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ABSTRACT
A lectotype is designated f&volidago chapmaniiChapman s.n.GH). The species is compared
with S. drummondji S. fistulosa S. odora and S. rugosausing multivariate morphometric methods.
Solidago chapmanis found to be statistically distinct from its two rhegmilar relatives in selOdorae
and more distinct compared with the species inNdemosaeand serDrummondiana

Solidago chapmanilorr. & A. Gray is a goldenrod species native to Parla Florida. It is
a member oBolidagosubsectVenosadG. Don in Loudon) Nesorand was treated & odoraAit.
subsp.chapmanii(Torr. & Gray) Semple in the Flora of North Ameri€@emple & Cook 2006).
Small (1903) separate8. chapmaniiFigs. 1-2) fromS.odora(Fig. 3) by the latter having stem
pubescence in lines and leaf blades that were 67 times |dwagewide versus the former having
more evenly distributed stem pubescence and leaf bladesvénat2-5 times as long as wide.
Cronquist (1980) treated the speciesSasodoravar. chapmanii(Torr. & A. Gray) Crong. and
distinguished it from the typical vaodora on the basis of stem pubescence traits and leaf shape.
Solidago odorahas stems with hairs confined to decurrent lines rundovgn from the upper leaf
bases and it has leaves that are (4-)5-11 times as long adesiis are strongly anise-scented
when crushed. In contras$. chapmaniihas stems that are evenly pubescent with sometimes a
glabrous to glabrate zone below the leaf bases; leaves math&ekise-scent when crushed or be
only faintly scented.

Semple and Cook (2006) plac&wlidago odorawith subsp.chapmaniiinto ser.Odorae
(Mackenzie) Semple of subsecdfenosae Semple (2015, continuously updated) included
chapmanii,S. odora andS. fistulosaAit. (Fig. 4) in ser.Odorae SeriesVenosaeincludesS.
delicatulaSmall, S. latissimifolia S. rugosaMill., (Fig. 5) andS. ulmifoliaMuhl. A more detailed
multivariate analysis of se¥enosaas in preparation. Solidago drummondiTorr. & A. Gray (Fig.
6) was placed in seDrummondianaSemple of subsecWenosaeby Semple (2003), Semple and
Cook (2006), and Semple (2015, continuously updated).

Typification

Solidago chapmaniiA. Gray, Proc. Amer. Acad. Arts 16: 80. 188(bolidago odoraAit. var.
chapmanii(A. Gray) Crong., Brittonia 29: 224. 1973olidago odoraAit. subsp.chapmanii
(A. Gray) Semple, Sida 20: 1611. 20Q3eCTOTYPE (designated here)lorida. "Pine
barrens,'Chapman s.n(GH!, shoot on left; possible isolectotype: NY!).

The Chapman s.n(GH) specimen is not annotated by A. Gray as "sp. nol.'does,
however, bear Chapman's label as “Solidago odora. Oumpods form, Fla.,” which was noted by
A. Gray in the protologue. The specimen also beaiGrAy's "SYN. FL. N. AMER." label and his
handwritten identification on the small label & ‘thapmanii.” The lectotype is selected because it
apparently is the collection referred to in the protologyse@ally as Gray named the species for the
collector.



Semple, Bzovsky, & Tong: Solidago chapmanii and relatives 2

Al | o |

LecTu pe : 5'r521¢ja ov{afnaau' 19-6»“\.
Prac.ﬂlr-ﬂmﬁ teig - 1650 pa”b!nfLT‘.uf;’ .

T.C. Sewple | (F Uk 2013 (Sn.,lplacuz.}
HARVARD UNFVERSITY HERBAKIA

L e e r—il" 1.‘\{:"di ) i !Iumtnun‘ll.l.l;l;ml'r! ML

£y R e o SR o T N O
L - L

7 T ||l‘|llﬂilll-“&i“ <yN, Tl N AMEH

—— — e a— et

Figure 1. Lectotype ofSolidago chapmani. Gray,Chapman s.n(GH). The two shoots are apparently
from the same gathering but should this provembetthe case, the left shoot is the formal designate



