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ABSTRACT

Nesom (1991) describé&blidago durangensisased on three collections from Durango, Mexico.
The protologue was not illustrated; detailed illustratiohshe species are presented here. The species
has been included at different times in three differsnbsections of the genus. Multivariate
morphometric analyses were performed on specimenS. ofirgentinensisand S. missouriensiof
SolidagosubsectJunceaeS. paniculateof subsectMaritimae, andS. chilensisS. juliag andS. pringlei
of subsectTriplinerviae Two specimens db. durangensisvere scored and were not assigned to an a
priori group but were included in the a posteriori classificy discriminant analyses. Three multivariate
analyses were performed. In the two 6-species amlybe two specimens & durangensisvere
placed a posteriori int&. chilensisand S. juliae, respectively, and int&s. pringlei and S. juliag
respectively. In the third analysis involving only the #rgpecies of subsecTriplinerviag the
specimens ofS. durangensisvere placed a posteriori int®. pringleiand S. juliae An additional
specimen treated previously as eitBeipringleior S. missouriensigas also included in the analyses and
was placed int&. pringleiin both 6-species group analyses and Bitahilensisn the third analysis.
The results provide strong evidence tBatlurangensis most similar to species in subsdaiplinerviae
and on distinctive morphological features should be recogsige very rare endemic species.

Nesom (1991) describesblidago durangensislesom (Figs. 1-4) but did not illustrate the new
species. He stated that “the closest relative ohéwve species is hypothesized to%epaniculateDC.".
Solidago paniculatgFigs 5-6) is the inland central Mexican memberSofidago subsectMaritimae
(Torr. & A. Gray) Nesom that includes the bog and marsldegobds: e.g.S. mexicanalL., S.
sempervirend.., S. uliginosaNutt., andS. virgataMichx. (Semple 2016, frequently updatedjlesom
(1993) includeds. durangensig subsectTriplinerviae (Torr. & A. Gray) Nesom. When the first author
examined limited herbarium material f durangensjsseveral traits were most striking. First the rather
corymbiform inflorescence arrays were atypical inhbstibsectMaritimae and subsectTriplinerviae
Second, the dense, short hairy indument on the stems dasscaoin subsecMaritimaebut is common
in the Tortifolia group of subsectlriplinerviae The lack of lower stem material made it impossible
determine if the lower stem leaf petioles sheathed theatdihrey do in all species of subsddaritimae
Semple (2016, frequently updated; versions in 2013-2016) pcddrangensismto subsectJunceae
(Rydb.) Nesom in 2013 based on the fact th#ifher 217(F, MO) have fascicles of small leaves in the
axes of some upper stem leaves” and that the “branchingmaft¢he inflorescence is more lik&
junceaandS. missouriensishan members 06. subsectTriplinerviae” Densely hairy stems are not
known in subsectJunceae but S. argentinensiSemple & Lopez Laphitz can be distally rather hairy,
especially for the subsection. It was noted that additicseearch was needed on this rare species.
Semple and Cook (2006) described the defining traits of eachcsiolbseRegardless of its subsectional
affinities, Nesom (1991) was correct in treat®igdurangensias a distinct species.
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Figure 1. Isotype ofSolidago durangensis; E. Palmer 3@3H).
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Figure 2. Details of isotype oBolidago durangensi&. Palmer 363GH): stem, leaves and heads-B. Mid stem
and enlargement of area in dashed outlir@. Mid stem leaves.D. Mid stem leaf, abaxial surface, weakly
trinervate. E. Mid vein area of leaf in DF. Upper branch and leave&. Heads. Scale bar =1 mmin A, B, E, and

G;=1cminC, D, and F.
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Figure 3. Solidago durangensi&. Palmer 211F) from Durango, Mexico.
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Figure 4. Solidago durangensi&. Palmer 21{MO) from Durango, Mexico.
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Figure 5. Solidago paniculataDaniels 611(F) from El Rosario, Dist. Federales, Mexico.
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Figure 6. Solidago paniculataPérez Calix 84%MEXU) from Agua Verde, Michoacan, Mexico.
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In order to explore morphological similarities and differes amongsolidago durangensiand
possible related species, multivariate morphometmoparisons were performed 8n argentinensiand
S. missouriensidNutt. of subsectJunceae S. paniculataDC. of subsectMaritimae, andS. chilensis
Meyen,S. juliaeNesom, and. pringleiFern. of subsecTriplinerviae The results are presented below.

