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ABSTRACT

A new species irSolidagosubsect.Triplinerviae is described from collections made primarily in
Veracruz, Mexico. In multivariate analysesSofaltissimas. juliae S. pringlej and the new species and in an
analysis of the varieties &. altissimaand the new species, the new species had 100% a pogikrianinent
of specimens to the species. The new species generallybtesesar pluricephalain reduced upper stem leaf
size, but with mean number of rays closer to adtissimaand mean ray floret lamina width closer to var.
gilvocanescens Upper stem leaves are usually serrate and the pbgllaf the new species are broader than
those of S. altissimaand sometimes multi-veined. The following new name igp@sed: Solidago
veracruzensisSemplesp. nov.

SolidagosubsectTriplinerviae (Torr. & Gray) Nesom includes 20 species of goldenrods 4vith
endemic to MexicoS. durangensidlesom,S. gypsophildNesom,S. macvaughiNesom, ands. pringlei
Fern. (Semple 2018 frequently updatedpolidago altissimalL. has been reported to be present in
Coahuila, Nuevo Ledn, Oaxaca, Tamaulipas, and Veracruz,cMékINAM web site 2018; Nesom
annotations 1989, 1990; more recent Villasefior annotations; herbspecimens from LL, MEXU, and
TEX; Thiers continuously updated), but no collections thave seen from these states &raltissima
They are eitheS. pringlei (Hinton 20068TEX; Hinton 25587TEX; White & Chatters 42.L), S. aff.
pringlei (Encina & Portillo G. 822MEXU-2 sheets, robust shoot§, missouriensidlutt (Villarreal &
Carranza 8366MEXU); Nesom annotated several other collections fromSieera la Gavia region of
Coahuila asS. missouriensjshut he did not annotate this sheet) or much less &terelutinaDC. of
subsect.Nemorales(Mackenzie) NesonfSemple et al. 2018yom Coahuila and Nuevo Ledn, while
collections from Veracruz, southern Tamaulipas, and norttadeDaxaca are superficially similar &
altissima var. pluricephala M.C. Johnston but have upper stem leaves that are morateser
inflorescences that are often small and lack elongateérldsanches, and have phyllaries that are
generally wider than those &. altissimaandS. juliae,slightly wider than those db. pringleiandS.
macvaughij and slightly narrower than those&fgypsophila

Multivariate analyses were performed in order toistiaally assess differences between the
Veracruz collections plus one each from southern Tamaulighsath-central Oaxaca and specimens of
Solidagojuliae, S. macvaughjiS. pringlej andS. altissimarom throughout the range in Canada and the
USA and representing all three racesSofaltissimalvar. altissima var. gilvocanescengRydb.) Semple,
and var.pluricephalg. No specimens from Mexico were included in the muliatar study ofS.
canadensisaandS. altissimareported by Semple et al. (2015). Also, no specimens Yferacruz were
include the multivariate study db. altiplanitiesC.&J. Taylor, S. altissimavar. gilvocanescensS
chilensisMeyen,S. gypsophilaS. juliaeNesom,S. leavenworthiiTorr. & A. Gray,S. microgloss®C.,

S. pringlej andS. tortifolia Ell. reported by Semple and Lopez Laphitz (2016). Serapkd. (2016)
comparedS. durangensiso specimens of several species of subdéatitimae (Torr. & Gray) Nesom
and subsectriplinerviae but did not include specimens from Veracruz or anyectbns ofS. altissima

Multivariate Analyses
Multivariate analyses of 33 specimensSuglidagoaltissimavar. altissima 32 specimens db.
altissimavar. gilvocanescens38 specimens @&. altissimavar. pluricephala 11 specimens @&. juliag 1
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specimen ofS. macvaughiincluded a posteriori as unassigned, 12 specimer$. giinglej and 13
specimens 06. veracruzensigere undertaken following the methods described in Semple (@045,
2016). Two analyses were run. _FEirspecimens ofS. altissima S. juliag S. pringlei, and S.
veracruzensisvere compared with 1 specimenSfmacvaughincluded a posteriori. Secgrgpecimens

of the three varieties @. altissimaandS. veracruzensiwere compared. All 30 traits scored are listed in
Table 1.

Table 1. Traits scored for the multivariate analysfes37 specimens &olidagosubsectTriplinerviae

Abbreviation

Description of trait scored

STEMHT Stem height measured from the stem base {ortip

LLFLN Lower leaf length measured frdme teaf base to tip (mm)
LLFWD Lower leaf width measured at Widest point (mm)
LLFWTOE Lower leaf measured from the widest point to the end)(mm
LLFSER Lower leaf dentation-number of serrations of lowef lea
MLFLN Mid leaf length measured from thaflbase to tip (mm)
MLFWD Mid leaf width measured at the vgidpoint (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 traf base to tip (mm)
ULFWD Upper leaf width measured at theest point (mm)
ULFWTOE Upper leaf measured from thdest 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)

CAPLBRLN Length of longest lower inflorescence brarscfmm)
INVOLHT Involucre height at anthesis (mm)

OPHYLL Outer phyllary length (mm)

IPHYLL Inner phyllary length (mm)

IPHYLLW Inner phyllary width (mm)

RAYNUM Number of ray florets per head

RSTRAPLN Ray strap length top of the corolla tubéhittp of the strap (mm)
RSTRAPWD Ray strap width measured at the widest paint)(

RACHLN Ray floret ovary/fruit body length at anthesisng)