Semple, Bzovsky, & Tong: Solidago chapmanii and relatives 3

Poaonabornd

c ; 4

Figure 2. Details of lectotype dbolidago chapmanii
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Figure 3. Morphology of Solidago odora A. Habit, South CarolingGemple 1166B-C. Tennesse&emple
11864 B. Upper stem leavesC. Heads and peduncular bracts.
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Figure 4. Solidago fistulosaA. Habit, Delaware.B-C. Florida,Semple 11734.B. Habit of large and small

shoots. C. Upper stem leavesD. Upper stem leaves, DelawarkE. Heads, MarylandSemple & Suripto 9751
(WAT); scale bar = 1 mm.
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Figure 5. Morphology ofSolidago rugosaA. Habit, var.rugosa QuébecSemple & Semple 1144B. Stem
leaf, var.rugosa Ontario. C. Stem and leaves, vaaspera Delaware Semple & Ringius 7641C. Upper stem
leaves.D. Upper stem leaves, vareltidifolia, Louisiana Semple & Suripto 1008@VAT); scale bar =1 cm.
E. Inflorescence, vacronquistiana North CarolinaSemple & Suripto 9666~. Stem, varsphagnophila
ConnecticutSemple & Suripto 9182
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Figure 6. Morphology of Solidago drummondi-B. Steyermark 1570fMO). A. Shoot.B. Lower stem.C.
Lower stem leafPalmer 19447(MO). D. Mid stem leafSteyermark 2605fMO). E. Disc and ray florets,
Palmer 194471MO). F. Upper portion of inflorescence, MissouRpwan 1179MO). All collections from
Missouri; scale bar = 10 cm i =1 cm inC, D; =1 mm inB, E, F.

A possible duplicate of the lectotypeGhiapman s.n(NY ex Columbia College Herbarum!),
which has a handwritten Herb. Chapman label with “Sgtidadora Ait. S. fl.! Florida” on the label
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and annotations “Solidago Chapmanii A. Gray K.M"{acKenzagld S. Chapmanii, A. Gray.” It is
not known whether Gray saw the specimen before publishing thalqggue ofSolidago chapmanii

Other specimens were candidates for the lectotype. areisyntypesFlorida. Levy Co.:
Nov 1877,Dr. Garber s.n.(GH-2 sheets!). Both GH specimens are marked ‘Solidhgproanii
n.sp.” by A. Gray. A sheet ddolidago chapmani(PH 01081724, online digital image! barcode
27138) with two shoots has a large "SYN. FL. N. AMER." lati¢h the following in Gray’s script:
“This is my S. Chapmanii {(} S. odora Chapm. in part)h&ke did these specimens come from? Dr.
Garber got it. A.G.” The PH specimen may be a duplicatieectwo at GH.

Multivariate analyses — materials and methods

In total, 63 specimens from MO, USF, and WAT in MT (Thjeontinuously updated) were
selected for inclusion in the analysis of the threeispeaf serOdorae (18 Solidago chapmaniiO S.
fistulosaand 10S. odora plus 11S. drummondiof ser. Drummondianaand a selected sample of 14
diploid individuals ofS. rugoseof ser.Venosae Only diploids were included because only diploids
have been reported in s&dorae(Semple & Cook 2006) and comparisons with other speciedwoul
be influenced by the including polyploids in sampleSolfidago rugosa All traits scored are listed
in Table 1.

Table 1. Traits scored for the multivariate analyses of 48cspens of four species &olidago

subsectVenosae
Trait Description
MLLN Mid leaf length
MLWD Mid leaf width at widest point
MLSER Number of serrations along on side of the mid eafgin
UPLN Upper leaf length
UPWD Upper leaf width at widest point
UPSER Number of serrations along on side of the uppemlasdin
INVOLHT Height of the involucre
RAYS Number of ray florets in a head
RAYLN Length of the ray floret lamina
RAYWD Width of the ray floret lamina
RACHLN Length of the ray floret cypsela body
RPAPLN Length of the longest ray floret pappus bristle
DISCS Number of disc florets in a head
DCORLN Length of the disc floret corolla including Iabe
DLOBLN Length of the disc floret corolla lobes
DACHLN Length of the disc floret cypsela body
DPAPLN Length of longest disc floret pappus bristle

Traits used to define a priori groups were not includatiéranalyses to avoid circular logic.
Differences in general inflorescence shape and brancliaacteristics, lower stem pubescence
density, and leaf pubescence density were used to definmra gyoups along with geographic
location.