NOMENCLATURE

Solidago durangensis Nesom, Phytologia 70: 58. 1991 YPE: MEXICO. Durango. City of Durango
and vicinity, Apr-Nov 1896,E. Palmer 363holotype: US, digital image!; isotypes: GH! (Figs 1-
2), US, digital image!).

Additional collections examine®1 EX1CO. Durango. Durango and vicinity, Apr-Nov 189¢.
Palmer 217(F, Fig. 3; MO, Fig. 4).

MATERIALSAND METHODS

In total, 133 specimens from BRIT, F, GH, LL, LP, MEXUOMTEX, and WAT in MT (Thiers,
continuously updated) were included in the analysis. Da&olidago chilensig80 specimens}. juliae
(11 specimens), ardl. missouriensi§l6 specimens) were measured by the second author fth.Ser
thesis (Lopez Laphitz 2009) and for Lopez et al. (2011) and mskopez Laphitz and Semple (2015)
and Semple and Lopez (2016). SpecimenS.gbringlei(11 specimens) were scored by the first author
and first used in Semple and Lopez (2016). New data. @urangensigtwo specimens)S. paniculata
(10 specimens) were scored for this study by the thirdfeumth authors, and or®. pringleispecimen
thought to bes. “aff. missouriensiswas scored for this study by the first author; thitelaspecimen was
the smaller shoot oNesom & Morgan 5302TEX; Fig. 7) noted as being annotatedSasnissouriensis
(Semple & Lopez Laphitz 2016). For each specimen, 13 vegetait/&6 floral traits were scored when
possible: 1-5 replicates per character depending upon aimjilabimaterial and whether or not the trait
was meristic (Table 1). Mean values were used iratiayses, while raw values were used to generate
ranges of variation for each trait.

Traits used to define a priogroups were not included in the analyses to avoid cirdodac.
Differences in general inflorescence shape and branchargabristics, lower stem pubescence density,
and leaf pubescence density were used to define a proupgralong with geographic location. Lower
stem leaf traits were not included in the analyses bedhese were often not present on specimens.

All analyses were performed using SYSTAT v.10 (SPSS 208@air-wise Pearson correlation
matrix was created to determine which characters wghdyhtorrelated. One trait of each pair that had a
> |0.7| correlation value was excluded from the anatgsesoid possible pleiotropic effects of a single
gene and to make the tests of null hypotheses more string&tepwise discriminant analysis
(STEPDISC) was used to select traits that best stgphgroups based on the Mahalanobis distances
between a priori group centroids in N-dimensional hypersp@tassificatory Discriminant Analysis was
run on N-1 traits selected by the STEPDISC analysisifenthan N-1 traits were selected, where N =
lowest sample size of the a priori groups; in this stuestNand 7 $olidago paniculatanot all traits
could be scored on all specimens resulting in fewecbobins being used in the second analysis). A
COMPLETE analysis was then run using only five traitseis&er probabilities of assignment to each a
priori group were generated a posteriori for each spatipased on the Mahalanobis distances from the
specimen location plotted in N-dimensional hyperspace tb aapriori group centroid. Linear and
Jackknifed analyses were run in each classificatory sisaly test the strength of group separation in
terms of the numbers of discriminating traits. Resarespresented in the form of F-value matrices based
on Mahalanobis distances between group centroids and saiolesarizing the results of the two methods
of doing the classificatory discriminant analyses. @ions were reached based (1) on the percents of
correct placements of specimens a posteriori, (2) opibieabilities of those placements being correct,
and (3) on visual reexamination of each specimenhigh resolution digital images or the actual
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Figure7. Solidago “aff. missouriensis” Nesom & Morgan 35@2EX) from Nuevo Le6n, MexicoA. Shoot. B.
Lower or mid stem leaves depending upon how much of thesvgiinalot is presentC. Upper stem and leaves with
several small lateral branch leaves in the akesHeads. Scale bar =1 cmin A, B; =1 mm in C, De $hecimen
is more likely an aberrant or damaged sho@&.gfringlei
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Traits scored for the multivariate analyséspecimens ofSolidago argentinensisS. chilensis S.
durangensisS juliae, S. missouriensjgndsS. pringlei.

