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A Systematic Study on Polygonum sect. Tovara (Polygonaceae):
Analysis of Morphological Variation
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ABSTRACT

Most of the species in Polygonum sect. Tovara show complicated patterns of morphological varia-
tion, resulting in taxonomic confusion in delimiting species boundaries and determining relation-
ships. In this study, patterns of morphological variation in Polygonum sect. Tovara are examined
using numerical analysés, and the taxonomic significance of the taxa in the section is reevaluated.
Principal components analyses of the five taxa in the section using major morphological characters
revealed the presence of three distinel groups in the section; these correspond to P virginianum,
P. filiforme, and P. neofiliforme. The results also indicated that P. wvirginignum var. glaberrimum
is not taxonomically distinct, and Tovara (= Polygonum) virginiana var. kachinag should be treated
as a variety of P. neofiliforme. Preliminary resulis from the leaf flavonoid analysis of P virginianum
var. virginianum, P. filiforme, and P. neofiliforme also showed significant differences in their flavo-
noid profiles, and these observations strongly suggest that they should be recognized as distinct

species.

INTRODUCTION

Polygonum sect. Tovara, originally recognized as a ge-
nus by Adanson (1763), is morphologically distinct and
usually characterized by large ovate to elliptic leaves, el-
ongate spikelike interrupted inflorescences, and persis-
tent 2-parted styles, which become very rigid and bent
obliquely downward in fruit. The species of sect. Tovara
are erect perennial herbs, all of which usually occupy
moist habitats, including margins of ponds and lakes, rich
shady forest floors, and soils of streambeds. The section
shows an interesting disjunct distribution pattern, and
the present distribution is confined to eastern North
America (with an isolated population in Mexico) and eas-
tern Asia (Fig. 1).

In eastern North America, a single species, P. virginia-
num L., is found, and it ranges from Quebec to Florida,
and westward to Oklahoma and Kansas. In eastern Asia,
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two to four species helonging to sect. Tovara have been
traditionally recognized, depending on the emphasis pla-
ced on size and shape of leaves, length and density of
leaf hairs, and size of achenes; these include P. filiforme
Thunb., P. neofiliforme Nakai, P. apoense Elmer, and To-
vara smaragding' Nakai ex Maekawa. However, the taxo-
nomic status of these taxa is much in dispute, and many
different views of species boundaries and relationships
have been presented. Maekawa (1932), who stressed the
differences in achene shape and size, recognized three
species (P. filiforme, P. necfiliforme, and T. smaragdina)
in Japan. Li (1952a), however, recognized two species,
P. filiforme and P. apoense, in Asia, and placed P. neofili-
Jorme and T. smaragding in synonymy under P. filiforme;
Li based his treatment mainly on differences in overall
plant size, leaf shape, pubescence, and rhizome shape.
Later, Hara (1962) pointed out, on the basis of differences
in leaf shape and leal surface texture, that P. neofiliforme
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Fig. 1. Worldwide distribution of Polygonum sect. Tovara.

merits specific status, but reduced P. apoense and T. sma-
ragdina to a variety and a forma of P. filiforme, respecti-
vely.

Furthermore, the distinctness of these eastern Asiatic
taxa from North American P. virginianum is also contro-
versial; some authors (Graham and Wood, 1965; Steward,
1930) treated them as two or three varieties of P. virgi-
nianum. In addition, most of the species in the section
show considerable variation in pubescence and tepal col-
or, and several infraspecific taxa were described on the
basis of small differences in these characters from both
regions (Fernald, 1937; Hiyama, 1941, 1961). However,
no prior attempt has been made to measure patterns
of morphological variation in the section to evaluate the
taxonomic significance of the taxa mentioned above.

The main objective of this study is to examine patterns
of morphological variation in sect. Tovara using numerical
analyses, and to provide z basis [or delimitation of taxa
in the section.