All analyses were performed using SYSTAT v.10 (SPSS 208iwing the methods of
Semple et al. (2013, 2015). Three separate discriminangsasalvere performed. The first was
performed on five a priori species-level groups and incladletb specimens assigned to one of the a
priori groups. In the first analysis MLSER, UPLN, UPWDPSER, RACHLN, RPAPLN, and
DACHLN were not included because these traits were cated onSolidago rugosaspecimens,
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whose data came from a different unpublished study of\&mmosae A second analysis was
performed on four a priori species groups including the 49irspes of S. chapmaniji S.
drummondij S. fistulosaandS. odora A third analysis was performed on three a prioricegse
groups of just the 38 specimensSxlidago chapmaniiS. fistulosaandS. odora The second and
third analyses included all traits scored and liste@able 1.

Five taxa analysis

In the STEPWISE discriminant analysis of five spetes®l a priori groupsSolidago
chapmanij S. drummond;jiS. fistulosaS. rugosaandS. odora the following traits listed in order of
decreasing F-to-remove values were selected (F-to-remavg)leaf width (37.57), number of ray
florets (30.35), disc floret pappus length (20.01), mid leaf keiig®.52), disc floret corolla length
(6.69), and ray floret strap length (4.05). Wilks’s lamidediai's trace, and Lawley-Hotelling trace
tests of the null hypothesis that all groups were the szngfl one group had probabilities of p =
0.000 that the null hypothesis was true. The F-matrixHerdiscriminant analysis is presented in
Table 2. F-values based on Mahalanobis distances betweep gentroids indicate the largest
separations were betwe&olidago drummondandS. odora S. chapmaniandS. fistulosa57.011,
54.668 and 50.980 respectively). The smallest separation wasen&. chapmaniandS. odora
(6.856).

Table 2. Between groups F-matrix for the five a priori group gsial(df = 8, 51).

Group chapmanii drummondii fistulosa odora rugosa
chapmanii 0.000

drummondii 46.124 0.000

fistulosa 6.741 39.221 0.000

odora 6.468 48.253 14.912 0.000

rugosa 30.497 16.628 18.118 36.908 0.000
Wilks' lambda

Lambda= 0.0060 df= 8 4 58
Approx. F= 16.8343 df= 32 189 prob = 0.0000

In the Classificatory Discriminant Analysis of the figpecies-level a priori groups the
percents of correct classification ranged from 70-100% witlean value of 92%. The Classification
matrix and Jackknife classification matrix are presemtedable 3. Results for individual a priori
taxa are presented in decreasing order of percentctorr@d) 3 species had 100% a posteriori
placement of specimens to their respective a priori grbdspecimens obolidago odora9 with
91-100% probability and 1 with 70% probability), and the 14 specimefs nfgosa(12 with 97-
100% probability, 1 with 94% probability, and 1 with 51% probabilityS. rugosaand 49%
probability toS. drummondji (2) ForS. chapmanji89% correct a posteriori placement of specimens
(10 with 89-100% probability and 3 with 79%, 77%, and 69% probabilitlespecimen was placed a
posteriori inS. odorawith 84% probability. (3) Fob. fistulosa70% correct a posteriori placement
of specimens (7 with 98-100% probability); 3 specimens wisigasd a posteriori t&. chapmanii
with 82%, 76%, and 63% probability. In the Jackknife classibaathere was only a small drop in
mean correct placement to 87% correct a posteriori plueto a priori group.

Two dimensional plots of scores of CAN1 versus CAN2 andNCAersus CAN3 of
Solidago chapmanii, S. drummonds. fistulosaS. odora,andS. rugosaare presented in Figure 7.
Eigen values on the first four axes were 10.483, 3.038, 0.951, 13 O.
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Table 3. Linear and jackknife classification matrices from tHasSificatory Discriminant Analysis
of five a priori groups; a posteriori placements to granpsws.

