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Abstract

Anaphalis DC. is the largest genus in Asian Gnaphalieae, and China, containing 54 known species, is one of the largest
centers of Anaphalis diversity. In the present study, the achene micro-morphology of 39 Chinese Anaphalis taxa were
studied in detail using scanning electron microscopy (SEM). The results showed that the Chinese Anaphalis could be
classified into two groups based on achene surface ornamentation viz. reticulate-claviform (Group 1) and ligulate
protuberant (Group II'). Achene micro-morphological characteristics were useful for the delimitation of interspecific and

supraspecific classification within Anaphalis.
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Introduction

Anaphalis DC. (Gnaphalieae, Asteraceae), consisting
of ca 110 species, is the largest genus in the Asian
Gnaphalieae tribe (Wu et al., 2011). Anaphalis is mainly
distributed in tropical and subtropical Asia, with only a
few species in temperate Asia, Europe, and North
America (Wu et al., 2011; Nie et al., 2013). China one of
the diversity centers of Anaphalis (Nie et al., 2013), with
about 54 Anaphalis species is intensively distributed in
the Himalayas and Hengduan Mountains, and fewer
species in North and Central China (Wu et al., 2011).
Additionally, four Anaphalis species (A. morrisonicola
Hayata, A. transnokoensis Sasaki, A. nagasawae Hayata,
and A. horaimontana Masam.) are insulated in alpine
meadows in Taiwan (Lin, 1979; Lin, 1993, 1997; Wu et
al., 2003, 2011). The Chinese Anaphalis has been
classified into two subgenera: Subgen. I Gnaphaliops
and Subgen. O Anaphalis (Lin, 1979). The subgen.
Anaphalis was further divided into two sections based on
morphological characteristics such as shapes of involucre,
color of phyllaries, and shapes of leaf base (Lin, 1979).
The nuclear internal and external transcribed spacers (ITS
and ETS) of Anaphalis species have been sequenced to
examine the phyletic position of the genus, with an
emphasis on the eastern Himalayan taxa (Nie et al., 2013).
Their results suggested that the monophyly of Anaphalis
was weakly supported. Nie et al., (2013) identified two
clades in Anaphalis based on the shape of the leaf base
rather than the morphology of the capitula and phyllaries
used by Chen et al., (1966) and Lin (1979).

Achene features have been widely used for
taxonomic clarification in Asteraceae (Abid & Qaiser,
2002, 2007a, 2007h, 2007c, 2008a, 2008b; Abid & Zehra,
2007; Blanca & Guardia, 1997; Bruhl & Quinn, 1990;
Ghimire et al., 2016; Melahat, 2017; Roque & Funk, 2013;
Singh & Pandey, 1984; Zhang et al., 2013). Achene
micro-morphological characteristics have played an
important role in the systematics of Asteraceae (Abid &
Qaiser, 2002, 2007a, 2007b, 2007c, 2008a, 2008b; Abid
& Zehra, 2007; Ritter & Miotto, 2006).

Anaphalis was distinguished among all other genera
of Gnaphalieae due to the presence of short clavate hairs

on the achene surface (Anderberg, 1991; Bremer, 1994;
Qaiser & Abid, 2003). Abid & Qaiser (2007a) divided 17
Anaphalis taxa of Pakistan into two groups: sparsely or
densely papillate-clavate hairy on the achene surface.
Zhang & Chen (2008) found that the achene length and
width variation coefficients of Anaphalis were smaller
than the other genera and indicated that Anaphalis species
was relatively primitive. Achene micro-morphological
characteristics of six genera in the tribe Gnaphalieae in
Pakistan have been examined, and Gnaphalieae were
divided into two groups, achenes monomorphic or
dimorphic, based on achene morphology (Abid & Qaiser,
2008b). Therefore, achene features have been useful for
assessing the taxonomic delimitation both at the generic
and specific levels in Gnaphalieae.

