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Abstract Several floral microcharacters (configuration of
stigmatic areas on the inner surface of the style branch,
shape of the anther apical appendage, anther size, and
configuration of the endothecial thickenings and of the
filament collar) in 63 populations representing 35 species
and one variety of Sinosenecio (Senecioneae-Asteraceae)
were investigated. The floral micromorphological data
obtained are highly consistent with evidence from molecular systematics and cytology, strongly suggesting a polyphyletic nature of the currently circumscribed Sinosenecio
and the necessity of a taxonomic change at generic level.
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Introduction
Sinosenecio B. Nord. (Senecioneae-Asteraceae), a genus
segregated from the heterogeneous genus Senecio by
Nordenstam (1978), currently contains about 40 species.
All the species occur in China, only two of which extend
outside this country (to Myanmar and Indochina) (Jeffrey
and Chen 1984; Chen 1999; Wang et al. 2009). Central and
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southern China is the diversity center of this genus, with
the majority of species occurring there (Chen 1999). Both
S. newcombei (Greene) J.P. Janovec & T.M. Barkley, a
species endemic to the Queen Charlotte Islands, BC,
Canada (Janovec and Barkley 1996), and S. koreanus
(Kom.) B. Nord., a species occurring in Korea and northeastern China, have been shown by ITS sequence data to be
elements of Tephroseris, whereas T. changii B. Nord., a
species endemic to Jinfoshan Mountain, Nanchuan County,
Chongqing Municipality, China, may find a home in Sinosenecio (Pelser et al. 2007; Wang et al. 2009). In the tribe
Senecioneae, Sinosenecio is generally considered to be
most closely related to Nemosenecio and Tephroseris
(Nordenstam 1978, 2007; Jeffrey and Chen 1984; Chen
1999; Pelser et al. 2007; Wang et al. 2009; Nordenstam
et al. 2009). In their taxonomic studies on the tribe Senecioneae of Eastern Asia, Jeffrey and Chen (1984) removed
these three genera from Tussilagininae and placed them in a
new subtribe, Tephroseridinae, based on their aberrant
chromosome number of n = 24 and some shared floral
microcharacters, but other authors (e.g., Jeffrey 1992;
Bremer 1994; Nordenstam 2007; Pelser et al. 2007;
Nordenstam et al. 2009) did not recognize this subtribe
because of its lack of diagnostic characters and its phylogenetic position deeply nested in the subtribe Tussilagininae.
Within the tribe Senecioneae, floral microcharacters
have long been widely used for subtribal and generic
delimitations (e.g., Robinson and Brettell 1973; Nordenstam 1978; Vincent and Getliffe 1988, 1992; Vincent 1996;
Jeffrey 1992; Karis 1993; Bremer 1994; Liu 2001),
although their taxonomic value was once questioned due to
considerable intraspecific variability (Wetter 1983). When
Nordenstam (1978) established Sinosenecio, he used two
floral microcharacters in its characterization, namely the
configuration of the anther endothecial cell wall thickenings
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and of the filament collar. Based upon his observation of
S. homogyniphyllus (Cumm.) B. Nord., the type species of
the genus, he described the endothecial tissue in the genus
as ‘‘polarized’’ (with the ribs or thickenings confined to the
horizontal walls of the endothecial cells) or ‘‘not polarized’’
(with rather sporadic ribs or thickenings on both vertical
and horizontal walls). He observed the configuration of the
filament collar in three Sinosenecio species and found that
the filament collar is of only one type in the genus, i.e., the
‘‘cylindrical’’ type. In these two characters, Nordenstam
(1978) found that Sinosenecio is markedly different from
the typical Senecio members that have ‘‘radial’’ endothecial
thickenings and ‘‘balusterform’’ filament collars. In their
taxonomic studies on the tribe Senecioneae of Eastern Asia,
Jeffrey and Chen (1984) also attached great importance to
the value of floral microcharacters for subtribal and generic
delimitations. Furthermore, they noticed the variation pattern of endothecial thickenings within Sinosenecio and
underscored the taxonomic value of this character for the
genus. They used the character as one of the major distinguishing features for its infrageneric classification. In their
studies Jeffrey and Chen (1984) distinguished three main
types of anther endothecial tissue within Sinosenecio based
on the alignment of thickenings on the cells. They described
the tissue as ‘‘strictly polarized’’ when the thickenings were
restricted to the transverse or horizontal walls. When the
thickenings were distributed along all the inner walls, they
described the tissue, not consistently, as ‘‘radial’’ or ‘‘scattered.’’ When the tissue contained both strictly polarized
and radial cells, they described it as ‘‘radial and polarized.’’
They divided the genus into two sections (sect. Sinosenecio
and sect. Phyllocaulon C. Jeffrey & Y.L. Chen) as differentiated by the type of the endothecial tissue, claiming that
the former is characterized primarily by strictly polarized
endothecial thickenings, whereas the latter is characterized
by radial or radial and polarized thickenings. In their paper,
they illustrated the endothecial thickenings of three species, viz. S. subrosulatus (Hand.-Mazz.) B. Nord. (strictly
polarized) within sect. Sinosenecio, and S. koreanus and
S. septilobus (Chang) B. Nord. (radial and polarized) within
sect. Phyllocaulon, but did not state explicitly the actual
number of species that they had examined. Liu (2001)
reported the configuration of the endothecial thickenings in
12 Sinosenecio species belonging to the two sections and
recognized two types of thickenings, ‘‘polarized’’ and
‘‘scattered’’ [= ‘‘radial’’ in the sense of Nordenstam (1978)],
but regrettably he largely ignored the value of his findings
for the systematic considerations of the genus.
Recent ITS phylogenetic analyses have seriously challenged the monophyly of Sinosenecio (Pelser et al. 2007;
Wang et al. 2009; Liu and Yang, unpublished). In these
analyses, some Sinosenecio species, such as S. eriopodus
(Cumm.) C. Jeffrey & Y.L. Chen, S. hederifolius (Dümm.)
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B. Nord., S. homogyniphyllus and S. subcoriaceus C. Jeffrey & Y.L. Chen, are clustered with the typical genera of
subtribe Tussilagininae (‘‘tussilaginoid’’) sensu Jeffery and
Chen (1984), including Cremanthodium, Farfugium, Ligularia, Parasenecio, Petasites, Syneilesis and Tussilago.
Some other species, such as S. bodinieri (Vaniot) B. Nord.,
S. euosmus (Hand.-Mazz.) B. Nord., S. fanjingshanicus
C. Jeffrey & Y.L. Chen, S. globigerus (Chang) B. Nord.,
S. guangxiensis C. Jeffrey & Y.L. Chen, S. oldhamianus
(Maxim.) B. Nord. and S. septilobus (Chang) B. Nord., are
nested with Tephroseris and Nemosenecio species in a
well-supported clade (‘‘tephroseroid’’ clade = subtrib.
Tephroseridinae Jeffrey & Chen). Yet another species, S.
hainanensis (Chang & Tseng) C. Jeffrey & Y.L. Chen,
somewhat surprisingly, is nested in the subtribe Senecioninae. Also, the results of our extensive cytological
studies do not indicate the monophyly of Sinosenecio (Liu
and Yang 2010b). The results have provided us with reliable chromosome number data for 32 of the total ca. 40
species currently recognized in the genus. The mitotic
numbers (2n) counted include 26, 48 (seldom 72, 96), 58
and 60 (seldom 90), so we can postulate four basic chromosome numbers for the genus: x = 13, 24, 29 and 30
(Table 1). Of these, the numbers of x = 30 and 24 are the
commonest, occurring in 11 and 19 species respectively,
while the numbers of x = 13 and x = 29 each occur only
in one species, S. oldhamianus and S. hainanensis,
respectively. Interestingly, all the species clustered together with the typical Tussilagininae genera have a basic
chromosome number of x = 30; those nested in the tephroseroid clade all have x = 24 except for S. oldhamianus
with x = 13; and S. hainanensis, the only species nested
within Senecioninae, has x = 29 (Table 1; Liu and Yang,
in prep.).
Taking into account the evidence from both molecular
systematics and cytology, therefore, the genus Sinosenecio
as currently circumscribed is not monophyletic, and
includes at least three major and only distantly related
assemblages of species that have different basic chromosome numbers, one with x = 30, the other with x = 24
(rarely 13), and yet another with x = 29. When viewing
results of the molecular systematic and cytological studies
against the infrageneric classification of Sinosenecio proposed by Jeffrey and Chen (1984) and later totally adopted
by Chen (1999) (see Table 1 for the classification scheme),
we noticed that the three major assemblages of species
revealed by basic chromosome numbers and ITS phylogenetic analyses are largely incongruent with the distinction between the two aforementioned sections (sect.
Sinosenecio and sect. Phyllocaulon) that was ostensibly
made by Jeffrey and Chen (1984) primarily on the basis of
the type of the anther endothecial thickenings. Within sect.
Sinosenecio, those species with x = 30 are clustered
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Table 1 Comparison of the infrageneric classification of Sinosenecio (Jeffrey and Chen 1984; Chen 1999) and floral micromorphological and
cytological characters
Taxon