Linear classification matrix

chapmanii  drummondii fistulosa odora rugosa % correct
chapmanii 16 0 0 2 0 89%
drummondii 0 11 0 0 0 100%
fistulosa 3 0 7 0 0 70%
odora 0 0 0 10 0 100%
rugosa 0 0 0 0 0 100%
Total 19 11 7 12 14 92%
Jackknifed classification matrix
chapmanii drummondii fistulosa odora rugosa % correct
chapmanii 16 0 0 2 0 89%
drummondii 0 11 0 0 0 100%
fistulosa 3 0 7 0 0 70%
odora 1 0 0 9 0 90%
rugosa 1 1 0 0 12 86%
Total 21 12 7 11 12 87%

Four taxa analysis

In the STEPWISE discriminant analysis of the four sgebéevel a priori groupSolidago
chapmanij S. drummondjiS. fistulosaandS. odora the following traits listed in order of decreasing
F-to-remove values were selected (F-to-remove): mid ledfhw(23.38), mid leaf length (22.43),
number of mid leaf margin serrations (18.15), disc floret pafgmgth (13.29), number of ray florets
(6.80), ray floret strap length (5.77), and involucre height (5.28)ks’s lambda, Pillai's trace, and
Lawley-Hotelling trace tests of the null hypothesis @lagroups were the samples of one group had
probabilities of p = 0.000 that the null hypothesis was triée F-matrix for the discriminant
analysis is presented in Table 4.

Table 4. Between groups F-matrix for the four a priori group wsial(df = 7, 39).

Group chapmanii drummondii fistulosa
drummondii 46.124 0.000

fistulosa 6.741 39.221 0.000
odora 6.468 48.253 14,912
Wilks' lambda

Lambda = 0.0049, df= 7 43
Approx. F = 28.6915, df= 21 1120bpe 0.0000

In the Classificatory Discriminant Analysis of theufospecies-level a priori groups the
percents of correct classification ranged from 90-100% avittean value of 98%. The Classification
matrix and Jackknife classification matrix are presemtedable 5. Results for individual a priori
taxa are presented in decreasing order of percentctorr@d) 3 species had 100% a posteriori
placement of specimens to their respective a priori grb8pspecimens dbolidago chapmani{16
with 97-100% probability, 1 with 63% probability & chapmaniand 37% td5. odora and 1 with
55% toS. chapmaniand 45% td5. odorg, 11 specimens dé. drummondiwith 100% probability,
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and 10 specimens & odorawith 92-100% probability. (2) Fds. fistulosa90% correct a posteriori
placement of specimens ®. fistulosa(6 with 100% probability, 3 with 94%, 96%, and 97%
probabilities); 1 specimen was placed a posteriorSinchapmaniiwith 54% probability (44%
probability inS. fistulosq

Table 5. Linear and jackknife classification matrices from th@sSificatory Discriminant Analysis
of five a priori groups; a posteriori placements to granpsws.

Linear classification matrix

chapmanii drummondii fistulosa odora % correct
chapmanii 18 0 0 0 100%
drummondii 0 11 0 0 100%
fistulosa 1 0 9 0 90%
odora 0 0 0 10 100%
Total 19 11 9 10 98%

Jackknifed classification matrix

chapmanii drummondii fistulosa odora % correct
chapmanii 16 0 0 2 89%
drummondii 0 11 0 0 100%
fistulosa 2 0 8 0 80%
odora 0 0 0 10 100%
Total 18 11 8 12 92%

Two dimensional plots of scores of CAN1 versus CAN 2 aWdNT versus CAN3 of
Solidago chapmanii, S. drummondi. fistulosa andS. odoraare presented iffigure 8 Eigen
values on the first three axes were 27.299, 2.489, and 1.072.

Three taxa analysis

In the STEPWISE discriminant analysis with the thepecies level a priori groupSolidago
chapmanij S. fistulosaandS. odora the following traits listed in order of decreasing Ré¢move
values were selected (F-to-remove): number of mid deafations (52.33), mid leaf length (43.95),
mid leaf width (15.98), ray floret strap length (11.24)di3c floret pappus length (10.14), and ray
floret ovary length at anthesis (6.85). Wilks’s lambd#aiR trace, and Lawley-Hotelling trace tests
of the null hypothesis that all groups were the samplemefgroup had probabilities of p = 0.000
that the null hypothesis was true. The F-matrix fordiseriminant analysis is presented in Table 6.

