pringlei, and
S tortifolia (the informalS. tortifolia Group) in order to determine similarities among specEscause
only one specimen @& gypsophila was scored, it could not be included as an a priaugbut it was
included in the a posteriori classificatory discriminaanalysis and placed s altissma var.
gilvocanescens on the basis of upper leaf and floral traits. In a seamalysis, including onh&
chilensis, S juliae, S pringlei, andS tortifolia, the specimen d& gypsophila was placed a posteriori into
S juliae, but on the basis of leaf indument traits, phyllary shapelogy, and distribution it is accepted
here as a distinct species. Morphological variatio&. ipringlei (syn:S muelleri) is also explored and
discussed. Detailed illustrations @fgypsophila andS. pringlei are presented.

Nesom (1989a) describé&dlidago gypsophila Nesom but did not illustrate the new species. He
stated that it was “similar and obviously relatedSt@anadensis var. canescens A. Gray in its villous
stem pubescence, crowded leaves, large, triangular capéntes with few disc flowers.” Nesom
(1989Db) treated. canadensis var. canescens as a synonym db juliae Nesom as did Semple & Cook
(2006). Upon examining the holotype $fgypsophila (Henrickson 15576, LL!), the first author noted
similarities of the robust specimen (Fig. 1)Soaltissma L. var. gilvocanescens (Rydb.) Semple; the
leaves (Fig. 2) are much broader than thos& @iliae and the inflorescence is broadly secund-conical,
while those ofS. juliae are much narrower. In addition to the short, dense, curifbmes covering
much of the leaf surface, there are also small minuté bhaps of unknown composition (Fig. 3). The
phyllaries are broader (Figs. 4C-D, 5C) than thos& a@fitissima var. gilvocanescens and most other
species ofSolidago subsectTriplinerviae (Torr. & A. Gray) Nesom except f@. leavenworthii. Some
specimens ofS pringlel Fern. andS. chilensis Meyen. The rugose venation and surface indument
features ofS gypsophila are unique to the species in subsédplinerviae and the entire gen®lidago.
Nesom (1989a) was certainly correct in treangypsophila as a distinct species.

Solidago pringlei Fernald (1901) was described from a collection from Nues@nlL Mexico:
(Pringle 2886, GH!). Subsequentlfolidago muelleri Standley (1940) was described from a different
collection from Nuevo Lednudler 2062, F!, GH!). Nesom (1989a) treat&dmuelleri as a synonym
of S missouriensis Nutt. in his comments o8olidago hintoniorum Nesom, but he annotated the isotype
of S muelleri at GH asS. pringlei in 1990. A collection from southeast of Galeana, Nuevo Leon,
(Henrickson 19260, TEX) was identified on the collection label &saltissima, annotated by B.L. Turner
in 1985 asS missouriensis, then annotated by Nesom in 198%amwuelleri and again in 1990 annotated
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asS pringlei. Nesom & Morgan 5302 (TEX) includes a small shoot and a larger one. Nesontifiéen
the collection on the location label &smissouriensisin 1989 then annotated the sheeSaswuelleri in
1989 and then again &springlei in 1990. The first author of this paper annotated the larget @S
pringlel in 2016 and the smaller one &smissouriensis in 2016. There are not a large number of
collections ofS. pringlel (or S muelleri) in herbaria based on loans requested for this stlidyrange is
relatively narrow but includes noteworthy variation in stpobescence densities, numbers of leaf
serrations, and in phyllary shape and widiblidago pringlel has been included in subséntiplinerviae

by Nesom (1994) and by Semple (2016, frequently updated).

In order to explore morphological similarities and differes amondsolidago gypsophila and
likely related species, a multivariate morphometric comspariof S gypsophila and S altissima var.
gilvocanescens was undertaken and included specimenS. @ltiplanities Taylor & Taylor, S juliae, S
leavenworthii Torr. & A. Gray, andS tortifolia Ell. from the southcentral and southeastern USA.,
pringlel from Mexico, andS chilensis Meyen andS microglossa DC. from South America. These
species have been grouped into the inforfoatifolia Group by Semple (2016, frequently updated). The
results of the analysis are presented below. Thesgsasadlso allowed comparisonsSforinglel with
other related species.