Endothecial cell Anther
wall thickenings size
(mm)

Anther apical
appendage

Filament
collar

Stigmatic area

Basic
Figures
chromosome
number (x)

S. eriopodus* (Tu)

Strictly
polarized

2.0

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2a, 7g

S. hederifolius* (Tu)

Strictly
polarized

2.8

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2b, 7c

S. rotundifolius (Tu)

Strictly
polarized

2.8

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

1a, 2c,
7d

S. cyclaminifolius* (Tu)

Strictly
polarized

2.8

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

Unknown

2d, 7b

S. ligularioides (Tu)

Strictly
polarized

2.0

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2e, 7f

S. subrosulatus* (Tu)

Strictly
polarized

2.8

Abaxial cells not
enlarged

Cylindrical Basally separated

30

2f, 6a

S. villiferus* (Tu)

Strictly
polarized

2.5

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2g

S. dryas* (Tu)

Strictly
polarized

2.5

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2h, 7a

S. subcoriaceus* (Tu)

Strictly
polarized

2.8

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2i

S. bodinieri* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3a, 7k

S. palmatilobus* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3b

S. trinervius (Te)

Unknown

Unknown Unknown

Unknown

Unknown

S. homogyniphyllus* (Tu) Strictly
polarized

2.0

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2j, 7e

S. chienii* (Tu)

Strictly
polarized

2.0

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

2k

S. hainanensis* (Se)

Polarized and
radial

1.8

Abaxial cells
obviously enlarged

Cylindrical Separated (cleft)

29

4i, 6b

S. globigerus var.
globigerus*
(= S. guizhouensis) (Te)

Polarized and
radial

1.9

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3c, 5

S. globigerus var.
adenophyllus (Te)

Polarized and
radial

1.7

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3d

S. palmatisectus* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3f, 7j

S. leiboensis (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3e

S. phalacrocarpus (Te)

Unknown

Sect. Sinosenecio
Subsect. Sinosenecio

Unknown

Subsect. Phalacrocarpa
Ser. Scaposi

Ser. Elati

Unknown Unknown

Unknown

S. phalacrocarpoides (Te) Polarized and
radial

0.8

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

Unknown

Unknown

Unknown
3g

S. saxatilis* (Te)

Polarized and
radial

1.0

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

4h, 7n

Polarized and
radial

1.4

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3k, 7l

Sect. Phyllocaulon
Subsect. Madarogyne
S. septilobus* (Te)
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Table 1 continued
Taxon

Endothecial cell Anther
wall thickenings size
(mm)

Anther apical
appendage

Filament
collar

S. fanjingshanicus* (Te)

Polarized and
radial

1.3

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3j

S. sungpanensis* (Te)

Polarized and
radial

1.6

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

4b

S. fangianus* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

Unknown

1b, 4a,
7i

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3l

Polarized and
radial

1.8

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

3h, 7h

S. wuyiensis* (Te)

Polarized and
radial

1.3

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

1c, 4g

S. latouchei* (Te)

Polarized and
radial

1.3

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

4d, 7m

S. guangxiensis* (Te)

Polarized and
radial

1.3

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

4f

S. jiuhuashanicus* (Te)

Polarized and
radial

1.2

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

4e

S. hunanensis (Te)

Unknown

Unknown Unknown

Unknown

Unknown

Polarized and
radial

1.0

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

13

S. euosmus* (=S.
cortusifolius) (Te)
S. koreanus* (Te)

Stigmatic area

Basic
Figures
chromosome
number (x)