Table 6. Between groups F-matrix for the three a priori grougdyesis (df = 6 30).

Group chapmanii fistulosa

fistulosa 43.188

odora 14.808 55.261
Wilks' lambda

Lambda= 0.0234, df= 6 2 35
Approx. F= 27.6849, df= 12 60 prob = 0.0000
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Figure 7. Two dimensional plots of canonical scores CAN1 ve@AKI2 and CAN1 versus CAN3 for
specimens obolidago chapmaniiS. drummondii, S. fistulos8. odoraandS. rugosa
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In the Classificatory Discriminant Analysis of thedélb species-level a priori groups the
percents of correct classification ranged from 90-100% witlean value of 97%. The Classification
matrix and Jackknife classification matrix are presemtedable 7. Results for individual a priori
taxa are presented in decreasing order of percentctorrd) 3 species had 100% a posteriori
placement of specimens to their respective a priori grb8pspecimens dbolidago chapmani{16
with 97-100% probability, 1 with 63% probability & chapmaniand 37% td5. odora and 1 with
55% toS. chapmaniand 45% td5. odorg, 11 specimens d. drummondiwith 100% probability,
and 10 specimens & odorawith 92-100% probability. (2) Fd8. fistulosa90% correct a posteriori
placement of specimens 9. fistulosa(6 with 100% probability, 3 with 94%, 96% and 97%
probabilities); 1 specimen was placed a posteriorSinchapmaniiwith 54% probability (44%
probability inS. fistulosq

Table 7. Linear and jackknife classification matrices from th@sSificatory Discriminant Analysis
of three priori groups.

Linear classification matrix

chapmanii fistulosa odora % correct
chapmanii 17 0 1 94%
fistulosa 0 10 0 100%
odora 0 0 10 100%
Total 19 9 10 97%

Jackknifed classification matrix

chapmanii fistulosa odora % correct
chapmanii 17 0 1 94%
fistulosa 0 10 0 100%
odora 0 0 10 100%
Total 17 10 11 97%

A two dimensional plots of scores of CAN1 versus CAN 2spkcimens ofSolidago
chapmanii, S. fistulosaandS. odoraare presented in Figure 9. Eigen values on the firstatves
were 12.630 and 2.839.

Discussion

The results support the recognition of the following five spe@edidago chapmaniiS.
drummondij S. fistulosaS. odora andS. rugosa Solidago drummondis the most distinct species
with its broad lower leaves with multiple prominent veinsthv8olidago rugosabeing nearly as
distinct with its often strongly rugose leaves. Thigasnonstrated as well in the two species being
separated from each other and the other three specibe brst and second canonical axes in Figure
1 based on additional technical traits. This is not sungrss the two species are in derummondii
and serVenosaef subsectVenosagn Semple and Cook (2006). With a few exceptions, specimens
of S. chapmanji S. fistulosaand S. odoraof ser. Odorae are also strongly separated in the
multivariate analyses with overall high correct a posteplacements with high probabilities in their
respective species groups.

Although Solidago chapmaninas been treated at an infraspecific rank withirodora the
two groups of specimens included in the analysis were-suelborted as distinct with the
misclassification of specimens occurring betw&erfistulosaandS. chapmanias well as at a low
level betweer. chapmaniandS. odora Gray’'s 1880 original decision to tre@t chapmanias a
species (also regarded as distinct in a few subsequeatiments, e.g., Small 1933, Nesom 1993,
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Weakley 2015) turns out to be more strongly supported than dactisions to treat the taxon as a
variety or subspecies withi®. odora(e.g., Cronquist 1977; Semple 2003; Semple & Cook 2006)).
DeCronquistification oSolidagocontinues.
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Figure 9. Two dimensional plot of canonical scores CAN1 vefGASI2 for specimens dbolidago chapmanii
S. fistulosaandS. odora
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