MATERIALS AND METHODS

Data used in this study were obtained from the indivi-
duals collected by the authors in Korea and the speci-
mens horrowed from the following herbaria; A, BH, CU,
GH, K, KUN, KYO, L, LE, MAK, NEBC, NY, PE, TI,
TUS, and US. Approximately 900 specimens, including
types, were examined to determine the geographical ran-
ge and morphological variation of the taxa in the section.

Tf sect. Tovara is recognized as a genus, its correct generic
name is Anfenoron Raf. (see Graham and Wood, 1965; Hara,
1965). However, we will refer 1o this taxon and 7. virginiana
var. kachina by their original names to avoid unnecessary
confusion in nomenclature and for ease of communication.
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Field observations of P. filiforme and P. neofiliforme popu-
lations throughout South Korea were also made in Au-
gust and September of 1990 and 1991. Specimens were
identified primarily by the characters mentioned in the
original descriptions and those used by previous authors
(Elmer, 1915; Hara, 1962; Li, 1952a; Maekawa, 1932; Na-
kai, 1922; Nieuwland, 1912; Steward, 1930). A list of spe-
cimens used for this study is available [rom the first
author.

After removal of duplicates and poor specimens, 307
specimens, including 80 of P. virginianum var. virginia-
num, five of P. virginianum var. glaberrimum (Fernald)
Steyerm., 135 of P. filiforme, 79 of P. neofiliforme, and
eight of T. virginiana (=P. virginianum) var. kachina
Nieuwland, were selected for numerical analyses of mor-
phological variation. Specimens were selected to repre-
sent geographical range and morphological variability ol
each taxon. Tovara smaragdina was excluded from the
analyses, because there was only one specimen that was
matched Maekawa's description. Polygonum apoense was
also not included in the analyses, because we had only
two specimens which were very poorly developed. In the
case of P. virgintanum var. glabervimum, ouly those colle-
ctions determined by Fernald himself were used for the
analyses, because the delimitation of var. glaberrimum
was very ambiguous.

From these specimens, 11 leaf characters, four of
which were derived ratios, were scored for morphological
analyses (Table 1; characters 1-11). Leaf width was mea-
sured at three different points, one-quarter, one-half, and
three-quarters of the leaf blade length (Fig. 2), since the
leaf shape and size has been regarded as important for
distinguishing the taxa in the section. Then a subset of
193 specimens, including 69 of P. virgintanum var. virgi-
nianum, four of P. virginianum var. glaberrimum, 77 of
P. filiforme, 36 of P. neofiliforme, and seven of T. virgi-
niana var. kaching, were measured for 15 additional ve-
getative, inflorescence, and [(ruit characters (Table 1;
characters 12-26); 114 specimens were excluded from
the measurements, because some of these characters
could not be readily measured in these specimens due
to the condition of material or lack of appropriate organs.

For leaf characters, the largest, fully mature leal in
each individual was used for measurements. Length and
density of leaf and ocrea hairs were measured using an
ocular micrometer and a mesh-micrometer, respectively,
under a stereoscopic microscope. Measurements were
made from the identical locations on organs in each spe-
cimen to reduce variation. For inflorescence and fruit



December 1992

Table 1. Twenty-six morphological characters used in
numerical analyses ol Polygonum sect. Tovara. See Fig. 2
for further clarilication

. Leal blade length [cm]

. Leaf width at the one-quartier point [cm]

. Leaf width at the midpoint [cm]

. Leaf width at the three-quarter point [cm]

. Leaf width at the midpoint/blade length (character

3/character 1)

6. Leaf width at the one-quarter point/width at the mid-
point (character 2/character 3)

7. Leaf width at the three-quarler point/width at the
midpoint (character 4/character 3)

8. Leal apex angle [degree]

9. Leaf subapex angle [degree]

10. Leaf base angle/2 [degree]

11. Leaf apex angle/subapex angle (character 8/character
9)

12. Leal cilia number [no./0.5cm]

13. Leaf cilia length [mm]

14. Leaf upper surface hair density [no./6.25 mm?]

15. Leal upper surface hair length [mm]

16. Petiole length/lcafl blade length

17. Ocrea cilia length [mm]

18. Ocrea hair density [no./mm?]

19. Ocrea hair length [mm]

20. Inflorescence hair density [no./0.5 mm?]

21. Perianth length [mm]

22. Style length [mm]

23. Stamen length [mm]

24. Achene length [mm]

25. Achene width [mm]

26. Achenc width/achene length (character 25/characier

24)

S

Do Lo

characters, a fully matured inflorescence was selected
for measurements. Except for characters 1-11 and 16
(Table 1), five to six measurements were made for each
character in each specimen, and an average of the mea-
surements was used for the analyses.

