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Abstract

Recently the Asian Gerbera species were shown to form a clade that was not the sister group of the African
Gerbera. In this study, the position of the Asian Gerbera species was further assessed based on morphol-
ogy and molecular phylogenetic analyses that included six Asian Gerbera and 26 other species from the
Gerbera-complex. Morphological results showed that the six Asian Gerbera species, which were sampled,
bear leaves with the adaxial epidermal surface lacking stomates, possess bracteate scapes and lack inner
ray florets. These characters suggest that the Asian Gerbera species are most closely related to the species
of Uechtritzia, which also share similar pollen grain size and shape with the Asian Gerbera, rather than
to the African Gerbera. Furthermore, the phylogenetic results based on two nuclear (ITS and ETS) and
three chloroplast (&rnL—trnE, trnL—rpl32 and trnC—perN) sequences strongly support the Asian Gerbera
and Uechtritzia forming a clade, with the latter nested within the Asian Gerbera species. Both morpho-
logical and molecular phylogenetic data thus confirmed the taxonomic identity of the Asian Gerbera and
Uechtritzia. The authors herein formally treat the nine species of the Asian Gerbera and the three species
of Uechtritzia as members of the genus Oreoseris, which is the earliest generic name of this lineage and has

the nomenclatural priority.
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Introduction

The Gerbera-complex (Compositae: Mutisieae) contains eight genera: Gerbera L.,
Leibnitzia Cass., Uechtritzia Freyn, Amblysperma Benth., Chaptalia Vent., Trichocline
Cass., Perdicium L. and Lulia Zardini. Gerbera currently contains about 31 species,
which belong to six sections: the five African sections: sect. Gerbera (8 species), sect.
Parva H.V.Hansen (1 species), sect. Lasiopus (Cass.) Sch.Bip. (6 species), sect. Pseudos-
eris (Baill.) C.Jeffrey (8 species, distributed in Madagascar) and sect. Piloselloides Less.
(2 species, one of which is widespread in Asia and Africa) and the Asian sect. Lsanthus
(Less.) Jeffrey (6 species; Hansen 1985a, 1985b, 1988, Johnson et al. 2014, Funk et al.
2016). One South American species G. hieracioides (Kunth) Zardini was not included
in any of the above-mentioned sections of Gerbera (Zardini 1974) and the authors
have recently transferred it to Chaptalia based on both morphological and molecular
data (Xu et al. 2018).

The Asian Gerbera section Isanthus is characterised mainly by campanulate involu-
cres, naked receptacles and rostrate achenes (Hansen 1988). A recent molecular phy-
logenetic analysis showed that the Asian Gerbera species did not form a clade with the
African species (Pasini et al. 2016): the Asian Gerbera + Uechtritzia formed a clade and
the African Gerbera and Amblysperma constituted another clade. Some earlier workers
also suggested treating the Asian section as an entity separate from the African Gerbera
(Candolle 1838, Jeffrey 1967). Hansen (1990), however, argued that, while the Asian
Gerbera sect. Isanthus differed somewhat from the African Gerbera, it shared four apo-
morphies as well as 11 plesiomorphies with Uechtritzia and the three entities could not
be discerned from one another.

Species of Uechtritzia have hemispherical involucres, fimbriate receptacles and
slightly rostrate achenes (Hansen 1988). This genus contains three species, namely
U. armena Freyn endemic to Turkey (Doganet al. 2016) and Armenia, U. kokanica
(Regel et Schmalh.) Pobed. from Central Asia (Kazakhstan, Uzbekistan, Tajikistan,
Kyrgyzstan, Turkmenistan to Afghanistan) and U. lacei (G.Watt) C.Jeffrey of the Him-
alayan region (Hansen 1988).

Pasini et al. (2016) included one Uechtritzia species, U. kokanica and showed that
the species was nested within the two sampled Asian Gerbera species based on nuclear
(ITS) and chloroplast (#77L—#nF) sequence data. This result indicated the possibility
that the Asian Gerbera may belong to the genus Uechtritzia. However, the phylogenetic
position and the taxonomic identity of the Asian Gerbera need to be tested with an
expanded taxon sampling by adding more Asian and African species of Gerbera and
Uechtritzia before any taxonomic decisions can be made.

In this study, the phylogenetic position of the Asian Gerbera was tested by expand-
ing the taxon sampling of the Asian and African Gerbera and the Uechtritzia species
and using both molecular (two nuclear markers: ITS and ETS and three chloroplast
markers: zrnl—trnF, trnl—rpl32 and trnC—perN) and morphological data (leaf adaxial
surface, pollen, scape and floral morphology).
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Materials and methods

A total of 32 species from eight genera of the Gerbera-complex and Adenocaulon chil-
ense (outgroup) were sampled for this study (Tables 1, 2). The morphological data were
taken from specimens at the United States National Herbarium (US) and included
characters of the leaf epidermis, pollen, flowers and scapes.

Adacxial leaf epidermal and pollen morphology. A small area of the leaf lamina
(about 0.5-1.0 cm?) was placed with the adaxial side exposed, on carbon tape over
stubs for the scanning electron microscopy (SEM). For the pollen analysis, samples
were dehydrated and were then placed on aluminium stubs using double-sided adhe-
sive tape following Wen and Nowicke (1999). The stubs bearing the leaf sample and
pollen were treated with gold-palladium to 16.6 pm thickness and were examined
under a Philips XL-30 scanning electron microscope at the SEM Lab of the National
Museum of Natural History (NMNH), Smithsonian Institution. The 22 samples were
subsequently observed and photographed under the SEM using the proprietary soft-
ware associated with the Philips SEM. Images of at least 15 different areas of the
adaxial leaf surface were captured for each sample, as well as 20 pollen grains. The polar
and equatorial axes of pollens were measured by Image] 1.8.0.

DNA extraction, amplification and sequencing. The DNA molecular work
was undertaken in the Laboratory of Analytical Biology (LAB) of NMNH. DNA
from 16 samples (15 species) was extracted through AutoGen (AutoGen Inc., Hol-
liston, Massachusetts, USA) or the DNeasy Plant Mini Kit (Qiagen, Valencia, Cali-
fornia, USA). Leaf tissue samples, along with 1.0 and 2.3 mm diameter beads, were
dipped in liquid nitrogen then immediately shaken for 60 seconds at 1800 rpm by
Tissuelyser. About 500 pl of the CTAB extraction buffer was added to the tubes,
vortexed and incubated overnight (500 rpm at 55 °C). Then 300 pl of the superna-
tant was transferred to an AutoGen plate. The AutoGen was run according to the
manufacturer’s default settings.

Five markers including two nuclear ribosomal ITS and ETS and three chloroplast
trnl—trnF, trnl—rp/32 and trnC—pesN intergenic spacers were amplified. The ITS prim-
ers were designed by Downie and Katz-Downie (1996) and White et al. (1990), ETS
primers by Baldwin and Markos (1998); #rnl—#rnF primers by Taberlet et al. (1991),
trnl—rpl32 spacer primers by Timme et al. (2007) and #nC—pesIN spacer primers by
Lee and Wen (2004) (Table 3). The PCR reaction mixture had a total of 25 pl volume,
comprising 14.05 pl nuclease free water, 2.5 pl 10x buffer, 2 ul dNTPs, 1.25 pl MgClz,
1 pl of both forward and reverse primers, 0.5 pl BSA, 0.2 ul Taq DNA polymerase and
2.5 pl of template DNA. The PCR reactions were performed in a Veriti PCR Thermal
Cycler. The amplification protocols for all markers are summarised in Table 3. The
amplified products were purified with ExoSapIT enzyme with activation at 37 °C and
deactivation at 95 °C. 4 pl of the purified product and same primers (1 pl, 1 uM) were
cycle-sequenced in a mixture containing 0.8 pl Big Dye (Applied Biosystems, Foster
City, California, USA) and 2.0 pl 5x Big Dye buffer and 4.2 pl water.
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Table 1. Voucher information and morphological characters of Gerbera and related species.

Adaxial | Bracts Inner Pollens
Species Section Locality | Voucher information leaf on ::es Polar | P/E
stomata | scape 7S | axis (um) | ratio
Gerbera viridifolia , T H. Trinder-Smith s.n.
(DC.) Sch.Bip. Lasiopus Kenya US) + - + 4412 | 1.21
G. jamesonii Adlam | Lasiopus Cultivar 1’ Derby s.n. (US) + - + 45.77 1 1.29
g;.paumntmm Sch. Lasiopus | South Africa Bayliss 2505 (US) + - + 43.48 |1.20
G. ambigua Sch. . .
Bip. Lasiopus | South Africa | M. Koekemoer 2097 (US) + - + 44,98 | 1.38
gas‘,; sloselloides Piloselloides| Swaziland | M. Koekemoer 2590 (US) + - + 42.09 |1.28
G. cordata Less. Piloselloides| Madagascar | T'B. Croat 29083 (MO) + - + 43.19 | 1.27
G. perrieri Pseudoseris | Madagascar | L. Gautier 3110 (MO) + - + 44.04 |1.29
Humbert
G. diversifolia Pseudoseris | Madagascar | B. Lewis 1201 (MO) + - + 4531 |1.20
Humbert
G. crocea Kuntze Gerbera | South Africa | M. Koekemoer 2029 (US) + + - 53.83 | 1.39
G. linnaei Cass. Gerbera | South Africa | E. Werdermann 749 (US) + + - 47.01 | 1.25
G. tomentosa DC. Gerbera | South Africa P Bond 745 (US) + + - 50.43 | 1.26
G. wrightii Harv. Gerbera | South Africa | P Goldblatt 5287 (US) + + - N N
G. serrata Druce Gerbera | South Africa M. Kockemoer 2001 + + - N N
(PRE)

G gosgpina Fanthus | India | WN. Kok 4828(US) | - | + | - | 5005 |1.40
Beauverd
G- maima Lanthus India | D.H. Nicolson 2755 (US)| - + | - | 5041 |1.26
Beauverd
G. delavayi Franch. | Lanthus China X Xu 1102 (KMUST) - + - 51.90 |1.27
G. nivea Sch.Bip. Lsanthus China J.E Rock 6430 (US) - + - 50.30 | 1.39
G. raphanifolia Lanthus China J.E Rock 10504 (US) - + - 51.74 |1.28
Franch.
G. henryi Dunn Lanthus China W.B. Hemsley 1903 (US) - + - 5191 |1.33
Uechtritzia armena |\ Turkey | A Kaya 1835 (EU) N v - N | N
Freyn
U lacei GWaw) |\ India | WKoel87100NA) | - | + | - | 5086 |136
C.Jeffrey
U. kokanica (Regel .
et Schmalh.) N Tajikistan EL Zap (qéz(g;zev 1682 - + - 55.80 | 1.31
Pobed.
Leibnitzia anandria N Chi 1. Thomas 8183 (US) 3445 | 1.10
(L) Nakai ina . Thom + + - . .
L. nepalensis .
(Kunze) Kitam. N China J. Wen 542 (US) + + - 32.16 | 1.20
L. occimadrensis .
G.L.Nesom N Mexico H.S. Gentry 7189 (US) + + - 37.33 | 1.16
Amb'ly:permﬂ N Australia A. Morrison s.n. (US) + + - 51.60 |1.17
scapigera Benth.
A. spathulata
(A.Cunn. ex DC.) N Australia R.A. Davis 8267 (US) + + - 55.10 | 1.23
D.J.N.Hind

Notes: + designates those mentioned present; - designates those mentioned absent; N represents data not
available.
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Table 3. Amplification protocols for all markers.

PCR protocol: initial pre-heating; DNA
Marker Primers and sequences 5'-3' denaturation; primer annealing; DNA
extension; final extension
TS ITS5A: GGAAGGAGAAGTCGTAACAAGG 95 °C 1 min; 54 °C 1 min; 72 °C 1 min;
ITS4: TCCTCCGCTTATTGATATGC 72 °C 10 min; 35 cycles
ETS 18s-ETS: ACTTACACATGCATGGCTTAATCT | 94 °C 0:30 min; 60 °C 0:40 min; 72 °C
ETS-Hel-1: GCTCTTTGCTTGCGCAACAACT | 1:20 min; 72 °C 5 min; 30 cycles
rnltrmE trnlL-Fc: CGAAATCGGTAGACGCTACG 94 °C 1 min; 53 °C 1 min; 72 °C 2 min;
trnL-Ff: ATTTGAACTGGTGACACGAG 72 °C 10 min; 35 cycles
trlrpl32 trnl: TACCGATTTCACCATAGCGG 95 °C 3 min; 51 °C 40 s; 72 °C 1:20 min;
mp132: AGGAAAGGATATTGGGCGG 72 °C 5 min; 35 cycles
trnCopetN trnC: CCAGTTCAAATCTGGGTGTC 95 °C 3 min; 54 °C 45 s; 72 °C 1:20 min;
petN: GGATATAGTAAGTCTTGCTTGGG 72 °C 8 min; 35 cycles

The cycle sequencing programme was 30 cycles of 95 °C for 30's, 50 °C for 30 s and
60 °C for 4 min. The resultant product was sephadex-filtered and sequenced through
an ABI 3730 automated sequencer (Applied Biosystems, Foster City, USA). Sequences
were aligned by using MAFFT (Katoh and Standley 2013) in Geneious 10.0.9. (Bio-
matters Ltd., Auckland, New Zealand) and checked manually. A total of 90 newly
generated sequences from the 23 samples were deposited in GenBank (Table 2).

A total of 16 sequences of eight species were retrieved from NCBI for the re-
lated taxa within the tribe Mutisieae (Table 2). Phylogenetic relationships were in-
ferred based on the concatenated ITS+ETS+zrnL—rp/32 +trnL—trnE +trnC—perN data
with MrBayes v. 3.2.2 (Ronquist et al. 2012) by using the substitution model of GTR
based on the best-fitting model determined by jModelTest 2.1.6 (Posada 2008), the
chain length of 10,000,000, rate variation of gamma, gamma categories of 4, heated
chains of 4, heated chain temp of 0.2, subsampling freq. of 200 and burn-in length of
100,000. Tracer v. 1.5 (Rambaut and Drummond 2009) was used to confirm that the
effective sample size (ESS) for all relevant parameters was > 200. After discarding the
trees as burn-in, a 50 % majority-rule consensus tree and posterior probabilities (PP)
for node support were calculated using the remaining trees.

Results

Adaxial leaf epidermal morphology. The results of the SEM work (Table 1) showed
that the six tested Asian Gerbera species have no stomates on the adaxial leaf surface (Fig-
ure 2A, B, C, D). This adaxial leaf morphological trait differs from that of the African
Gerbera species: (1) Three East African Gerbera sections sampled [sect. Lasiopus (4 spe-
cies), sect. Piloselloides (2 species) and sect. Pseudoseris (2 species)] have stomates and stiff,
straight, upright trichomes on the adaxial surface. Figure 1 has representative images for
each of the above sections: G. ambigua (Fig. 1A), G. piloselloides (Fig. 1B) and G. perrieri
(Fig. 1C), respectively. (2) Members of the South African sect. Gerbera have stomates.
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Figure |. Adaxial leaf epidermal surface morphology of African Gerbera and Asian Leibnitzia. A G.
ambigua (sect. Lasiopus) B G. piloselloides (sect. Piloselloides) C G. perrieri (sect. Pseudoseris) D G. serrata
(sect. Gerbera) E G. crocea (sect. Gerbera) F L. nepalensis. Bar=50 pm.

Five species were examined and the epidermal characters are represented by G. serrata
(Fig. 1D) and G. crocea (Fig. 1E). Furthermore, the adaxial leaf morphological traits of
the Asian Gerbera species also deviate from two Asian-American disjunct Leibnitzia spe-
cies, which have stomates on the adaxial leaf epidermal, as represented by L. nepalensis
(Fig. 1F). Nevertheless, the Asian Gerbera samples share similar adaxial leaf epidermal
characters of lacking stomates with the two examined Uechtritzia species, U. kokanica
(Fig. 2E) and U. lacei (Fig. 2F). Based on the adaxial leaf epidermal morphology, the
Asian Gerbera is most closely related to Uechtritzia rather than to the African Gerbera.
Pollen morphology. The pollen grains of the examined species of the Gerbera-
complex are very similar to one another, differing only in the size of the grains as well
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Figure 2. Adaxial leaf epidermal surface morphology of Asian Gerbera and Uechtritzia. A G. maxima
B G. delavayi C G. gossypina D G. nivea E U. kokanica F U. lacei. Bar=50 pm.

as the granules on the surfaces (Figs 3 and 4). They are tricolporate, have a granule ex-
ine and are prolate and subprolate in shape. The ratios of the polar axis and equatorial
axis (P/E) are given in Table 1. For Gerbera and Uechtritzia, the P/E ratios are between
1.2-1.4. The average polar axis of the Asian Gerbera and Uechtritzia pollen grains is
50.05-55.80 um. For the African Gerbera, however, the average polar axis of pollen
grains is 42.09—45.77 pm in sects. Lasiopus, Piloselloides and Pseudoseris and 47.01—
53.83 um in sect. Gerbera. The P/E ratio of the pollen grains of the Asian Gerbera and
Uechtritzia (Table 1) differs from that of the East Asian-North American Leibnitzia
and the Australian Amblysperma, which fall between 1.10-1.20 (Fig. 5). Furthermore,
the average polar axis of the Asian Gerbera and Uechtritzia pollen grains is higher than
that of Leibnitzia species, which has the range of 32.16-37.33 um.
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G. gossypina G. delavayi

S,
.