RPAPLN Ray floret pappus length at anthesis (mm)

DCORLN Disc floret corolla length from the base fodi the corolla lobes (mm)
DLOBLN Disc floret corolla lobe length lobe (mm)

DACHLN Disc floret ovary/fruit body length at anthegémm)

DPAPLN Disc floret pappus length at anthesis (mm)

DACHPUB Number of hairs on disc floret ovary/fruit body

Four species analysis

The Pearson correlation matrix yielded r > |0.7| for ority stem leaf length and upper stem leaf

length; the former was not included in the analysis. Midtmits and upper leaf width and serrations
were included in the analysis. Ray floret ovary/fhatly traits were not included.
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In the STEPWISE discriminant analysis of 1§Yecimens of four species level a priori groups
(Solidago altissimasS. juliag S. pringlej andS. veracruzen)s the followingseven traits were selected
and are listed in order of decreasing F-to-remove values:stem leaf width (15.98), number of ray
florets (14.79), inner phyllary length (13.36), disc corollaeldength (13.28), involucre height (6.55),
disc corolla length (6.45), and ray floret lamina len@i®b1). Wilks'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. The F-rnfdrithe discriminant analysis is presented in
Table 2. F-values based on Mahalanobis distances of the betweep geatroids indicated the largest
separation was betwe&h altissimaandS. pringlei(18.654); the smallest separations were betv&en
juliae andS. veracruzensi@t.043) and betweé®. juliaeandS. pringlei(4.730).

Table 2. Between groups F-matrix for the four a pigooups in a STEPWISE analysis (df =16 118).

Group altissma juliae pringlei
juliae 7.088

pringlei 18.654 4.730

veracruzensis 5.383 4.043 7.392

Wilks' lambda = 0.1191 df=16 3 133; Approx. F=7.6896 48 351 prob = 0.0000

In the Classificatory Discriminant Analysis of 137 spsns of the four species level a priori
groups Bolidago altissimaS. juliae S. pringlej andS. veracruzen)s percents of correct a posterori
assignment to the same a priori group ranged from 84-100%.CIl&ssification matrix and Jackknife
classification matrix are presented in Table 3. Reswéigpeesented in order of decreasing percents of
correct placement.Twelve of 12 specimens of ti& pringleia priori group(100%) were assigned a
posteriori to theS. pringleigroup; 11 specimens with 93-100% probability and 1 specimen with 52%
probability (40% toS. juliae Mueller 2062GH from Nuevo Leoén, this is the isotype $f muelleri
Standley a synonym db. pringle). Twelve of 12 specimens of tH& veracruzensia priori group
(100%) were assigned a posteriori to $1everacruzensigroup; 8 specimens with 92-100% probability
(including the holotype and isotype of the species), 2 sms with 84% and 82% probabilities, and 2
specimens with 75-76% probability. Ten of the 11 specimenS. gtiliae (91%) were assigned a
posteriori to theS. juliaegroup: 7 specimens with 93-100% probability, 2 specimens with 8698@4d
probability, and 1 specimen with 60% probability (32%5tqringle). One specimen of ti& juliaea
priori group was assigned a posterioriioveracruzensiwith 46% probability (29% t&. altissimaand
25% toS. juliag Nesom & Nesom 721BRIT from Blanco Co., Texas). 86 of 102 specimens.of
altissimaa priori group (84%) were assigned a posteriori tdSthaltissimagroup: 65 specimens with 90-
100% probability, 10 specimens with 82-89% probability, 3 specimeatis 73-79% probability, 2
specimens with 66% probability, and 3 specimens with 57% prolyabii@% to S. veracruzensis
Canning s.nUBC from Penticton, British Columbia, vagilvocanescens 56% probability (44% t.
veracruzensisMorton NA18776bTRT from Wilmington, North Carolina, vapluricephalg, and 53%
probability (46% toS. juliae Semple & B. Semple 668JAT from Walworth Co., South Dakota, var.
gilvocanescer)s Sixteen specimens of tl$e altissimaa priori group were assigned a posteriori to other
species; 13 t&. veracruzensisith 52-94% probability (10 specimens were valuricephala 2 were
var. altissimg and 1 was vamgilvocanescens 2 toS. juliaewith 99% and 84% probability, and 1 $
pringlei with 36% probability (35% t&. juliaeand 28% toS. altissimq The single specimen &.
macvaughiionly included a posteriori was assignedbtoreracruzensiwith 93% probability.

Two dimensional plots of CAN1 versus CAN3 and CANL1 versus CAddeical scores for 137
specimens ofSolidago altissima$S. juliag S. mcvaughii(included a posteriori)S. pringlej and S.
veracruzensisire presented in Fig. 1. Eigenvalues on the first tixes were 2.565, 0.445, and 0.215.
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Table 3. Linear and jackknife classification matricesnfriie Classificatory Discriminant Analysis of four aoprr

groups; a posteriori placements to groups in rows.

Group altissma juliae  pringle veracruzensis % correct
altissma 86 2 1 13 84
juliae 0 10 0 1 91
pringlei 0 0 12 0 100
veracruzensis 0 0 0 12 100
Totals 86 12 13 26 88
Jackknifed classification matrix
Group altissma juliae  pringle veracruzensis % correct
altissma 85 2 3 12 83
juliae 0 9 1 1 82
pringlei 0 1 11 0 92
veracruzensis 0 0 0 12 100
Totals
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Solidago altissima—S. veracruzensis analysis

The Pearson correlation matrix yielded r > |0.7| fortriessf traits and only upper leaf length,
width and number of serrations were included. Involucre heigth inner phyllary length were correlated
and only the former was included. Also, ray floret ovaayts were not included.