Chinese Anaphalis species contain about half of the
number of all Anaphalis species worldwide and thus play
a crucial role in understanding the phylogenetic
relationships within this genus. Macro-morphological
characteristics, chromosome numbers, karyotypes, and
molecular phylogeny based on nrDNA of the Chinese
Anaphalis have been studied (Chen et al., 1966; Meng et
al., 2010, 2014; Nie et al., 2013; Wu et al., 2011).
However, achene characteristics of Chinese Anaphalis
have not received much attention, and the previous
studies on the achene morphology of Anaphalis were only
focused on one or a small group of Anaphalis taxa (Chen
& Jing, 2007; Zhang & Chen, 2008). For a better
understanding of Anaphalis taxonomy, more taxa and
evidence must be included. Therefore, the current study
described, for the first time, the detailed achene micro-
morphology of 39 Anaphalis taxa distributed in China.
Using this achene micro-morphology, we resolve
taxonomic relationships in Chinese Anaphalis and discuss
the relationships between Anaphalis and closely related
genera.

Materials and Methods

The achenes of 39 Anaphalis taxa representing 34
Anaphalis species were used in this study. Voucher
specimens were deposited at Zhengzhou University (ZZU)
and PE Herbarium (Table 1).
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Before SEM imaging, achenes were dehydrated in
gradient alcohol and fixed onto the sample platform using
electric adhesive tape. Then, the achene surfaces were
coated with gold (approximately 20 nm thick). SEM
imaging was performed using a Phenom Prox scanning
electron microscope at 5 kV. The following
characteristics of the achene were studied and compared:
shape, size, cellular arrangement, cell shape, surface
ornamentation, and epicuticular secretion. In most cases,
10 achenes per species were studied. Morphological terms
used in this study are from Abid & Qauser (2007a) and
Liu et al., (2004).

Results

General achene characteristics of Chinese Anaphalis:
Anaphalis achenes were elliptic or oblong, and several
achenes were subcylindrical, 0.6-1.5 mm long, and 0.25—
0.6 mm wide. Epidermal cells were neatly arranged and
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parallel to their longitudinal axis. The achene surfaces,
with clear cellular outlines, were reticulate-claviform or
ligulate protuberant. The hilum was circular, 0.05-0.15
mm in diameter, and constricted at the base. The density
of the wax layer varied in different species. Individual
achene morphological parameters and their features are
presented in Table 2. Based on surface ornamentation, the
Chinese Anaphalis were divided into two groups. Group 2
contained those taxa whose achene surface ornamentation
were reticulate-claviform (Table 2, Fig. 1), including A.
acutifolia; A. adnata; A. busua; A. contorta; A.
margaritacea; A. nepalensis, and A. triplinervis. In Group
I, the surface ornamentation of the achenes was ligulate
protuberant (Table 2, Figs. 2, 3, 4) and included the
remaining studied Chinese Anaphalis species studied in
this work. A key to the species of Chinese Anaphalis also
was generated based on the morphology, size, and micro-
characteristics of achenes.

Table 1. Voucher details of taxa used in this study.

Taxa Locality Voucher specimen

A. acutifolia Sichuan, Muli S. X. Zhu et al. DS15043 (ZZU)
A. adnata Yunnan, Kunming T. N. Liou 14340 (PE)

A. aureopunctata Shanxi, Liuba S. X. Zhu et al. DS13459 (ZZU)
A. bicolor Yunnan, Lijiang S. X. Zhu et al. DS11457 (ZZU)
A. bulleyana Sichuan, Muli S. X. Zhu et al. DS13580 (ZZU)
A. busua Yunnan, Lijiang S. X. Zhu et al. DS11458 (ZZU)
A. chlamydophylla Sichuan, Daocheng D. E. Boufford et al. 37391 (ZZU)
A. cinerascens Yunnan, Zhongdian K. M. Feng 02394 (PE)