G. nivea G. henryi

Uechtritzia kokanica U. lacei

Figure 3. Pollen morphology of Asian Gerbera and Uechtritzia.
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G. viridifolia  G. aurantiana

G. cordata G. perrieri

y
R,

G. tomentosa G. crocea G. linnaei

Figure 4. Pollen morphology of African Gerbera species.
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Leibnitzia nepalensis L. anandria L. occimadrensis

Amblysperma spathulata A. scapigera

Figure 5. Pollen morphology of Leibnitzia and Amblysperma species.

Phylogenetic analysis. The Bayesian analysis of the combined nuclear markers
and three plastid genes showed six clades of the sampled species of the Gerbera-com-
plex, all showing a strong geographic signal (Fig. 6): (1) the Asian Gerbera and the
Uechtritzia species, (2) the East Asian and North American Leibnitzia species, (3) the
New World genus Chaptalia, (4) the African Gerbera species, (5) the Australian ge-
nus Amblysperma and (6) the South American genus 7ichocline. The three samples
of Uechtritzia (two species of U. kokanica and U. lacei) were clearly nested within the
Asian Gerbera clade (Fig. 6).

Discussion

Based on this study, the Asian Gerbera and the Uechtritzia species share several mor-
phological characters, including bracteate scapes, absence of inner ray florets, no sto-
mates on the adaxial leaf surface and similar pollen size and shape (Table 1). Hansen
(1990) also commented that the Asian Gerbera (i.e. sect. Isanthus) is morphologically
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veo[— Gerbera delavayi

O-ﬂ‘i: Gerbera raphanifolia
Gerbera henryi

—— Gerbera maxima
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Asia oo Uechtritzia lacei
Gerbera gossypina
Gerbera nivea

0.99

— 10— Leibnitzia occimadrensis
- Leibnitzia lyrata
000 E Asia& o] L Leibnitzia anandria 1
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Leibnitzia nepalensis
Americas 00— Chaptalia hieracioides

L Chaptalia pringlei
Gerbera viridifolia
Gerbera aurantiana
Gerbera jamesonii
Gerbera ambigua
Gerbera piloselloides
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Gerbera diversifolia
——— Gerbera cordata
.0o— Gerbera crocea
o Gerbera sinuata
1.00 10— Gerbera wrightii
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Australia 10— Amblysperma scapigera
Amblysperma spathulata
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Adenocaulon chilense

L r% \Africa 1.00

S America

Figure 6. Phylogeny of the Gerbera-complex. The phylogeny is based on the Bayesian inference of the
combined ITS and ETS, #nl—mnE trnl—rpl32 and #rnC—peN markers. The posterior probabilities are
shown next to branches.

similar to Uechtritzia and presented a key to distinguish Gerbera sect. Isanthus, Uech-
tritzia and Leibnitzia. The differences between the Asian Gerbera sect. Isanthus and
Uechtritzia were minor. Uechtritzia species generally have hemispherical heads, alveo-
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lar receptacles that are fimbriate-ciliate; margins of involucral bracts (at least the upper
part) often with reddish hairs; achenes that are slightly or indistinctly tapering with
hairs that are long-villose, ca. 1 mm long (Katinas 2004) and sericeous (Hansen 1988).
Gerbera sect. Isanthus has heads campanulate; a receptacle that is alveolate and naked;
the margins of involucral bracts are without reddish hairs; the achenes are tapering and
pilose glabrous, with hairs that are shorter, tapered and not sericeous (Hansen 1988).
The heads of Uechtritzia were reported as hemispherical, in contrast to the heads of the
Asian Gerbera sect. Isanthus which are campanulate. However, the species of U. armena
(the type species of the genus) from Turkey showed the heads as campanulate in the
fresh plants (Dogan et al. 2016), which is the same as the Asian Gerbera sect. Isanthus
(e.g. G. delavayi; Zheng et al. 2017).

Some previous workers argued that the species of Asian Gerbera (sect. Isanthus)
should be treated as an entity, separate from African Gerbera (Candolle 1838, Jeffrey
1967, Pasini et al. 2016). The results presented here show that the Asian Gerbera sect.
Isanthus differs from the African Gerbera sect. Lasiopus, sect. Piloselloides and sect. Pseu-
doseris in the ebracteate scapes, presence of inner ray florets, stomates on the adaxial
leaf surface and smaller pollen size of the African Gerbera compared with the Asian
Gerbera. Although the Asian Gerbera sect. Isanthus shares the traits of bracteates scapes,
absence of inner ray florets and similar pollen size with Gerbera sect. Gerbera, the Asian
species have no stomates on the adaxial leaf surface. Hansen (1990) stated that the
Asian Gerbera sect. Isanthus shows style-arms laterally dilated and truncate achenes; in
contrast, the African Gerbera sect. Gerbera has the style-arm slender and achenes taper-
ing or beaked. Additionally, most species of the African Gerbera sect. Gerbera grow in
open areas, have leathery leaves and flower only in the spring and summer (Manning
et al. 2016), whereas the Asian species of Gerbera sect. Isanthus often grow in forest
habitats, have herbaceous leaves and flower in the winter (Gao et al. 2011).

The two Uechtritzia species sampled in the molecular phylogeny (Fig. 6) were nested
within the Asian Gerbera species based on two nuclear markers (ITS and ETS) and three
chloroplast markers (zrnl—#rnF, trul—rp/32 and trnC—pesN). This result, based on the
authors’ expanded taxon and character sampling, is consistent with the findings of Pasini
etal. (2016). This study included two of the three species of Uechtritzia (Hansen, 1988)
and six of the nine Asian Gerbera sect. Isanthus taxa (Gao et al. 2011). The phylogenetic
analysis clearly supports the species of Uechtritzia as nested within the Asian Gerbera and
this clade is the sister group of Leibnitzia with strong support (PP=0.99) (Fig. 6).

Leibnitzia is a genus containing about six species with a disjunct distribution:
four species in Asia (Gao et al. 2011) and two species in Mexico (Baird et al. 2010).
It shows the same characters of bracteate scapes and no inner ray florets as the Asian
Gerbera + Uechtritzia. It differs from the latter by the presence of stomates on the
adaxial leaf surface and smaller pollen size (polar axis of 32.16-37.33 um) compared
with Asian Gerbera + Uechtritzia (polar axis of 50.05-55.80 pum). Furthermore,
Leibnitzia has two generations of heads (a vernal generation with chasmogamous ca-
pitula and an aestival generation with cleistogamous capitula), subseriate involucral
bracts, slender style-arm, anthers of the ray flowers reduced to threads or wanting
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and achenes that are tapering or beaked. The Asian Gerbera + Uechtritzia, on the
other hand, have one generation of heads, imbricate involucral bracts, laterally di-
lated style-arms, a fully developed apex (and base) on the anthers in the ray flowers
and truncate achenes (Hansen, 1990).

Based on the molecular phylogenetic results, the Asian Gerbera species are clos-
est to Uechtritzia, with the latter nested within the Asian Gerbera species. Leibnitzia
shows significant morphological differences to the Asian Gerbera + Uechtritzia. The
taxonomic identity of Uechtritzia and the Asian Gerbera is strongly supported by the
morphology of inflorescences, scapes, capitula, pollen and the lack of stomates on the
adaxial leaf surface. Therefore, the authors herein include the nine Asian Gerbera spe-
cies and the three Uechtritzia species in Oreoseris DC. which is the earliest available
name for the expanded Eurasian genus.

Taxonomic synopsis with nomenclatural changes

In trying to determine the correct genus name for the Eurasian clade, it is necessary
to investigate three relevant generic names. Gerbera L. was described in 1758; Arnica
gerbera L. is the basionym of the African species G. linnaei Cass., the conserved type of
Gerbera L. (lectotype designated by Hansen 1985a). Gerbera was named after Traugott
Gerber, a German naturalist who died in 1743. Oreoseris DC. was described in 1838
and its type species is O. nivea DC. which was designated by Hansen in 1988. While
de Candolle (1838) did not say why he named the genus, Oreo is from the Greek
oreos for mountain and, in his description, de Candolle says that the genus is a ...
perennial herb from the mountains of eastern India (translated).” Uechtritzia Freyn
was described in 1892; the type species is U. armena Freyn (lectotype designated by
Pobedimova, 1963). The genus was named in honour of Rudolf Karl Friedrich von
Uechtritz (1838-1886), a botanist from Wroclaw, Poland (ex-Breslau) (Freyn 1892).

When Oreoseris nivea DC. was absorbed into Gerbera, the priority was given to Ger-
bera because the latter was the older generic name and, as long as this species stayed in
Gerbera, the name Oreoseris was not available. Uechtritzia was described later in 1892;
and, as long as O. nivea remained in Gerbera, then Oreoseris continued to be unavailable.

However, as soon as Gerbera nivea from Asia was removed from Gerbera and a
separate genus was formed from the Asian species of Gerbera + Uechtritzia, then the
name Opreoseris became available and it is the oldest available name. Hence, these spe-
cies have been transferred into Oreoseris.

Oreoseris DC., Prodr. 7(1): 17. 1838.

Onoseris Willd. sect. Isanthus Less., Linnea 5: 338. 1830. Onoseris Willd. subgen.
Lsanthus (Less.) Less., Syn. Comp.: 119. 1832. Gerbera L. sect. Isanthus (Less.)
C.Jeffrey, Kew Bull. 21: 213. 1967.
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Gerbera L. sect. Oreoseris (DC.) Sch.Bip., Flora 27: 780. 1844.
Uechtritzia Freyn, Oesterr. Bot. Z. 42(7): 240. 1892. Gerbera sect. Uechtritzia (Freyn)
Beauverd, Bull. Soc. Bot. Genéve Ser. 2, 2: 43. 1910.

Type species. Oreoseris nivea DC., designated by Hansen (1988).
Oreoseris has the following 12 species from Eurasia.

1. Oreoseris armena (Freyn et Sint.) V.A.Funk & J.Wen, comb. nov.
urn:lsid:ipni.org:names:77176439-1

Uechtritzia armena Freyn et Sint., Oesterr. Bot. Z. 42(7): 241. 1892. Gerbera armena
Beauverd, Bull. Soc. Bot. Genéve, ser. 2, 2: 43. 1910.

Distribution. Armenia and Turkey.

2. Oreoseris delavayi (Franch.) X.D.Xu & W.Zheng, comb. nov.
urn:lsid:ipni.org:names:77176440-1

Gerbera delavayi Franch., J. Bot. (Morot). 2: 68. 1888.

Distribution. China (Guizhou, Sichuan, Yunnan) and N Vietnam.

3. Oreoseris gossypina (Royle) X.D.Xu & V.A.Funk, comb. nov.
urn:lsid:ipni.org:names:77176441-1

Chaptalia gossypina Royle, Ill Bot. Himal. 251. T. 59. E 2. 1835. Gerbera gossypina
(Royle) Beauverd, Bull. Soc. Bot. Genéve Ser. 2, 2: 40. 1910.

Oreoseris lanuginosa DC., Prodr. 7(1): 17. 1838. Gerbera lanuginosa (DC.) Sch.Bip.,
Flora 27: 780. 1844.

Distribution. Karakoram, N and C Himalaya.

4. Oreoseris henryi (Dunn) W.Zheng & ]J.Wen, comb. nov.
urn:lsid:ipni.org:names:77176442-1

Gerbera henryi Dunn, ]. Linn. Soc., Bot. 35: 511. 1903. Gerbera delavayi var. henryi
(Dunn) C.Y.Wu et H.Peng, Acta Bot. Yunnan. 24: 143. 2002.

Distribution. China (Yunnan).
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5. Oreoseris kokanica (Regel et Schmalh.) J.Wen & W.Zheng, comb. nov.
urn:lsid:ipni.org:names:77176443-1

Gerbera kokanica Regel et Schmalh., Descr. P1. Nov. Rar. Fedtsch. 53. 1882 (published
as Izv. Imp. Obsc. Ljubit. Estesv. Moskovsk. Univ. 34(2): 53. 1882). Uechtritzia
kokanica (Regel et Schmalh.) Pobed., F1. URSS 28: 597. 1963.

Distribution. Pamir-Altai and Tian-Shan regions of C Asia, south to Afghanistan and
Kashmir.

6. Oreoseris lacei (G.Watt) V.A.Funk & W.Zheng, comb. nov.
urn:lsid:ipni.org:names:77176444-1

Gerbera lacei G.Watt Bull. Misc. Inform. Kew 1911(6): 272. 1911. Uechtritzia lacei
(G.Watt) C.Jeffrey, Kew Bull. 21(2): 213. 1967.

Distribution. N India (Himachal Pradesh), S Jammu and Kashmir (Nachar, Baspa, E
and NE of Simla, Chamba and Kisthwar).

7. Oreoseris latiligulata (Y.C.Tseng) W.Zheng & J.Wen, comb. nov.
urn:lsid:ipni.org:names:77176445-1

Gerbera latiligulata Y.C. Tseng, Acta Bot. Austro-Sin. 3: 11. 1986.

Distribution. China (in Qiaojia county of Yunnan).

8. Oreoseris maxima (D.Don) X.D.Xu & W.Zheng, comb. nov.
urn:lsid:ipni.org:names:77176446-1

Chaptalia maxima D.Don, Prodr. Fl. Nepal. 166. 1825. Gerbera maxima (D.Don)
Beauverd, Bull. Soc. Bot. Genéve Ser. 2, 2: 44. 1910.

Distribution. China (Xizang), Bhutan, India, Nepal, Pakistan and Thailand.

9. Oreoseris nivea DC., Prodr. 7: 18. 1838.

Gerbera nivea (DC.) Sch.Bip., Flora 27: 780. 1844.

Distribution. China (W Sichuan, S Xizang, NW Yunnan), Bhutan, India and Nepal.
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10. Oreoseris raphanifolia (Franch.) V.A.Funk & J.Wen, comb. nov.
urn:lsid:ipni.org:names:77176447-1

Gerbera raphanifolia Franch., J. Bot. (Morot). 2: 67. 1888.

Distribution. China (NW Yunnan).

11. Oreoseris rupicola (T.G.Gao & D.J.N.Hind) X.D.Xu & V.A.Funk, comb. nov.
urn:lsid:ipni.org:names:77176448-1

Gerbera rupicola T.G.Gao et D.J.N.Hind, Fl. China 20-21: 14. 2011.
Gerbera macrocephala Y.C.Tseng, Acta Bot. Austro Sin. 3: 12. 1986, not Gerbera mac-
rocephala Less., Linnaea 5: 295. 1830.

Distribution. China (NW Yunnan).

12. Oreoseris tanantii (Franch.) W.Zheng & X.D.Xu, comb. nov.
urn:lsid:ipni.org:names:77176449-1

Gerbera tanantii Franch., J. Bot. (Morot). 7: 155. 1893.

Distribution. China (Yunnan).

Acknowledgments

This work was supported by the National Natural Science Foundation of China (no.
31560086), the China Scholarship Council, the Social Science Foundation of Kun-
ming University of Science and Technology (no. kkz3201655009), Laboratory of Ana-
lytical Biology and the SEM Lab both of the National Museum of Natural History
(NMNH) of the Smithsonian Institution. We are grateful to Marinda Koekemoer
(South African National Biodiversity Institute; PRE) and Yousheng Chen (Institute of
Botany, the Chinese Academy of Sciences, China; PE) for providing samples and AJ
Harris, Stanley Yankowski, Scott Whittaker, Carol Kelloff and Gabriel Johnson (all of
the Smithsonian Institution; US), Yuan Xu (South China Botanical Garden, China),
Sayed Afzal Shah (Quaid-i-Azam University, Pakistan) and Zhumei Ren (Shanxi Uni-
versity, China) for their assistance with experiments and data analyses. We also ap-
preciate the suggestions and advice from two reviewers, the subject editor Alexander
Sukhorukov and the copy editor Mike Skinner.