Abbreviation Description of trait scored

STEMHT Stem height measured from the stem base to tip(cm)
LLFLN Lower leaf length measured from lief base to tip(mm)
LLFWD Lower leaf width measured at #Widest point (mm)
LLFWTOE Lower leaf measured from thidest point to the end(mm)
LLFSER Lower leaf dentation-number of serrations of lower leaf
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 dentation-number of serrations of mid leaf
ULFLN Upper leaf length measured formldat base to tip( mm)
ULFWD Upper leaf width measured atwheest point (mm)
ULFWTOE Upper leaf measured from the sfigint 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 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)

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)

specimens. Lastly, a canonical analysis was perforraed dimension reduction technique to allow
visualization of results in 1 to 3 dimensions with the nundbelimensions being N-1, where in this case
N equals the number of a priori groups in an analy$#hile canonical analysis allows for a visual
presentation of results, the plots are based on fewer lbaesamere used in the statistical analyses and
thus do not fully show the multi-dimensional nature of the reetjoen of a priori groups.

Three analyses were performed. Two six-specig@i@i groups analyses was performed
including 136 specimens dbolidago argentinensiand S. missouriensiof subsect.Junceae S.
paniculataof subsectMaritimag, S. chilensisS. juliaeandS. pringleiof subsectTripinerviag plus a
posteriori two collections of Slurangensisand one collection of. “aff. missouriensis. In the first
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analysis, mid stem leaf traits were included, but not upfmm leaf traits. In the second analysis, upper
stem leaf traits were included but not mid stem lesfsr The third analysis was performed including
just the 102 specimens & chilensisS. juliae andS. pringleiplus a posteriori two collections of S.
durangensisnd one collection of Saff. missouriensis.

RESULTS

Six taxon analysis with mid stem leaf traits

In the COMPLETE discriminant analysis of six species llexepriori groups Solidago
argentinensisS. chilensisS. juliag S. missouriensjsS. paniculataandS. pringlej the followingfive
traits were included from a longer list selected in a prelimimaMEPWISE analysis and are listed in
order of decreasing F-to-remove valuéisc floret pappus length at anthesis (27.52), disc corollanengt
(18.71), ray floret lamina length at anthesis (16.51), disolle lobe length (9.00), and mid leaf length
(5.02). Wilks’s lambda, Pillai's trace, and Lawley-Hiatg trace tests of the null hypothesis that all
groups were samples of one group had probabilities of p = 0.00®¢haull hypothesis was true. The F-
matrix for the discriminant analysis is presented ablé 2. F-values based on Mahalanobis distances
between group centroids indicated the largest separationsbe®veenS. chilensisand two species of
subsectJunceaeS. missouriensiandS. argentinensi§l08.783 and 88.486, respectivelghd the least
separations (F-to separate) were betwgejuliaeandS. pringlei(5.967) and betwee8. chilensisandS.
pringlei (9.146) of subsecflriplinerviae and between SargentinensisandS. missouriensi§9.824) of
subsectJunceae

Table 2. Between groups F-matrix for the six a pgooup analysis including mid stem leaf traits (df 430).