In the STEPWISE discriminant analysis of 14pecimens of four a priori groupSdlidago
altissima var. altissima, S. altissimavar. gilvocanescens, S. altissimear. pluricephla and S.
veracruzeniy the followingfive traits were selected and are listed in ordededreasing F-to-remove
values: involucre height (22.77), disc corolla length (9.49)floxgt lamina width (7.87), outer phyllary
length (5.74), and disc corolla lobe length (4.46). Wilkasibda, Pillai's trace, and Lawley-Hotelling
trace tests of the null hypothesis that all groups weeesamples of one group had probabilities of p =
0.000 that the null hypothesis was true. The F-matrix fodigeriminant analysis is presented in Table
4. F-values based on Mahalanobis distances of the between gemigwids indicated the largest
separations were betwe8naltissima var. gilvocanesceasdS. altissima var. pluricephalg21.207) and
S. altissima var. gilvocanesceasad S. veracruzensi§l8.648); the smallest separation was betwgen
altissima var. altissimandS. altissima var. pluricephalg.408).

Table 4. Between groups F-matrix for the four a pgooups in a STEPWISE analysis (df =5 108).

Group altissma gilvocanescens pluricephala
gilvocanescens 14.944

pluricephala 3.408 21.207

veracruzensis 12.537 18.648 12.490

Wilks' lambda = 0.2533 df=5 3 112; Approx. F=12.8di{% 15 298 prob = 0.0000

In the Classificatory Discriminant Analysis of 116 spaens of the four taxa a priori groups
(Solidago altissimavar. altissima, S. altissimaar. gilvocanescens, S. altissimar. pluricephla andS.
veracruzensis percents of correct a posterori assignment to the sapr@ri group ranged from 52-
100%. The Classification matrix and Jackknife classificatnatrix are presented in Table 5. Results are
presented in order of decreasing percents of correcemplent. Thirteen of 13 specimens of ti&
veracruzensis priori group(100%) were assigned a posteriori to $heveracruzensigroup; 5 specimens
with 98-100% probability, 3 specimens with 83-87% probability, 1 speciwith 74% probability, 2
specimens with 62-63% probability, 1 specimen with 53% probali#@9o(to var.gilvocanescensl6%
to var. altisssima,and 11% to varpluricephala Solano & Vara 378TEX from Etla, Oaxaca), and 1
specimen with 33% probability (33% to vapluricephalg 27% to var.altissimg and 6% to var.
gilvocanescensventura 1065ITEX from Mpio. Xalapa, Veracruz)Twenty-eight of the 32 specimens
of the S. altissimavar. gilvocanescens priori group (88%) were placed a posteriori into the var.
gilvocanescengroup: 12 specimens with 90-100% probability, 4 specimens with 80-85% probabilit
specimens with 73-79% probability, 3 specimens with 66-69% probabllitgpecimen with 57%
probability (24% to varaltissima 13% to varpluricephala and 6% tdS. veracruzensisvorton & Venn
NA15967TRT from Scott Co., Kansas)four specimens of th®. altissimavar. gilvocanescensa priori
group were placed a posteriori in other taxa: 1 specim&nveracruzensiwith 76% probability (13% to
var. altissimaand 10% to vargilvocanescensCanning s.nUBC from Penticton, British Columbia), 1
specimen to varpluricephala with 57% probability (43% to vargilvocanescensMorton & Venn
NA15994 TRT from Lancaster Co., Nebraska), and two specimenwat. altissima with 51%
probabability (37% to var. gilvocanescens and 13% toplaricephalg Morton & Venn NA1630&om
Canadian Co., Oklahoma) and 50% probability (35% to plocanescensand 13% to var.
pluricephalg Semple 668%VAT from Eddy Co., North Dakota)Twenty-four or the 38 specimens of the
S. altissimavar. pluricephalaa priori group (63%) were placed a posteriori into the pluricephala
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group: 2 specimens with 82% and 85% probabilities, 7 specimens@479% probability, 7 specimens
with 60-68% probability, 6 specimens with 53-59% probability, angetisnens with 44% probability
(38% toS. veracruzensiand 17% to varaltissimg Anon. s.nPERTH from Perth Station, Australia) and
38% probability (34% vargilvocanescenand 25% varaltissimg Morton & Venn NA16455RT from
Hancock Co., Mississippi). Fourteen specimensSofltissimavar. pluricephalaa priori group were
placed a posteriori in other taxa: 9 specimens to atissimawith 66% probability (33% to var.
pluricephalg Morton NA18778TRT from Jones Co., North Caroling1% probability (33% to var.
gilvocanescensSemple & Chmiewlski 629K% AT from Marshall Co., Alabama), 55% probability (38%
to var.pluricephalg Morton & Venn NA16473 RT from Butler Co., Alabama), 54% probability (46% to
var. pluricephalg Morton & Venn NA1647154RT from Escambia Co., Alabama&1% probability