A. contorta Yunnan, Chuxiong S. X. Zhu et al. DS11462 (ZZU)
A. contortiformis Yunnan, Xinping S. X. Zhu et al. DS11523 (ZZU)
A. corymbifera Sichuan, Jiuzhaigou S. X. Zhu et al. DS13504 (ZZU)
A. delavayi Sichuan, Xinlong D. E. Boufford et al. 37286 (ZZU)
A. deserti Sichuan, Litang S. X. Zhu et al. DS13590 (ZZU)
A. elegans Yunnan, Xianggelila S. X. Zhu et al. DS11438 (ZZU)
A. flaccida Yunnan, Xianggelila S. X. Zhu et al. DS13599 (ZZU)
A. flavescens Sichuan, Litang S. X. Zhu et al. DS13592 (ZZU)
A. gracilis Sichuan, Rangtang D. E. Boufford et al. 38867 (ZZU)
A. gracilis var. ulophylla Sichuan, Dajin X. Li 78308 (PE)

A. lactea Sichuan, Rangtang D. E. Boufford et al. 39074 (ZZU)
A. larium Yunnan, Degin S. X. Zhu et al. DS11434 (ZZU)
A. latialata Sichuan, Baoxing S. X. Zhu et al. DS13533 (ZZU)
A. likiangensis Yunnan, Xianggelila S. X. Zhu et al. DS13597 (ZZU)
A. margaritacea Sichuan, Chengkou S. X. Zhu et al. DS11456 (ZZU)
A. margaritacea var. angustifolia Unknown Anonymous 3859 (PE)

A. nepalensis Yunnan, Degin S. X. Zhu et al. DS11429 (ZZU)
A. nepalensis var. corymbosa Sichuan, Xiaojin S. S. Chang et al. 6837 (PE)

A. nepalensis var. monocephala Xizang Y. T. Zhang et al. 2731 (PE)

A. nepalensis var. nepalensis Yunnan, Gongshan S. X. Zhu et al. DS13598 (ZZU)
A. pachylaena Sichuan, Muli S. X. Zhu et al. DS13575. (ZZU)
A. pannosa Yunnan, Degin S. X. Zhu et al. DS11433 (ZZU)
A. rhododactyla Sichuan, Litang S. X. Zhu et al. DS13591 (ZZU)
A. sinica var. lanata Unknown Anonymous 4608 (PE)

A. souliei Sichuan, Muli S. X. Zhu et al. DS13576 (ZZU)
A. spodiophylla Sichuan, Muli S. X. Zhu et al. DS13574 (ZZU)
A. surculosa Sichuan, Baoxing S. X. Zhu et al. DS13533 (ZZU)
A. triplinervis Sichuan, Yajiang D. E. Boufford et al. 35925 (ZZU)
A. virens Sichuan, Xinlong D. E. Boufford et al. 37279 (ZzZU)
A. xylorhiza Xizang, Changdu D. E. Boufford et al. 41132 (ZZU)
A. yunnanensis Yunnan, Zhongdian D. E. Boufford et al. 42019 (ZZU)
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Key of Chinese Anaphalis species based on achene characteristics