Subsect. Lasiogyne
Ser. Omnipapposi

Unknown

Ser. Discipapposi
S. oldhamianus* (Te)

4c

Species described after Chen (1999)
S. baojingensis* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

S. denticulatus* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

S. hupingshanensis* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

S. jishouensis* (Te)

Polarized and
radial

1.5

Abaxial cells not
enlarged

Cylindrical Separated (cleft)

24

S. yilingii* (Tu)

Strictly
polarized

2.0

Abaxial cells not
enlarged

Cylindrical Entire or only basally
separated

30

3i

Species that have been included in ITS analyses are indicated with an asterisk. The taxonomic groups (subtribes) to which each species is referred in
this paper are indicated by the group acronyms in brackets after the species: Tu Tussilagininae s. str., Te Tephroseridinae, Se Senecioninae

together with the typical Tussilagininae genera in ITS
phylogenetic trees, but those with x = 24 are nested in the
tephroseroid clade together with species of sect. Phyllocaulon (x = 24, rarely 13), and yet S. hainanensis with
x = 29 is nested in the subtribe Senecioninae. Prompted by
the considerable discrepancies between floral micromorphological versus cytological and molecular systematic
data, we felt that it was important to re-examine the
floral microcharacters in Sinosenecio to gain a better
understanding of their significance for the systematic
considerations of the genus. The features that warrant
special scrutiny include the following: configuration of
stigmatic areas on the inner surface of the style branch,
shape of the anther apical appendage, anther size, and
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configuration of the endothecial thickenings and of the
filament collar. These characters were chosen mainly
because of the emphasis given them by Nordenstam
(1978), Jeffrey and Chen (1984), and Chen (1999) in
their treatment of Sinosenecio. In the case when materials were available, the variation of each of these
characters within a population and over a wide geographical range within one species was also studied in
order to gauge the stability of these characters between
and within populations.
The objective of this paper was to report the results of
our examination and to evaluate the systematic implications of our findings in Sinosenecio with special reference
to cytological and molecular systematic data.
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Fig. 1 Cylindrical filament
collars in Sinosenecio. a S.
rotundifolius (Anonymous 702),
b S. fangianus (Yang et al.
1027), c S. wuyiensis (Wuyi
Exped. 2432). Scale bar:
100 lm

Materials and methods
Sixty-three populations representing 35 species and one
variety in Sinosenecio were surveyed in this study
(Table 1; Appendix). For the generic circumscription and
species treatment, we basically followed Jeffrey and
Chen (1984) and Chen (1999) provisionally, still including
S. koreanus in the genus, but we did not recognize
S. cortusifolius (Hand.-Mazz.) B. Nord. [= S. euosmus
(Hand.-Mazz.) B. Nord.] and S. guizhouensis C. Jeffrey &
Y.L. Chen [=S. globigerus (Chang) B. Nord.] as independent species. Voucher specimens (Appendix) are deposited
in the Herbarium of the Institute of Botany (PE), Chinese
Academy of Sciences, and a second almost complete set is
at the Herbarium of the South China Botanical Garden
(IBSC), Chinese Academy of Sciences.
Mature capitula were removed from herbarium specimens at PE. For the measurement of anther length, anthers
were isolated from dried florets and measured under a
dissecting microscope. The anther length for each species
was calculated based on measurements of five anthers each
from a different mature floret in a head. For observations of
the other microcharacters, the capitula were boiled in distilled water for 3 min and then fixed with Carnoy I (glacial
acetic acid:absolute ethanol = 1:3). For observation of the
configuration of stigmatic areas on the inner surface of the
style branch, the style tissue was isolated from mature disc
florets, mounted on a slide and observed directly using light
microscopy. For observation of the anther apical appendage, anther endothecial cell wall thickenings and the filament collar, mature disc florets removed from the fixed
heads were dehydrated in 70% ethanol for 30 min and then
in 99% ethanol for 1 h before they were treated with 5%
NaOH overnight. The anther tissue was isolated from the
florets and mounted on a slide, flooded with 50% glycerol,

and a cover slip was applied. Samples were then examined
using light microscopy and photographed.
Terminology for the description of the configuration of
stigmatic areas on the inner surface of the style branch
followed Wetter (1983), and that for the description of the
filament collar and of the anther endothecial cell wall
thickenings followed Nordenstam (1978). It should be
noted that Vincent and Getliffe (1988) have recommended
‘‘inner anticlinal’’ as being a more accurate term than
‘radial’ for the description of the configuration of the
endothecium in Senecio, because the ribs or thickenings
they observed were restricted to the inner anticlinal walls
but not distributed all around the cells as described by
Dormer (1962) and some other authors (e.g., Robinson and
Brettell 1973; Nordenstam 1976, 1978; Wetter 1983;
Jeffrey and Chen 1984). This is also true in our case; the
seemingly radial thickenings we observed in Sinosenecio
were actually restricted to the anticlinal walls. This character can be observed more clearly when an individual cell
or a row of cells was isolated from the anther. However, as
‘‘radial’’ has been used much more commonly than ‘‘inner
anticlinal,’’ we use only the term ‘‘radial’’ in this paper for
the convenience of comparison.