Nomenclature

Solidago gypsophilaNesom, Phytologia 67: 142. 1989TyPE: MEXICO . Coahuila. Mpio. Cuatro
Cienegas, ca 9 air mi SW of Cuatro Cienegas, ca 2 afifbza Becerra, in a fen-like area, with
Flaveria, Baccharis, Sciprus, Anemopsis, Sporobolus, Distichlis, coarse perennial, Ivs gray-green,
fls yellow, 26° 52' N, 102° 08" W, 709 m, 10 Oct 1936Henrickson 15576 with M. Dillon
(holotype: LL!, Figs. 1-4).

Additional collections examine®EXICO . Coahuila. Mpio. Cuatro Ciene Grande, Cuatro Cienegas
Basin, small laguna between Lagunas Churince and Grande, 139&igCole, Minckley, & Pinkava 3790
(ASU!, almost in flower, disc florets corollas not ojgeldos Quatos, 21 Aug 196Tple, Minckley & Pinkava
4336 (ASU!, immature, very small inflorescence buds present).

Solidago pringleiFern., Proc. Amer. Acad. Arts 36: 505. 190LYPE: MEXICO . Nuevo Ledn Near
Monterey, Sierra Madre, 22 Aug 18&83G. Pringle 2886 (holotype: GH!, Fig. 5).

Solidago muelleri Standl., Field Mus. Pub. Bot. 22: 128. 1940(PE: MEXICO . Nuevo Le6n Mpio.
de Villa Santiago, Cafion Marisio Abajo, Rancho Las Adjsntommon in moist crevices on
river bank, f.c. deep yellow, 27 Jun 1985H. Mueller 2062 (holotype: F 888438!, Fig. 6;
isotypes: GH!, MICH digital image!, MO digital image!).

Additional collections examinedlEXICO . Coahuila; Sierra la Gavia, Rancho la Gavia, 25 Oct
1995, Villarreal & Carranza 3366 (TEX). Nuevo Ledn near Monterey, Sierra Madre, 12 Aug 18B8ingle
1586 (MEXU); Sierra Madre near Monterrey, 22 Aug 18Bgingle 2586 (MEXU PVT33274, digital image);
Mpio. Galeana, 10 km E of Galeana, Pocitos, 26 Aug 1B#dton 18780 (UNAM Herb Hinton, digital
image), Enramadas, 20 Mar 19%finton 21858 (UNAM Herb. Hinton, digital image); Montemorelos, at La
Trinidad, 10 Aug 1988Patterson 6434 (TEX); 5 km S Galeana, near concrete bridge 0.5 km to E of ma
road, 31 Nov 19859\esom & Morgan 5302 (TEX); ca 15 air km SE of Galeana, just S of Cerro Ratbsld
abandoned settlement at Santa Rita de Cardeladas, 10 OcHga2kson & Hess 19260 (TEX); Santa Rita,
23 Mar 1993 Hinton 22721 (TEX, UNAM Herb. Hinton, digital image); above Santa Ri12 Jan 1989,
Hinton 19300 (UNAM Herb. Hinton, digital image); Villa de Santiagbas Adjuntas, 21 Jun 1940,
Leavenworth 180 (GH, TEX); Rio Ramos near Los Adjuntas, in Sierra Madre, 5 Sep $992, Patterson, &
LeDuc 3263 (TEX); Santa Rita, 23 Mar 1998linton et al. 19300 (TEX); N of La Trinidad on road from
[Portrero] Redondo, 5 Sep 19%ule, Patterson, & LeDuc 3289 (TEX).
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Figure 1. Holotype ofSolidago gypsophila (Henrickson 15576, LL).
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Figure 2. Details of holotype ofolidago gypsophila: stem and leavesA-B. Lower mid stem.C. Upper stemD.
Lower mid stem leafE. Upper leaf F-G. Lower mid stem leaf apex and margin, abaxial felzd. Upper leaf,
abaxial face, upper mid-section, aveolae, proximal mid aethprominent lateral veins. Scale bar =1 cm im® a
E;=1mmin A-B, F, G-J.
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Figure 3. Detail of holotype ofSolidago gypsophila: abaxial face of upper mid-section of upper leaf. Scalelda
mm.