1a. Surfaces of aChenes retiCUlAte-ClAVITOIIM ..o e e ettt e e eneas 2
1b. Surfaces of achenes ligulate PrOTUDEIANT ............oiiiiiiiiii ettt en e 8
P AN 4 TSI o ToyY 1] To o | SRS 3
2b. Achenes oblong, 0BOVALE OF BIIPLIC ......ccviiie ettt e ereetestesae st e seenee e eneans 5
3a. Achenes 0.5 x 0.15 mm, hilum 75 pm in diameter, epidermal cells ovate, 2025 X 10 um ..................... A. contorta
3b. Achenes 0.6 x 0.25-0.28 mm, hilum 80 pum in diameter, epidermal cells oblong, 50 x 5-20 um .......cc...cevenenn.... 4
4a. Epidermal cells 50 x 15-20 pm, With dense WaxX JAYET ......ccccvririerirerieenieienieiiecsie et s A. adnata
4b. Epidermal cells 50 X 5—10 pum, With SParse Wax IaYET .......ccceiirieiiriierienieerse st st A. busua
5a. Achenes 1.2 X 0.3 mm, hilum 120 pm in di@mMELET .........coovireiiiiiriiiiie s A. acutifolia
5b. Achenes 0.65-0.9 x 0.25-0.4 mm, hilum 40—100 pm in dIAMELET ......ccvevereirieieieeieere e 6
6a. Achenes elliptic, 0.65 X 0.4 IMIM .......ccviiiiiiiie et e re et e s e s tesaensens ssaensesenrenreseens A. triplinervis
6b. Achenes oblong or obovate, 0.7-0.9 X 0.25-0.3 MIM ......ciiiiiiiiiie e nae e e e sreeneennennes 7
7a. Achenes 0.7-0.9 x 0.25 MM, NIUM CUIVE ......c.ooiiiiiiece ettt e A. margaritacea
7b. Achenes 0.8-0.9 x 0.3 mm, hilum slightly curved or NOt ...........cccoeiiiiiiii e A. nepalensis
8a. Achenes surfaces WIthOUL WaX TAYEE ........ccviiiiii ettt et e e st e e e e s e e s e e te e beeneeneeereenes 9
8b. Achenes surfaces With Sparse 0r deNSE WaX TQYEL .......cccui e i ittt e e nae e 11
9a. Hilum 80 um in diameter, base slightly constricted; achenes slightly curved; epidermal cells 20-25 x5 um .............

PP UOPPRRPRY L W= | -To] o] [0 £- 1 )
Hilum 100-120 pm in diameter, base constricted; achenes not curved; epidermal cells 25-40 x 10-20 ym ........... 10

9b.