Results
Table 1 summarizes the floral micromorphological data for
all the Sinosenecio species surveyed. Species that have
been included in molecular phylogenetic studies are indicated in the table.
Configuration of filament collar: All the species examined had a straight and uniform filament collar with the
cells uniformly sized (Fig. 1; not all the results are shown),
conforming to previous reports on many species in the
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Fig. 2 Anther endothecial cell wall thickenings (strictly polarized) in
Sinosenecio. a S. eriopodus (Q.E. Yang et al. 641), b S. hederifolius
(Y. Liu 2008007), c S. rotundifolius (Anonymous 702), d S. cyclaminifolius (Q.E. Yang et al. 761), e S. ligularioides (Q.E. Yang et al.
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948), f S. subrosulatus (Q.E. Yang et al. 1014), g S. villiferus
(Q.E. Yang et al. 760), h S. dryas (Q.E. Yang et al. 851),
i S. subcoriaceus (Y. Liu 2008034), j S. homogyniphyllus (Q.E. Yang
et al. 923), k S. chienii (Anonymous 5550). Scale bar: 50 lm
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Fig. 3 Anther endothecial cell wall thickenings (radial and polarized)
in Sinosenecio. a S. bodinieri (Q.E. Yang et al. 699), b S. palmatilobus (Q.E. Yang et al. 673), c S. globigerus var. globigerus (Y. Liu
2008058), d S. globigerus var. adenophyllus (Q.E. Yang et al. 702),
e S. leiboensis (Q.E. Yang et al. 863), f S. palmatisectus (Y. Liu
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2008006), g S. phalacrocarpoides (C.W. Wang 72598), h S. koreanus
(Komarov 1601), i S. denticulatus (Q.E. Yang et al. 854), j
S. fanjingshanicus (Y. Liu & T. Deng 2008026), k S. septilobus
(Y. Liu & T. Deng 2008040), l S. euosmus (Q.E. Yang et al. 919).
Scale bar: 50 lm
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Fig. 4 Anther endothecial cell wall thickenings (radial and polarized)
in Sinosenecio. a S. fangianus (Q.E. Yang et al. 1027), b
S. sungpanensis (Q.E. Yang et al. 1042), c S. oldhamianus (Q.E.
Yang et al. 683), d S. latouchei (Y. Liu & T. Deng 2008013), e

S. jiuhuashanicus (Y. Liu & T. Deng 2008018), f S. guangxiensis
(Guangxi Exped. 4257), g S. wuyiensis (Wuyi Exped. 2432), h
S. saxatilis (Y. Liu 2008024), i S. hainanensis (Y. Liu 2008044). Scale
bar: 50 lm

genus (Nordenstam 1978; Jeffrey and Chen 1984; Liu
2001; Zhang et al. 2008; Liu et al. 2009, 2010; Liu and
Yang 2010a).
Configuration of anther endothecial cell wall thickenings: Two main types of endothecial thickenings were
observed: (1) strictly polarized (Fig. 2), and (2) radial and
polarized (Figs. 3, 4). In 12 species (Table 1), the endothecial cells of the anther wall were very neatly polarized
and thus belonged to the first type. Twenty-two species and
one variety (Table 1) had both polarized and radial thickenings of the second type, with either polarized or radial
cells being predominant. It is noteworthy that in S. globigerus var. globigerus, one of the most widely distributed

taxa of the genus, considerable variation within and
between populations was observed with respect to the
proportion of polarized and radial cells. The anthers in a
population (Y. Liu 2008058) from Songtao, Guizhou,
China, had predominantly polarized thickenings (Fig. 5a),
whereas those in some individuals of a population (Y. Liu
2008054) from Hefeng, Hubei, China, had both polarized
and radial thickenings (Fig. 5b), and yet those in other
individuals of the same population had predominantly
radial thickenings (Fig. 5c).
Anther apical appendage: The shape of the anther apical
appendage in all species examined was similar to that
previously reported by Liu (2001) for Sinosenecio and by

123

Floral micromorphology and systematics in Sinosenecio

251

Fig. 5 Variation of anther
endothecial cell wall
thickenings within and between
populations of Sinosenecio
globigerus var. globigerus.
a Polarized cells predominant
(Y. Liu 2008058), b Polarized
and radial cells almost equally
present (Y. Liu 2008054),
c radial cells predominant
(Y. Liu 2008054). Scale bar:
50 lm

Fig. 6 Morphology of anther
apical appendages in
Sinosenecio. a S. subrosulatus
(Q.E. Yang et al. 1014), with the
abaxial cells not enlarged, b
S. hainanensis (Y. Liu 2008044),
with the abaxial cells obviously
enlarged, the appendage
presenting a bubble-like form.
Scale bar: 100 lm

Vincent and Getliffe (1992) for some other genera within
the tribe Senecioneae, with the abaxial cells not obviously
enlarged (Fig. 6a; not all the results are shown). The only
exception is S. hainanensis, in which the apical appendage
was unique in the whole genus, presenting a bubble-like
form with the abaxial cells being obviously enlarged
(Fig. 6b).
Anther size: The anthers of Sinosenecio species examined ranged from 0.8 to 2.8 mm in length (Fig. 7).
Although the anthers showed a somewhat steady gradation
in length from the longest to the shortest, they roughly fell
into two categories in size: larger ones (ranging from 2.0 to
2.8 mm in length) (Fig. 7a–g) and smaller ones (ranging
from 0.8 to 2.0 mm in length) (Fig. 7h–n).
Configuration of stigmatic areas: Two types of stigmatic
areas, entire or cleft, were found in the species examined
(Table 1), conforming to the results previously reported by

Nordenstam (1978). In one type, the stigmatic areas were
continuous, covering the entire inner surface of the style
branch (Fig. 8a), or only separated at the base by a cleft not
exceeding 1/3 of the style branch (Fig. 8b), whereas in the
second type, the stigmatic areas were separated throughout
by a cleft in the middle of the inner side of the style branch
(Fig. 8c).