18 Xiaodan Xu et al. | PhytoKeys 96: 1-19 (2018)

References

Baird KE, Funk VA, Wen ], Weeks A (2010) Molecular phylogenetic analysis of Leibnitzia
Cass. (Asteraceae: Mutisieae: Gerbera-complex): An Asian-North American disjunct ge-
nus. Journal of Systematics and Evolution 48: 161-174. https://doi.org/10.1111/j.1759-
6831.2010.00077.x

Baldwin BG, Markos S (1998) Phylogenetic utility of the external transcribed spacer (ETS) of
185-26S rDNA: Congruence of ETS and ITS trees of Calycadenia (Compositae). Molecu-
lar Phylogenetics and Evolution 10: 449—463. https://doi.org/10.1006/mpev.1998.0545

Candolle AP de (1838) Prodromus systematis naturalis regni vegetabilis, vol. 7(1). Treuttel &
Wiirtz, Paris. https://doi.org/10.5962/bhl.title.286

Dogan YN, Kandemir A, Osma E (2016) Genetic diversity and variability among populations
and ecological characteristics of the Uechtritzia armena Freyn (Asteraceae) endemic to Tur-
key. Research & Reviews: Research Journal of Biology 4: 20-27.

Downie SR, Katz-Downie DS (1996) A molecular phylogeny of Apiaceae subfamily Apioideae:
Evidence from nuclear ribosomal DNA internal transcribed spacer sequences. American
Journal of Botany 83: 234-251. https://doi.org/10.1002/j.1537-2197.1996.tb12701 .x

Freyn ] (1892) Plantae novae Orientales. Osterreichische Botanische Zeitschrift 42: 235-242.
https://doi.org/10.1007/BF01791047

Funk VA, Pasini E, Bonifacino JM, Katinas L (2016) Home at last: The enigmatic genera
Eriachaenium and Adenocaulon (Compositae, Mutisioideae, Mutisieae, Adenocaulinae).
PhytoKeys 60: 1-19. https://doi.org/10.3897/phytokeys.60.6795

Gao TG, Chen YS, Hind DJN, Freire SE (2011) Mutisieae. In: Wu ZY, Raven PH, Hong DY
(Eds) Flora of China, vol 20-21 (Asteraceae). Science Press, Beijing & Missouri Botanical
Garden Press, St. Louis.

Hansen HV (1985a) A taxonomic revision of the genus Gerbera (Compositae, Mutisieae) sec-
tions Gerbera, Parva, Piloselloides (in Africa) and Lasiopus. Opera Botanica 78: 5-36.
Hansen HV (1985b) Notes on Gerbera sect. Pseudoseris (Compositae, Mutisieae). Nordic Jour-

nal of Botany 5: 451-453. https://doi.org/10.1111/j.1756-1051.1985.tb01675.x

Hansen HV (1988) A taxonomic revision of the genera Gerbera sect. Isanthus, Leibnitzia (in
Asia), and Uechiritzia (Compositae, Mutisieae). Nordic Journal of Botany 8: 61-76. htt-
ps://doi.org/10.1111/j.1756-1051.1988.tb01707 x

Hansen HV (1990) Phylogenetic studies in the Gerbera-complex (Compositae, tribe
Mutisieae, subtribe Mutisiinae). Nordic Journal of Botany 9: 469-485. https://doi.
org/10.1111/.1756-1051.1990.¢600537.x

Jeffrey C (1967) Notes on Compositae, I11. The Cynareae in east tropical Africa. Kew Bulletin
22: 107-140. Jstor.org/stable/4107829

Johnson IM, Crouch NR, Edwards T] (2014) Gerbera sylvicola (Asteraceae: Mutisieae), a new
forest species from KwaZulu-Natal, South Africa. Phytotaxa 186: 229-235. https://doi.
org/10.11646/phytotaxa.186.4.7

Katinas L (2004) The Gerbera-complex (Asteraceae, Mutisieae): To split or not to split. SIDA,
Contributions to Botany, 935-940. Jstor.org/stable/41968349



Home at last I1I: Transferring Uechrritzia and Asian Gerbera species into Oreoseris... 19

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment software version 7: im-
provements in performance and usability. Molecular Biology and Evolution 30: 772-780.
hteps://doi.org/10.1093/molbev/mst010

Lee C, Wen ] (2004) Phylogeny of Panax using chloroplast #rnC—#rnD intergenic region and
the utility of #72C—#rnD in interspecific studies of plants. Molecular Phylogenetics and
Evolution 31: 894-903. https://doi.org/10.1016/j.ympev.2003.10.009

Manning JC, Simka B, Boatwright JS, Magee AR (2016) A revised taxonomy of Gerbera sect.
Gerbera (Asteraceae: Mutisieae). South African Journal of Botany 104: 142-57. https://
doi.org/10.1016/j.sajb.2015.10.002

Pasini E, Funk VA, de Souza-Chies T'T, Miotto STS (2016) New insights into the phylogeny
and biogeography of the Gerbera-complex (Asteraceae: Mutisieae). Taxon 65: 547-562.
https://doi.org/10.12705/653.7

Pobedimova YG (1963) Mutisieae. In: Brobov EG, Cherepanov SK, Komarov VL (Eds) Flora
USSR 28: 588-598.

Posada D (2008) jModelTest, phylogenetic model averaging. Molecular Biology and Evolution
257:1253-1256. https://doi.org/10.1093/molbev/msn083

Rambaut A, Drummond AJ (2009) Tracer v1.5. Available at: htep://beast.bio.ed.ac.uk/Tracer.

Ronquist E Teslenko M, van der Mark P, Ayres DL, Darling A, Héhna S, Larget B, Liu L,
Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2: Efficient Bayesian phylogenetic in-
ference and model choice across a large model space. Systematic Biology 61: 539-542.
hteps://doi.org/10.1093/sysbio/sys029

Taberlet P, Gielly L, Pautou G, Bouvet J (1991) Universal primers for amplification of three
non-coding regions of chloroplast DNA. Plant Molecular Biology 17: 1105-1109. https://
doi.org/10.1007/BF00037152

Timme R, Kuehl EJ, Boore JL, Jansen RK (2007) A comparative analysis of the Lactuca and
Helianthus (Asteraceae) plastid genomes: Identification of divergent regions and categoriza-
tion of shared repeats. American Journal of Botany 94: 302-313. https://doi.org/10.3732/
ajb.94.3.302

Wen ], Nowicke JW (1999) Pollen ultrastructure of Panax (the ginseng genus, Araliaceae), an
eastern Asian and eastern North American disjunct genus. American Journal of Botany 86:
1624-1636. https://doi.org/10.2307/2656799

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct sequencing of fungal riboso-
mal RNA genes for phylogenetics. In: Innis M, Gelfand D, Sninsky J, White T (Eds) PCR
protocols: A guide to methods and applications. Academic Press, San Diego, 315-322.
hteps://doi.org/10.1016/B978-0-12-372180-8.50042-1

Xu X, Zheng W, Funk VA, Wen ] (2018) Home at Last II: Gerbera hieracioides (Kunth) Zar-
dini (Mutisieae, Asteraceae) is really a Chapralia. PhytoKeys 95: 93-106. https://doi.
org/10.3897/phytokeys.95.22916

Zardini EM (1974) About the presence of the genus Gerbera in America. Boletin de la Sociedad
Argentina de Botanica 16: 103-108.

Zheng W, Xu X, Wen ] (2017) The ethnic textile use of natural fibers from fireweed (Gerbera de-
lavayi) in Southwest China. Economic Botany. https://doi.org/10.1007/s12231-017-9394-y






PhytoKeys 96:21-34 (2018)

A peer-reviewed open-access journal
&
doi: 10.3897/phytokeys.96.2346 | e'PthOI(eVS

http://phytokeys.pensoft.net Launched to accelerate biodiversity research

Describing terminologies and discussing records:
More discoveries of facultative vivipary in the genus
Hedychium ).Koenig (Zingiberaceae) from Northeast India

Ajith Ashokan', Vinita Gowda'

| Tropical Ecology and Evolution (TrEE) Lab, Department of Biological Sciences, Indian Institute of Science
Education and Research- Bhopal, Madhya Pradesh, India- 462066

Corresponding author: Vinita Gowda (gowdav@iiserb.ac.in)

Academic editor: ¥ Mutafchiev | Received 6 January 2018 | Accepted 1 March 2018 | Published 15 March 2018

Citation: Ashokan A, Gowda V (2018) Describing terminologies and discussing records: More discoveries of facultative
vivipary in the genus Hedychium ].Koenig (Zingiberaceae) from Northeast India. PhytoKeys 96: 21-34. https://doi.
org/10.3897/phytokeys.96.23461

Abstract

The authors introduce the term facultative vivipary for the first time in gingers and elaborate on this
reproductive strategy. Four new observations of facultative vivipary are reported in the genus Hedychium
which were discovered during botanical explorations by the authors in Northeast India (NE India) over
the past three years. The viviparous taxa are H. marginatum C.B.Clarke, H. speciosum var. gardnerianum
(Ker Gawl.) Sanoj & M.Sabu (previously, H. gardnerianum Sheppard ex Ker Gawl.), H. thyrsiforme Buch.-
Ham. ex Sm. and H. wrophyllum G.Lodd. The authors also attempt to summarise the occurrence of
vivipary in the family Zingiberaceae from published reports and to clarify a taxonomic misidentification
in a previously known report of vivipary in Hedychium elatum.

Keywords
Facultative vivipary, gingers, Meghalaya, Nagaland, phenology, pseudovivipary, recalcitrant seeds

Introduction

Vivipary in plants is a heterogeneous term that describes a unique and rare reproduc-
tive strategy where seedlings are precociously produced while still on the maternal
parent (Goebel 1905). With the discovery of several examples of germination on the
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parent plant in various angiosperm families, vivipary has become a biologically com-
plex term because it now accommodates both sexual (true vivipary and cryptovivipary,
see Elmqvist and Cox 1996) as well as asexual reproductive (pseudovivipary) strategies
in plants (Farnsworth 2000).

True vivipary refers to vivipary sensu stricto and it is defined as penetration of a
sexually reproduced embryo through the fruit pericarp and the resultant dispersal of
this seedling (Cota-Sdnchez 2004). Contrastingly, cryptovivipary is defined as vivipary
wherein the seedling does not penetrate the fruit pericarp (Cota-Sdnchez and Abreu
2007), while pseudovivipary is defined as production of apomictic or asexual prop-
agules (like bulbils) on the parent plant (Law et al. 1983, Ofir and Kigel 2014). Thus
sexually reproduced progeny (seed) is an integral part of the definition of vivipary and
should not be confused with pseudovivipary which refers to production of apomictic
or asexual plantlets or bulbils (Poulsen and Nordal 2005).

Within the family Zingiberaceae, vivipary is rarely discussed as an important repro-
ductive strategy, except in Hedychium elatum R.Br. by Bhadra et al. (2013) (taxonomic
misidentification discussed later). However, vivipary has been recorded in taxonomic
descriptions such as in Camptandra latifolia Ridl. (Ridley 1899), in natural history
observations (Hedychium gardnerianum Sheppard ex Ker Gawl.; Djeddour et al. 2012)
and in pollination studies (Alpinia mutica Roxb.; Aswani and Sabu 2015). In contrast,
pseudovivipary is very common in the form of bulbils and it has been recorded in at
least six genera within Zingiberaceae: Alpinia Roxb., Boesenbergia Kuntze, Globba L.,
Hedychium ].Koenig, Larsenianthus W.].Kress & Mood and Zingiber Mill. (Table 1).
Interestingly, pseudovivipary (bulbil formation) was one of the key characters used to
distinguish section Globba into two series by Schumann (1904) during the revision of
Zingiberaceae, although recent molecular studies have not addressed the role of bulbil
as an important character defining clades (see Williams et al. 2004).

The genus Hedychium (more than 80 species, see Sanoj 2011) is native to the Indian
subcontinent, China, Southeast Asia (mainland and maritime) and Madagascar (Kress
etal. 2002, Newman et al. 2004, Newman and Pullan 2007, Sanoj et al. 2013, WCSP
2018). The highly speciose regions are identified to be NE India (Arunachal Pradesh,
Manipur, Meghalaya, Mizoram, Nagaland and Sikkim), Southwest China (Yunnan),
Myanmar, Thailand, Borneo and Java (Holttum 1950, Sirirugsa and Larsen 1995, Gao
etal. 2008, Sarangthem et al. 2013). The plant habit ranges from terrestrial to epiphytic
as well as lithophytic and each plant has a perennial rhizome which bears new ramets
annually. Each ramet gives rise to a terminal inflorescence (known as thyrse) which
consists of primary inflorescence bracts that hold flowers in cincinni (Kirchoff 1997).
Two main types of inflorescence bracts are identified in Hedychium- imbricate (where
bracts are broad and overlapping, hiding the rachis) and folded (where bracts are nar-
row and fold partially or completely to enclose the flowers, leaving rachis visible, Holt-
tum 1950). The flowers are hermaphroditic, characterised by reduced petals and peta-
loid staminodes. The fruit is a septifragal capsule, light to dark green when young and
changes to yellow with age (Fig. 1A). It splits open into three fleshy lobes, deep yellow
or orange internally, with seeds arranged as in axile placentation. Mature seed is brown
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Table I. Summary of published and personal records where vivipary sensu lato were identified within Zingib-
eraceae. All Globba synonyms following Williams et al. (2004), Newman and Pullan (2007), WCSP (2018).

Vivipary recorded in Zingiberaceae ‘ Type of vivipary ‘ Reference(s)

Alpinia Roxb.

A. mutica Roxb. Vivipary* Aswani and Sabu 2015

A. purpurata (Vieill.) K.Schum. Pseudovivipary Dekkers et al. 1991

Boesenbergia Kuntze

B. parvula (Wall. ex Baker) Kuntze Pseudovivipary Mood et al. 2016

B. pulcherrima (Wall.) Kuntze Pseudovivipary Aishwarya and Sabu 2015
Camptandra Ridl.

C. latifolia Ridl. | Vivipary* Ridley 1899

Curcuma L.

C. coriacea Mangaly & M.Sabu ‘ Vivipary* ‘ Leong-Skornikovd 2007

Globba L.

G. aurantiaca Miq. Pseudovivipary Ridley 1899

G. bicolor Gagnep. Pseudovivipary Gagnepain 1901

G. bulbifera Roxb. Pseudovivipary Horaninow 1862, Baker 1894

G. cambodgensis Gagnep. Pseudovivipary Gagnepain 1901

O cernmua Baker .. Schumann 1904, Box and Rudall
Synonym: G. brachycarpa Baker or G. trachycarpa Pseudovivipary 2006

Baker

G. chinensis K.Schum. Pseudovivipary Schumann 1904

G. colpicola K.Schum. Pseudovivipary Schumann 1904

G. lancangensis Y.Y.Qian Pseudovivipary Zhou et al. 2007

G. leucantha Miq. . .

Synonym: G. pa(/llidiﬂam Baker ex Ridl. Pseudovivipary Ridley 1899

G. marantina L. . .
Synonyms: G. barthei Gagnep., G. ectobolos K.Schum., p . Horamnow 1862, .G.agnep ain 1901,
G. heterobractea K.Schum., G. strobilifera Zoll. & seudovivipary Liu etal. 2004, Williams ec al. 2004,
Moritzi Box and Rudall 2006

G. multiflora Wall. Pscudovivipary Baker 1894, Schumann 1904, This
Synonym: G. rubromaculata J.Lal & D.M.Verma paper

G. parva Gagnep. Pseudovivipary Gagnepain 1901, Schumann 1904
G. pendula Roxb.

Synonyms: G. calophylla Ridl., G. kingii Baker, G. Pseudovivipary Ridley 1899

panicoides Miq., G. stenothyrsa Baker, G. wallichii Baker

G. platystachya Baker Pseudovivipary Baker 1894

G. racemosa Sm.

Synonyms: G. clarkei Baker, G. hookeri C.B.Clarke ex | Pseudovivipary Baker 1894, Schumann 1904
Baker

G. ranongensis Picheans. & Tiyawora. Pseudovivipary gz)clh (: ansoonthon and Tiyaworanant
g;gi;”rfugijy?:/;;i Gagnep. Pseudovivipary Gagnepain 1901, Schumann 1904
G sessliflora Sims . . Horaninow 1862, Baker 1894,
Synonyms: G. canarensis Baker, G. careyana Roxb., Pseudovivipary

G. ophioglossa Wight Schumann 1904

;;Zﬁ';zgog aphanantha K Larsen Pseudovivipary Larsen et al. 1998

G. unifolia Ridl. Pseudovivipary Holttum 1950

G. ustulata Gagnep. Pseudovivipary Gagnepain 1901
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Vivipary recorded in Zingiberaceae ‘ Type of vivipary ‘ Reference(s)
Hedychium ] Koenig

H. greenii W.W.Sm. Pseudovivipary Smith 1911
H. marginatum C.B.Clarke Facultative vivipary | This paper

H. speciosum var. gardnerianum (Ker Gawl.) Sanoj & Djeddour et al. 2012, Bhadra et al.

M.Sabu Facultative vivipary .
Synonym: H. gardnerianum Sheppard ex Ker Gawl. 2013, This paper
H. thyrsiforme Buch.-Ham. ex Sm. Facultative vivipary | This paper
H. urophyllum G.Lodd. Facultative vivipary | This paper

Hornstedtia Retz.