Multivariate Analysis

MATERIALS AND METHODS

In total, 216 specimens from BM, BRIT, F, FSU, GH, the. M¢érton personal herbarium now
deposited in ROM, K, LL, LP, MADM, MEL, TEX, USF, dnWAT in MT (Thiers, continuously
updated) were scored and included in the analysis. @s$alidago chilensis (92 specimens)s. juliae
(11 specimens)S. leavenworthii (15 specimens)S. microglossa (31 specimens), anfl tortifolia (16
specimens) were measured by the second author for her thleSis. (Lopez Laphitz 2009) and in Lopez
Laphitz and Semple (2011), except for a few specimens sbyrélde author since 2009. Data 8n
altiplanities (9 specimens) anfl altissima var. gilvocanescens (29 specimens) were previously used in
Semple et al. (2015). New data 8ngypsophila (one specimen) anfl pringlei (12 specimensjvere
scored for this study by the first author. For eacleispen, 13 vegetative and 16 floral traits were scored
when possible: 1-5 replicates per character depending updakahkty of material and whether or not the
trait was meristic (Table 1). Mean values were usethé analyses, while raw values were used to
generate ranges of variation for each trait. All tradgsred are listed in Table 1. Phyllary width traits
were not scored on specimensSoéltissima var. gilvocanescens and were scored on only two specimens
of S altiplanities.

Traits used to define a priori groups were not included in tiadyses to avoid circular logic.
Differences in general inflorescence shape and branchargatkristics, lower stem pubescence density,
and leaf pubescence density were used to define a primpgrlong with geographic location. Lower
stem leaf traits were not included in the analyses bedaese were often not present on specimens.
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Figure 4. Details of holotype ofolidago gypsophila: inflorescence, heads and floretd. Upper mid portion of
inflorescence.B. Heads of lower branch of inflorescen€. Involucres. D. Mid and inner phyllariesE. Ray
floret lamina.F. Immature cypsela body (ca. 0.5 mm long). Scaleslacm in A; =1 mmin B, C, E; = 0.5 mm in
F.
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Figure 5. Details ofSolidago gypsophila (Cole, Minckley, & Pinkava 3790, ASU). A-B. InflorescencesC.
Phyllaries. Scale bar =1 cmin A-B; =1 mm in C.
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Figure 6. Holotype ofSolidago pringlei (Pringle 2886, GH).
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Figure 7. Holotype ofSolidago muelleri (Mueller 2062, F).
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Figure 8. Details ofSolidago pringlei: stem and leavesA-B. Lower and mid stemg,eavenworth 180 (GH). C-D.
Upper stemNesom & Morgan 5302 (TEX). E. Rhizome and new shoot leavétinton 21858 (TEX). F. Lower
stem leafHinton 22721 (TEX). G-H. Mid stem leaf and apefRatterson 6434 (TEX). |. Upper stem and leaves,
Villareal 8366 (TEX). J. Leaves, base of inflorescentétenrickson & Hess 19260 (TEX). Scale bar =1 mm in A-
D;=1cmin E-J.
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Figure 9. Details ofSolidago pringlei; inflorescences, heads, floreta:B. InflorescencedNesom & Morgan 5302
(TEX) andHenrickson & Hess 19260 (TEX). C. Peduncles and bractSpule et al. 3263 (TEX). D. Heads with
lanceolate phyllariegiinton 22721 (TEX). E. Heads with some oblong phyllariédinton 19300 (TEX). Scale bar
=1cminA-B;=1 mmin C-E.
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Table 1. Traits scored for the multivariate analysésspecimens ofSolidago altiplanities, S chilenss, S
gypsophila, S juliae, S leavenworthii, S microglossa, S pringlel, andS tortifolia.

Abbreviation Description of trait scored

STEMHT Stem height measured from the stem base to tip(cm)
LLFLN Lower leaf length measured from the leaf base to tip(mm
LLFWD Lower leaf width measured at the widest point (mm)
LLFWTOE Lower leaf measured from the widest point torttérem)
LLFSER Lower leaf dentation-number of serrations of lower leaf
MLFLN Mid leaf length measured from the leaf base to tip (mm)
MLFWD Mid leaf width measured at the widest point (mm)
MLFWTOE Mid leaf measured from the widest point to the end (mm
MLFSER Mid leaf dentation-number of serrations of mid leaf