(46% to var.pluricephalg Morton & Venn NA16570RT from Sussex Co., Virginia), 50% probability
(41% to var.pluricephalaand 7% toS. veracruzensig-orster PIF13192K from Ipswich, Queensland,
Australia),43% probability(40% to var. pluricephala and 17% to wgitvocanescensSemple 388WAT
from Okaloosa Co., Florida39% probability(29% to var gilvocanescenand 26% to vampluricephala
Johnston 12809 EX from S of Brownsville, Texasgnd 38% probability (35% to vagilvocanescens
and 26% to varpluricephalg Cook et al.C-645 WAT); 3 specimens t8. veracruzensisvith 85%
probability (10% to varpluricephalg Nesom et al. 7848/AT from Natchitoches Par., Louisian&$}%
probability (21% to var.altissima 17% to var.gilvocanescensand 8% to varpluricephalg Morton
NA18776bTRT from Wilmington, North Carolinajand 37% probability (37% to vapluricephalaand
25% to var.altissimg Semple & Suripto 1006WAT from Grimes Co., Texas)and 1 to var.
gilvocanescenwith 59% probability33% to var.altissimaand 8% to varpluricephalg Morton & Venn
NA16395TRT from San Patricio Co., Texaspbeventeen or the 33 specimens of $haltissimavar.
altissimaa priori group (52%) were placed a posteriori into the aHissimagroup: 1 specimen 81%
probability, 4 specimens with 70-79% probability, 3 specimenh &4t-68% probability, 3 specimens
each with 50% probability (49% probability to valuricephalg Semple & Heard 830TWWAT from
Boone Co., Arkansas; tetraploid=86 /39% to var. pluricephala and 11% to S. veracruzenisilaide,
South AustralialJesugi SAUTho voucher, live collection / arZ8% to var. pluricephala and 22% to var.
gilvocanescensMorton & Venn NA15993TRT from York Co., Nebraska)Sixteen specimens @&.
altissima var. altissima a priori group were placed a posteriori into other teéXaspecimens td.
veracruzensisvith 76% probability (10% to vaaltissimaand 9% to varpluricephalg Morton & Venn
NA8550WAT from N of Tobermory, Ontario) and 41% probability (3&886var.altissimaand 18% to
var. pluricephalg Morton & Venn NA1614ZRT from Randolph Co., West Virginia); 3 specimens to
var. gilvocanescenwith 87% probability (10% to vaaltissimg Morton & VennNA17660 TRT from S
of Pinkham Notch, New Hampshire), 66% probability (17% to \altissima and 11% toS.
veracruzensisSemple & Chmielewski 52%YAT from Johnson Co., Kansas), and 46% probability (31%
to var. altissimaand 17% toS. veracruzensisSemple 2908NVAT from Kent Co., Ontario); and 11
specimens to vapluricephalawith 72% probability (27% to vamltissimg Cook & Tereszchuk C-339
WAT from Monroe Co., West Virginia), 67% probability (28% tarvaltissimg Morton NA18724TRT
from Effingham Co., lllinois), 59% probability (39% to vaaltissimg Semple & Heard 8285A WAT
from Yell Co., Arkansas), 57% probability (42% to valtissimg Morton & Venn NA1599@ RT from
transplant from Pottawattamie Co., lowa), 53% probab#i64 to varaltissimg Cook & Tereszchuk C-
211 WAT from Garland Co., Arkansas), 53% probability (44%ao. altissima Semple & Suripto 9737
WAT from Pitt Co., North Carolina), 53% probability (23%r vgilvocanescenand 22% varaltissima
Semple & Brammall 279WAT from Bruce Co., Ontario), 48% probability (48% to vatltissimg
Morton & Venn NA17643 RT from Portland, Maine), 46% probability (38% to valtissimaand 17%
var. gilvocanescensSemple 10872WAT from Putnam Co., Georgia), 45% probability (36% to var.
altissimaand 16% tdS. veracruzensidMorton & Venn NA15993 RT from York Co., Nebraska), and
42% probability (34% to vamltissimaand 23% vargilvocanescensSemple & Heard 8284 WAT from
Scott Co., Arkansas, tetraploid 2 36).
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Two dimensional plots of CAN1 versus CAN3 and CAN1 versus CAdtfidical scores for 116
specimens ofSolidago altissimavar. altissima S. altissimavar. gilvocanescensS. altissimavar.
pluricephalg andS. veracruzensiare presented in Fig. 2. Eigenvalues on the firsethxes were 1.121,
0.641, and 0.134. The placements of the holotype and isotypevefacruzensiare indicated in Fig. 2.

Table 5. Linear and jackknife classification matricesnfriie Classificatory Discriminant Analysis of four aoprr
groups; a posteriori placements to groups in rows.

Group altissma gilvocanescens pluricephala veracruzensis % correct
altissma 17 3 11 2 52
gilvocanescens 2 28 1 1 88
pluricephala 9 1 24 4 63
veracruzensis 0 0 0 13 100

Totals 28 32 36 20 71

Jackknifed classification matrix

Group altissma gilvocanescens pluricephala veracruzensis % correct
altissima 14 3 14 2 42
gilvocanescens 3 26 2 1 81
pluricephala 10 1 23 4 61
veracruzensis 0 0 1 12 92