H. scyphifera ] .Koenig ex Steud. Vivipary* ‘ Leong-Skorni¢kova (pers. comm.)
Larsenianthus W.J Kress & Mood

L. careyanus (Benth. & Hook.f)) W.J.Kress & Mood Pseudovivipary Mibang and Das 2.017’ Poulsen
(pers. comm.), This paper

Zingiber Mill.

Z. puberulum Ridl. Pseudovivipary Leong-Skorni¢kov4 (pers. comm.)

Z. singapurense Skornick. Pseudovivipary Leong-Skorni¢kovi et al. 2014

*Possibly, Facultative vivipary

or black, covered by an aril which is either deep red or bluish-violet (in H. hookeri Baker,
Srivastava 1984; fig. 1B). Frugivorous birds (Orchard 1973, Larsen et al. 1998) and
rodents (Ridley 1899, Shiels 2011) are major dispersers of Hedychium seeds.

Although the name Hedychium is more than 230 years old (Koenig 1783), the re-
port of vivipary in this genus is very recent (Djeddour et al. 2012, Bhadra et al. 2013).
The first vivipary in Hedychium was detailed by Bhadra et al. (2013) in H. elatum from
Kalimpong, on the way to Darjeeling (West Bengal, India) although it had already been
reported in Djeddour et al. (2012). Here, four new observations are reported of faculta-
tive vivipary in the genus Hedychium: H. marginatum, H. speciosum var. gardnerianum,
H. thyrsiforme and H. urophyllum. The taxonomic misidentification in Bhadra et al.
2013 is also reported and it is suggested that vivipary was not observed by them in /.
elatum but the plant observed by them could likely be H. speciosum var. gardnerianum.
Since voucher information is not available from Bhadra et al. (2013), their published
images were used to assign an identity to the plant identified by them as H. elatum.
Based on a published image (figure 1A in Bhadra et al. 2013) and the characters listed
here in Table 2, it is clear that the species they reported cannot be H. elatum. Since
voucher specimens or high resolution images are critical in species-level identification in
Hedychium, it is suggested that the two likely species illustrated by Bhadra et al. in their
figure 1A are either H. gracile Roxb. or H. griffithianum Wall. (Wallich 1853) based
on the inflorescence shape and delicate nature of the inflorescence bracts and flowers,
which are characteristics to these species (Table 2). Further, the plant shown in figures
1B—H of Bhadra et al. is identified as H. speciosum var. gardnerianum (Ker Gawl.) Sanoj
& M.Sabu. Therefore, the plant image shown with vivipary (figures 1B—H in Bhadra
et al. 2013) is identified as H. speciosum var. gardnerianum because of the taxonomic
description given by Bhadra et al. as “leaves white pulverulent beneath” which is charac-
teristic of H. speciosum var. gardnerianum (Baker 1894).
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Figure 1. Septifragal capsule of Hedychium. A Unripe fruit of H. marginatum B Ripe fruit of H. spicatum
(seeds can be seen covered by aril). Photographed by A. Ashokan.
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Table 2. List of characters used to resolve the taxonomic identifications of plants in Figures 1A-H in

Bhadra et al. 2013. Characters in bold were used by them to describe H. elazum, which are characteristics

of either H. gracile or H. griffithianum or H. speciosum var. gardnerianum.

Natm.'e of | Midrib Inflorescence | Inflorescence | Colour (labellum and Length
Taxon lamina type height (cm) densi 6l 0 of corolla
(abaxial) | (adaxial) cight (cm ensity amen segments (cm)
. frind dense to labellum pinkish-white
H. elarum ! ne lent amn yd >30 moderately | with red centre; filament 3.5
pulverient |- groove dense reddish-pink
. faind lax to labellum creamy white
H. gracile ol ne lent an yd 5-10 moderately with pale red base; 2.5
pulverdient | - groove dense filament bright red
not faind moderatel labellum creamy white
H. griffithianum v 15-22 Y with pale red base; 2.5
pulverulent | grooved dense .
filament bright red
) dense to
H. speciosum var. pulverulent deeply 3045 moderately labellum lem?n yellow; 2536
gardnerianum grooved dense filament bright red

For taxonomic clarity, the key morphological and ecological characters of the
Hedychium taxa) are listed below where facultative vivipary has been observed. Vouch-
er information is provided below as: collector name, voucher number, herbarium

deposited.

1. Hedychium marginatum C.B.Clarke (Figs 2A-B, 3A; V. Gowda, VG-NL1899, BHPL)

Plant terrestrial, up to 1.5 m tall. Inflorescence conical; bracts imbricate; cincinni
3—6 flowers. Flowers orange-yellow, fragrant. Capsule elliptic, green and minutely
hairy. Seeds many; aril red. The viviparous individual (bearing at least 10 seedlings
on its dried infructescence) was observed along the Mokokchung-Tuensang Road,
Mokokchung, Nagaland (26°19'59"N; 94°32'50"E) in August 2017 (Fig. 4).

It is very common in the Indian states of Manipur and Nagaland (Clarke 1890,
Baker 1894, Sanoj 2011).

Flowering period: August to October; fruiting from September to November.

2. Hedychium speciosum var. gardnerianum (Ker Gawl.) Sanoj & M.Sabu
(Figs. 2C, D, 3B; A. Ashokan, VG-ML1660, BHPL)

Plant terrestrial, up to 2.5 m tall. Inflorescence cylindrical; bracts folded, folding
supervolute; cincinni 2 flowers. Flowers lemon-yellow with bright red stamen, highly
fragrant. Capsule oblong, green and glabrous. Seeds many; aril red. The viviparous in-
dividuals were found growing along the Shillong-Dawki Road in the East Khasi Hills
district, Meghalaya (25°22'25"N; 91°52'37"E) in August 2016 and 2017 (Fig. 4).

It has a wide distribution range covering Eastern Himalaya and NE India, especially
the Indian states of Arunachal Pradesh and Meghalaya (Edwards 1823, Roscoe 1828).

Flowering period: July to October; fruiting from September to November.
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Figure 2. Facultative vivipary in Hedychium. A=B Hedychium marginatum C=D H. speciosum var. gardne-
rianum, E&F. H. thyrsiforme, G&H. H. urophyllum. Photographed by A. Ashokan & N.S. Prasanna (E&F).
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Figure 3. Inflorescence. A Hedychium marginatum B H. speciosum var. gardnerianum C H. thyrsiforme
D H. urophyllum. Photographed by A. Ashokan.

3. Hedychium thyrsiforme Buch.-Ham. ex Sm. (Figs 2E-F, 3C; N.S.Prasanna, VG-
MZ2201, BHPL)

Plant terrestrial, up to 1.5 m tall. Inflorescence pyramidal; bracts folded, fold-
ing supervolute; cincinni 3-8 flowers. Flowers white, mildly fragrant. Capsule ob-
long, green and glabrous. Seeds many; aril red. The viviparous individual (bearing one
seedling on its dried infructescence) was observed in Aizawl, Mizoram (23°43'48"N;
92°43'52"E) in July 2017 (Fig. 4).

It grows very commonly in the Indian state of Mizoram. It was originally described
from Nepal (Smith 1811).

Flowering period: August to October; fruiting from September to November.

4. Hedychium urophyllum G Lodd. (Figs 2G-H, 3D; A. Ashokan, VG-ML1612 & 1725, BHPL)

Plant terrestrial, up to 2.2 m tall. Inflorescence conical; bracts imbricate; bracts are found
to retain water; cincinni 2—4 flowers. Flowers bright yellow, highly fragrant. Capsule elliptic,
dark green and glabrous. Seeds many; aril red. The viviparous H. urophyllum was growing
in a mixed pine forest at Sanmer along the Shillong-Elephant Falls Road, East Khasi Hills
district, Meghalaya (25°32'47"N; 91°50'16"E) in June 2015 and August 2016 (Fig. 4).

It is endemic to Meghalaya (Loddiges 1831, Sanoj 2011).

Flowering period: July to September; fruiting from September to November.

Discussion

During the three year study in NE India, four different Hedychium taxa showing vivipary
have been identified: H. marginatum, H. speciosum var. gardnerianum, H. thyrsiforme
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Figure 4. Distribution records for facultative vivipary in Hedychium in NE India.

and H. wurophyllum. However, current observations of vivipary in Hedychium cannot
be strictly identified as true vivipary or cryptovivipary (Elmqvist and Cox 1996, Cota-
Sénchez 2004) since the fruit of Hedychium (septifragal capsule) dehisces before seed
maturation while true vivipary requires the embryo to penetrate the fruit pericarp during
germination. This makes the viviparous seed germination in Hedychium or gingers a
case of “facultative vivipary”, which is introduced for the first time in gingers. The term
“facultative vivipary” is proposed for the reproductive strategy observed in Hedychium
since it represents the facultative nature of this reproductive strategy (occurs only when
seeds are retained by bracts) as well as the viviparous nature of the germinating seed
(seedling borne on the parent plant).

The factors leading to the incidence of facultative vivipary can be identified as
a combination of climatic, ecological and physiological variables (Lee and Harmer
1980, Cox and Humphries 1993). In most Hedychium, flowering and fruiting coin-
cide with the rainy season (an ecological trait shared amongst almost all Hedychium).
The morphology of bracts in many Hedychium is such that the bracts can hold water.
Thus the bracts provide a platform for the germination of the recalcitrant seeds by
holding water which favours their germination. Further, these bracts are retained even
after maturity of seeds thus facilitating their continued growth as seedlings. Thus,
facultative vivipary may be a result of ‘failure to disperse’ either due to the structural
hindrance imparted by the bracts or due to the absence of a disperser. The importance
of facultative vivipary was not discounted as an important reproductive strategy that
may facilitate seed germination under unpredictable climatic conditions, but this re-
mains to be tested.
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This multi-year observation of facultative vivipary in four Hedychium taxa suggests
that facultative vivipary may be a more common reproductive strategy than that which
is known so far. The immediate germination of seeds on the parent plant in at least
four taxa also implies that recalcitrance of seeds (i.e. absence of dormancy) may be
common in Hedychium (also true for other gingers, Leong—gkorniékové, pers. com.).
Recalcitrance has been suggested to be a common characteristic of plants growing in
wet habitats (Farnsworth 2000), which is true for most Hedychium. Further, morpho-
logically, it has been shown that Hedychium and other gingers have a thin seed coat
(Benedict et al. 2015), which may also facilitate recalcitrance. Thus, it is predicted that
facultative vivipary may be more common in Hedychium because of the physiology of
the seed, i.e. its recalcitrant nature.

Figure 5. Pscudovivipary (Bulbil formation). A Hedychium greenii (the inset in the upper right is an

inflorescence) B Alpinia purpurata € Globba multiflora D Larsenianthus careyanus. Photographed by
A. Ashokan & Preeti (A).
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The authors’ efforts to summarise vivipary sensu lato across Zingiberaceae from
published literature showed that vivipary sensu stricto is absent and that all reported
cases of vivipary in other gingers can also only be identified as “facultative vivipary”
or pseudovivipary, as in the case of Hedychium. Other genera that display facultative
vivipary (except in A. mutica) also show similar characters as observed in Hedychium
that favour this reproductive strategy, such as persistent bracts, bract structure that
may retain the seeds, and recalcitrant seeds. It was found that both facultative vivipary
and pseudovivipary are common amongst gingers with pseudovivipary being more
frequent only in Globba (Table 1). Finally, in the genus Hedychium, pseudovivipary is
only reported in H. greenii (Fig. 5).

To understand if vivipary sensu lato is a convergent character in Hedychium, dif-
ferent types of vivipary were mapped on a preliminary molecular phylogenetic tree
(modified from nrDNA ITS tree of Wood et al. 2000, with the addition of H. margin-
atum and H. speciosum var. gardnerianum). It was found that both facultative vivipary
and pseudovivipary are currently restricted only to a few members within the Clade IV
(as defined in Wood et al. 2000). To understand the relevance of facultative vivipary
and pseudovivipary as important reproductive strategies in gingers, it is suggested that
future studies should treat different types of vivipary as an important morphological
character along with seed characteristics (i.e. presence or absence of dormancy).
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Abstract

Based on field observations and examinations of herbarium specimens (including type material), con-
sulting the original literature and molecular phylogenetic analysis of the 76cL and #rnL-F sequences, it
is concluded that Hypolepis robusta is conspecific with Hypolepis alpina and is here formally treated as a
synonym of it. Additionally H. alpina is reported with new distribution records in Guangdong, Guangxi
and the Hainan Island of China, respectively.

Keywords
Hypolepis alpina, molecular phylogenetic, synonym, taxonomy, Type material

Introduction

Hypolepis Bernh. (1805) is one of the largest genera in the family Dennstaedtiaceae,
with approximately 80 species (PPG I 2016) widespread in tropical and southern
temperate parts the world, mainly in tropical Asia and tropical America, but the

Copyright Morigengaowa et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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exact number of species in China is still unclear (Brownsey 1987, Ching 1959, Xing
etal. 2013). Amongst them, Hypolepis alpina (Blume) Hook. was initially described
as Cheilanthes alpina Blume from Java in the first publication relating to the ferns
of Malaya (Blume 1828). It was later transferred to Hypolepis by Hooker (1858) in
the last comprehensive treatment of the genus (Brownsey 1987). Afterwards, one
endemic species in the Taiwan province of China, Hypolepis alte-gracillima Hayata
(1915), was reduced to a synonymy of H. alpina, according to the Flora of Taiwan
(Shieh 1975). In addition to Taiwan, H. alpina is also distributed in Indonesia,
Japan, Malaysia, Papua New Guinea and Philippines (Brownsey 1987, Fig. 1). Sub-
sequently, the species (as H. alte-gracillima) was found in Gongshan County, in
the Yunnan Province of China and recorded in Flora Yunnanica (Chu et al. 2006)
as having a Yunnan-Taiwan discontinuous distribution. Another endemic species,
H. robusta W. M. Chu was described for Yunnan (Chu et al. 2006). This name was
treated as a synonymy of H. polypodioides (Blume) Hook. (Fraser-Jenkins 2008).
Xing et al. (2013) cited a null name, (“H. robusta Hayata”) as a synonym of H.
polypodioides in Flora of China, but Hayata’s name has not nomenclatural bearings
nor taxonomic implications for Chu’s name. However, even Chu’s H. robusta is eas-
ily distinguishable from H. polypodioides in morphology as an obviously different
species. Hypolepis robusta has densely multicellular brown glandular hairs and sori
protected by well-developed reflexed adaxial indusium, whereas H. polypodioides
has abundantly colourless non-glandular hairs and sori unprotected or occasionally
protected by slightly reflexed green lamina segments. In June 2017, as part of the
floristic inventory of Yunnan, H. robusta was collected at its type locality, Fugong
County and H. alpina was collected at its recorded locality in Gongshan County. In
addition, during the field work from 2013 to 2017, several specimens of H. alpina
were collected from Taiwan as well as several others that were initially identified as
H. robusta in Guangdong, Guangxi, Hainan Island and other locations of Yunnan.
After conducting field observations, examinations of the herbarium specimens (in-
cluding both types studied) and consulting the original literature (Hooker 1858,
Chu 1992), it was suspected that H. robusta is conspecific with H. alpina. There-
fore, the identity of H. robusta was determined by a more detailed examination of
the morphology and molecular phylogenetic analysis.

Materials and methods

Morphological studies

For morphological comparisons, herbarium specimens or high-resolution images of
specimens in CSH, K, KUN, L, P, PE, PYU, TAI, TAIF and US were critically checked.
Field observations and collections were made in Guangdong, Guangxi, Hainan Island,
Taiwan and Yunnan of China (Suppl. material 1: Table S1).
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Figure 1. The distributions of Hypolepis alpina noted by Brownsey (1987, blue line) and new record locali-
ties since then (red stars), using a map available from hetp://219.238.166.215/mcp/index.asp.

Molecular phylogenetic studies

Nineteen specimens were sampled, including the outgroup taxa Blotiella stipitata (Alston)
Faden and Histiopteris incisa (Thunb.) J. Sm., Preridium aquilinum subsp. wightianum
(J. Agardh) W.C. Shich. Total genomic DNA was extracted from silica gel-dried leaves
by using a DNA secure Plant Kit (Tiangen Biotech, Beijing, China) according to the
manufacturer’s protocols. The PCR reactions were performed in a Veriti 96-Well Thermal
Cycler. Two plastid markers were amplified, the 76cL gene and the #rnL-trnF intergenic
spacer. Primers used for amplification and sequencing were: 76cL primers 1379R and 1F
(Little and Barrington 2003) and #nL-F primers trn-F and trn-r1 (Taberlet et al. 1991,
Li et al. 2011). The amplification profiles were: initial denaturation (94 °C, 3 min) fol-
lowed by 29 cycles of amplification, hybridisation and extension (94 °C, 45 s; 52 °C, 30 s;
72 °C, 1.5 min) and 10 min of final extension at 72 °C for rbcL, initial denaturation (95
°C, 3 min) followed by 35 cycles of amplification, hybridisation and extension (95 °C,
30 s; 52 °C, 30 s; 72 °C, 1 min) and 10 min of final extension at 72 °C for truL-trnF.
Sequencing was conducted using an ABI 3730x]I DNA analyser (Applied Biosystems, In-
vitrogen, Foster City, CA, USA).
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Phylogenetic analyses

Sequences were assembled and edited with SeqMan (DNA STAR package; DNA Star-
Inc., Madison, WI, USA), aligned by Bio Edit (Hall 1999) and adjusted manually
where necessary. All sequences are available from GenBank (Table 1).