To describe better the patterns of morphological varia-
tion in the section, data sets derived from the above
measurements were subjected to principal components
analysis. The principal components analysis was perfor-
med in two stages, (1) analysis of 193 individuals repre-
senting five taxa using 26 vegetative, inflorescence, and
fruit characters (Table 1), and (2) analysis of 307 indivi-
duals of same five taxa using seven leaf shape characters
(Table 1; characters 5-11). The analyses were carried
out using Statistical Analysis System (SAS Institute, 1987;
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Fig. 2. Diagram of leaf characters. Parenthetical numbers
correspond to character numbers in Table 1. A=apex
angle (8); B=subapex angle (9); C=width at the three-
quarter point (4); D=width at the midpoint (3); E =width
at the one-guarter point (2); F=base angle/2 (10); G=
blade length (1).

Release 6.04) on an IBM PC. Data matrices used for
the analyses are available from the first author upon re-
quest.

RESULTS AND DISCUSSION

Most taxa described in sect. Tovara are primarily ba-
sed on quantitative differences in morphological charac-
ters, including leaf size and shape, leaf hair length and
density, and achene size (Elmer, 1915; Fernald, 1937;
Maekawa, 1932; Nakai, 1922; Nieuwland, 1912). However,
they exhibit considerable variation and some degree of
overlap in most distinguishing characters (Table 2), ma-
king taxonomic circumscription difficult.

To evaluate the degree of morphological distinctniess
of the taxa in sect. Tovara, measurements of 26 vegeta-
tive, inflorescence, and fruit characters (Table 1) from
193 individuals representing five taxa in the section were
analyzed using principal components analysis. The first
three principal components accounted for 30.7, 15.1 and
10.6 percent of the total variance, respectively (Table 3),
and subsequent components contributed less than nine
percent each. The first principal component reflected
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Table 2. Means and standard deviations of important morphological characters of Folygonum sect. Tovara taxa. Meas-
urements were taken from herbarium specimens. Character numbers correspond to those in Table 1. VIR=P. virginia-
num var. virginianum; GLA=F. virginianum var. glaberrimum; FIL=2P. filiforme; NEO=CPF. neofiliforme; KAC=T. virgi-