Totals 27 30 40 19 65

The results indicate that the specimens from Veracmistatistically distinct from other species
in Mexico and fronSolidago altissimanative to Canada and the USA and introduced into othatidos
around the globe. In both multivariate analyses, 100%he®. veracruzensispecimens were placed a
posteriori into that group with generally high probabilityy the four species analysis, specimens of
pringlei were most distantly separated from specimens of the ibitegr species, particular$y. altissima
The least separation occurred between the group centbiisjuliaeandS. pringleiand between the
group centroids db. juliaeandS. veracruzensisThirteen specimens &. altissimavere more similar to
S. veracruzensithan to other species. In contrast, in $ealtissimavarietiess.veracruzensianalysis
only 7 specimens d. altissimavas more similar t&. veracruzensithan to any of the three varieties of
S. altissima Thus, traits useful in separatir$y pringlei and S. juliae from S. altissimaand S.
veracruzensisreated a greater chance of specimer$s. aftissimebeing assigned t8. veracruzensisA
sample size of only 1 meaf macvaughicould not be included in the species level analysis as a
separate a priori group. In the a posteriori classdigaanalysis, the single specimenSfmacvaughii
(McVaugh 23663VICH; holotype of species) had a 93% probability of beingh@&S. veracruzensis
group. Semple (2018) noted that macvaughihad traits typical of the informdlortifoliae Group of
subsectTriplinerviaeincluding persistent twisted wilted and pendent lower déawves, although Nesom
(1989) had originally placed it ne&r velutinain subsectNemorale{Mackenzie) Nesom. Specimens of
S. altissimado not have such persistent senesced lower stem lé&emgslimited data on lower stem
leaves was obtained from the collectionSoferacruzensisxamined and they are discussed below.

Based on the results of the multivariate analyses, tbader phyllaries that are sometimes
multveined, and the allopatric distribution of tBelidago altissimdike specimens from Veracruz, a new
species of goldenrod endemic to eastern Mexico is proposed.
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SOLIDAGO VERACRUZENSIS Semple,sp. nov. TYPE: MEXICO . Veracruz. Mpio. Jilotepec: El
Esquilon, 7 Oct 1971F. Ventura A4382 (holotype: MEXU 835466; isotype: TEX). Figures 3-
5.

Solidago veracruzensis similar toS. altissimavar. pluricephalafrom Texas but differs in having
upper stem leaves with some serrations, phyllaries thaslayetly broader and longer and sometimes
multiveined, and in often having small thyrsiform inflores@nwith very short lower branches.

Plants 80-106-150 cm, rhizomatousStems erect, proximally densely short villous-strigose
canescent, sometimes becoming glabrate with age due tlodmidistally densely short villous-strigose
canescentLeaves basal rosette not observed; lower stem leaves werebaetved with two exceptions
discussed below; mid stem leaves sessile, blades oblaecesfias2-115 x 741-17 mm, tapering to
sessile base, apices acute, sparsely to moderately $tigoses on adaxial surface, moderately short
villous on abaxially surface, moderately to densely so oromrmagins, margins inrolled with 5-11
serrations, 0.5-1.5 mm long, ciliate; upper stem leaveslesebtades narrowly lanceolate to linear
lanceolate, 1942-65 x 3-6.2-12 mm, much reduced distally, vestiture like mid stem leavesgins
with 0-3.4-9 small serrationsHeads 40-150+, in narrow thyrsiform or apically secund conicahysr
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(Fig. 4) 820-31 cm tall x 2—4.3-14.5 cm wide, branches 1-14 cm, usually divergiagdasg-arching,
heads secund on longest branches of large arrays, binets, lanceolatePeduncles0.2—10 mm,
moderately short villoso-hirtellous; bracteoles few, lineaceolatelnvolucres likely cylindrical when
fresh, but spreading distally when pressed, 8-5-mm. Phyllaries in 3—4 series, broadly to narrowly
lanceolate, unequal (outer 1/4 — 1/3 length of inner), margime ¢o slightly fimbriate distally, sparsely
ciliate, apices acute, fimbriate, often with minut@isiite glands; central vein thicker proximally, rarely
multi-veined. Ray florets 7-10.5-15; laminae yellow 1.3-6-2 x 0.39.4-0.8 mm; ovary 0.53-7-1.1
mm at anthesis, moderately strigillose, pap@-3-7/ mm at anthesis, longest not clavate, others narrow,
tapering. Disc florets yellow, 3-6-8; corollas 33.7-4.2 mm, lobes 0.7®-9-1.13 mm; ovary (narrowly
obconic) 0.79.8-0.9 mm at anthesis, moderately strigillose; pappi 234 mm, longest not clavate.
Mature cypselae: fruit body 1-1.5 mm, pappi ca. 2—-3.5 mm, veryardr@ very short outer bristles.
Chromosome number unknown. (Means ibold face).

Dark sandy soil, red-clay soil, limestone hillside imutcin canyon, disturbed oak vegetation,
along road cuts in pine forest, grassy roadsides and pmstareut-over fields along ridge, and in
relatively undisturbed grassland remnants. Elevationgerfiom 650-2050 m (2130-6725 ft), averaging
1286 m. Solidago veracruzensgrows at generally higher elevations ti®&naltissimavar. pluricephala
in southern Texas and in mountainous areas versus flatamatgtal plain habitats.