Group argentinensis chilensis juliae missouriensis paniculata
chilensis 88.486

juliae 38.805 22.206

missouriensis 9.824 108.783 31.507

paniculata 79.157 28.961 30.267 91.114

pringlei 35.641 9.146 5.967 28.861 27.034

Wilks' lambda = 0.0277 df= 5 5 134
Approx. F = 34.4700 df= 25 484 prob= 0.0000

In the a posteriori Classificatory Discriminant Aysis of the six species level a priori groups
plus the two specimens @olidago durangensisind one specimen db. “aff. missouriensisthe
percentage of correct placement to the a priori group dafngen 64-90% (Table 3). The Classification
matrix and Jackknife classification matrix are presentebainle 3. Results are presented in decreasing
order of percent correct placement. Nine of the 10 spsw ofS. paniculatawere placed a posteriori
into thepaniculatagroup with 90-100% probability; 1 specimen was placed intdthehilensiggroup
with 70% probability (28% int&. paniculatqh Fourteen of 16 specimens $f missouriensi88%) were
assigned a posteriori to ttfg& missouriensigroup; 9 with 95-100% probability, 2 with 83% and 84%
probability; 1 with 65%; and 2 with 52% and 57% probabilitiesptier lower probabilities of placement
were into theS. argentinensigroup. Two S. missouriensispecimens were placed a posteriori intoShe
argentinensiggroup with 69% and 68% probabilities (31% and 32% probabilities. tmissouriens)s
Seventy of the 80 specimensQfchilensig88%) were assigned a posteriori to 1echilensiggroup;41
with 90-100% probability, 12 with 80-89% probability; 8 with 69-79% prolitghiand 9 with 45-62%
probability. Ten specimens of tie chilensis priori group were assigned a posteriori to other spge6i
to S. pringlei with 59-87% probability; 2 tdS. juliae with 87% and 98% probabilities; 1 t8.
argentinensisvith 100% probability; and 1 t8. paniculatawith 55% probability (44% t&. chilensig
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Nine of the 11 specimens 8f juliae(82%) were assigned a posteriori to $guliaegroup; 6 with 95-
100% probability; 1 with 74% probability (26% 8. pringle); 1 with 59% probability (36% td.
chilensig; and 1 with 51% probability (40% . juliaeand 1% td5. chilensis Two specimens of tHhe.
juliae a priori group were assigned a posteriorBtopringleiwith 69% and 59% probability (30% and
40% toS. juliag. Seven of the 15. pringleispecimens (64%) were assigned a posteriori tdSthe
pringlei group;3 with 97-98% probability; 2 with 88% and 81% probabilities; andth #4% and 72%
probabilities. Four specimens of tBepringleia priori group were assigned a posteriori to otheriepec
2 to S. chilensiswith 80% and 41% probabilities (20% and 48%pringlej respectively); 1 t&. juliae
with 57% probability (38% td5. pringle); and 1 toS. paniculatawith 46% probability (27% td.
chilensis 24% toS. pringle)

Table 3. Linear and jackknife classification matrifresn the Classificatory Discriminant Analysis of siypdori
groups using mid stem leaf traits; a posteriori placentergsoups in rows.

Group argentinensis chilenss  juliae  missouriensis paniculata pringlei % correct
argentinensis 10 0 0 2 0 0 83
chilensis 1 70 2 0 1 6 88
juliae 0 0 9 0 0 2 82
missouriensis 2 0 0 14 0 0 88
paniculata 0 1 0 0 9 0 90
pringlei 0 2 1 0 1 7 64
Totals 13 73 12 16 11 15 85

Jackknifed classification matrix

Group argentinensis chilenss  juliae  missouriensis paniculata pringlei % correct
argentinensis 10 0 0 2 0 0 83
chilensis 1 69 2 0 2 6 86
juliae 0 1 7 0 0 3 64
missouriensis 4 0 0 12 0 0 75
paniculata 0 1 0 0 9 0 90
pringlei 0 2 1 0 1 7 64
Totals 15 73 10 14 12 16 81

Two dimensional plots of CAN1 versus CAN 3 and CAN1 versus CAalnical scores for
specimens ofSolidago argentinensisS. chilensisS. juliag S. misssouriensisS. paniculata and S.
pringlei, and the two collections &. durangensiand the one collection @&. “aff. missouriensisare
presented in Fig. 8. Eigen values on the first thres weee7.050, 0.983, and 0.827.