ULFLN Upper leaf length measured form the leaf base to tip( mm)
ULFWD Upper leaf width measured at the widest point (mm)
ULFWTOE Upper leaf measured from the widest point to the end(mm)
ULFSER Upper leaf dentation-number of serrations of upper leaf
CAPL Length of inflorescence (cm)

CAPW Width of inflorescence (cm)

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 the tipeofttap (mm)
RSTRAPWD Ray strap width measured at the widest point (mm)
RACHLN Ray floret cypsela body length at anthesis (mm)

RPAPLN Ray floret pappus length at anthesis (mm)

DCORLN Disc corolla length from the base to tip of the corolteeto(mm)
DLOBLN Disc corolla lobe length lobe (mm)

DACHLN Disc achene length (mm)

DPAPLN Disc pappus length (mm)

All analyses were performed using SYSTAT v.10 (SPSS 2@80). A pair-wise Pearson
correlation matrix was created to determine which chersiavere highly correlated. One trait of each
pair that had a > |0.7| correlation value was excludeah fihe analysis to avoid possible pleiotropic
effects of a single gene and to make the tests of null hgpes more stringent. Stepwise discriminant
analysis (STEPDISC) was used to select traits thst $eparated groups based on the Mahalanobis
distances between a priori group centroids in N-dimensibypaérspace. Classificatory discriminant
analysis was run on N-1 traits selected by the STEPDIS@saaf more than N-1 traits were selected,
where N = lowest sample size of the a priori groupshia study N=9 $olidago altiplanities). A
COMPLETE analysis was then run using only eight traiteis€er probabilities of assignment to each a
priori group were generated for each specimen a postbeaead on the Mahalanobis distances from the
specimen location plotted in N-dimensional hyperspace tb aapriori group centroid. Linear and
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Jackknifed analyses were run in each classificatory sisaly test the strength of group separation in
terms of the numbers of discriminating traits. Resaitts presented in the form of (1) F-value matrices
based on Mahalanobis distances between group centroid®)atables summarizing the results of the
two methods of doing the classificatory discriminant essedy Conclusions were reached based on the
percents of correct placements of specimens and the pibballf the placements being correct and
visual re-examination of each specimen via high resolutiigital images or the actual specimens.
Lastly, a canonical analysis was performed as a dioremsduction technique to allow visualization of
results in 1 to 3 dimensions with the number of dimensi@nsgbN-1, where in this case N equals the
number of a priori groups in an analysis. While canoracallysis allows for a visual presentation of
results, the plots are based on fewer axes than are ufleel statistical analyses and thus do not fully
show the multi-dimensional nature of the separation ofaai groups.

Two analyses were performed. One included all tench &l specimens scored. A second
analysis was run on just specimensSaidago chilensis, S juliae, S. pringlei, andS tortifolia as four a
priori groups and the one specimenSofiypsophila a posteriori. This was done because the species are
all diploids and whose members were sometimes mispiattethe other taxa in the eight-group analysis.
Any influence of ploidy level would be avoided by includioigly these taxaSolidago microglossa was
excluded because its distinctive long pubescence was nansienMexican species.

RESULTS
Eight-taxa analysis

In the COMPLETE discriminant analysis of seven spdeies| a prioriSolidago altiplanities, S
altissima var. gilvocanescens, S chilensis, S juliae, S leavenworthii, S. microglossa, S pringlei, andS.
tortifolia, the following eight traits were used from a longer lidected in a preliminary STEPWISE
analysis and are listed in order of decreasing F-t@vermalues: number of ray florets (19.09), involucre
height (15.99), mid leaf width (14.59), mid leaf serrations (9.8umber of disc florets (7.14), mid leaf
length (6.56), ray floret cypsela pappus length at anthe§it)(%and ray floret lamina length at anthesis
(0.80). Wilks’s lambda, Pillai's trace, and Lawley-Hiatg trace tests of the null hypothesis that all
groups were the samples of one group had probabilities 00.pGO that the null hypothesis was true.
The F-matrix for the discriminant analysis is presentedable 2. F-values based on Mahalanobis
distances between group centroids indicated the largestiieparwere betweebolidago altissima var.
gilvocancens and the two South American specteschilensis andS microglossa (48.541 and 30.768,
respectively) and the least separation was bet8getiae andS torifolia (3.692).