Discussion
Some significant patterns of variation in floral
microcharacters in Sinosenecio
The configuration of the filament collar in all Sinosenecio
species examined is essentially uniform, belonging to the
cylindrical type. This type of filament collar generally
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Fig. 7 Variation of anther size
in Sinosenecio. a S. dryas
(Q.E. Yang et al. 851), b S.
cyclaminifolius (Q.E. Yang et al.
748), c S. hederifolius (Y. Liu
2008007), d S. rotundifolius
(Anonymous 702), e S.
homogyniphyllus (Q.E. Yang
et al. 923), f S. ligularioides
(Q.E. Yang et al. 948), g
S. eriopodus (Q.E. Yang et al.
641), h S. koreanus (Komarov
1601), i S. fangianus (Q.E. Yang
et al. 1027), j S. palmatisectus
(Y. Liu 2008006), k S. bodinieri
(Q.E. Yang et al. 699), l
S. septilobus (Y. Liu & T. Deng
2008040), m S. latouchei (Y. Liu
& T. Deng 2008015), n
S. saxatilis (Y. Liu 2008024).
Scale bar: 1 mm

Fig. 8 Diagrams showing the configuration of stigmatic areas in
Sinosenecio. a Continuous, with the stigmatic area covering the entire
inner surface of the style branch; b separated only at the base by a
cleft not exceeding 1/3 of the style branch; c Separated throughout by
a cleft. Shaded areas indicate clefts. Scale bar: 0.5 mm

characterizes cacalioid [preferably tussilaginoid, see Nordenstam (2007)] genera and thus has also been termed
‘‘cacalioid’’ type by Nordenstam (1978). In this character,
Sinosenecio is markedly different from Senecio, which has
a ‘‘balusterform’’ filament collar that is basally dilated and
composed of larger cells, as emphasized by Nordenstam
(1978) when he segregated Sinosenecio as an independent
genus from Senecio.
The intraspecific variation of the configuration of
endothecial thickenings as here revealed in S. globigerus
may explain to some extent the reasons why Jeffrey and
Chen (1984) could have distinguished three main types of
the tissue within Sinosenecio and why different authors
described the second type as ‘‘scattered’’ (Liu 2001; Jeffrey
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and Chen 1984), ‘‘radial,’’ or ‘‘polarized and radial’’
(Jeffrey and Chen 1984; Chen 1999), respectively. From
the present results, it seems more appreciable taxonomically to distinguish only two types of endothecial tissue in
Sinosenecio, viz. ‘‘strictly polarized’’ and ‘‘polarized and
radial.’’
From Table 1, it can be seen at a glance that the distribution of the two types of endothecial tissue among the
species as revealed by this study is quite different from that
inferred by Jeffrey and Chen (1984) and Chen (1999)
probably based on only a very limited species sampling
(most likely only three species). According to Jeffrey and
Chen (1984) and Chen (1999), all the 22 species recognized by them within sect. Sinosenecio should have strictly
polarized endothecial cells, but our results have shown that
only 11 of the species have this type of endothecial cells,
whereas the remaining species in the section (with
S. phalacrocarpus and S. trinervius not yet checked for this
character because of the unavailability of materials), like
all those in sect. Phyllocaulon, have polarized and radial
endothecial cells. Therefore, the inference made by Jeffrey
and Chen (1984) and Chen (1999) on the distribution of the
character of anther endothecial tissue for the genus Sinosenecio has not been corroborated by this study, and their
infrageneric classification of the genus is in serious conflict
with the actual distribution of this character in the genus as
revealed herein.
Most notably, as shown in Table 1, the anther size, the
configuration of the stigmatic areas of the style branch and
the configuration of anther endothecial tissue in Sinosenecio are remarkably associated with each other. In those
species with strictly polarized thickenings, the stigmatic

Floral micromorphology and systematics in Sinosenecio

areas are entire, or only basally separated, and the stamens
are larger (2.0–2.8 mm in length), whereas in those with
both polarized and radial thickenings, the stigmatic areas
are cleft, and the stamens are smaller (0.8–2.0 mm in
length).
Also, our results have revealed a high correlation
between basic chromosome numbers and several floral
microcharacters in Sinosenecio (Table 1). Twelve species,
11 of which have been revealed to have x = 30, have entire
or only basally separated stigmatic areas, strictly polarized
thickenings and larger anthers, whereas the 21 species and
1 variety with a basic number of x = 24 (rarely 13) have
cleft stigmatic areas, polarized and radial thickenings, and
smaller anthers. The only species with x = 29, S. hainanensis, albeit sharing such characters as cleft stigmatic areas,
polarized and radial thickenings, and smaller anthers with
those species of x = 24 (rarely 13), has a bubble-shaped
anther apical appendage (Fig. 6b), a unique feature in the
genus, and even in the whole Senecioneae according to the
results reported by Vincent and Getliffe (1992). This
remarkable correlation of characters has further greatly
strengthened the safety of using these floral micromorphological features as reliable characters to address the
existing problems with the systematics of Sinosenecio,
which we will discuss in detail below.
Systematic implications of floral micromorphological
data in Sinosenecio
Comparisons between the classification scheme of Sinosenecio (Jeffrey and Chen 1984; Chen 1999) and our floral
micromorphological data (Table 1) have demonstrated
again the important point already suggested by both cytological and molecular systematic data: that the genus Sinosenecio as currently circumscribed is a polyphyletic group
and thus needs to be re-defined.
As shown in Table 1, species in the currently circumscribed Sinosenecio fall into three major assemblages from
a floral micromorphological point of view: (1) Species with
strictly polarized thickenings, entire or only basally separated stigmatic areas, and larger anthers, including nine
species within sect. Sinosenecio subsect. Sinosenecio, two
(S. chienii and S. homogyniphyllus) within sect. Sinosenecio subsect. Phalacrocarpa ser. Scaposi, and S. yilingii, a
recently described new species very close to S. homogyniphyllus (Liu and Yang 2010a); (2) species with polarized and radial thickenings, cleft stigmatic areas and
smaller anthers, including S. bodinieri, S. palmatilobus and
possibly also S. trinervius, currently placed in subsect.
Sinosenecio, all the species within sect. Sinosenecio subsect. Phalacrocarpa ser. Elati and sect. Phyllocaulon
(except for S. koreanus), and four new species recently
described as well (Table 1). Although both macro- and