For phylogeny reconstructions, two methods were used, maximum likelihood
(ML) and Bayesian Inference (BI). The ML analyses were conducted with RAXML-
HPC BlackBox8.2.10 (Stamatakis 2014). For the Bayesian analyses, the best-fitting
models (HKY+G) were selected using jModeltest2 web server under the Bayesian In-
formation Criterion (BIC) (Darriba et al. 2012). Four chains were used with random
initial trees as BI settings. Trees were generated for 1,000,000 generations and sam-
pling was conducted every 100 generations. Before stationarity was conducted, the
first 2,500 trees were discarded as burn-in trees and the remaining trees were used to
construct the majority-rule consensus trees. The remaining trees were used to construct
a consensus tree. ML bootstrap values and BI posterior probabilities were labelled on
the tree branches.

DNA barcoding analyses

For species delimitation between H. alpina and the other species of Hypolepis, the DNA
barcoding gap method, based on the Kimura two parameter (K2P) distance, was used. In-
tra- and inter-taxa genetic distances were evaluated using MEGA 5.0 (Tamura et al. 2011).

Results

A total of 19 new sequences amongst the total of 19 specimens were generated in the
cpDNA matrix of 76¢cL and #rnL-F containing 2,166 bp characters with 374 variable
sites and 149 parsimony-informative sites. The optimal ML tree showed a negative
log-likelihood score (-InL) of 5577.824547 and the Bayesian tree was consistent with
the ML tree. The statistical support is shown along the branches (ML/BI). Individuals
of H. alpina and H. robusta formed a highly supported monophyletic group with an
MLBS of 100 as sister clades of H. tenuifolia. Moreover, all rbcL and trnL-F sequences
of the H. robusta, from type locality, were identical to those of A. alpina from Taiwan.
The sequences of H. robusta from Guangdong, Guangxi and from Hainan Island were
also clustered in the H. alpina clade, which had an MLBS of 100 (Fig. 2).

No differences were observed in the 76cL and #rnL-F barcoding sequences of both
H. alpina and H. robusta, except that two specimens have two base differences re-
spectively. The genetic distance between H. robusta and H. alpina ranges from zero
to 0.002. Their inter-taxon distances were significantly larger than their intra-taxon
distances compared with the other species of Hypolepis and the ratio between the mini-
mum inter-taxon distance and the maximum intra-taxon distance is 11 (Fig. 3).



'The identity of Hypolepis robusta, as a new synonym of Hypolepis alpina...

39

Table 1. Plant materials, voucher information, and GenBank accession numbers of the samples used in

the phylogenetic analyses.*

. Geographic | GenBank accession number
Taxon Voucher Locality coordinates rbcL trnl-F
Fipolepis glandulifera Brownsey | gy 1y Bali, Indonesia NA MG944782 | MG944788
& Chinnock
Hypolepis robusta WM. Chu DRsgos | Darong Mountin, Guangs NA MG44773 | MG944789
Fopolepis punciata (Thunb) FLXG Hunan, China NA MGO44784 | MG944790
Mett. ex Kuhn
Hypolepis tenuifolia (G. Forst.) Whzhishan Mountain, Hainan, | 18°55'1"N,
Bernh. HN31 China 109°42'13"E MG944786 | MG944791
. Bawang Mountain, Hainan, 19°07'26"N,
Hypolepis robusta W.M. Chu HNDG6 China 109°04'46"E MG944774 | MG944792
Hypolepisalpina (Blume) Hook. | Knappé486 | Yilan County, Taiwan, China | 2370 | MGO44769 | MG44794
. Shengtang Mountain,
Hypolepis robusta W.M. Chu SG958 Gﬁtangii, Ching. NA MG944777 | MG944801
Blotiella stipitata (Alston) Faden SG1185 Kenya NA MG944780 | MG944795
Preridium aquilinum subsp.
wightianum (J. Agardh) W.C. SG1760 Yunnan, China NA MG944787 | MG944796
Shieh
. Ada Village, Fugong County, |26°49'5.6964"N,
Hypolepis robusta WM. Chu SG1812 Yunnan, China 98°53'36.715"E MG944776 | MG944797
. i Dulongjiang Village, Gongshan | 27°41'11.004"N,
Hypolepis alpina (Blume) Hook. SG1838 County, Yunnan, China 98°16'54.340"E MG944771 | MG944798
. i Dulongjiang Village, Gongshan | 27°54'49.306"N,
Hypolepis alpina (Blume) Hook. SG1871 County, Yunnan, China 9820'37.03"E MG944772 | MG944799
L Bawangling Mountain, 19°5'28"N,
Hypolepis resistens (Kunze) Hook. | SG2900 Hainan, China 109°10'59"E MG944785 | MG944800
Hypolpts polypodioices (Blume) | g Sulawesi, Indonesia NA MGO44783 | MG944802
Histiopteris incisa (Thunb.) J. Sm. | WYDO016 Guangdong, China NA MG944781 | MG944804
Hypoleps obusta WM. Chu | WyDs74 | D Mountin, Guangdong, NA MG944778 | MG944805
. i Xitou Village, Nantou County,
Hypolepis alpina (Blume) Hook. | YYH11628 Taiwan, China NA MG944770 | MG944803
Hypoleps obusta WM. Chu | YYH12064 | Mengeong Village Jinghong NA MG44775 | MG944793
ity, Yunnan, China
Hypolepis robusta WM. Chu | zXCs4gs | Ouinding Village, Maguan 1 225143.64'N, | 13944779 | MG944806

County, Yunnan, China

104°0'15.59"E

Note: NA = not available.

a: Specimens are deposited at the Shanghai Chenshan Botanical Garden Herbarium (CSH), except for

voucher Knapp 4486, which is deposited at the Muséum National d'Histoire Naturelle (P).

Discussion

Hypolepis robusta was first reported by Chu (1992), being endemic to the Yunnan
Province (Chu et al. 2006). After carefully comparing the type (including holotype and
lectotype) of H. robusta and H. alpina, it was found that their morphological character-
istics, e.g. the adventitious bud at stipe base, frond size, indusium and others (lamina,
stipe, hair), are basically the same.

One of the main differences of H. robusta and H. alpina (H. alte-gracillima), men-
tioned in the key in Flora Yunnanica, is that the former has a few adventitious buds
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Hypolepis punctata Hainan, China
Hypolepis polypodioides Ind
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10011 100/1
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Figure 2. Phylogeny of 16 Hypolepis samples and Blotiella stipitata, Histiopteris incisa, and Preridium
aquilinum subsp. wightianum based on rbcL and trnL-F. Bootstrap values and Bayesian posterior prob-
abilities are shown along branches (ML/BI).
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Figure 3. Distribution of intra-taxa (black) and inter-taxa (grey) Kimura two parameter (K2P) distances
based on rbcL and trnL-F sequences as barcode. Hypolepis alpina and Hypolepis robusta versus the other
species of Hypolepis.
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Figure 4. Hypolepis alpina. A Frond size (photographed by H. Shang in Fugong) B Lamina (photo-
graphed by R. Knapp in Nantou) C Hair (photographed by R. Knapp in Nantou) D The adventitious bud
at stipe base (photographed by H. Shang in Fugong) E Indusium (photographed by R. Knapp in Nantou).

growing on both sides of the stipe base (Chu et al. 2006). However, when several speci-
mens were examined in the herbarium and those from the authors’ own collection,
it was found that H. alpina also has this feature (Fig. 4D). Therefore, it is concluded
that the character used in the description is not relevant for distinguishing between H.
robusta and H. alpina. Moreover, other Asian species of Hypolepis also develop adventi-
tious buds, such as H. pallida (Blume) Hook. and H. tenuifolia (G. Forster) Bernhardi.

Another character used to support H. robusta as a new species was its larger size than
H. alpina. The latter was reported at higher altitudes in the Malaysian region, from about
1,500-3,500 m and also as low as 1,100 m on Mt Kinabalu in Borneo (Brownsey 1987).
However, there is considerable variation between plants from the highest elevations in
New Guinea, which have rather smaller fronds and a dense covering of chestnut-brown
non-glandular hairs, to those at lower altitudes in the northern part of its range (notably
Taiwan), which have large fronds and very few chestnut hairs (Brownsey 1987). Accord-
ing to the description in Flora Yunnanica, H. robusta has a little larger frond than H.
alpina (H. alte-gracillima). The field observation showed that H. robusta always occurs at
altitudes about 1,000 m or even lower (Fig. 4A) and this is in accordance with the cor-
relation between the altitudes and frond sizes mentioned in previous literature.
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The characters of the indusium have been widely used in fern taxonomy. Accord-
ing to the previous literature of H. alpina and H. robusta (Brownsey 1987, Chu et al.
2006), they could be distinguished morphologically as follows: H. robusta has white
indusium with marginal laceration, but H. alpina has a reflexed broad green lamina
flap. Based on careful observations of all available material, it was found that their
indusia are both half membranaceous at the margins and still green at the base (Fig.
4E). However, when the sori mature, the membranaceous margin becomes lacerated or
exfoliated and the base can lose its chlorophyll, thus turning white. This difference may
therefore be due to the fact that the descriptions have been made at different periods
for the same species, a fact which had been previously ignored.

In addition to the morphological identification, a molecular phylogenetic analy-
sis was also undertaken. The phylogenetic analysis of the r6cL and #nL-F sequences
strongly supported the monophyly of H. alpina and H. robusta as a phylogenetic spe-
cies with a wide distribution and distantly related to H. polypodioides (Fig. 2). The
DNA barcoding analysis based on the K2P model revealed a significant gap between
the inter-taxon and intra-taxon genetic distances, the distance in the H. robusta and
H. alpina clade range from zero to 0.002, which is much lower than the inter-taxon
distance and, in particular, the genetic distance between the H. alpina from Taiwan
and the H. robusta from its type locality in Yunnan is zero (Fig. 3).

To sum up, not only does the morphological comparison identify H. robusta and
H. alpina as conspecies, but also the phylogeny analysis identifies these as conspecies.
Therefore, H. robusta is here reduced to a synonym of H. alpina. Consequently, H.
alpina has three new distribution records in Guangdong, Guangxi and Hainan Island
of China (Fig. 1). The new distribution records of H. alpina fill in gaps of the disjunct
distribution defined in previous studies.

Taxonomic treatment

Hypolepis alpina (Blume) Hook. (1852: 63)

Hypolepis alpina (Blume) Hook. (1852: 63). Cheilanthes alpina Blume (1828: 138). Chei-
lanthes dissecta Hook. & Arn. (1841: 75). Hypolepis dissecta (Hook. & Arn.) Brack.
(1854: 89-90). Hypolepis alte-gracillima Hayata (1915: 295-297).

Type: Indonesia. Java: Jawa Barat, Gede, Blume C. L. (Lectotype: L-0051753!,
L-0051754)).
= Hypolepis robusta W. M. Chu (1992: 36), syn. nov.

Type. China. Yunnan: Fugong County, 1980, W/ M. Chu (Holotype: PYU-01017821!,
PYU-01017822!, PYU-01017823!, PYU-01017824!).

Fronds up to 1.7 m high. Rhizome long-creeping, 2-10 mm diameter, densely
covered in red-brown hairs up to 3 mm long. Stipes reddish-brown, 12-70 cm long,
1.5-13 mm diameter, grooved adaxially, covered in red-brown non-glandular hairs
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up to 2 mm long and shorter glandular hairs, few adventitious buds at both sides
of the stipe base; lamina ovate in outline, 3— or 4—pinnate, 20-80 (-130) cm x
10-90 cm, rachis red-brown or chestnut-brown at base, becoming chestnut-brown
or yellow-brown at apex, densely covered in red-brown or chestnut-brown glandular
hairs up to 0.5 mm long with occasional much longer non-glandular hairs; primary
pinnae 15-30 pairs, opposite or sub-opposite, the largest at or near base, ovate to
narrowly triangular, 10-52 ¢cm x 3-28 cm; secondary pinnules narrowly ovate to
ovate, 2—14 cm x 0.8-5 c¢m; ultimate pinnules to 10 mm x 5 mm. Sori circular or
ovate, originating away from margins, without hairs between sporangia, protected by
reflexed adaxial indusium, green at base and half membranaceous at margin, when
the sori turn mature, the membranaceous margin becomes lacerated or exfoliated
and the base part may turn white. Spores very pale under light microscope, per-
ispores with interconnecting flattened projections, (32-) 34-37 (—40) pm x (20-)
21-25 (~28) um.

Distribution. China (Guangdong, Guangxi, Hainan, Taiwan, Yunnan), Indone-
sia, Japan, Malaysia, Papua New Guinea, Philippines.
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Abstract

Environmental heterogeneity of Belize and southern Mexico savannahs as well as their geographical
location suggest that these plant communities share floristic elements, making them conducive to a
phytogeographical analysis. The aim of this study was to analyse the floristic affinities of nine savannahs
of Belize and southern Mexico and to explain the similarities and differences amongst them.

A binary data matrix containing 915 species was built based on the authors’ own collections and on
nine floristic lists already published. A second data matrix, consisting of 113 species representing trees,
was also used since most literature on neotropical savannahs has focused on this life form. In addition, the
ten most species-rich families as well as the characteristic species present in more than five savannahs were
analysed. Floristic similarities were calculated using the Jaccard index. Dendrograms obtained in both
types of analysis showed clusters with low similarity values, corresponding to geographic locations formed
by the savannahs of Belize-Tabasco and the Yucatan Peninsula.

The floristic affinities of the savannahs may be explained in terms of heterogeneity in climate and
physiography. The Yucatan Peninsula and Belize-Tabasco groups have differences in climate type and
the amount of rainfall. In addition, the Yucatan Peninsula savannahs are established at the bottom of
karstic valleys, while the Belize and Tabasco savannahs develop on extensive flatlands. The savannahs of
Oaxaca have the same climate type and amount of rainfall as those of the Yucatan Peninsula but they are
distributed along peaks and the slopes of shale hills. Fabaceae and Poaceae mainly dominated the local
floras with 121 and 116 species each; remarkably, Melastomataceae was absent in the Yucatan Peninsula
and Oaxaca. Nine species occurred in five to seven savannahs, confirming that they are widespread in both
Belize and southern Mexico, and the Neotropics. Geographic location and floristic affinities of the nine

savannahs support, to some extent, three different biogeographic provinces.

Copyright Idalia Arely Canché-Estrada et al. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Savannahs cover approximately 40% of the area of the Neotropics (Furley 1999),
occupying just over two million km? (Mistry 2000). In Central America and the Car-
ibbean, the savannah areas are not as extensive as, but they are ecologically similar
to those in South America (Beard 1953, Huber 1987) and all neotropical savannahs
are defined by their tendency to be on poorer soils and their grass-rich ground layer
(Pennington et al. 2006). These plant communities are considered natural, but there
also exist similar ones in anthropic areas, considered as secondary savannahs (Miranda
and Herndndez 1963, Pennington and Sarukhdn 1968, 2005). Lowland savannahs
generally experience annual events of waterlogging and drought related to the wet and
dry seasons, so Sarmiento (1983) established a classification according to ecological
criteria (i.e. seasonal and hyperseasonal).

Lowland savannahs of Belize and southern Mexico occur below 800 m and are
defined here as any natural or semi-natural, fire-influenced ecosystem with a continu-
ous herbaceous layer dominated by native grasses and sedges (Goodwin et al. 2013).
Trees and shrubs may occur to a lesser or greater extent. Where present, Pinus carib-
aea Morelet (pine), Acoelorrhaphe wrightii H. Wendl. (palmetto), Crescentia cujete L.
(calabash), Byrsonima crassifolia (L.) Kunth (craboo), Curatella americana L. (tachi-
con), Melastomataceae spp. and Quercus oleoides Schltdl. & Cham. (oak) are usually
amongst the most structurally conspicuous non-herbaceous elements (Miranda and
Herndndez 1963, Rzedowski 1975, 1978, Bridgewater et al. 2002, Goodwin et al.
2013). Several plant associations (such as grass savannah, transitional savannah forest,
gallery forests, oak savannah, palm savannah, pine savannah and wetland) have been
described in Tabasco (Puig 1972) and Belize (Bridgewater et al. 2002, Penn et al. 2004,
Stuart et al. 2006, Goodwin et al. 2013).