In the a posteriori Classificatory Discriminant Angily of the eight-species level a priori groups
plus the one specimen 8blidago gypsophila, S altiplanities was the only a priori group with 100%
placement to that group a posteriori; a posteriori assgisrfor other groups ranged from 67-94% to
their own group (Table 3). The Classification matrix andliaite classification matrix are presented in
Table 3.

Table 2. Between groups F-matrix for the eight a priori grougysma (df = 8, 7, 204).

Group altiplanities altissma chilensis juliae leaven- micro-  pringlei
gilvocan. worthii glossa

alt. gilvocan. 13.958

chilensis 10.958 48.541

juliae 7.429 4.984 11.763

leavenworthii 11.329 19.645 9.535 8.103

microglossa 16.532 30.768 7.633 9.141 8.485

pringlei 8.874 15.794 10.977  4.360 6.167 13.525

tortifolia 6.689 9.953 32573 3.692 19.033 28.952 11.590

Wilks' lambda = 0.0609 df= 8 7 207; Appfox 13.1661 df= 56 1082 prob = 0.0000
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Table 3. Linear and jackknife classification matrices frdme Classificatory Discriminant Analysis of eight a prio
groups; a posteriori placements to groups in rows.

Group altiplan- altissma chilensis juliae leaven- micro- pringle torti- %
ities gilvocan. worthii glossa folia  correct
altiplanities 9 0 0 0 0 0 0 0 100
alt. gilvocan. 0 25 0 2 0 0 0 2 86
chilensis 5 1 62 1 7 12 4 0 67
juliae 0 2 0 8 1 0 0 0 73
leavenworthii 0 0 3 3 9 0 0 1 60
microglossa 0 0 5 1 2 23 0 0 74
pringlei 1 0 0 2 0 1 8 0 67
tortifolia 0 1 0 0 0 0 0 15 94
Totals 15 29 70 17 19 36 12 17 74

Jackknifed classification matrix

Group altiplan- altissma chilensis juliae leaven- micro- pringle torti- %
ities gilvocan. worthii glossa folia correct
altiplanities 9 0 0 0 0 0 0 0 100
alt. gilvocan. 0 25 0 2 0 0 0 2 86
chilensis 6 1 57 1 7 15 5 0 62
juliae 0 2 0 8 1 1 0 0 73
leavenworthii 0 0 3 4 7 1 0 1 47
microglossa 0 0 5 2 2 22 0 0 71
pringlei 1 0 0 2 0 1 8 0 67
tortifolia 0 1 0 0 0 0 0 15 94
Totals 16 29 65 19 174 39 13 17 70