10a. Achenes elliptic, 0.6 X 0.3 mm, hilum 100 um in diameter, epidermal cells 25-30 x 1520 ym ........ A. pachylaena
10b. Achenes oblong, 1.2 x 0.5 mm, hilum 120 pm in diameter, epidermal cells 30—40 x 10-15 ym ............. A. pannosa
118, WILH SPAISE WAX TAYET .....ecviieiiiiteeite etttk bbb bbb bbbt e bt nb et she e et e e et e neebe e b e enas 12
11D, WILh AENSE WAX AYET .....eveiiieeie ettt sttt et s e st e e s et e e st e e se e seesaeenteebe e teenbesReeseesteeseenteaneentesneenees 18
12a. ACNENES SUDCYIINAIICA ....ecvviieiiie ettt st e te s e st e e st e b e eneesneenbeaneesreaneas A. corymbifera
12b. AChenes elliptic OF OBIONG .....c.o i bbbttt b et bt 13
13a. Hilum 150 pm in diameter, epidermal cells broadly OVate ...........ccceoveriiiineiiiiince s A. delavayi
13b. Hilum 50-80 pm in diameter, epidermal cells NAITOWLY OVALE ........cccveiiiiiiiriiie e 14
14a. Achenes oblong, NIUM €IONQALE ........cciiii i e te e e et esre e e e sreanee e A. lactea
14b. Achenes elliptic, NIUM NOL EIONGALE ..ottt 15
15a. Hilum 50 [m i QIAIMELET +...eviriiieireeiee ettt r e b ee b et ee e bt ne ettt nb e an e e 16
15b. Hilum 80 LM 11 QIAIMIELET ...c.vviutiitietieieitc ettt sttt sb e bbbt bt se e ae bt eb e e s b e e be s b e e neesbeeb e e b e ebeenesneeeas 17
16a. Hilum slant, epidermal CellS 20—25 X 5 LM ....oiuiiuiiiiiiiieieieiei et s A. cinerascens
16b. Hilum not slant, epidermal Cells 10—15 X 5 UM ..c.ovviiiiiiriiiiiieicese s A. chlamydophylla
17a. Achenes slightly curved, 0.9 x 0.35 mm, hilum not curved, epidermal cells 25-30 x 20 ym .................. A. elegans
17b. Achenes not curved, 1.0 x 0.45 mm, hilum slightly curved, epidermal cells 35-45 x 15-20 pm ............. A. xylorhiza
18a. Achenes subcylindrical, 0.5 x 0.2 mm, hilum 50 pm in dIAMELET .........covireriiriiieieie e A. bicolor
18b. Achenes elliptic or oblong, 0.75-1.5 x 0.3-0.5 mm, hilum 60—150 um in diameter ..........c.cecvrerveririvrivriesnrereenens 19
198, HIlUM BIONGALE ......oieiiceece e bbbt st s b bbbttt e bbbt bt et e bbb e bt A. souliei
19D, HIlUM NOT BIONGALE ...ttt ettt bbbt bbb b es e s e e Rt e Rt b £ e b e ebe R e e meeb e e be b sbe e en bt e e ne e 20
208, ACNENES OBIONG ...ttt b e bbbt bt bt bt e b e s e e e Rt e R e e e R e e R e bt bbb s b s bt re et 21
20D, ACNENES BITIPLIC ...ttt bbbt bbb bbb st b et b st ket b bt r et 25
218, EPIAErMAl CEIIS OVALE .....cooiviicie et etttk bbbt bbbt bbb A. gracilis
21b. Epidermal CellS NArTOWIY OVALE .........couiiiiiiiiieciee ettt bbb e b e et ettt et sbe e nens 22
22a. Achenes slightly curved, hilum 60 um in diameter, epidermal cells 15-20 X 5 (M ....cceovverieniicnieennen, A. flavescen
22b. Achenes not curved, hilum 100—150 um in diameter, epidermal cells 30—45 X 10-23 UM .....covvevreiirenenennieenen, 23
238, HIlUM SIIGNEIY CUNVEA ...ttt £k n et ettt et bt 24
23D, HITUM NOT CUIVED ...ttt bbbt b e bbbt as et eb e ne bbbt nnen e r e nnes A. virens
24a. Achenes 1.5 x 0.3 mm, 120 pm in diameter, epidermal cells 30—35 X 10—15 UM .....ccoocvviiiiiiiniiiiiin A. deserti
24b. Achenes 0.9 x 0.3 mm, 100 pum in diameter, epidermal cells 30—40 X 15-20 pm .....cccceovvvrvverirernenenn A. likiangensis
25a. Achenes slightly curved, epidermal cells NarroWly OVaLE ..........ccccoeiiiiieiniee e A. latialata
25b. Achenes not curved, epidermal cells broadly OVAte OF OVALE ...........ccoiiiiiiiiiieiee et e 26
26a. Hilum curved oF SIIGNLIY CUNVE ..o bbb etk e se ettt e bbb ens 27
26D, HITUM NOT CUINVEA ...ttt r et 30
27a. Achenes 1.0 x 0.5 mm, epidermal cells 25-30 LM 10NE ..c.voeriieriiierieeree e A. larium
27b. Achenes 0.8-0.9 x 0.3-0.45 mm, epidermal cells 30—50 (M 10N ......ccceiiiiiiiinieieee e 28
28a. Achenes 0.9 x 0.45 mm, hilum curved, epidermal cells 40—50 pm 1oNg ........ccccvvrveereienenisierieeene, A. rhododactyla
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28b. Achenes 0.8 x 0.3-0.4 mm, hilum slightly curved, epidermal cells 30—45 um 1ong ........ccoovvrenriniiiieieneeeee 29

29a. Hilum 100 pm in diameter ........ccocevvveereneeninccieenieaeens

...................................................................... A. spodiophylla