niana var. kachina

Character No. VIR GLA FIL NEO KAC
1 13.00 £ 249 1130 £ 165 1316 £ 2.01 15.98 X 2.65 15.66 £ 2.11
2 501 £ 145 460+ 0.79 511+ 119 4.82 +1.09 441+ 073
3 547+ 141 4.78 =+ 0.86 684 129 6.55 +1.33 573+ 0.96
4 293+ 081 262+ 052 200+ 101 4.19 = 1.00 4.05 £ 0.96
5 042 = 0.07 043 £ 0.07 052 = 0.06 041 +0.05 0.36 + 0.03
6 091 = 0.11 097 £ 0.09 0.74 £ 0.07 0.74 = 0.08 0.78 £ 0.09
7 054+ Q.07 055+ 0.02 0.73 £ 0.06 0.64 = 0.06 0.70 = 0.08
8 2839 £ 5.63 3560+ 8.76 4644 = 11.33 23.86 £ 594 2413 = 562
9 61.55 £ 10.53 63.80 +£13.48 92.57 + 10,46 71.78 2 9.59 71.25 + 1048
10 46.73 £ 9.56 45.80 + 1040 4262 + 7.35 33.35 £5.85 3138 761
11 047 £ 0.12 056 + 0.11 050 £ 012 0.34 = 0.09 0.34 = 0.08
12 11.07 = 1.74 10.75 £ 0.50 1601+ 321 1317 £ 2.05 11.00 = 1.63
13 079 £ 0.24 055+ 0.16 0.72 £ 0.27 0.34 = 0.08 168+ 027
14 1001 = 9.14 2.75 + 2.50 726 £ 3.56 16.06 - 6.29 429+ 095
15 065+ 0.34 014+ 0.10 081+ 0.38 0.11 £ 0.04 193+ 0.28
16 0.10 £ 0.03 0.10 = 0.04 012 = 0.04 0.09 £ 0.02 0.00 + 0.03
17 245+ 049 212+ 0.39 228 £ 049 1.73 £ 0.29 340+ 049
18 6.71 = 3.07 350+ 058 386 219 7.17 £3.51 3.00 = 1.00
19 1.77 £ 0.36 143+ 021 185+ 051 0.66 £ 0.20 344 + 0.65
20 838 7.18 15.00 = 3.65 449 + 8.07 15.25 £ 5.77 1043+ 879
21 489+ (.43 478 £ 0.39 388+ 046 4.20 = 0.30 516 £ 0.37
22 3.04 £ 030 293+ 036 233+ 0.36 2.63 = 0.31 13+ 0.24
23 191+ 023 181+ 0.20 138+ 0.17 1.57 £0.15 1.78 + 0.11
24 338+ 0.27 335+ 023 291 023 2.94 £ 0.22 361+ 0.20
25 227+ 021 219+ 0.18 205+ 015 2.01£0.19 229t 0.18
26 0.67 = 0.05 0.65 + 0.03 0.71 £ 0.0 0.69 = 0.07 063+ 0.04

high positive loadings for leal width at the midpoint (3;
parenthetical numbers here and subsequently refer to
Table 1), leaf width at the three-quarter point (4), ratio
of leaf width at the midpoint/blade length (5), ratio of
leal width at the three-quarter point/width at the mid-
point (7), leaf apex angle (8), and leaf subapex angle (9),
and high negative loadings for perianth length (21), style
length (22), stamen length (23), and achene length (24).
The second component was weighted heavily for leaf cilia
length (13), leaf upper surface hair length (15), ocrea dilia
length (17), and ocrea hair length (19). Characters related
to the third component included leal blade length (1),
leaf width at the one-quarter point (2), leaf width at the
midpoint (3), and leaf base angle (10) (Table 3).

The plot of individuals projected on the first two prin-
cipal components (Fig. 3) revealed the presence of three
major groups in the section; one including individuals

of P. filiforme, a second with individuals of P. nenfiliforme,
and a third including mainly those of P virginianum.
In the plot (Fig. 3), individuals of P. filiforme were sepa-
rated {rom those of P. virginianum with little overlap
by the first principal component, which is primarily a
function of characters related to the leaf shape and the
size of floral parts and achenes (Table 3). The relative
positions of individuals of these two taxa on the first
component (Fig. 3) suggest that plants of P filiforme tend
to have leaves with much broader upper and apical por-
tions and smaller floral parts and achenes as compared
to those of P. virginianum. These observations agree with
the contention (Hara, 1952, 1965; Li, 1952a, b) that eas-
tern Asiatic £. filiforme is distinct rom North American
P. virginianum, and 1t is sufficiently differentiated to be
treated as a distinct species. Individuals of P. neofiliforme
occupied an intermediate position between P filiforme
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Table 3. Loadings of the first three principal components
for 26 morphological characters from the analysis of 193
individuals ol Polygonum sect. Tovara. Character numbers
correspond to those in Table 1