Gradients of floristic variation associated with latitude and longitude in neotropi-
cal savannahs have shown the great heterogeneity (Lenthall et al. 1999). In an analysis
of the woody elements of neotropical savannahs, Lenthall et al. (1999) identified four
phytogeographic zones: central Brazil and Bolivia extending to southern Amazonia;
north of Amazonia extending across the isthmus of Central America and including the
Caribbean; Belize, Guatemala and southern Mexico and north of the Mexican Plateau.

The savannahs of Belize and southern Mexico are floristically and environmentally
similar, but such relationships have not been explored. Heterogeneity in climate and
relief suggests gradients of floristic variation. Floristic knowledge, derived from several
botanical surveys (Puig 1972, Pérez-Garcia et al. 2001, Bridgewater et al. 2002, Far-
ruggia et al 2008, Hicks et al. 2011, Virguez-Vizquez et al. 2012, Ortiz-Diaz et al.
2014), suggests that on a large scale they share floristic elements. However, on a local
scale, they may differ.
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The lowland savannahs of Belize and southern Mexico form an archipelago-like
distribution and are thus discontinuous and embedded within other major vegetation
types such as wet and seasonal forests as well as three biogeographic provinces, de-
scribed by Morrone (2014). This archipielago-like distribution seems to be well suited
for a phytogeographic analysis, so the aim of this study is: 1) to analyse the existence
of common floristic patterns amongst Belize and southern Mexico lowland savannahs
based on the authors’ own collections and floristic lists available in literature and 2) to
describe the probable effects of physical factors on those floristic patterns.

Methods

Study area. Nine sites of Belize and southern Mexico were selected to represent the
lowlands savannahs as they have well documented floristic lists to compare with each
other along the latitudinal gradient, as well as showing the heterogeneity in climate
and physiography of three biogeographic provinces (Table 1) (Morrone 2014): four in
the Yucatan Peninsula, four in Veracruz and one in the Pacific Lowlands. A map with
the localities was built in SimpleMappr (Shorthouse 2010), according to the terrestrial
ecoregions of the world (Fig. 1) (Olson et al. 2001). Terrestrial ecoregions exhibit a
wide range of environmental conditions.

Regarding the climate, these savannah study areas can be grouped under the warm,
humid tropical zone delineated by the Képpen system (Garcia 1998) from Aw to Am.
These ecoregions have a marked seasonality throughout the year; the dry season oc-
curring from March to May and the rainy season with abundant rainfall during the
summer (Table 1).

The geological substrate and geomorphic features along the Belize and southern
Mexico region vary from north to south. In the north, the Yucatan Peninsula is formed
mainly by a homogeneous limestone substrate with no rivers. In addition to lime-
stone substrates, the middle portion of the study area belonging to Tabasco and Belize
is more heterogeneous, being crossed by a complex fluvial system and including the
Maya Mountains and the Highlands of Chiapas, which separate the regions from the
Pacific Lowlands, where the Nizanda savannah is located (Table 1). The savannahs of
the Yucatan Peninsula, Belize and Tabasco are developed at the bottom of karstic val-
leys (Virguez-Vizquez et al. 2012, Ortiz-Diaz et al. 2014), open flat areas (Puig 1972,
Bridgewater 2002) and on slopes of the Maya Mountains (Penn et al. 2004, Hicks et
al. 2011) while the Pacific lowlands savannahs are found close to or at the top of hills
(Pérez-Garcia et al. 2001).

Data matrix construction. The database was developed using the floristic lists
already published for the study areas (Table 1) and collections made by the authors of
this study in the Yucatan Peninsula. Due to some information being older than forty
years, old scientific names were updated using TROPICOS (www.tropicos.org) and
by following the classification system of the Angiosperm Phylogeny Group (Stevens
2001). All the species included in the published floristic lists were considered.
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Table |. Geographic location and environmental data of the lowland savannahs of Belize and southern
Mexico. *1: Ortiz-Diaz et al. (2014), 2: Virguez-Vdzquez et al. (2012), 3: Hicks et al. (2011), 4: Bridgewa-
ter et al. (2002), 5: Farruggia et al. (2008), 6: Puig (1972), 7: Pérez-Garcia et al. (2001).

. . . . . Mean annual | Annual
Blogeog.r aphic Site Climate Latitude| Longitude Substrate Altitude temperature | rainfall | *Source
Province N w m.a.s.l o
C mm
Chacho [, | 19048 | -govar Clayey | 77 26 1043 | 1
Lugo
Yucatan Miguel o st oner
Peninsula Allende Aw 19°44' | -89°05 Clayey 90 26.3 1100 1
Xkahi | Aw | 19°11' | -89°17' | Clayey | 135 263 1100 | 2
Xpuil | Aw | 19°13' | -89°14' | Clayey | 92 263 1078 | 2
San Pastor |  Am 16°45' | -89°00' None 680 24.1 1500 3
Rio Bravo | Am 17°41" | -88°53" None 50 26-32 1500 4
Veracruz Sapodilla | Am | 1637 | ssest | S04y 26 4526 | 5
clayey
Huiman- ) jgeoe | oz | S20d | g 62 | 275 | 6
guillo clayey
Pacific Nizanda | Aw | 16°39' | -95°48' | Sand | 160 25 1000 | 7
Lowlands

-86
@ Chacho Lugo
K Miguel Allende
+ Xkahi
O xpuijl

W san Pastor

’ A rioBravo
'V sapoiila
@ Huimanguillo |
X Nizanda

-9

Figure |. Geographic location of the nine savannahs of Belize and southern Mexico.

Data analysis. The flora compiled from the nine sites were compared using a mul-
tivariate method to obtain similarity measurements with the Jaccard coefficient and the
UPGMA clustering technique. The matrix consisted of presence-absence data for 915
species. Since trees have been used as a model to assess the phytogeographical patterns
in the neotropical savannahs (Lenthall et al. 1999), a data matrix was built with 113
tree species in order to gain more resolution and to explore how clusters change in rela-
tion to the full matrix. For both matrices, two analyses were performed for each matrix
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using all species and informative species only. The definition of groups was based on
bootstrap values above 70 % after 5000 replicates were performed using the software
PAST v.3.15 (Hammer et al. 2001). Analysis was also carried out on the number of
species of the ten most species-rich families at each site in the form of a quantitative
matrix to assess floristic relationships amongst the three biogeographic provinces pro-
posed by Morrone (2014). The characteristic species of the savannah flora were deter-
mined by considering at least five sites where they were present.

Results

In general, dendrograms from all the anlyses conducted on the two matrices (full and
trees only) showed clusters in a geographic arrangement and low similarity values
amongst the nine sites (Figs 2, 3). Dendrograms 2A, 2B, using the whole flora and
3A and 3B, using the tree flora, grouped the Belize and Tabasco sites together with
bootstrap values above 90 %. When Nizanda is grouped with this cluster, the bootstrap
support is lower than 60 %. The four sites of the Yucatan Peninsula appeared clustered
only when the whole species are considered but with a low bootstrap support. When
the tree matrix is analysed (both considering the whole species and the informative
species only), Nizanda’s savannah clusters with three sites of the Yucatan Peninsula
savannahs, with a very low bootstrap support (Fig. 3A-B).

Fabaceae and Poaceae mainly dominated the flora of the studied sites with 121 and
116 species each. Table 2 shows the number of species for the ten most species-rich
families of Belize and southern Mexico. These families sum up to 552 (60.32 %) spe-
cies. Asteraceae, Euphorbiaceae, Convolvulaceae and Apocynaceae were absent in one
site and remarkably, Melastomataceae was absent in five of the nine sites, four in the
Yucatan Peninsula and one in Nizanda.

Nine of 915 species were present in five or more sites, but none of the species was
present in all sites. Byrsonima crassifolia, Mimosa albida Humb. & Bonpl. ex Willd.
recorded at seven sites; Piriqueta cistoides (L.) Griseb., Setaria parviflora (Poir.) Kerguélen

Table 2. The ten most species-rich families and number of species for each savannah.

Chacho | Miguel . ..;| San Rio |Huiman- . !
Lugo Allc;g:de Xkahi | Xpujil Pastor | Bravo | guillo Sapodilla| Nizanda | Total
Fabaceae 8 12 8 9 13 38 56 14 38 121
Poaceae 20 19 7 16 3 17 48 34 27 116
Cyperaceae 9 1 5 9 1 9 42 26 11 77
Asteraceae 4 0 2 3 9 8 27 2 14 60
Melastomataceae 0 0 0 0 12 7 24 9 0 34
Euphorbiaceae 1 1 5 0 4 2 5 17 1 33
Malvaceae 5 6 6 3 3 9 15 2 3 32
Rubiaceae 2 2 1 3 11 16 1 12 2 29
Convolvulaceae 6 5 6 3 0 4 8 2 3 27
Apocynaceae 0 1 1 3 2 6 2 5 23




52 Idalia Arely Canché-Estrada et al. / PhytoKeys 96: 47-56 (2018)

=] ¥ (=] 5
A oo & fs5 B R &5
F o F > e & F F ol FFFas o &
TS FSTFESE SR SV 3
FEFPF P S F & &FFEEFT G
090 0.90+
0.75 0.754
060 "
z g 080
g 0431 2 045
L7 ] [
0301 0.30-
B _&_‘“ﬂ:@ﬁ 0.151
0.009 0.00

Figure 2. Similarity dendrograms for the nine savannahs of Belize and southern Mexico using 915 species.

2A: Built using all species. 2B: Built taking out single-site species.
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Figure 3. Similarity dendrograms for the nine savannahs of Belize and southern Mexico using 113 species
of trees. 3A: Built using all species. 3B: Built taking out single-site species.

recorded at six sites; and Andropogon virginicus L., Crescentia cujete, Paspalum plicatulum
Michx., Psidium guineense Sw. and Sida linifolia Juss. ex Cav. recorded at five sites were
the widespread species of the lowland savannahs of Belize and southern Mexico.

Discussion

Dendrograms of Belize and southern Mexico savannahs showed arrangements according
to their geographical locations and suggested floristic patterns associated with heterogene-
ity in climate and physiography. Differences in the amount of annual rainfall and geomor-
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phological characteristics may be the major determining variables at both continental and
regional scales (Bailey 2009). The low floristic similarity amongst all sites (less than 50%)
reflects the archipielago effect, since some of the studied sites are separated by extensive
seasonal forests locally different in species composition (Pennington et al. 20006), rainfor-
ests (Puig 1972, Bridgewater et al. 2002, Pennington et al. 2006, Stuart et al. 2006) and
xerophytic vegetation (Pérez-Garcia et al. 2001, Pérez-Garcia and Meave 2000).

The dendrograms resulting from the two anlyses were similar in structure except
by the position of Nizanda and Xpujil savannahs. Both appeared as the most distant
sites in the dendrograms and this may be explained by having more single-site spe-
cies. Furthermore, the similarity levels increase when only shared species are taken
into account, which reinforces the Belize-Tabasco and Yucatan Peninsula groups. The
similarities and differences amongst clusters can be interpreted as a response to similar
environmental conditions amongst some sites. In terms of climate, the Yucatan Penin-
sula savannahs are close to each other and share Aw climate, with relative low annual
rainfall. Although the Nizanda savannah is distant on the Pacific Coast, it also has Aw
climate. The Belize and Tabasco savannahs have Am climate with higher rainfall than
the other regions. In terms of physiography, the savannahs of the Yucatan Peninsula
are small and established at the bottom of karstic valleys (Virguez-Vizquez et al. 2012,
Ortiz-Diaz et al. 2014), while the Belize and Tabasco savannahs develop on extensive
flatlands (Puig 1972, Penn et al. 2004, Bridgewater et al. 2002). The savannahs on the
Pacific Coast are distributed along peaks and the slopes of shale hills and this does not
ocurr in other study regions (Rzedowski 1978, Pérez-Garcia et al. 2001).

Plant inventories and differences in area size did not seem to influence the cluster
outcome and lack of outstanding geological barriers may facilitate the similarity. In con-
trast, the archipelago effect may explain the low similarity values obtained at the adjacent
sites of the Yucatan Peninsula. There, heterogeneity in physiographical and hydrological
dynamics may lead to variation in the floristic composition (Ortiz-Diaz et al. 2014). The
four Yucatan sites are categorised into two different geomorphological units; for instance,
Miguel Allende is placed in an extensive karstic valley that favours rain overflow in the
rainy season, while the other three savannahs are situated at the bottom of a tectonic val-
ley forming part of a major structural valley system on a NW to SE orientation, such that
they remain waterlogged during the rainy season (Virguez-Vizquez et al. 2012, Ortiz-
Diaz et al. 2014).

Individual site floras were largely dominated by species of Fabaceae, Poaceae, Cy-
peraceae, Asteraceae, Melastomataceae, Euphorbiaceae, Malvaceae, Rubiaceae, Con-
volvulaceae and Apocynaceae. A similar floristic pattern was found in South American
savannahs by Huber et al. (2006) in the Llanos of Venezuela and by Ratter et al.
(20006) in the Cerrados of Brazil. It is possible that the relative abundance of the Me-
lastomataceae family in the four savannahs of Belize (Penn et al. 2004) and Tabasco
(Puig 1972) and its apparent absence in the Yucatan Peninsula and Nizanda is a good
example of how the amount of rainfall defines Melastome distribution in Belize and
southern Mexico since this family occurs in climates with high rainfall. High richness
in Melastomataceae has been reported for other regions of tropical America in mesic,
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cool environments and on deep soils rich in nutrients, such as the Llanos of Venezuela
(Huber et al. 2006) and the Cerrados of Brazil (Ratter et al. 2006).

The most common species of Belize and southern Mexico savannahs were the trees
Byrsonima crassifolia and Crescentia cujete. Next most common, but only found in two
or three localities were Acoelorrhaphe wrightii, Curatella americana, Pinus caribaea and
Quercus olevides. Along with these tree species, which are widesperead in neotropical
grasslands, can be added the common shrubs Mimosa albida, and Psidium guineense and
the herbs Piriqueta cistoides, Setaria parviflora, Andropogon virginicus, Paspalum plicatulum
and Sida linifolia, which also shape the so-called basic floristic matrix present in most of
neotropical savannahs (Huber 1987, Lenthall et al. 1999, Bridgewater et al. 2002). Flo-
ristic affinity of the common species confirms that the geographic origin of savannah flora
of the study region is mainly neotropical.

Geographic location and floristic affinities of these nine savannahs support to some
extent three different biogeographic provinces, proposed by Morrone (2014) as follows:
four savannahs in the Yucatan Peninsula, four in Veracruz and one in the Pacific Low-
lands. Moreover, the nine savannahs show the influence of environment associated with
heterogeneity in the climate and physiography of these plant communities.

Lastly, it is emphasised that the floristic variation amongst these savannahs and
their unique contribution to the flora of Central America give them high conservation
importance. Yet they are environmentally undervaluated and severely affected by hu-
man activities. Conserving Central American savannahs is more of an urgent task for
Mexico, since the Belize conservation system cover savannah areas (Bridgewater et al.
2002, Hicks et al. 2011).
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Abstract

Based on morphological studies performed on live plants in the field and specimens deposited in herbaria,
a new species, Glochidion shanense Gang Yao & Shixiao Luo (Phyllantheae, Phyllanthaceae), is here de-
scribed and illustrated. The species is morphologically most similar to G. ellipticum Wight, but can be dis-
tinguished from the latter by having hairy branchlets, longer pedicels, uniseriate and narrowly triangular
sepals of female flowers, 4-5-locular ovaries, stout and cylindric persistent style on fruits.
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Introduction

Glochidion ].R. et G. Forst. is the second largest genus in the tribe Phyllantheae Du-
mortier, Phyllanthaceae Martynov (Webster 1994). It consists of more than 300 spe-
cies mainly distributed in the Indo-Pacific, east to southeast Polynesia and south into
Australia (Govaerts et al. 2000, Li and Gilbert 2008) and can be distinguished from
other members in Phyllantheae by the absence of a floral disc, apiculate anthers, usu-
ally confluent styles and fleshy seed-coat (Li 1994, Webster 1994).

Recently, the leafflower plant and leafflower moth system, a new mutualism
model system that is similar to the fig-fig wasp and yucca-yucca moth pollination
systems, was described between Phyllantheae plants and Epicephala moth (Kato et
al. 2003, Kawakita et al 2015, Luo et al. 2017) and it provides a new opportunity
to study the mechanisms of biodiversity development and maintenance. Glochidion
is the largest host plant lineage within this newly described mutualism system, in
which at least five host plant lineages were identified (Kawakita and Kato 2009).
However, a comprehensive taxonomic study of Glochidion is still lacking, especially
for relevant species distributed in the Indo-China Peninsula, since the latest com-
prehensive taxonomic investigation of Glochidion from there can be dated back to
Beille (1927). Recently, taxonomic studies of Glochidion species from Thailand (van
Welzen 2007) and Vietnam (Nguyen 2007) have been conducted. In Myanmar, Kurz
(1877) accepted 14 Glochidion species in Forest Flora of British Burma and Kress et
al. (2003) recorded 33 Glochidion species in A Checklist of the Trees, Shrubs, Herbs
and Climbers of Myanmar.