29b. Hilum 120 [ i0 QIAIMETET ...vevereeviriitiiiteisestereste sttt b s bt s s bt e b et es et bt e b e ntane s A. surculosa
30a. Epidermal cells Broadly OVALE ...........ooiiiiiiiir bbb e A. bulleyana
30D. EPIAEIMAL CEIIS OVALE ......eviieieietiiei sttt bbbt h et b bbb bt bbbt e et b bt b bt eb e nn bt nabe e 31
31a. Hilum 80 pm in diameter, epidermal cells 50 pm X 20—25 LM ..coovevveerieiinieieneie e A. contortiformis
31b. Hilum 110-150 pum in diameter, epidermal cells 25—40 X 10-20 LUT ..c.ovveiriirireineieeieeseesenesee s seese s 32
32a. Achenes 0.75 x 0.4 mm, hilum 110 pum in diameter, epidermal cells 2535 X 10 M ...ccocvvrveireriiciinennns A. flaccida
32b. Achenes 0.8-0.9 x 0.4-0.5 mm, hilum 120-150 pum in diameter, epidermal cells 25-40 X 15-20 pm .................... 33
33a. Achenes 0.8 x 0.4 mm, hilum 150 um in diameter, epidermal cells 30—40 X 15 um .......ccccoeuenees A. sinica var. lanata
33b. Achenes 0.9 x 0.5 mm, hilum 120 pm in diameter, epidermal cells 25-30 X 15-20 pm ........c.ccveuvvnee. A. yunnanensis

Discussion

The genus Anaphalis is distinguished among all
genera of Gnaphalieae because of short clavate hairs on
the achene surface (Anderberg, 1991, Bremer, 1994;
Qaiser & Abid, 2003). However, Abid & Qaiser (2007a)
indicated that the achene surface of Anaphalis was
covered by papillate-clavate hair, not just the clavate
hair, and they were the first to consider the density of
hair as crucial characteristic. Based on the density of
achene surface hairs, Abid & Qaiser (2007a) divided all
Anaphalis species in Pakistan into two groups: sparsely
or densely papillate-clavate hairs. Our results
demonstrated two types of surface ornamentation of
Chinese Anaphalis achene: reticulate-claviform and
ligulate  protuberant.  The  micro-morphological
characteristics of the achene surfaces were distinct
among species in Chinese Anaphalis. In the study based
on nuclear DNA sequences (Nie et al., 2013), A. adnata,
A. margaritacea, A. nepalensis, and A. triplinervis had a
close relationship with well support, and the surfaces of
these four species had reticulate-claviform achene
surfaces. Species in Group II are assembled into a well-
supported clade in the study of molecular systematics
(Nie et al., 2013).

Based on macro-morphological characteristics,
Chen et al., (1966) divided Anaphalis into two
subgenera: Subgen. I Gnaphaliops Ling, with only one
species (A. bulleyana), and Subgen. I Anaphalis. A.
bulleyana is closely related to Gnaphalium due to the
ratio of male flowers to female flowers and the
characteristics of the involucre and pappus (Chen et al.,
1966). Our current study suggests that A. bulleyana,
belonging to Group I, should not be treated as a
separate species in Subgen. Gnaphaliops. Furthermore,
the results of molecular phylogeny also support this
view (Nie et al., 2013). According to Chen et al., (1966),
A. busua belongs to Ser. Busuae Ling; A. contorta and A.
margaritacea are in Ser. Margaripes (DC.) Boiss.; and
A. acutifolia, A. nepalensis, and A. triplinervis belong to
Ser. Nepalenses Ling. In the present study, all species
mentioned in Chen et al., (1966) fall into our Group I.
Species in our Group I belonged to Ser. Flavescentes
Ling, Ser. Margaripes (DC.) Boiss., Ser. Pannosae Ling,
Ser. Sinicae Ling, Ser. Suffruticosae Ling and Ser.
Xylorhizae Ling (Chen et al., 1966). Therefore, the
traditional partition of subgenus, section, and series in

Anaphalis was not supported from the view of achene
micro-mophological characteristics in this study.