Component
Character No.
1 2 3
1 0.0732 —0.1847 0.3824
2 0.1337 0.0000 0.5211
3 0.2450 —0.0227 0.4065
4 0.3024 0.0336 0.2174
5 (0.2581 0.1589 0.1449
6 —0.1813 0.0284 0.1966
7 0.2597 0.0937 —0.1328
8 0.2417 0.2363 —0.1569
9 0.2892 0.1270 0.0762
10 —0.0058 0.1502 0.3126
11 0.0408 0.1882 —0.2736
12 0.2401 0.0045 —0.0872
13 —0.1093 0.3897 0.0422
14 ~0.0431 —0.2014 0.0953
15 —0.0240 0.4180 0.0147
16 0.1265 0.1425 —0.0007
17 —0.1211 0.3171 0.0598
18 -(0.1311 —0.1648 0.0534
19 —0.0622 0.4282 0.0274
20 —(0.1287 —-0.1918 0.0014
21 —0.2960 0.0811 0.1054
22 —(.2859 0.0427 0.1002
23 —0.2940 0.0332 0.1236
24 —0.2652 0.1339 0.1329
25 —0.1805 0.1847 0.1215
26 0.1254 0.0515 —0.0283
Eigenvalue 7.9932 39114 2.5080
Cumulative % ol 30.7 45.8 56.4
eigenvalues

and P. virginianum individuals on the first component,
but they were well-separated from those of the latter
two species by the second component (Fig. 3). The se-
cond component is related primarily to hair and cilia len-
gths (Table 3), indicating that plants of P. neofiliforme
have relatively short hairs and cilia as compared to those
of P, filiforme and P. virginianum.

Tovara virginiana var. kachina was described from
Burma by Nieuwland (1912), mainly on the basis of den-
sely pubescent leaves and ocreae. Individuals of var. ka-
china lormed a loose cluster and appeared to hold a posi-
tion close to P. virginianum var. virginignum in the plot
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Fig. 3. Principal components analysis of Polygonum sect,
Tovara taxa using 26 vegetative, inflorescence, and fruit
characters (cf. Table 1). Some individuals are hidden due
to the same values. Symbols: Open circles=P. neofilifo-
rme. Closed circles=P. wvirginianum var. wirginianum.
Open triangles=P. virginianum var. glaberrimum. Closed
triangles=P. filiforme. Closed squares=T. virginiana var.
kachina.

(Fig. 3). Except for the differences in hair length and
density, however, var. kachina is morphologically and
geographically closer to P. neofiliforme than to P. virginia-
num var. virginianum. [ts close phenetic relationship with
F. virginianum suggested by this principal component
analysis is probably due to their high values in achene
size characters (Table 2); plants of both T. wvirginiana
var. kachina and P. vivginianum var. virginianum tend
to have larger achenes as compared to those of P neofili-
forme. In the case of P. virginignum var. glaberrimum,
a glabrous variety originally described by Fernald (1937)
from the southeastern United States, the individuals did
not form a distinct cluster and interspersed among those
of P. virginianum var. virginianum (Fig. 3), reflecting the
absence of diagnostic characters correlating with it. This
result strongly suggests that plants of var. glaberrimum
are well within the range of variability of P. virgintanum
var. virginianum, and should not be recognized as taxo-
nomically distinct.

Since the leaf shape has been regarded as most impor-
tant for distinguishing the taxa in the section (Hara, 1952,
1962; Li, 1952a; Maekawa, 1932; Nakai, 1922; Steward,
1930), measurements of seven leaf shape characters (Ta-
ble 1; characters 5-11) from 307 individuals of the above
five taxa were analyzed by principal components analysis.
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Table 4. Loadings of the first three principal components
for seven leaf shape characters from the analysis of 307
individuals of Polygonum sect. Tovara. Character numbers
correspond to those in Table 1

Component
Character No.