Results are presented in decreasing order of perceectptacement. Eight of nine specimens
of Solidago altiplanities were placed a posteriori into th#iplanities group with 90-100% probability;
one was placed into the group with 71% probability (19%. tortifolia, 6% toS juliae, and 3% tdS
pringlel). Fifteen of 16 specimens & tortifolia (94%) were assigned a posteriori to theortifolia
group; 9 with 90-96% probability, 4 with 81-87% probability; 2 with 7886l 67% probabilities. Orte
tortifolia specimen was placed into tBealtissima var. gilvocanescens group with 85% probability (6%
to S juliae, 4% toS. microglossa, 2% toS. tortifolia, and 1% tds. leavenworthii). Twenty-five of the 29
specimens of. altissima var. gilvocanescens (86%) were assigned a posteriori to Bealtissima var.
gilvocanescens group; 15 with 90-100% probability, 6 with 76-88% probability; 3 with-53%
probability. FourS altissma var. gilvocanescens specimens were placed into other species groups: 2 into
S tortifolia with 80% and 63% and 2 int& juliae with 59% probability (14%S. altissima var.
gilvocanescens) and 37% (24 % t& altissima var. gilvocanescens, 24% toS pringlei, and 13% tdS
altiplanities). Twenty-three of the 31 specimensSifmicroglossa (74%) were assigned a posteriori to
the microglossa group; 7 with 94-99% probability, 7 with 71-81% probability; 6 with- G5%
probabilities, and 3 with 50-55% probability. Eightmicroglossa specimens were placed a posteriori
into other species groups: 5 were placed irStehilensis group with 57-78% probability, 2 were placed
in the S leavenworthii group with 88% and 36% probabilities, and 1 was placed is.the¢iae group
with 59%. Eight of 11 specimens §f juliae (83%) were assigned a posteriori to S¢uliae group: 4
with 81-88% probability, 2 with 70-71% probability, and 2 with 65-65% pbdibg Three specimens of
S juliae were placed a posteriori into two other taxa: 2 vpdaeed intoS altissma var. gilvocanescens
with 85% probability and 50% probability (29% $ojuliae, 11% toS pringlei, 5% toS tortifolia and
4% to S leavenworthii), and 1 specimen was placed igdeavenworthii with 56% probability (32% to
S pringlel, 7% toS juliae, and 4% td. altissima var. gilvocanescens). Sixty-two of 92 specimens &
chilensis (67%) were assigned a posteriori to Shehilensis group; 7 with 90-96% probability, 16 with
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80-87% probability; 9 with 70-79% probability, 13 with 60-69% probabilaypd 17 with 39-59%
probability. Thirty specimens @& chilensis (including most of the adventive specimens to other pérts o
the world) were placed a posteriori into other spedi@sspecimens were placed into thenicroglossa
group with 28-73% (14-46% t8 chilensis), 6 into theS. leavenworthii group with 37-87% probability
(17-46% toS chilensis); 5 into S altiplanities with 52-95% probability, 2 int&. pringlel with 32% and
86% probabilities, and 1 int® juliae with 51%probability (34% tdS chilensis, 16% toS. microglossa,
and 4% toS pringlei). Eight of 12 specimens @& pringlei (67%) were assigned a posteriori to e
pringlel group; 4 with 95-99% probability and 4 with 65-79% probability. Faupringlei specimens
were placed into other species: 2 ii@ojuliae with 59% and 61% probabilities (38% and 27%Sto
pringlel, 8% and 1% td tortifolia and S. microglossa, respectively), 1 t& microglossa with 63%
probability (36% toS. chilensis, and 1% taS pringlei), and 1 toS. altiplanities with 59% probability
(20% toS. chilensis, 12% toS pringlel and 5% tdS juliae). Nine of 15 specimens & leavenworthii
(60%) were assigned a posteriori to théeavenworthii group; 3 with 98-100% probability, 5 with 79-
88% probability; and 1 with 37% probability (35% $omicroglossa, 10% toS juliae, and 9% toS
chilensis). SixS leavenworthii specimens ware placed into other species:S3 ¢hilensis 93%, 92% and
56% probability (27% td. leavenworthii, 13% toS microglossa, and 3% toS leavenworthii). The
holotype specimen @& gypsophila which was not assigned to an a priori group was assignesteripo
to S altissma var. gilvocanescens with 73% probability (21% t&. juliae and 6% td. tortifolia).

Two dimensional plots of CAN1 versus CAN 3 and CAN1 versus CAalfnical scores for
specimens ofolidago altiplanities, S chilensis, S juliae, S leavenworthii, S microglossa, S pringle,
andS tortifolia, and the single collection & gypsophila are presented in Fig. 7. The positions of$he
gypsophila specimen on the two plots are indicated by yellow stargenBEvalues on the first three axes
were 2.835, 0.813 and 0.488.

Four-species analysis

In the STEPWISE discriminant analysis of four-spet@&s| a priori groupsSolidago chilensis,
S juliae, S pringlel, andS tortifolia) and the one specimen 8f gypsophila included a posteriorthe
following eight traits were selected and are listed in oodletecreasing F to remove values: involucre
height (13.60), number of ray florets (12.94), disc floret dgopappus length at anthesis (10.72), mid
leaf length (7.47), mid leaf width (6.75), disc achene bodgtleat anthesis (5.54), outer phyllary width
at widest point (3.99), and disc floret corolla lobe len(R.94). Wilks'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 tiige F-matrix for the discriminant analysis is
presented in Table 4. F-values based on Mahalanobisicistaf the between group centroids indicated
the largest separation was betw&shdago chilensis andS tortifolia (24.110) and the small separation
was betweels juliae andS. pringlei (3.067).