Only a few specimens &olidago veracruzensizad lower stem leaveBressler 230(MEXU)
from southern Tamaulipas had just one senesced proximal lowerlea¢ that was pendent, slightly
twisted proximally, serrate, and incomplete measuringd8anm x ca. 6 mm wide (Fig 7A). The mid
stem leaves obressler 2309MEXU) were similar to those of the type specimensofieracruzensis
Arriga C. 36 (MEXU) from Miahuatlan, Veracruz had several distal lIowtem leaves with damaged
apices that were 117 mm x 11.5 mm and ca 104 mm x 13 mm andiwédeg to the large lower mid
stem leaves observed on the specimé&fibrans 7085(MEXU:1128470) had some upper lower stem
leaves; only one was senesced, not twisted, and it wasdisg and damaged. All other collectionsSof
veracruzensieither lacked lower stems or had lower stems without lawgr stem leaves attached.
Lower stem leaves similar to the senescent, twisted andemt brown to black lower stem leaves
observed on some specimens Qif juliag S. macvaughjiand S. pringlei and other species of the
Tortifoliae group were not observed on any collectionsSSofveracruzensis Specimens 08. altissima
lack twisted lower leaves.

The mid and upper stem leaves $f veracruzensigenerally had moderately inrolled leaf
margins with some specimens more pronouncedly so. lkedr@af margins occur in all species of S.
subsectTriplinerviae varying from subtlety so (e.dS. canadensis, S. gigantdd., S. gypsophilaandS.
juliae) to obviously so other taxa (e.&, altissimavar. pluricephalaandS. chilensis Inrolled margins
vary from subtle to pronounced in some species (8.gpringlej S. lepidaDC., andS. tortifolia Ell.).
Slightly inrolled leaf margins also occur on many specisnofS. subsectVenosagG. Don in Loudon)
Nesom, some specimens $fsubsectNemoralesandS. subsectSolidago,rarely inS. subsectHumiles
(Rydb.) Semple, and very rarely $ subsectSquarrosaeA. Gray andS. sect. Ptarmicoidei (House)
Semple & Gandhi. Thus, inrolled leaf margins is not diagndst any one species or group or species,
but is occurs in highest frequencySnsubsectTriplinerviae

Only two collections ofSolidago veracruzensisad broad phyllaries with multiple veins (Fig.
6G), Solano & Vara 37§ TEX) Mpio. San Juan Guelache Etla, Oaxaca, whidigsificantly disjunct
from the main body of the species’s distribution in cerifadacruz andltis et al. 860 (TEX) from
Acajete, Mpio Xalapa, Veracruz in the center of the dhstion of the species. Multi-veined phyllaries
occur rarely in species of thertifoliae Group of subsecilriplinerviae S. juliag S. leavenworthjiand
S. pringleiin Mexico or the southern USA a&l chilensisandS. microglossanative to South America.
Multi-veined phyllaries have not been observed in the generatlpw phyllaries o8. altissima Multi-
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Figure 3. Holotype ddolidago veracrzensSempIef\/entura 4383MEXU).
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_ P - ' &9 2 £ 5t
Figure 4. Details of the morphology of the holotyp&ofidago veracruzensi¥entura 4382 (MEXU).A-C.
Lower, mid, and upper stemd. Mid stem leaf. E-F. Mid stem leaf adaxial and abaxial surfaces-H.
Upper stem leaf and abaxial midvein.Heads. J. Phyllaries. Scale bars = 1 mm in A-C, E-F, H-I; =1 cmin
D and G.
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ISOTYPE: Solidago veracruzensis Semple,

Phytoneuron 2018- . . TYPE: MEXICO. Veracruz:
UNIVERSITY OF Mpio. Jilotepec, El Esquilén, matorral en cafiada,
1230 m, 7 Oct 1971, F. Ventura A. 4382 (Holotype:
MEXU:835466; Isotype: TEX).

John C. Semple, WAT 27 Jun 2018
University of Waterloo
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Figure 5. Isotype &olidago veracruzensBempleVentura 4383 TEX).
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orphology non-type 8blidago veracruzensisA. Lower mid stem leafyentura

9132 (TEX). B. Mid stem leaf, abaxial surfacéycosta & Dorantes 531TEX). C. Elongated narrow
inflorescence Boege 2051(MEXU). D-F. Small inflorescencesRzedowski 1215{TEX), Ventura 9132
(TEX), andGarcia et al. 188§TEX). G. Broad multi-veined phyllarie§olano & Vara 37§TEX). H. Disc

floret, post anthesig\costa & Dorantes 53{TEX). Scale bars =1 mm in G-H; =1 cmin A-F.
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i W
Figure 7. Lower stem leaves 8blidago veracruzensié. Wilted proximal lower stem leaDressler 2309
(MEXU). B. Distal lower stem leavegrriga C. 36(MEXU). Scale bars =1 cm.

veined phyllaries also occur rarely to frequently in odcies of other subsectionsSalidagoand thus
the feature is not diagnostic for any one group of goldenrods.

Inflorescence size and shape varies from small clupezshéorms (Figs. 6D-F) to large secund
conical forms with long lower branches (Fig. 5) and eloryaterow forms with short lower branches
(Fig. 6C). About half of the specimens examined had smatiidsize inflorescences with club or narrow
second conical inflorescences. This might be a samplisgdvaring shoots that fit on herbarium sheets.
The isotype from TEX has the largest inflorescence @bderwhile the holotype has one of smaller
second conical ones observed with short lower inflorescenoeh@s.