Six taxon analysis with upper stem leaf traits

In the STEPWISE discriminant analysis of 120 specimansix species level a priori groups
Solidago argentinensisS. chilensis S. juliae S. missouriensjsS. paniculata and S. pringlej the
following six traits were selected and are listed in omfedecreasing F-to-remove values: disc floret
pappus length (28.16), disc corolla length (27.43), ray flaratrla length at anthesis (17.83), disc corolla
lobe length (8.56), ray floret lamina width (6.17), and discet cypsela body length at anthsis (4.40).
Wilks’s lambda, Pillai's trace, and Lawley-Hotellingde tests of the null hypothesis that all groups were
the samples of one group had probabilities of p = 0.000 thatuthéypothesis was true. The F-matrix
for the discriminant analysis is presented in Tabld=4ialues based on Mahalanobis distances between
group centroids indicated the largest separations werebe8v chilensiandS. missouriensi€l02.792)
and betweers. missouriensiandS. paniculata(82.248) and the least separation was betvedguliae
andS pringlei(4.532) and betweé®. argentinensiandS. missouriensigl4.721).



Semple et al.: Solidago durangensis 13

4 I
v durangensis
3r Jjuliae NV ]
o i v “aff miss.”
2+ . . . 0 ‘ paniculata
missouriensis =4
& 2/ >
1+ Ji _
o é o
% Or o T P
O ks R
|
-1 &, F,
| *
| k
25 |‘ + Cchilensis |
+ |
3k ¢ T
argentinensis durangensis
46 o |
4
>
4+ paniculata
argentinensis >
durangensis
2+ + ./:. > _
N | M \?r':' >
pd ° 4+
< O o :
S oo .-
o]
O
-2 missouriensis
-4+
- I |
-10 -5 0 5
CAN1

Figure 8. Plots of CAN1 versus CAN3 and CAN1 versus CAN2 of 136 spewnrecluded in the first six a priori
groups analysisSolidago argentinensiged dots) an&. missouriensigircles) ofS. subsectJunceaeS. paniculata
of S. subsectMaritimae, S. chilensigbrown +),S. juliae(black triangles) an&. pringlei(white squares with black
outlines) ofS. subsectTripinerviag and two collections of Slurangensigyellow stars) and one collection of aff.
“missouriensis (red star) that is likely an aberra8t pringlej COMPLETE analysis with mid stem leaves; 95%
confidence ellipses are shown for each group.
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Table 4. Between groups F-matrix for the six a pgooup analysis including upper leaf traits (df = 5, 130).