During the fieldwork in Shan State, eastern Myanmar, in December 2015, two
of the authors (J. Cai and X.F. Yang) collected some Phyllantheae specimens and one
belongs to Glochidion, which superficially differs from congeneric taxa recorded in
Myanmar and its adjacent countries. After a detailed morphological investigation and
herbaria examination for all the Glochidion species recorded in this region, it was con-
firmed that the species is new to science, thus it is formally described below. The new
species belongs to section Glochidion, which is characterised by having three stamens
in male flowers (Li 1994).

Materials and methods

In addition to fieldwork in mountain areas of the eastern Myanmar, the present study
also included analyses of Glochidion material from herbaria HITBC, IBSC, K, KUN,
P, PE and US, as well as consideration of the taxonomic literature of China (Li 1994,
Li and Gilbert 2008), India (Hooker 1887, Balakrishnan and Chakrabarty 2007,
Chakrabarty and Balakrishnan 2009), Indo-China Peninsula (Beille 1927), Myanmar
(Kurz 1877, Kress et al. 2003), Thailand (van Welzen 2007) and Vietnam (Nguyen
2007). Morphological analyses in the present study were performed on live plants in
the field and specimens deposited in herbaria. Herbarium abbreviations follow the
Index Herbarium (Thiers 2018+).
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Taxonomy

Glochidion shanense Gang Yao & Shixiao Luo, sp. nov.
urn:lsid:ipni.org:names:77177610-1
Figures 1-2

Diagnosis. The species is similar to G. ellipticurn Wight in morphology, but differs
from the latter by its branchlets pubescent, pedicels of female flowers 1.5-2 mm long,
sepals of female flowers uniseriate and narrowly triangular, apex of style truncate slight-
ly, persistent style of fruit stout and cylindric.

Type. MYANMAR. Shan State, Pindaya, near the Htwet Ni village, West of Pin-
daya town, at an elevation of 1396 m, forest understory, in flowering and fruiting, 25
December 2015, Jie Cai et al. 15CS10794 (holotype, KUNY; isotype, KUN!, IBSC!)

Description. Shrubs or treelets, up to 2 m; monoecious; branchlets pubescent. Leaf
blade oblong or elliptic, 9-13.5 x 4.5-6.5 cm, papery, slightly leathery, with apex acumi-
nate to round and base broadly cuneate, sparsely pubescent along veins adaxially, pubes-
cent abaxially; midvein and 6-9-paired lateral veins elevated abaxially. Petiole 3—4 mm
long, pubescent. Stipules narrowly triangular, 24 mm long, pubescent. Male flowers:
pedicels 6-10 mm long, densely tomentose; sepals 6, biseriate, oblong or ovate, densely
tomentose; stamens 3. Female flowers: in axillary clusters, pedicels 1.5-2 mm long, densely
strigose; sepals 6, uniseriate, narrowly triangular, densely strigose; ovary depressed globose,
4-5-locular, densely strigose; style connate into a cylinder, ca. 1 mm long, slightly truncate
atapex, apex 4-5-lobed. Capsules depressed globose, 8—9 mm in diameter, ca. 4 mm high,
sparsely pubescent, 8—-10-grooved; persistent style cylindric, ca. 1 mm long; fruiting pedi-
cels 4-5 mm long, stout, densely pubescent; seed laterally compressed, orange.

Distribution and habitat. This new species is currently known only from its type
locality, Shan State, eastern Myanmar, where it grows in the broadleaved and conifer-
ous dry forest dominated by Docynia indica (Wall.) Decne., Schima wallichii (DC.)
Korth. and Pinus species.

Etymology. Glochidion shanense is named after its type locality, Shan State in
eastern Myanmar.

Taxonomic discussion. The species resembles Glochidion ellipticum Wight, a spe-
cies widely distributed from eastern Himalaya to Taiwan Island, but differs from the lat-
ter by its branchlets densely pubescent (Figure 2G), pedicels of male flowers tomentose,
pedicels of female flowers densely strigose and up to 1.5-2 mm long (Figures 2A, D),
sepals of female flower uniseriate and narrowly triangular in shape (Figures 2A, D),
ovaries 4—5-locular, style cylindric and truncate at apex (Figure 2D), fruits 8-9 mm in
diameter and 8-10-grooved (Figure 2G), persistent styles cylindric and ca. 1 mm long
(Figure 2G). In contrast, G. ellipticum has the branchlets glabrous (Figures 2B, H),
pedicels of male flowers glabrous (Figure 2H), female flowers sessile (Figures 2B, E), se-
pals of female flowers biseriate and oblong in shape (Figure 2B), ovaries 3—4 (5)-locular,
style columnar to columnar-conical (Figures 2B, E), fruits 6-8 (rarely up to 10) mm in
diameter and shallowly 6-8 (rarely 10)-grooved (Figure 2H), persistent styles obscure
or slightly elevated but far less than 1 mm long (Figure 2H).



60 Gang Yao et al. /| PhytoKeys 96: 57-62 (2018)

2cm

§
b

g
=

L)
\)

AN

-
o)

5mm

Figure 1. Line drawing of Glochidion shanense Gang Yao & Shixiao Luo, sp. nov. A Habit B Female
flower € Male flower D Fruit E Seed. Draw by Ling Wang on Jie Cai et al. 15CS10794 (KUN).
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Figure 2. Morphological comparisons between Glochidion ellipticum Wight (B, C, E, H) and G. shanense
Gang Yao & Shixiao Luo (A, D, F, G). A, B, D, E Female flower C, F Branchlets G, H Fruit.
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Abstract

Teucrium alyssifolium Stapf (endemic), Teucrium pestalozzae Boiss. (endemic) and Teucrium brevifolium
Schreb. are three closely related taxa in Zeucrium sect. Teucrium. The obtained data from the anatomical
studies revealed that these three taxa represent the general anatomical characteristics of the Lamiaceae fam-
ily. Leaves, anatomical features such as thick cuticle, abundant trichomes, rich palisade parenchyma layer in
the mesophyll provide evidence that these three species are xeromorphic structures. Leaf and stem anatomy
showed that the taxa have generally similar anatomical features. However, cuticle layers, epidermis cells size,
indumentum density, mesophyll types, palisade parenchyma occupied in the mesophyll, presence of sphero-
crystals in leaves and parenchyma, collenchyma and sclerenchyma layers in stems show differences amongst
the taxa. Anatomical characters of leaf and stem of these taxa are examined for the first time in this study.

Keywords
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Introduction

The genus Zéucrium L. has approximately 300 species all over the world. Zeucrium’s cosmo-
politan distribution is mainly concentrated in Europe, North Africa and in the temperate
parts of Asia (Ecevit-Geng et al. 2015, 2017). Téucrium is a large and polymorphic genus
which is represented by 49 taxa (36 species) in Turkey. There are 18 endemic taxa (Go-
vaerts 1999, Duman 2000, Dénmez 2006, Parolly and Eren 2007, Dénmez et al. 2010,
Ding et al. 2011a, 2011b, Dirmenci 2012, Ozcan et al. 2015a, Vural et al. 2015, Din¢
and Dogu 2016). The classification of Zéucrium is based on sections. The main characters
in the separation of sections are the calyx-shape and flower arrangement (Davis 1982; Na-
varro et al. 2004; Ding et al. 2008; Ozcan et al. 2015a; Vural et al. 2015). Especially, leaf
anatomy is important for the classification of the genus (Ding et al. 2009). Also, absence or
presence of trichomes and their types on the nutlets and vegetative parts are very important
for classifying the species (Ding et al. 2011a, Ecevit-Geng et al. 2015, 2017).

Teucrium species have traditionally been used in Turkey for abdominal pain, stom-
ach-ache, common cold, high fever, antipyretic, rheumatic pain and as an antidiabetic
(Sezik et al. 2001, Aksoy-Sagirli et al. 2015).

1 alyssifolium is a narrowly distributed endemic species. It is classified as a ‘Con-
servation Dependent (LR/cd)’ category of IUCN and it is a source of polyphenols and
flavonoids and has confirmed antioxidant activities (Semiz et al. 2016). 7. pestalozzae
is an endemic species and its essential oil is characterised with $-caryophyllene (27.6%)
and germacrene D (13.8%) as major constituents (Baser et al. 1997). Spathulenol and
8-cadinene are the main compounds of 7. brevifolium essential oil and it has shown
anti-tumour activities, a selective cytotoxicity on large lung carcinoma (IC, | value of
80.7 pg/ml) (Menichini et al. 2009).

The chromosome numbers are reported as 2n = 10, 14, 16, 18, 22, 26, 28, 30, 32,
36, 39, 48, 52, 56, 58, 60, 62, 64, 78, 80, 86, 90, 96 and 104 in the genus Zeucrium
(http://www.tropicos.org/Project/IPCN). The chromosome number of 7. brevifolium
examined in this study was determined as 2n = 30. Another member of the sect. 7eu-
crium, 1. sandrasicum, was studied and it was determined that the chromosome num-
ber is the same as 7. brevifolium (Ozcan et al. 2015b).

Pollen morphology supplies useful data at the taxonomic level in Zeucrium (Na-
varro et al. 2004, Marzouk et al. 2017). Oybak and Inceoglu (1988) studied pollen
morphology of some Turkish Zéucrium members. They found out that the species be-
longing to different sections had different pollen type and pollen shape, while pollen
grain size and apocolpia size were the main characters used for distinguishing the spe-
cies. Especially, 7. alyssifolium could be easily separated from the other species of the
sect. Teucrium according to pollen data.

There are several studies on Zeucrium anatomy (Lakusic et al. 2006, 2010, Ding et
al. 2008, 2009, 2011a, 2011b, Dehshiri and Azadbakht 2012, Din¢ and Dogu 2012,
Dogu et al. 2013, Ozcan 2013, Ozcan and Eminagaoglu 2014, Ruiters et al. 2016).
However, the anatomy of 7. pestalozzae, T brevifolium and T. alyssifolium has not been
investigated. In our previous studies, we investigated the nutlet and leaf micromorphol-
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ogy of some species belonging to the sect. Zeucrium in Turkey (Ecevit-Geng et al. 2015,
2017). In the present study, we report on the anatomical features of the leaves and stems
of 1" alyssifolium, T. brevifolium and T. pestalozzae. The aim of this paper is to under-
stand the anatomy of these three Zeucrium species. Also, a better understanding of sys-
tematics helps the distinction of morphologically closely related taxa from each other.

Materials and methods

1. pestalozzae samples were collected from Antalya, 7. brevifolium and T. alyssifolium sam-
ples were collected from Mugla provinces in Turkey (Figures 1, 3, 5). Voucher specimens
are stored in the Herbarium of the Faculty of Pharmacy, Istanbul University (ISTE).
Data about habitats of each investigated species are given in Table 1. Permanent micro-
scopic preparations were made of plant materials fixed in 70% alcohol during the field
studies. Cross-sections of the plant leaves and stems were taken manually and stained
with Sartur solution (Celebioglu and Baytop 1949). Several slides were made and pho-
tographed for each species with an Olympus BH-2 and Canon A 640 digital camera.

Results

The anatomy of the collected specimens were assessed by examination of leaf and stem
cross sections (Figures 2, 4, 6). This is the first study about the anatomical features of
the leaves and stems of 7. alyssifolium, 1. brevifolium and T pestalozzae.

T. alyssifolium Stapf
Leaf anatomy

The epidermis at the both surfaces of the leaves is single layered. The epidermis con-
sists of single-layer, ovoid or rectangular cells which are covered by thick cuticula. The
upper epidermis cells are larger than the lower ones. Both leaf surfaces are covered by
glandular and non-glandular trichomes. Also, the upper epidermis is covered with

Table I. Collection data of Zeucrium taxa studied.

Taxon Locality, Voucher number (ISTE)

Mugla: Marmaris-Knidos, Datca peninsula, 30-100 m elev., 16 May 2012, T
Ozcan, T. Dirmenci, O. Yildirim, ISTE 101442.

Antalya: Between Antalya and Burdur, Cubuk Beli gateway, 950-1000 m
elev.,, 17 May 2012, T Ozcan, T. Dirmenci, O. Yildirim, ISTE 101448.

Mugla: Fethiye-Cameli road, Tuzla Beli gateway, 1440 m elev., 14 April
2011,7. Ozcan, T. Dirmenci, E. Akgigek, ISTE 101443,

1. brevifolium

1. pestalozzae

1. alyssifolium




66 Giilay Ecevit-Geng et al. / PhytoKeys 96: 63—77 (2018)

Figure 1. 7. alyssifolium. A habitus B inflorescence C flower D leaf.

lower-density trichomes than the lower epidermis. The spherocrystals occur in the
upper epidermis cells of the leaf in 7. allysifolium. Leaves are isolateral. The mesophyll
is differentiated into 1 layered palisade and 2—-3-layered spongy parenchyma. The pali-
sade parenchyma cells are under the upper and lower epidermis.

Their shapes are cylindrical in transverse section. The palisade parenchyma occu-
pies about 60—-65% of the mesophyll. The spongy parenchyma cells, ovoid or circular,
are located between the palisade tissues. Both parenchyma tissues contain starch grains.
The midrib has 3—4 layered collenchyma and 1-2 layered parenchyma below the lower
epidermis. The vascular bundle is located in the central part of the midvein. Vascular
bundles are collateral. The xylem layer is just below the collenchyma. 1-2 layered
parenchyma and 5-6 layered collenchyma are located under the phloem (Figure 2A).
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Figure 2. T alyssifolium, cross-section of the leaf (A), stem (B, C); cl: collenchyma; en: endodermis;

gt: glandular trichomes; le: lower epidermis; p: parenchyma; ph: phloem; pp: palisade parenchyma;
sc: sclerenchyma; scr: sphaerocrystal, sg: starch grains; sp: spongy parenchyma; t: trichome; ue: upper
epidermis; xy: xylem; Scale bars: 50 mp.

Stem anatomy

The stem is quadrangular shaped. The epidermis consists of single-layer, ovoid or rec-
tangular cells which are covered by thick cuticula. There are glandular and non-glan-
dular trichomes on the epidermis. Collenchyma with a single layer of cells between the
corners but 4-5 layers of collenchyma at the corner of the stem. The cortex, consisting
of 3—4 layered ovoidal parenchymatous cells, is located under the collenchyma. The
endodermis is conspicuous as a single layer. The vascular tissue is surrounded by 1-2
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layers of sclerenchyma fibres. The cambium is indistinguishable. Phloem and xylem
members are conspicuous. The pith is present at the middle of the stem and it is com-
pletely filled by orbicular parenchymatic cells (Figure 2B, C).

Teucrium brevifolium Schreb.
Leaf anatomy

The epidermis in both surfaces of the leaves is single layered. It is consists of single-lay-
er, ovoid or rectangular cells which are covered by cuticula. Both surfaces are covered
by a thick cuticula layer, with dense indumentum built of glandular and non-glandular
trichomes. The upper epidermal cells are as large as the lower ones. Spherocrystals are
observed in both epidermis cells. Leaves are dorsiventral. Palisade parenchyma has two
layers and palisade parenchyma cells shapes are cylindrical in transverse section. The
palisade parenchyma occupies about 60% of the mesophyll. Spongy parenchyma con-
sists of four or five layers and their cells are ovoid or circular.

e

Figure 3. T brevifolium. A habitus B inflorescence € flower D leaf.
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Figure 4. T brevifolium, cross-section of the leaf (A), stem (B, C); cl: collenchyma; cu: cuticle; gt: glandu-

lar trichomes; le: lower epidermis; ph: phloem; pp: palisade parenchyma; sc: sclerenchyma; scr: sphaerocrys-
tal, sg: starch grains; sp: spongy parenchyma; t: trichome; ue: upper epidermis; xy: xylem; Scale bars: 50 myp.

Starch accumulated in both spongy and palisade parenchyma. Midrib has 5-6
layered collenchyma and 1-2 layered parenchyma below the lower epidermis. The col-
lateral vascular bundle is located in the central part of the midvein. The xylem layer is
found under the collenchyma. 1-2 layered parenchyma and 2-3 layered collenchyma
are located under the phloem (Figure 4A).
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Stem anatomy

The stem is rectangular shaped. The epidermis consists of single-layer, ovoid or rec-
tangular cells which are covered by thick cuticula. It is covered by glandular and non-
glandular trichomes. Underneath the epidermis, 67 layers of collenchyma are located
at the corners, 3—4 layered collenchyma is located between the corners. Beneath the
collenchyma, 5-6 layered rectangle shaped parenchymatous cells are located. Starch
grains are also present in the parenchymatous cells. Endodermis and cambium are
inconspicuous. 2-3 sclerenchymatic cell clusters are situated at the corners above the
phloem. The pith is present in the middle of the stem and is completely filled by or-
bicular parenchymatic cells (Figure 4B, C).