253

micro-morphologically S. koreanus seems to be placed
better in Sinosenecio (Nordenstam 1978; Jeffrey and Chen
1984; Chen 1999), it has nevertheless been shown to be a
member within the most closely allied genus Tephroseris
by ITS sequence data (Golden et al. 2001; Pelser et al.
2007; Wang et al. 2009; Liu and Yang, unpublished). (3)
Species with polarized and radial thickenings, cleft stigmatic areas, smaller anthers, and bubble-shaped anther
apical appendage, including only S. hainanensis. Although
this species resembles the second assemblage in the
endothecial thickening pattern, the configuration of stigmatic areas and the anther size, its bubble-shaped anther
apical appendage is rather unique in Sinosenecio and even
in the whole Senecioneae. In view of this fact, S. hainanensis seems neither close to S. homogyniphyllus and
S. chienii within the same series nor close to those Sinosenecio species sharing polarized and radical endothecial
thickenings.
As mentioned before, the three assemblages of species
are also well differentiated in basic chromosome numbers.
The first assemblage has a basic number of x = 30, a basic
number often found in the subtribe Tussilagininae (Jeffrey
and Chen 1984; Robinson et al. 1997); the second has
x = 24 (rarely 13), a number also commonly found in
Nemosenecio and Tephroseris of the tephroseroid assemblage of genera (Nemosenecio-Sinosenecio-Tephroseris
assemblage; see Wang et al. 2009) (Liu and Yang, in
prep.), and the third, represented solely by Sinosenecio
hainanensis, has x = 29, a number occasionally appearing
in some typical Tussilagininae (Jeffrey and Chen 1984;
Robinson et al. 1997).
In light of the above facts, the remarkable discrepancies
between floral micromorphological versus cytological and
molecular systematic data mentioned in the Introduction do
not exist at all. The discrepancies have obviously resulted
from the errors made by Jeffrey and Chen (1984) and Chen
(1999) in inferring the type of the endothecial tissue of Sinosenecio based on observations of too small a taxon sampling
of most likely only three species. If such mistakes had not
been made, the polyphyly of Sinosenecio and at least the
position of the first assemblage of species could have been
foreseen with some certainty using micromorphological
approaches. As noted by Nordenstam (1978), the strictly
polarized endothecial tissue is a fairly distinctive feature of
the typical ‘‘cacalioid’’ or ‘‘tussilaginoid’’ genera in the tribe
Senecioneae, and is nearly always associated with the
cylindrical filament collar in such tussilaginoid genera.
According to Nordenstam (1978), Nemosenecio, Sinosenecio and Tephroseris are all tussilaginoid genera. Yet, from
the results of our floral micromorphological observations,
it is clear that actually only a subset of Sinosenecio species
(12 species; see Table 1), i.e., the first assemblage of species
mentioned above, characteristically has these two floral
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microcharacters in combination and hence is typically tussilaginoid in the strict sense of Nordenstam (1978), whereas
the remainder of Sinosenecio, together with Nemosenecio
and Tephroseris, all possessing cylindrical filament collars
and polar and radial endothecial tissue (Koyama 1966;
Nordenstam 1978; Jeffrey and Chen 1984), are not typically
tussilaginoid. As such, on the one hand it seems that the
establishment of subtribe Tephroseridinae by Jeffrey and
Chen (1984) does make some sense at least to highlight the
very close relationships among Nemosenecio, Sinosenecio
(in part) and Tephroseris correctly. On the other hand, both
cytological and floral micromorphological data appear to be
in perfect harmony with molecular systematic data in suggesting a polyphyletic nature of the currently circumscribed
Sinosenecio and the necessity of a taxonomic change at the
generic level. In order to achieve the monophyly of Sinosenecio, and of the Tephroseridinae as well, obviously the
genus should be re-defined to contain only the first assemblage of species, i.e., those species with x = 30 and strictly
polarized endothecial thickenings, and clustered with the
typical genera of the the subtribe Tussilagininae in ITS
phylogenetic analyses (Wang et al. 2009; Liu and Yang,
unpublished), for the type species of Sinosenecio, S. homogyniphyllus, belongs in this assemblage. The second
assemblage, i.e., those with x = 24 (rarely 13) and polarized
and radial endothecial thickenings, and nested together with
members of the small, distinct and homogeneous genus
Nemosenecio in a subclade of the tephroseroid clade in ITS
phylogenetic analyses (Wang et al. 2009; Liu and Yang,
unpublished), may have to be described as a new genus or
merged with Nemosenecio. Sinosenecio hainanensis, the

only representative of the third assemblage, has been segregated as an independent genus of its own, Hainanecio, on
the basis of a suite of unusual morphological, palynological
and cytological characters (Liu and Yang 2011). Superficially this new genus seems to be more readily referred to the
subtribe Tussilagininae because of its predominantly polarized endothecial tissue, cylindrical filament collar and the
basic chromosome number of x = 29 as well. As mentioned
before, however, the results of our phylogenetic analyses of
the ITS dataset indicate its closer affinities with the Senecioninae (Liu and Yang, unpublished), a subtribe that is
otherwise generally well characterized by the radial endothecial tissue, the balusterform filament collar and a basic
number of x = 10 (Nordenstam 1978; Jeffrey and Chen
1984; Nordenstam 2007; Pelser et al. 2007; Nordenstam et al.
2009). Indeed, from either a floral micromorphological or a
cytological perspective, Hainanecio appears to be rather
anomalous in the Senecioninae. The subtribal relationships
of this genus need further study.
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Appendix
See Table 2

Table 2 Vouchers for floral micromorphological observation in Sinosenecio
Taxon

Provenance

Voucher

Sinosenecio baojingensis Y. Liu & Q.E. Yang

Baojing, Hunan, China

Q.E. Yang et al. 554 (IBSC, PE)

S. bodinieri (Vaniot) B.Nord.

Nanchuan, Chongqing, China

Q.E. Yang et al 684 (IBSC, PE)

Nanchuan, Chongqing, China

Q.E. Yang et al. 699 (IBSC, PE)

Huayuan, Hunan, China

Q.E. Yang et al 562 (IBSC, PE)

Without precise locality, Sichuan, China

Anonymous 5550 (PE)

S. chienii (Hand.-Mazz.) B. Nord.
S. cyclaminifolius (Franch.) B. Nord.

Chengkou, Chongqing, China

Q.E. Yang et al 755 (IBSC, PE)