Group argentinensis chilensis juliae missouriensis paniculata
chilensis 63.847

juliae 31.199 21.801

missouriensis 14.721 102.792 28.374

paniculata 56.987 34.900 31.527 82.248

pringlei 27.220 12.237 4.532 24.895 33.963

Wilks' lambda = 0.0277 df= 6 5 130
Approx. F= 29.9599 df= 30 502 prob= 0.0000

In the a posteriori Classificatory Discriminant Aysis of the six species level a priori groups
plus the two specimens @&olidago durangensiand the one specimen &. aff. missouriensisS.
paniculatawas the only a priori group with 100% placement of its spae#a posteriori to their a priori
group; a posteriori assignments for other groups ranged #88%1% to their own group (Table 5). The
Classification matrix and Jackknife classification ma#nig presented in Table 6. Results are presented
in decreasing order of percent correct placement. éMéis specimens @&. paniculatawere assigned a
posteriori with 100% probability to the species. Fifteel@®fspecimens db. missouriensiéd4%) were
placed a posteriori into th®. missouriensigroup: 12 specimens with 91-100% probability; and 3 with
81%, 73% and 58% probabilities (19%, 27% and 42%. targentinensis Eleven of 12 specimens 8t
argentinensig91%) were assigned a posteriori to fheargentinensigroupS. missouriensigith 95%
probability (5% toS. argentinens)s Ten of the 11 specimens 8f pringlei (91%) were assigned a
posteriori to theS. pringleigroup: 3 with 95-99% probability, 4 with 82-88% probability; 1 with 79%
probability (21% to Schilensig; and 2 with 64% probability (36% and 34% probabilitySojuliag.
OneS. pringleispecimen was placed a posteriori into $hguliaegroupwith 51% probability (40% t&.
juliae and 9% toS. chilensis Seventy of the 80 specimens $f chilensis(90%) were assigned a
posteriori to theS. chilensiggroup; 55 with 90-99% probability, 9 with 80-89% probability; 5 with
79% probability (18-21% to S. pringlei), and 3 64%, 59% and 56% prabeh{35%, 39% and 38% to
S. pringle). Eight specimens @&. chilensisvere assigned a posteriori to other species: . faringlei
with 75-88% probability; 7 t&. juliaewith 97% and 60% probabilities; and 1 3o argentinensisvith
100% probability. Eight of the 11 specimensSofuliae(73%) were assigned a posteriori to $hguliae
group: 6 with 91-99% probability; 2 with 68% (32%3o pringle) and 65% (28% t&. chilensisand 8%
to S. pringle). Three specimens &. juliaewere assigned a posteriori$o pringleiwith 61%, 61% and
54% probability (38%, 38% and 46% %o juliag. The two specimens of S. durangensis were assigned to
S. juliaewith 93% probability (7% to S. juliae) and 84% to S. prin¢l€% to S. juliae). The or# “aff.
missouriensis”specimen was assigned a posterioriStopringlei with 60% probability (28% tdS.
chilensisand 11% tc. juliag.

Table 5. Linear and jackknife classification matrifresn the Classificatory Discriminant Analysis of sixpdori
groups using upper stem leaf traits; a posteriori placenmegteups in rows.

Group argentinensis chilenss  juliae  missouriensis paniculata pringlei % correct
argentinensis 10 0 0 1 0 0 91
chilensis 1 72 2 0 5 90
juliae 0 0 8 0 0 3 73
missouriensis 1 0 0 15 0 0 94
paniculata 0 0 0 0 7 0 100
pringlei 0 0 1 0 0 10 91
Totals 12 72 11 16 7 18 90
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Jackknifed classification matrix

Group argentinensis chilenss  juliae  missouriensis paniculata pringlei % correct
argentinensis 10 0 0 1 0 0 91
chilensis 1 72 2 0 0 5 90
juliae 0 1 6 0 0 4 55
missouriensis 2 0 0 14 0 0 88
paniculata 0 0 0 0 7 0 100
pringlei 0 0 1 0 0 10 91
Totals 13 73 9 15 7 19 88

Two dimensional plots of CAN1 versus CAN 3 and CAN1 versuBlZganonical scores for 120
specimens ofSolidago argentinensisS. chilensisS. juliae S. missouriensjsS. paniculata and S.
pringlei, and the two collections &. durangensisind the one collections &. aff. missouriensisre
presented in Fig. 9. Eigen values on the first thres weee7.212, 1.629, and 1.150.