In the Classificatory Discriminant Analysis of the fepecies level a priori groups plus the one
specimen ofolidago gypsophila a posteriori, all 11 specimens &fjuliae (100%) were assigned to that
species a posteriori: 4 with 92-94% probability, 3 with 81-86% pidiba and 4 with 77%, 70%, 62%
and 54% (42% t&. pringlei). The Classification matrix and Jackknife classificaticatnm are presented
in Table 5. Seventy-nine of 84 specimens®fchilensis (94%) native to South America were assigned a
posteriori into theS chilensis group; 57 with 92-100% probability, 7 with 80-89% probability, 12 with
65-77% probability, and 2 with 50-52% probability. Five specimeerevassigned a posteriori to other
species: 3 t&. juliae with 84%, 72% and 70% probabilities and 23opringlel with 65% and 61%
probabilities. Fourteen of the 15 specimens ftortifolia (93%) were assigned a posteriori into e
tortifolia group; 12 with 94-100% probability, and 2 with 89% and 78% probahilitiese specimen was
assigned a posteriori ® juliae with 60% probability (37% t&. tortifolia, 3% to S pringlei). Eleven
of the 12 specimens & pringlel (92%) were assigned a posteriori to &eringlel group; five with
93-99% probability (including the holotype) and 3 with probisliof 85%, 67%, and 59% (38% to
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Figure 10. Plots of CAN1 versus CAN3 and CAN1 versus CAN2 of 212 spatinofSolidago altiplanities (red
dots), S altissma var. gilvocanescens (black x), S chilensis (brown +), S. juliae (black triangles)S. leavenworthii
(purple dots),S microglossa (orange dots)S pringlei (white squares with black outlines$, tortifolia (gray

diamonds with black outlines), and the one collectios afypsophila (yellow star); 95% confidence ellipses are

included.
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S juliae). One specimen, the GH isotypeSimuelleri, was assigned a posteriori to thguliae group
with 53% probability (42% t&. pringlei, 5% toS tortifolia). The single specimen & gypsophila was
assigned a posteriori 8 juliae with 95% probability (4% t&. tortifolia and 1% tdS. pringlei).

Two dimensional plots of CAN1 versus CAN 3 and CAN1 versus CAalnical scores for
specimens ofSolidago chilensis, S juliae, S pringlel, S tortifolia, and the single collection d&
gypsophila are presented in Fig. 11. The positions of $hgypsophila specimen on the two plots are
indicated by yellow stars. Eigen values on the firstetlanees were 3.545, 0.438, and 0.178.

Table 4. Between groups F-matrix for the four a priori group wsial(df = 8, 7, 204).

Group chilenss juliae pringlei
juliae 6.946

pringlei 8.930 3.067

tortifolia 24.110 4.047 7.556

Wilks' lambda = 01021 di= 14 3 118
Approx. F= 8.6018 df= 42 312 prob =0.0000

Table 5. Linear and jackknife classification matrices frore tlassificatory Discriminant Analysis of four a priori
groups; a posteriori placements to groups in rows.

Group chilensis juliae pringlel  tortifolia % correct
chilensis 79 3 2 0 94
juliae 0 11 0 0 100
pringlei 0 1 11 0 92
tortifolia 0 1 0 14 93
Totals 79 16 13 14 94

Jackknifed classification matrix

Group chilensis juliae pringle  tortifolia % correct
chilensis 78 4 2 0 93
juliae 0 9 2 0 82
pringlei 1 3 8 0 67
tortifolia 0 2 0 13 87
Totals 79 18 12 13 89

DISCUSSION

The results of the multivariate analyses support the remmgnof Solidago altiplanities, S
chilensis, S gypsophila, S juliag, S leavenworthii, S. microglossa, S pringlel, and S tortifolia as
separate species ai altissma var. gilvocanescens as a separate taxon. Because a single specimen
cannot be treated as an a priori group in discriminaalyaes, the single specimenSifgypsophila was
not assigned to an a priori group but was included in theseempari classificatory discriminant analyses,
which assigned a posteriori the specimen in the eight-spanaysis t&. altissima var. gilvocanescens
with 73% probability (21% t& juliae, 6% toS tortifolia) and in the four-species analysisSquliae
with 95% probability. In both analyses, involucre height aachbers of ray florets were the two most
important traits in separating the a priori groups, whehtwo traits switching first and second position in
importance in the two analyses.
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Figure 11. Plots of CAN1 versus CAN3 and CAN1 versus CAN2 of 119 spatinofSolidago chilensis (brown
+), S juliae (black triangles)S pringlei (white squares with black outlines), aBdortifolia (gray diamonds with
black outlines), and the one collectionSofjypsophila (yellow stars); 95% confidence ellipses are included.