Wu et al., (2011) indicated that the middle flowers
in the capitulum of A. adnata were bisexual, so they
transferred A. adnata to Pseudognaphalium as
Pseudognaphalium adnatum (DC.) Y.S. Chen. However,
based on achene micro-morphology in our study and
molecular phylogeny (Nie et al., 2013), A. adnata has a
close relationship with A. margaritacea, A. nepalensis,
and A. triplinervis. Therefore, transferring A. adnata to
Pseudognaphalium is not supported in the present study.

Anaphalis was closely related to Gnaphalium,
Pseudognaphalium, and Helichrysum. Abid & Qaiser
(2007a) described, the achene surface ornamentation of
Anaphalis was papillate-clavate hairy. Additionally,
Abid & Qaiser (2008a) also indicated that achene of
Gnaphalium and Pseudognaphalium were oblong or
oblong-oblanceolate, sparsely papillose, or papillose-
clavate  hairy. Based on achene features,
Pseudognaphalium could not be distinguished from
Gnaphalium (Abid & Qaiser, 2008a). The papillate-
clavate hairs were similar to the characteristics of Group
I in this study. Therefore, Anaphalis could not be
separated from Gnaphalium and Pseudognaphalium due
to their similar achene characteristics. However, to date,
there have been no reports about the achene
morphological characteristics of Helichrysum. The
previous studies on achene morphological characteristics
of Anaphalis and closely related genera have focused
only on Pakistani species (Abid & Zehra, 2007; Abid &
Qaiser, 2008a, 2008b). Thus, to understand the
relationships of these related genera, it is necessary to
include more taxa in further studies.

Conclusions

Based on achene surface ornamentation, Chinese
Anaphalis can be divided into two groups: Group I
with reticulate-claviform surfaces, and Group I with
ligulate protuberant achene surface ornamentation.
Based on these criteria, A. adnata, A. margaritacea, A.
nepalensis, and A. triplinervis had a close relationship,
with good support from micro-morphology. Therefore, A.
adnata should be retained in Anaphalis. Micro-
morphological characteristics of achene do not support
the traditional classifications of subgenus, section, and
series of Chinese Anaphalis.
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Fig. 1. Scanning Electron micrographs of Group I: A. acutifolia: 1A-E; A. adnata: 2A-E; A. busua: 3A-E; A. contorta: 4A-E; A.
margaritacea: 5A-E; A. margaritacea var. angustifolia: 6A-E; A. nepalensis: 7A-E; A. nepalensis var. nepalensis: 8A-E; A. nepalensis
var. corymbosa: 9A-E; A. nepalensis var. monocephala: 10A-E; A. triplinervis: 11A-E.
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Fig. 2. Scanning Electron micrographs of Group I : A. aureopunctata: 12A-E; A. bicolor: 13A-E; A. bulleyana: 14A-E; A.
chlamydophylla: 15A-E; A. cinerascens: 16A-E; A. contortiformis: 17A-E; A. corymbifera: 18A-E; A. delavayi: 19A-E; A. deserti:
20A-E; A. elegans: 21A-E; A. flaccida: 22A-E.
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Fig. 3. Scanning Electron micrographs of Group II: A. flavescens: 23A-E; A. gracilis: 24A-E; A. gracilis var. ulophylla: 25A-E; A.
lactea: 26A-E; A. larium: 27A-E; A. latialata: 28A-E; A. likiangensis: 29A-E; A. pachylaena: 30A-E; A. pannosa: 31A-E; A.
rhododactyla: 32A-E; A. sinica var. lanata: 33A-E.
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Fig. 4. Scanning Electron micrographs of Group II: A. souliei: 34A-E; A. spodiophylla: 35A-E; A. surculosa: 36A-E; A. virens: 37A-
E; A. xylorhiza: 38A-E; A. yunnanensis: 39A-E.
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