Threetaxon analysis

In the STEPWISE discriminant analysis of 102 specimeribrege species level a priori groups
Solidago chilensisS. juliag andS. pringlej the following eight traits were selected and aredisteorder
of decreasing F-to-remove values: disc floret pappus lengihthesis (19.47), ray floret lamina length
(14.83), mid leaf width (9.68), disc floret cypsela body lergtlanthesis (8.81), outer phyllary length
(6.97), number of mid leaf serrations (5.93), disc coroltee Iength (5.52), and mid leaf length (4.59).
Wilks’s lambda, Pillai's trace, and Lawley-Hotellingde tests of the null hypothesis that all groups were
the samples of one group had probabilities of p = 0.000 thatuthéypothesis was true. The F-matrix
for the discriminant analysis is presented in Tabld-6/alues based on Mahalanobis distances between
group centroids indicated the largest separations were érevechilensisand the two North American
speciesS. juliaeandS. pringlei(18.965 and 14.423, respectively) and the least separation waesh8t
juliae andS. pringlei(5.931).

Table 6. Between groups F-matrix for the thee aipgroup analysis (df = 8, 92).

Group chilenss. juliae pringlei
chilensis 0.000

juliae 18.965 0.000

pringlei 14.423 5.931 0.000

Wilks' lambda = 0.1589 df= 8 2 99
Approx. F = 13.6668 df= 16 184 prob = 0.0000

In the a posteriori Classificatory Discriminant Angily of the three species level a priori groups plus the
two specimens obolidago durangensiand the one specimen 8t “aff. missouriensi$, S. pringleiwas

the only a priori group with 100% placement to that groupstepiori; a posteriori assignments for other
groups ranged from 91-96% to their own groups. The Classticaind Jackknife Classification
matrices are presented in Table 7. Results are prdsardecreasing order of percent correct placement.
Seven of 11 specimens 8f pringleiwere placed a posteriori into ti%e pringleigroup with 90-100%
probability; 3 with 77%, 76% and 74% (22% $o juliae 23% t0S. chilensisand 25% tcS. juliag
respectively). Seventy-seven of the 80 specimei® chilensig96%) were assigned a posteriori to the
S. chilensiggroup; 70 with 90-100% probability, 4 with 81-88% probability; and 3 wit%, 68% and
67% probabilities (23% t8. pringlej 32% toS. juliag and 21% td. pringleiand 13% td. chilensig
Three specimens of tl&. chilensiggroup were assigned a posterioriSopringleiwith 90%, 59% and
51% probabilities (10% t8&. chilensis39% toS. chilensisand 10% td5. juliae and 25% td5. chilensis
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and 16% td5. juliae respectively).One specimen d. durangensiwas assigned t8. pringleiwith 98%
probability and one was assignedlojuliaewith 56% probability (44% t&. pringle). The ones. “aff.
missouriensis’specimen was assigned a posteriostahilensisvith 95% probability (4% t&. pringlei
and 1% tcS. juliag.
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Figure 9. Plots of CAN1 versus CAN3 and CAN1 versus CAN2 of 136 spatimncluded in the second six a
priori groups analysisSolidago argentinensifred dots) andS. missouriensigcircles) of subsectJunceag S.
paniculataof subsectMaritimae S. chilensigbrown +),S. juliae (black triangles) an&. pringlei(white squares
with black outlines) of subsecEripinerviag and two collections d. durangensiéyellow stars) and one collection
of "aff. missouriensis(red star) that is likely an aberra$t pringlej STEPWISE analysis with upper stem leaves;
95% confidence ellipses are shown for each group.
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Table 7. Linear and jackknife classification matriftesn the Classificatory Discriminant Analysis of thieeriori
groups; a posteriori placements to groups in rows.

Group chilenss juliae pringlei % correct
chilensis 77 0 3 96
juliae 0 10 1 91
pringlei 0 0 11 100
Totals 77 10 15 96

Jackknifed classification matrix

Group chilenss juliae pringlei % correct
chilensis 74 3 3 93
juliae 0 9 2 82
pringlei 1 1 9 82
Totals 75 13 14 90

A two dimensional plot of CAN1 versus CAN2 canonical scoresl@? specimens dbolidago
chilensis S. juliae S. pringlej and the two collections &. durangensiand the one collection &. “aff.
missouriensis”are presented in Fig. 10. The positions of the 8wdurangensispecimens and orfe.