The results support Nesom’s (1989a) observation3fledago gypsophila is similar toS juliae
(treated in that paper & canadensis var. canescens) and the initial observation of the first author of this
paper tha& gypsophila was similar in some ways ® altissima var. gilvocanescens. The broad middle
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and inner phyllaries of. gypsophila separate the species from b&ljuliae andS altissima, although

the trait was not selected by STEPDISC as signifisaeeparating a priori groups in both the eight- and

four-taxa analyses. The holotype $fgypsophila has a very robust long branched inflorescence, while
the nearly flowering paratype illustrated in Fig. 5 haslemand short branched inflorescences that are
like those of most specimens of fhertifolia Group, i.e., long and narrow secund-conical inflorescences,
which is a more accurate description than the often ussihd-pyramidal” description.

This is the first multivariate analysis that has udgldSolidago pringlei and all eight of the core
informal Tortifolia group of species in subsegtiplinerviae. Lopez Laphitz (2009) and Lopez Laphitz
and Semple included six of the species in the analysesirigcos the two South American speckes
chilensis andS microglossa. Semple et al. (2015) includ&laltiplanities andS. juliae in their analysis
of S altissma andS canadensis varieties. The results of both the eight-speciesyaisaaind the four-
species analysis of this paper demonstrate that the netehe&lexican endemi® pringlei is central to
the Tortifolia group of species because it includes variation in tth#s are useful in defining other
species. Lower stem pubescence varies from typicdhégroup very short densely villose-canescent
indument to glabrous, which occurs generallySnchilensis from Chile and central and southern
Argentina. Broader phyllaries are typical $nhleavenworthii and occur in som& chilensis, both of
which have taller involucres, but they are most pronouncefl mypsophila because it has shorter
involuces and shorter phyllaries. Of note, some specimieBspringlel were assigned t8& chilensis in
the eight- species analysis. The first author’s initrgdression of the loan of specimens from TEX was
that there might be two separate taxa in the stack @p&bimens. Preliminary results did not support
this, and all collections were treated as belonging inraa S pringlel that included some specimens
that were rathe® chilensis-like. The GH holotype o8 pringlel was placed a posteriori in® pringlel
(95% and 97% probabilities). In both analyses, the GH isatyS. muelleri was placed a posteriori into
S juliae with 61% probability (27% t& pringlei, 8% toS tortifolia) in the eight-species analysis and
53% (42% tdS pringlel, 5% toS tortifolia) in the four-species analysis. However, on the basseof
pubescence it does not belong in that species and does look sueikl to some specimens &f
pringlel that were included in the species a posteriori. @asethe holotype and the isotyp8&smuelleri
should be treated as a synonynsopringlei.

Solidago pringlei is a likely candidate for the species that was longrdest dispersed from
northern Mexico to Bolivia, where it diverged and evolved @&tehilensis and S microglossa. The
alternative to this interpretation is th&t chilensis was introduced into Nuevo Ledn, Mexico, in post
Columbian times and persisted long enough to hybridizeSvpphinglel at some locations to add mdée
chilensis-like features to som8. pringlei, but never became well established as it has in the Miss
and other locations. Parsimony favors the ideaShatinglei is simply rather variable in stem indument
and phyllary traits.

The known chromosome numbers fnlidago altiplanities, S. chilensis, S microglossa, andS.
tortifolia are all diploid, 2=18. Solidago leavenworthii includes tetraploids and hexaploids. The
chromosome numbers 8f gypsophila andS. pringlei are unknown.

The eight species analysis does not provide evidenc&adlidago altissma var. gilvocanescens
is a member of th&@ortifolia group of species of subsedtiplinerviae, which generally have narrow
lanceolate to linear lanceolate leaves and narrow elongatechd conical inflorescences. A multivariate
analysis of all species of subsentiplinerviae is needed. In the eight-species analysis presentedSher
altissima var. gilvocanescens was most distant fror. chilensis andS microglossa but not close t&
juliae, as indicated by Mahalanobis distances and the accompanyigeparate values. A molecular
phylogeny of all species in the genus with data sufficiergégolve relationships of closely related species
is very much needed. Multivariate analysis is not a methdted for determining phylogenetic
relationships, although it can reveal morphological sintidgsripreviously overlooked.
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