The distribution ofSolidago veracruzensi® eastern Mexico is shown in Fig. 8 along with the
distributions ofS. durangensjsS. gypsophilaS. juliae S. macvaughiandS. pringlei With one northern
disjunct exception in Tamaulipas and one disjunct collectiooi central Oaxaca, all collections
included in theS. veracruzensisame from central Veracruz. The range of all spewmiesallopatric, with
those ofS. durangensjsS. gypsophilaandS. macvaughibeing very restricted. This is in contrast to the
distributions ofS. wrightii A. Gray of subsectlhyrsifloraein the western cordillera (Semple et al. 2017,
Fig. 13) andS. velutinaDC. of subsectNemoralesn the eastern cordillera (Semple et al. 2018, Fig. 24).
The extensive ranges of distribution of the varietiesSofaltissimaare illustrated by Semple (2018
frequently updated). The range $f juliae extends slightly further north in Texas. Only two of the
collections ofS. juliaeillustrated at the UNAM website were thought to bet thgecies. The single
collection from CoahuilaMarsh 922(MEXU:56696), includes just an upper portion of the stem with
inflorescence and appears to Be juliae The single collection from Chihuahu&ringle 1116
(MEXU:T33225), is treated here &saff. juliae because the leaves are more broadly lanceolate than seen
in the Texas collections of the species. The collectias annotated asS* julia€ by G.L. Nesom in
1990 and by J.L. Villasefior in 2003 and originally identifisd®. canadensigar.canescerisby Pringle
in the 1880s, which is a synonym $f juliae. This may just be isolated marginal population divergence;
further study is needed. A second collection from ChihuaRwanquist 10228(MEXU 146256)
annotated asSolidago juliaé by G.L. Nesom in 1990 is here treated &svelutinaDC based on its
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lowest stem leaves being the largest on the stem. Setrglle(2018) noted that some collectionsSof
velutinacould be misidentified to species of subs&ciplinerviae particularly if the lower stem leaves
were absent.

Solidago veracruzensis likely closely related t&. pringleiFern.,S. durangensjsS. gypsophila
andS. macvaughiof Mexico based on similar involucre and floral traifdl five species may be derived
from a common ancestor via vicariant biogeographic eventdirgplthe ancestral taxon into disjunct
populations and habitatsSolidago veracruzensis also likely closely related 8. altissimeaof the USA
and Canada based on general similarities in leaf feasueh as the general lack of persistent, dark,
twisted lower stem leaves. A polygenomic multi-loci molecsudy of all taxa is needed to really
determine relationships among specieS.isubsectTriplinerviae

Additional collections of S. veracruzensis seen. MEXICO . Tamaulipas. Mpio. Aldama: Sierra de
Tamaulipas: region of Rancho Las Yucas, ca. 40 km NNW démh, 9 Oct 195Robert L. Dressle309
(MEXU 48751, digital image) Veracruz. Mpio. Banderilla: Banderilla, 12 Oct 1978¢osta & Dorante$37
(TEX). Mpio. Calcahualco: 11 km al N de Coscomatepec, ptertaceria a Escola, 30 Sep 1984rcia,
Koch, Gonzalez, & Hernandd885 (MEXU 484202). Mpio. Coacoatzintla: Entrada al RanchoPladma,
carretera Jilotepec-Coacoatzintla, 2 Nov 1998ama M.J.1227 (MEXU 260258, digital image). Mpio.
Juchique de Ferrer: alrededores de Juchique camino Jaghi@de las Hayas, 28 Apr 197§ onte et alC-
240 (TEX). Mpio. Miahuatlan: Miahuatlan, 15 Nov 1978riga C. 36 (MEXU 564021, digital image);
Naolinco, camino a Miahuatlan, 7 Nov 1984entura A.19079 (MEXU 338837); above the Cascades at
Noalinco, 10 Nov 1983Turner & Tapial5473(TEX). Mpio. Orizaba: NW of Orizaba, Cerro del Borrego, 14
Dec 1959Rzedowski2151(TEX). Mpio. Tequila: S of Rizaba along road to Zongolica, 5.0 mi Neofuila,

9 Oct 1984 Sundberg & LavirB074 (TEX). Mpio. Xalapa: vicinity of Acajete, ca 15 km NW afd above
Xalapa on road to Perote, 8 Oct 1905, Castillo C., & Lasseign860(TEX, MEXU 835466); Casa Blanca,
28 Oct 1976 Ventural3474(MEXU, TEX); Jardin Botanico Clavijero, 25 Apr 1978rtega & CalzadaD-
789 (TEX); Cerro Macuiltepetl Ladera W, 15 Nov 197arcia & Palma80 (MEXU 352141); Colonia
Azteca, 9 Apr 1974Yentura A9864(TEX); 9 km al E del Castillo, 20 Oct 19Morantes400 (TEX, MEXU
219617); near Jalapa, 6 Jul 19@88ingle 15605 (LL); Jalapa, 4 Feb 1894mith1603 (TEX); Marties de
Chicago, 16 Oct 1974/entural0651(TEX, MEXU); camino al Sumidero, 22 Sep 19Z6)a B.761 (MEXU
259921); Cd. Xalapa, 8 Sep 19R&Entura A.2310(MEXU 350141, TEX); Rancho Guadalupe, 3 km W de
Jalapa carretera vieja Jalapa-Coatepec, 8 Sep Moy et al.33 (MEXU 260258); en las afueras de la
ciudad (entre rancherias), hacia el sur, 14 Dec 2006ans7085(MEXU 1128470); Rancho Guadalupe 3 km
W de Jalapa carretera vieja Jalapa Coatepec, 20 Aug CalZada & colaboradore4888(MEXU 213054,
digital image); W of turn off to Lago Farfan, along road to Juchiquep&8e1,Bye 2826IZMEXU 1012466,
digital image); Jalapa-Consolapan, 1 Sep 180Ege2051(MEXU 194191).