“ aff. missouriensis’specimen are indicated by two yellow stars and one exdraspectively. Eigen
values on the first two axes were 2.209 and 0.492.

DISCUSSION

The results support Nesom’s (1993) inclusiorSofidago durangensis subsectTriplinerviae
but do not support his (Nesom 1991) protologue comparisonSwighaniculataof subsectMaritimae
Also, Semple’s 2013-2016 (Astereae Lab web site of that piend) placement oB. durangensig
subsectJunceasas not supported. The two specimens$Sofiurangensisiere assigned a posteriori in the
classificatory discriminant analyses $o chilensis, S. pringlegr S. juliaewith high probabilities in the
three analyses. These species are all membetgbekctTriplinerviae TheS. durangensispecimens
were never assigned to species of subskectceaeor subsectMaritimae Additional specimens db.
durangensisre needed in order to be able to include them in agsasals their own a priori group. The
limited number of collections that Nesom (1991) and wefsawhis study were all collected in 1896. A
search of the Durango, Mexico, area is needed to deterfmihe ispecies is still extant. The two
specimens 08. durangensislid not cluster tightly together in the three analys&oth specimens were
incomplete shoots, which may have resulted in the leawesdsdeing at upper and lower ends of the
ranges of variation for these traits and subsequentelites in canonical scores involving these traits.

This is the first multivariate analysis that has unlgd Solidago durangensis. paniculataand
species of the informalortifolia group of subsecilriplinerviae Lopez Laphitz and Semple (2015) did
not includeS. pringleiin their analysis, but Semple and Lopez Laphitz (2016) dighecimens of.
chilensiswere placed a posteriori more often ilgopringleithanS. juliaein all three of the analyses,
although in each study the number was low. This indicagsSt pringleishares more similarities with
S. chilensighanS. juliae All specimens of. pringleiincluding the isotype 0. muelleriStand|. were
placed a posteriori int&. pringleionly in the three species analysis of this paper, fugbpporting
treatingS. muellerias a synonym db. pringlei

The placement of a specimen®blidago chilensisnto S. argentinensisvas surprising because
Lopez Laphitz et al. (2011) noted this did not happen imaaaysis that they had run on just
argentinensis S. chilensisand S. microglossa Lopez Laphitz et al. (2011) and Lopez Laphitz and
Semple (2015) included some very short specimerss. @hilensighat on stem height alone might be
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misidentified asS. missouriensis Also, some specimens 8f chilensise.g. the shorter shoot diesom
& Morgan 5302(TEX) have pairs of lateral branch leaves, a featureaypic but thus not exclusive to,
subsectJunceae
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Figure 10. Plots of CAN1 versus CAN2 of canonical scores for 136 spsnofSolidago chilensigbrown +),S.
juliae (black triangles) an&. pringlei (white squares with black outlines), and two collectioh$. durangensis
(vellow stars) and one collection of affmissouriensis (red star) that is likely an aberra® pringlej 95%
confidence ellipses are shown for each group.

Multivariate analyses based on the sizes and numbepartsf can sometime yield unexpected
results because the traits show some variation due to ene@ntanfactors or due to stem damage. This
is likely the explanation for a specimen Sblidago chilensi®eing weakly assigned a posteriori in the
first analysis td5. paniculatawhich is the central Mexican endemic species of subsksitimae The
S. chilensisplant Thingen 127LP) came from General Alvarado, Buenos Aires ProweAtina, and
had lower stem leaves and leaf bases typical of subBeégkinerviag i.e., not the largest and without
sheathing leaf bases typical of subsktartimae In the second analysis, the same specimen was placed
a posteriori intdS. chilensisvith 99% probability. Multiple analyses emphasizingetéit traits can be
a useful way to clarify surprising results in one analysi
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