Chengkou, Chongqing, China

Q.E. Yang et al 761 (IBSC, PE)
Q.E. Yang et al 854 (IBSC, PE)

S. denticulatus J.Q. Liu

Xuyong, Sichuan, China

S. dryas (Dunn) C. Jeffrey & Y.L. Chen

Zhuxi, Hubei, China

Q.E. Yang et al 851 (IBSC, PE)

S. eriopodus (Cumm.) C. Jeffrey & Y.L. Chen

Yongshun, Hunan, China

Q.E. Yang et al 641 (IBSC, PE)

S. euosmus (Hand.-Mazz.) B. Nord.

Emei Mt., Sichuan, China
Hongya, Sichuan, China

Q.E. Yang et al 883 (IBSC, PE)
Q.E. Yang et al 919 (IBSC, PE)

Kangding, Sichuan, China

Q.E. Yang et al. 992 (IBSC, PE)

Maoxian, Sichuan, China

Q.E. Yang et al. 1021 (IBSC, PE)

S. fangianus Y.L. Chen

Maoxian, Sichuan, China

Q.E. Yang et al. 1027 (IBSC, PE)

S. fanjingshanicus C. Jeffrey & Y.L. Chen

Jiangkou, Guizhou, China

Y. Liu & T. Deng 2008026 (IBSC, PE)

Nanchuan, Chongqing, China

Y. Liu & T. Deng 2008039 (IBSC, PE)
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Table 2 continued
Taxon
S. globigerus (Chang) B. Nord. var. globigerus

Provenance

Voucher

Zhuxi, Hubei, China

Y. Liu 2008051 (IBSC, PE)

Hefeng, Hubei, China

Y. Liu 2008054 (IBSC, PE)

Hefeng, Hubei, China

Y. Liu 2008002 (IBSC, PE)

Hefeng, Hubei, China

Y. Liu 2008005 (IBSC, PE)

Songtao, Guizhou, China

Y. Liu 2008058 (IBSC, PE)

Shennongjia, Hubei, China

Q.E. Yang et al. 783 (IBSC, PE)

Yongshun, Hunan, China

Q.E. Yang et al. 646 (IBSC, PE)

Pengshui, Chongqing, China

Q.E. Yang et al. 747 (IBSC, PE)

Shimen, Hunan, China

Q.E. Yang et al. 605 (IBSC, PE)

Sangzhi, Hunan, China

Q.E. Yang et al. 575 (IBSC, PE)

S. globigerus var. adenophyllus C. Jeffrey & Y.L. Chen

Sangzhi, Hunan, China
Nanchuan, Chongqing, China

Q.E. Yang et al. 593 (IBSC, PE)
Q.E. Yang et al. 702 (IBSC, PE)

S. guangxiensis C. Jeffrey & Y.L. Chen

Xingan, Guangxi, China

Guangxi Exped. 4257 (PE)

S. hainanensis (Chang & Tseng) C. Jeffrey & Y.L. Chen

Qiongzhong, Hainan, China

Y. Liu 2008044 (IBSC, PE)

S. hederifolius (Dümm.) B. Nord.

Shennongjia, Hubei, China

Y. Liu 2008007 (IBSC, PE)

S. homogyniphyllus (Cumm.) B. Nord.

Hongya, Sichuan, China

Q.E. Yang et al. 918 (IBSC, PE)

Hongya, Sichuan, China

Q.E. Yang et al. 923 (IBSC, PE)

Baoxing, Sichuan, China

Q.E. Yang et al. 946 (IBSC, PE)

S. jishouensis D.G. Zhang, Y. Liu & Q.E. Yang

Jishou, Hunan, China

Q.E. Yang et al. 544 (IBSC, PE)

S. jiuhuashanicus C. Jeffrey & Y.L. Chen

Nanfeng, Jiangxi, China

Y. Liu 2008016 (IBSC, PE)

Pingxiang, Jiangxi, China

Y. Liu & T. Deng 2008018 (IBSC, PE)

Liuyang, Hunan, China

Y. Liu & T. Deng 2008019 (IBSC, PE)

Huangshan Mt., Anhui, China

Y. Liu 2008020 (IBSC, PE)

S. koreanus (Kom.) B. Nord

Without precise locality, Korea

Komarov 1601 (PE)

S. latouchei (J.F. Jeffrey) B. Nord

Nanping, Fujian, China

Y. Liu & T. Deng 2008010 (IBSC, PE)

Wuyi Mt., Fujian, China

Y. Liu & T. Deng 2008013 (IBSC, PE)

S. leiboensis C. Jeffrey & Y.L. Chen
S. ligularioides (Hand.-Mazz.) B. Nord

Lichuan, Jiangxi, China

Y. Liu & T. Deng 2008015 (IBSC, PE)

Leibo, Sichuan, China

Q.E. Yang et al. 863 (IBSC, PE)

Hongya, Sichuan, China

Q.E. Yang et al. 921 (IBSC, PE)

Baoxing, Sichuan, China

Q.E. Yang et al. 948 (IBSC, PE)

S. palmatilobus (Kitam.) C. Jeffrey & Y.L. Chen

Xingyi, Guizhou, China

Q.E. Yang et al. 673 (IBSC, PE)

S. palmatisectus C. Jeffrey & Y.L. Chen

Hefeng, Hubei, China

Y. Liu 2008006 (IBSC, PE)

S. phalacrocarpoides (Chang) B. Nord.

Zhenkang, Yunnan, China

C.W. Wang 72598 (PE)

S. oldhamianus (Maxim.) B. Nord.

Nanshan, Chongqing, China

Q.E. Yang et al. 683 (IBSC, PE)

S. rotundifolius Y.L. Chen

Songpan, Sichuan, China

Anonymous 702 (PE)

S. saxatilis Y.L. Chen

Lanshan, Hunan, China

Y. Liu 2008024 (IBSC, PE)

Ruyuan, Guangdong, China

Y. Liu 2008025 (IBSC, PE)

S. septilobus (Chang) B. Nord.

Nanchuan, Chongqing, China

Y. Liu & T. Deng 2008040 (IBSC, PE)

S. subcoriaceus C. Jeffrey & Y.L. Chen

Nanchuan, Chongqing, China

Q.E. Yang et al. 701 (IBSC, PE)