1 2 3
5 0.4547 0.1979 0.3110
6 —0.2470 0.5755 0.0991
7 0.4407 —0.3029 —0.0252
3 0.4918 0.1848 —(.3062
9 0.4724 —0.1041 0.4076
10 0.0980 0.6194 0.3400
11 0.2518 0.3306 —0.7192
Eigenvalue 3.3446 1.9401 1.1023

Cumulative % of 47.8 755 91.2

eigenvalues

Results of the analysis are given in Table 4, and an ordi-
nation of individuals projecled on the first two principal
components is shown in Fig. 4. The first three compon-
ents accounted for 91.2 percent of the total variance; 47.8,
27.7, and 15.7 percent, respectively (Table 4). Subsequent
components contributed less than five percent each. The
first principal component was weighted heavily for ratio
of leal width at the midpoint/blade length (5) and those
characters related to the shapes of upper and apical por-
tions of the blade such as ratio of leaf width at the three-
quarter point/width at the midpoint (7), apex angle (8),
and Subape)-( angle (9). The second component reflected
high positive loadings for ratio of leaf width at the one-
quarter point/width at the midpoint (6) and base angle
(10) (Table 4).

In general, the same three major groups suggested
by the first principal component analysis were also dis-
cernable in this analysis (Fig. 4). In the plot (Fig. 4),
individuals of P. filiforme were separated from those of
P. virginianum and P. neofiliforme by the first principal
component; it confirms the result of the first analysis
that plants of P. filiforme have tendency for leaves with
broader upper and apical portions as compared to those
of the latter two species. The second component, which
is primarily related to the shape of leaf base (Table 4),
separated individuals of P. wirginianum from those of
P. neofiliforme. The relative positions of individuals of
these two species on the second component (Fig. 4) sug-
gest that leaves of P wirginianum tend to be broad in
basal portion, whereas those of P. neofiltforme tend to
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Fig. 4. Principal components analysis of Polygonum sect.
Tovara taxa using seven leaf characters. Some individuals
are hidden due to the same values. Symbols: Open circ-
les=P. neofiliforme. Closed circles=P. virginianum var.
virgintanum. Open triangles=F. virginianum var. glaber-
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vivginiana var. kachina

5cm c

Fig. 5. Representative leaves of Polygonum sect. Tovara.
A: P. virginignum var. vivginianum. B: P filiforme. C:
P neofiliforme.

have narrow, attenuating basal portions with acute bases.
This result supports the view (Hara, 1962, 1965; Mae-
kawa, 1932; Nakai, 1922; Ohki, 1926) that P. neofiliforme
is separable from P. filiforme and P. virginianum by its
leaf shape and should be recognized as a distinct species.
Especially noteworthy are the positions of individuals of
T. virginiana var, kaching in the plot. In Fig. 4, the indi-
viduals are interspersed among those of P. neofiliforme,
indicating that plants of var. kachina are basically identi-
cal to those of £ neofiliforme in terms of leaf shape. In
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addition, var. kachina is geographically closer to P neofi-
liforme, and these observations strongly suggest that it
should be treated as a variety of P. neofiliforme.

CONCLUSION

Although most taxa in the sect. Tovara show complica-
Lled patterns of morphological variation, results from the
both principal components analyses (Tables 3, 4; Figs.
3, 4) revealed the presence of three distinct groups in
the section; these correspond to P. virginianum, P. filifor-
me, and P. neofiliforme. The results of the analyses also
suggest that these taxa can be distinguished by their
leaf shapes (Tables 3, 4). Diagnostically, P. virginianum
has ovate leaves with gradually acuminating apical por-
tions and relatively broad bases (Fig. 5A), while P. filifor-
me has broadly elliptic to oval leaves with relatively
broad acute apices and acute to round bases (Fig. 5B).
In P. neofiliforme, ihe leaves are much narrower as com-
pared to P. virginianum and P. filiforme, and usually ob-
long with sharp acuminate apices and acute bases (Fig.
5C). Preliminary results from the leaf flavonoid analysis
of these three taxa (Park, unpubl) also showed that they
are different in terms of flavonoid profiles (Fig. 6), and
these observations strongly suggest that they should be
recognized as distinct species.
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Fig. 6. Leal [lavonaid profiles of Polygonum sect. Tovara
on cellulse TLC plates. A: P. virginignum var. virginia-
num. B: P. filiforme. C; P. neofiliforme.
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