A summary of descriptive statistics on morphological drassed on all raw values in the data
matrix used in the multivariate analysisSlidago altissimaS. juliae S. pringlej andS. veracruzensis
is presented in Table 6. Disc floret ovary/fruit body measents were for florets at flowering; mature
cypselae have larger values.

Key to Solidago veracruzensis and related species

1. Inner phyllaries averaging (0.5-)0.6—0.8-(10) mm wide.

2. Smaller veins of leaf under surfaces not raised, spaseloderately hairy; central Veracruz,
southern Tamaulipas, introduced in central Oaxaca..cccc........cccevuvieveennnnnn.. S. veracruzensis
2. Smaller veins of leaves under surfaces raised, demsiefy Coahuila ................ S. gypsophila

1. Inner phyllaries averaging 0.4—0.6 mm wide.

3. Inflorescences broadly secund conical and somewhat bdoym; Durango .....S. durangensis
3. Inflorescences secund conical to narrowly second conigiatorymbiform.
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4. Stems and leaves densely short villous-canescenttenideaves narrowly lanceolate; Texas,
northern Coahuila, ChihUahUA............oueiiniii e S. juliae

4. Stems and leaves sparsely to moderately villous-canescemntre densely so on Great Plains in
the US.

5. 213.5(25) florets per head; leaves lanceolate to broadly lartecttaver stem leaves not
persisting, or if present than not twisted and pende®t; . U.........c......ceeieee S. altissima

5. 1020-33 florets per head; leaves narrowly lanceolate; lowen &aves if present, twisted,
pendent, senescent, achlorophyllous; Mexico.

6. Mid stem leaves linear-lanceolate, serrations usfeadly Coahuila, Nuevo Ledrs. pringlei
6. Mid stem leaves oblanceolate, serrations numerausagealientes .......... S. macvaughii

S. aff. juliae
®

S. gypsophila

\Q

S. pringlei

S. durangensis = o
g e
S. macvaughii
AY,
Tortifoliae Group 97° W l

Solidago subsect. Triplinerviae in Mexico

(o]

[

Figure 8. Distribution of species of thertifoliae Group ofSolidagosubsectTriplinerviae in Mexico. See
text for comments on the. aff. juliae collection from Chihuahua.
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Table 6. Descriptive statistics on raw data on mdaq@ical traits of specimens used in the multivaretalysesS.
durangensis, S. gypsophil8. juliag S. macvaughiiS. pringlej andS. veracruzensisnin-mean-max. The lowest
stem leaves are also generally absent by flowering.

Trait S. altissma S. juliae S. pringlei S. veracruzensis
STEMHT cm 33-87-200 6095-180 3249-70 7399-150
LLFLN mm 30-82.8-158 74408-127 38-67.4-110 103410-117
LLFWD mm 5-13.5-35 5.541-15 4.75.8-8.5 11.542.3-13
LLFWTOE mm 16-40.7-80 17-41.4-60 1527-55 40-42.5-45
LLFSER 0-7-22 912-18 0-4.5-15 56.5-8
MLFLN mm 33-69.3-133 27-49.7-88 14-34.1-102 55%3.3-115
MLFWD mm * 5-11.5-30 47.2-17 39.5-30 7.240.6-17
MLFWTOE mm 14-36.2-70 9-23-35 1227-45 20-32.2-50
MLFSER 0-6-17 0-3.1-14 04.7-14 15.6-11
ULFLN mm 17-45.7-102 1229.6-80 16-41.4-86 19-43-65
ULFWD mm 2-8.0-10 2.54.6-9 1.54.1-10 36.1-12
ULFWTOE mm 6-24.8-60 6-14.1-28 1049.8-40 1049.7-33
ULFSER 0-3-11 0-0.8-6 0-2.1-11 0-3.6-10
CAPL cm 5-18.2-38 1121.737 3.58.9-145 5.542.8-24
CAPW cm 1.5411.8-35 5.58.3-11 2-4.5-10 27.8-19
INVOLHT mm * 2-3.3-4.8 2.63.4-4.1 33.54.5 3.14.055.1
OPHYLN mm 0.5-1.15-2.3 0.84.3-2 0.94.4-2 14.3-2
IPHYLN mm * 2-2.6-4.5 2.3.2.8-35 2.63.4-4.3 33.9-5
IPHYLW mm 0.4-0.5-0.6 0.40.55-0.7 0.40.6-0.8 0.60.8-1
RAYNUM 1-9.1-21 6-10.4-18 742.6-20 740.7#15
RLAMLN mm * 0.9-1.3-2.8 0.74.26-1.8 1.44.8-29 1.34.7-2.3
RLAMWD mm 0.1-0.3-0.7 0.16.34-0.6 0.20.5-1 0.3-0.45-0.8
DISCNUM * 1-4.5-13 25.89 3-8.5-13 35.7-8
DCORLN mm * 2.5-3.6-6 2.53.24 2.93.34.1 33.74.2
DLOBLN mm * 0.3-0.8-1.1 0.54.1-2 0.74.0-1.4 0.50.86-1.1
DACHLN mm 0.3-0.7-1 0.50.8-1.3 0.60.8-1.2 0.70.8-1
at anthesis
DPAPLN mm 1.5-3.0-3.5 22.7-4 2.12.7-3.6 2.63.2-4
at anthesis

* Traits selected by the STEPWISE analysis as useful imegéggaa priori groups
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