Nanchuan, Chongqing, China

Y. Liu 2008034 (IBSC, PE)

S. subrosulatus (Hand.-Mazz.) B. Nord.

Maoxian, Sichuan, China

Q.E. Yang et al. 1014 (IBSC, PE)

S. sungpanensis (Hand.-Mazz.) B. Nord.
S. villiferus (Franch.) B. Nord.

Songpan, Sichuan, China
Chengkou, Chongqing, China

Q.E. Yang et al. 1042 (IBSC, PE)
Q.E. Yang et al. 760 (IBSC, PE)

S. wuyiensis Y.L. Chen

Wuyi Mt., Fujian, China

Wuyi Exped. 2432 (PE)

S. yilingii Y. Liu & Q.E. Yang

Baoxing, Sichuan, China

Y. Liu & T. Deng 2009069 (IBSC, PE)

123

256

References
Bremer K (1994) Asteraceae: cladistics and classification. Timber
Press, Portland
Chen YL (1999) Sinosenecio. In: Chen YL (ed) Flora reipublicae
popularis sinicae, vol 77, No. 1. Science Press, Beijing,
pp 101–141
Dormer KJ (1962) The fibrous layer in the anthers of Compositae.
New Phytol 61:150–153
Golden JL, Kim YD, Bain JF (2001) A re-evaluation of North
American Tephroseris and Sinosenecio (Asteraceae: Senecioneae) based on molecular and micromorphological data. Canad J
Bot 79:1195–1201
Janovec JP, Barkley TM (1996) Sinosenecio newcombei (Asteraceae:
Senecioneae): a new combination for a North American plant in
an Asiatic genus. Novon 6:265–267
Jeffrey C (1992) The tribe Senecioneae (Compositae) in the Mascarene
Islands with an annotated world check-list of the genera of the tribe.
Notes on Compositae:VI. Kew Bull 47:49–109
Jeffrey C, Chen YL (1984) Taxonomic studies on the tribe Senecioneae
(Compositae) of Eastern Asia. Kew Bull 39:205–446
Karis PO (1993) Morphological phylogenetics of the AsteraceaeAsteroideae, with notes on character evolution. Plant Syst Evol
186:69–93
Koyama H (1966) On the section Nemosenecio of the genus Senecio.
Acta Phytotax Geobot 22:15–20
Liu JQ (2001) Floral microcharacters of the subtribe Tussilagininae
(Asteraceae: Senecioneae) of the Eastern Asia and their
systematic and taxonomic significance. Bull Bot Res 21:11–27
Liu Y, Yang QE (2010a) Sinosenecio yilingii (Asteraceae), a new
species from Sichuan, China. Bot Stud 51:269–275
Liu Y, Yang QE (2010b) Cytology and its systematic implications in
Sinosenecio (Senecioneae-Asteraceae) and two closely related
genera. Plant Syst Evol. doi:10.1007/s00606-010-0385-3
Liu Y, Yang QE (2011) Hainanecio, a new genus of the Senecioneae,
Asteraceae from China. Bot Stud 52 (1) (in press)
Liu Y, Chen GX, Yang QE (2009) Sinosenecio baojingensis
(Asteraceae), a new species from Hunan, China. Bot Stud
50:107–113
Liu Y, Zhang DG, Yang QE (2010) Sinosenecio hupingshanensis
(Asteraceae), a new species from Hunan and Hubei, China. Bot
Stud 51:387–394

123

Q.-E. Yang, Y. Liu
Nordenstam B (1976) Re-classification of Chrysanthemum L. in
South Africa. Bot Not 129:137–165
Nordenstam B (1978) Taxonomic studies on the tribe Senecioneae
(Compositae). Opera Bot 44:1–84
Nordenstam B (2007) Tribe Senecioneae. In: Kadereit JW, Jeffrey C
(eds) The families and genera of vascular plants 8. SpringerVerlag, Berlin, pp 208–241
Nordenstam B, Pelser PB, Kadereit JW, Watson LE (2009) Senecioneae. In: Funk VA, Susanna A, Stuessy TF, Bayer RJ (eds)
Systematics, evolution, and biogeography of Compositae. International Association for Plant Taxonomy, Vienna, pp 503–525
Pelser PB, Nordenstam B, Kadereit JW, Watson LE (2007) An ITS
phylogeny of tribe Senecioneae (Asteraceae) and a new delimitation of Senecio L. Taxon 56:1077–1104
Robinson H, Brettell RD (1973) Studies in the Senecioneae (Asteraceae). IV. The genera Mesadenia. Syneilesis, Miracacalia,
Koyamacalia, and Sinacalia. Phytologia 27:265–276
Robinson H, Carr GD, King RM, Powell AM (1997) Chromosome
numbers in Compositae, XVII: Senecioneae III. Ann Missouri
Bot Gard 84:893–906
Vincent PLD (1996) Progress on clarifying the generic concept of
Senecio based on an extensive world-wide sample of taxa. In:
Hind DJN, Beentje HJ (eds) Compositae: systematics. Proceedings of the international Compositae conference, Kew, 1994, vol
1. Royal Botanic Gardens, Kew, pp 597–611
Vincent PLD, Getliffe FM (1988) The endothecium in Senecio
(Asteraceae). Bot J Linn Soc 97:63–71
Vincent PLD, Getliffe FM (1992) Elucidative studies on the generic
concept of Senecio (Asteraceae). Bot J Linn Soc 108:55–81
Wang LY, Pelser PB, Nordenstam B, Liu JQ (2009) High inconsistence between molecular phylogeny and generic delimitations of
the subtribe Tephroseridinae (Asteraceae: Senecioneae). Bot
Stud 50:435–442
Wetter MA (1983) Micromorphological characters and generic
delimitation of some New World Senecioneae (Asteraceae).
Brittonia 35:1–22
Zhang DG, Liu Y, Yang QE (2008) Sinosenecio jishouensis
(Compositae), a new species from north-west Hunan, China.
Bot Stud 49:287–294