Teucrium pestalozzae Boiss.
Leaf anatomy

The epidermis in both surfaces of the leaves is single layered. It is consists of single-layer,
ovoid or rectangular cells which are covered by cuticula. The upper epidermis cells are
larger than the lower ones. The upper cuticle layer is slightly thicker than the lower ones.

Both surfaces are covered by glandular and non-glandular trichomes. Also, tri-
chomes are abundant on the lower epidermis of leaves and sparse on the upper epider-
mis of leaves. Leaves are dorsiventral. The spherocrystals occur in the upper epidermis
of the mesophyll. Mesophyll is differentiated into 2-layered palisade and 5—6-layered
spongy parenchyma. Palisade parenchyma cells are cylindrical shaped in transverse sec-
tion. The palisade parenchyma occupies about 50-55% of the mesophyll.

The spongy parenchyma cells are ovoid or circular. Both parenchyma tissues dense-
ly contain starch grains. Midrib has 5-6 layered collenchyma and 1 layer of parenchy-
ma below the lower epidermis. The collateral vascular bundle is located in the central
part of the midvein. The xylem layer is found under the collenchyma. 1-2 layered
parenchyma and 4-5 layered collenchyma are located under the phloem (Figure 6A).

Stem anatomy

The stem is rectangular shaped. The epidermis consists of single-layer, rectangular cells
which are covered by cuticula. There are glandular and non-glandular trichomes on the
epidermis. Underneath the epidermis, there is collenchyma with 1-2 layers between
the corners but 7-8 layers of collenchyma at the corner of the stem. The cortex, con-
sisting of 5-6 layers of ovoid shaped parenchymatous cells, is located under the collen-
chyma. 1-2 layers of sclerenchyma fibres are located above the phloem. The cambium
is indistinguishable. Phloem and xylem members are conspicuous. The pith is present
in the middle of the stem and is completely composed of orbicular parenchymatic cells

(Figure 6B, C).
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Figure 5. T pestalozzae. A habitus B inflorescence € flower D leaf.

Discussion

Sect. Teucrium is one of the eight Teucrium sections distributing in Turkey. The members
of this section are perennial and shrubs or subshrubs. Leaves are entire to deeply dissected
(in 7" orientale subspecies, T. parviflorum, 1. pruinosum) and revolute at the lower surface.

Flowers borne in racemes or spreading panicles or axillary in upper leaves. Pe-
duncles/pedicels are 1-3-flowered. Calyx not gibbous, obconical-campanulate, teeth +
equal and triangular (Ekim 1982).
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Figure 6. T pestalozzae, cross-section of the leaf (A), stem (B, C); cl: collenchyma; cu: cuticle; e: epider-

mis; gt: glandular trichomes; le: lower epidermis; p: parenchyma; ph: phloem; pp: palisade parenchyma;
sc: sclerenchyma; scr: sphaerocrystal, sg: starch grains; sp: spongy parenchyma; t: trichome; ue: upper
epidermis; xy: xylem; Scale bars: 50 mp.

Three species showing the characteristic features of the section Zeucrium, investigat-
ed in the present study, have some significant distinguishing characters. Especially the
size of parts of the flowers are very distinctive. 7. alyssifolium easily differs with its leaf
and bract shape, flower, filament and calyx size from 7. brevifolium and T pestalozzae in



Comparative anatomical studies of some Zeucrium sect. Teucrium species... 73

their natural habitats (Table 2). 7" alyssifolium is dwarf, suffruticose and 7. brevifolium
and 7. pestalozzae are shrublet plants. Stamens of 7 alyssifolium are longer than its lips,
stamens subequal to lip in 7" pestalozzae and slightly shorter than lips in 7. brevifolium.
1. alyssifolium has the shortest and 7. brevifolium has the longest stems.

In this study, morphologically related three taxa belonging to the sect. Zeucrium have
been investigated. Moreover anatomical features of these three species have been report-
ed for the first time. Our results showed the general anatomical characteristics of three
Teucrium species as well those reported by Metcalfe and Chalk (1950) and Ding et al.
(2008, 2009, 2011a, 2011b), Lakusic et al. (2010), Dogu et al. (2013), Ozcan (2013).

The results of the present study revealed that there were differences amongst the
leaf anatomy of these three taxa (Table 2). The cuticle layer is on both sides and is of
equal thickness to the epidermis for 7. alyssifolium and 1. brevifolium leaves. How-
ever, the upper cuticle layer of 7. pestalozzae leaves is slightly thicker than the lower
ones. The upper epidermis cells are larger than the lower ones as 7. alyssifolium and
1" pestalozzae, but both epidermis cells are the same size as in 7. brevifolium. T. alys-
sifolium and 1. brevifolium have a more dense indumentum than 7 pestalozzae. Also,
the indumentum of 77 brevifolium has the same density on both sides, but the surface
of the lower leaves of the other two species is denser than the upper ones. Mesophyll
is dorsiventral in 77 brevifolium and T. pestalozzae but isolateral in 7. alyssifolium. The
mesophilic organisation is an important distinguishing character for 7. alyssifolium.
Mesophyll types may be a good distinctive character in different species but sometimes
it can be the same in some closer species (Erdogan et al. 2012).

The palisade parenchyma shows a slight difference in mesophyll amongst the stud-
ied taxa. However, these differences can be based on different ecological conditions.
Collenchyma layers are different in midrib amongst these studied taxa. The spherocrys-
tals occur in the upper epidermis of the leaf in 7. alyssifolium and 1. pestalozzae and
both epidermis of the leaf in 77 brevifolium. According to Metcalfe and Chalk (1950),
druse and simple crystals are generally seen in dicotyledon plants. Absence or presence
of the crystals and their density are used to distinguish the genera and their species
(Salimpour et al. 2009, Giiveng and Kendir 2012). However, spherocrystals and raphi-
des are less common crystal types for dicotyledons. Spherocrystals and raphides have a
diagnostic value for dicotyledons (Ding et al. 2008, 2009, 2013, Ruiters et al. 2016).
According to Ding et al. (2008, 2009) and Ruiters et al. (2016), spherocrystals are an
interspecific classification of sect Zeucrium. Our results supported their observations.

Some characteristics of the leaf anatomy which indicates of xeromorphy have been
reported before in previous studies (Metcalfe and Chalk 1983, Lakusic et al. 2010,
Ding et al. 2008, 2009). According to the results of our study, the three of taxa have
leaves with xeromorphic features such as cuticula layer thickness, dense trichomes and
a high proportion of the palisade parenchyma in the mesophyll.

In conclusion, this study shows that leaf and stem anatomy have a diagnostic
value in the distinction of these three closely related Zeucrium species in sect. Teu-
crium. Anatomical characters contribute to the separation of three species with the
morphological characters.



74

Giilay Ecevit-Geng et al. / PhytoKeys 96: 63—77 (2018)

Table 2. Morphological and anatomical comparison of studied taxa.

T. alyssifolium T. brevifolium T. pestalozzae
Flowers Pedicellate Pedicellate Pedicellate
Pedicels 2.0-4.0 mm 2.0-12 mm 3.0-5.0 mm
Orbicular-ovate, Linear, linear- .
Bracts Linear-lanceolate
oblanceolate oblanceolate
Bract size 2.0-20 x 1.5-5.0 mm 3.0-9.0 x 1.0 mm 10-12 mm
Calyces Campanulate Campanulate Campanulate
. (3.0-) 4.0-5.0 x
Calyx size 6.0-13 x 4.0-5.0 mm 2.0-3.5 mm 5.0-6.0 x 3.0-4.0 mm
Calyx teeth 4.0-5.0 mm 1.0-2.0 x 1.0 mm 2.5-3.0 mm
Corolla Lilac, light pinkish White-pinkish Bluish
Corolla size 20-25 mm 6.5-7.0 mm 9.0-9.5 mm
Filaments 18—22 mm 8.0-9.0 mm 7.0-8.0 mm
Style 20-22 mm 9.0-10 mm 8.0-9.0 mm
Orbicular-ovate, . Linear, obtuse or
Shape Linear or oblanceolate
oblanceolate oblanceolate
Size 4.0-28 x 2.5-7.0 mm 6.0-17 x 1.0-4.0 mm 11-24 x 2.0-4.0 mm
Leaf apex Acute or obtuse at apex | Acute or obtuse at apex | Acute or obtuse at apex
Cuticular . .
chickness Cuticular thickness Equal Equal
Epidermal cells Upper epidermis cells are | Upper epidermal cells are | Upper epidermis cells are
larger than the lower ones. | as large as the lower ones | larger than the lower ones
Qg Indumentum Lower surface is denser Same density on both | Lower surface is denser
~| density than upper ones surface than upper ones
Mesophyll type Isolatheral Dorsiventral Dorsiventral
| 0, H 0, H | 0, 1
Mesophyll 60—65 % palisade 60% palisade 60—65 % palisade
parenchyma parenchyma parenchyma
Location of . . . . . .
spherocrystals Upper epidermis Both epidermis Upper epidermis
Collenchyma 3—4 layered on the lower | 5-6 layered on the lower | 5-6 layered on the lower
cells layers of | surface, 5-6 layered on the | surface, 2-3 layered on | surface, 4-5 layered on
midrib upper surface the upper surface the upper surface
Length 3.5-9.0 cm 30-110 cm 15-18 cm
Collenchyma | 1 layer between the corners, 3—4 layers between the | 1-2 layered between the
corners, 6—7 layers at the | corners, 7-8 layers at the
cells layers 4-5 layered at the corners
g corners corners
3| Corten 34 layered 56 layered 56 layered
parenchyma ayere ayere ayere
Endodermis Conspicuous Inconspicuous Inconspicuous
Sclerenchyma 1-2 layered 2-3 cell clusters 1-2 layered

The stem is rectangle shaped in all species. In general, the stems of the family Lamiaceae

species are rectangular (Metcalfe and Chalk 1950, Ding etal. 2008a, 2009, Kahraman et al.
2009, Cal1 2014) or in some genera not (Khalik 2016). However, the stems of the sect.
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Polium species in Turkey are not conspicuously rectangular. Parenchyma, collenchyma
and sclerenchyma layers have some differences amongst the stem of studied taxa. En-
dodermis is conspicuous only in 7. alyssifolium. Three studied taxa display general
characteristics of Lamiaceae anatomy.

Acknowledgements

This work was supported by the Research Fund of Istanbul University (Project number
31081) and Research Fund of Balikesir University (Project number 2012/8). We are
grateful to Jessica Romero as a native speaker for her valuable contributions and lan-
guage control of this manuscript.

References

Aksoy-Sagirli B, Ozsoy N, Ecevit-Genc G, Melikoglu G (2015) In vitro antioxidant activ-
ity, cyclooxygenase-2, thioredoxin reductase inhibition and DNA protection properties
of Teucrium sandrasicum L. Industrial Crops and Products 74: 545-550. https://doi.
01g/10.1016/j.indcrop.2015.05.025

Baser KHC, Demirgakmak B, Duman H (1997) Composition of the essential oils of three
Teucrium species from Turkey. Journal of Essential Oil Research 9: 545-549. https://doi.or
g/10.1080/10412905.1997.9700774

Cali 1O (2014) An anatomical study of medicinal species Ajuga orientalis L. (Lamiaceae) from
Turkey. Journal of Medicinal Plants Research 8(6): 331-338.

Celebioglu S, Baytop T (1949) Bitkisel tozlarin tetkiki i¢in yeni bir reaktif. Farmakolog 19: 301.

Dehshiri MM, Azadbakht M (2012) Anatomy of Iranian species Teucrium polium (Lami-
aceae) Journal of Biology and Today’s World 1(2): 48-52. https://doi.org/10.15412/].
JBTW.01010204

Din¢ M, Dogu S, Bilgili B, Duran A (2009) Comparative anatomical and micromorphological
studies on Zewucrium creticum and Teucrium orientale var. orientale (Teucrium sect. Teucri-
um, Lamiaceae). Nordic Journal of Botany 27: 251-256. https://doi.org/10.1111/j.1756-
1051.2008.00323.x

Din¢ M, Dogu S (2012) Anatomical and micromorphological studies on Zeucrium sect. Isotrio-
don (Lamiaceae) in Turkey with a taxonomic note. Biologia 67(4): 663-672. https://doi.
org/10.2478/s11756-012-0049-2

Din¢ M, Dogu S, Dogru KA, Kaya B (2011a) Anatomical and nutlet differentiation between
Teucrium montanum and 1. polium from Turkey. Biologia 66(3): 448-453. https://doi.
org/10.2478/s11756-011-0035-0

Din¢ M, Duran A, Pinar M, Ozturk M (2008) Anatomy, palynology and nutlet micromor-
phology of Turkish endemic Teucrium sandrasicum (Lamiaceae). Biologia 63(5): 637-641.
hteps://doi.org/10.2478/s11756-008-0137-5



76 Giilay Ecevit-Geng et al. / PhytoKeys 96: 63—77 (2018)

Din¢ M, Dogu S, Bagct Y, (2011b) Taxonomic reinstatement of Zeucrium andrusi from T.
pacederotoides based on morphological and anatomical evidences. Nordic Journal of Botany
29: 148-158. https://doi.org/10.1111/j.1756-1051.2011.00894.x

Din¢ M, Dogu S (2016) Teucrium pruinosum var. aksarayense var. nov. (Lamiaceae) from Central
Anatolia, Turkey. Modern Phytomorphology (9): 13-17.

Dirmenci T (2012) Teucrium L. In: Giiner A, Aslan S, Ekim T, Vural M, Baba¢c MT (Eds)
Tiirkiye Bitkileri Listesi (Damarli Bitkiler). Nezahat Gokyigit Botanik Bahgesi ve Flora
Arastirmalart Dernegi Yayini, Istanbul, 595-598.

Dogu S, Din¢ M, Kaya A, Demirci B (2013) Taxonomic status of the subspecies of Teucrium
lamiifolium in Turkey: Reevaluation based on macro-and micro-morphology, anatomy and
chemistry. Nord. J. Bot. 31: 198-207. https://doi.org/10.1111/j.1756-1051.2012.01452.x

Donmez AA (2006) Teucrium chasmophyticum Rech. f. (Lamiaceae): A new record for the flora
of Turkey. Turkish Journal of Botany 30: 317-320.

Dénmez AA, Mutlu B, Ozgelik AD (2010) Zéucrium melissoides Boiss. & Hausskn. ex Boiss.
(Lamiaceae): A new record for Flora of Turkey. Hacettepe Journal of Biology and Chem-
istry 38: 291-294.

Duman H (2000) Zeucrium L. In: Giiner A, Ozhatay N, Ekim T, Bager KHC (Eds) Flora of
Turkey and East Aegean Islands (Suppl. II). Edinburgh University Press, 197-198.

Ekim T (1982). Zeucrium L. In: Davis PH (Ed.) Flora of Turkey and the East Aegean Islands,
Vol. 7. Edinburgh University Press, Edinburgh, 53-75.

Ecevit-Genc G, Ozcan T, Dirmenci T (2017) Nutlet and leaf micromorphology in some Turkish
species of Zeucrium L. (Lamiaceae). Phytotaxa 312(1): 71-82. https://doi.org/10.11646/
phytotaxa.312.1.5

Ecevit-Genc G, Ozcan T, Dirmenci T (2015) Micromorphological characters on nutlet and leaf
indumentum of Zéucrium sect. Teucrium (Lamiaceae) in Turkey. Turkish Journal of Botany
39: 439—448. https://doi.org/10.3906/bot-1406-18

Erdogan E, Akgicek E, Selvi S, Tiimen G (2012) Comparative anatomical studies on the two
Stachys species (sect. Eriostomum, subsect. Germanicae) growing in Turkey. African Journal
of Pharmacy and Pharmacology 6(19): 1417-1427. https://doi.org/10.5897/AJPP12.267

Govaerts R (1999) World Checklist Seed Plants 3. Continental Publishing, Deurne, 1532.

Giiveng A, Kendir G (2012) The leaf anatomy of some Erica taxa native to Turkey. Turkish
Journal of Botany 36(3): 253-262.

Kahraman A, Celep E Dogan M (2009) Comparative morphology, anatomy and palynology of
two Salvia L. species (Lamiaceae) and their taxonomic implications. Bangladesh Journal of
Plant Taxonomy 16(1): 73-82. https://doi.org/10.3329/bjpt.v16i1.2749

Khalik KA (2016) A new species of Plectranthus (Lamiaceae) from Saudi Arabia. Turkish Jour-
nal of Botany 40: 506-513. https://doi.org/10.3906/bot-1601-8

Lakusic B, Lakusic D, Jancic R, Stevanovic B (2006) Morpho-anatomical differentiation of the
Balkan populations of the species Zeucrium flavum L. (Lamiaceae). Flora 201: 108-119.
hteps://doi.org/10.1016/j.flora.2005.05.001

Lakusic B, Stevanovic B, Jancic R, Lakusic D (2010) Habitat-related adaptations in morphol-
ogy and anatomy of Zeucrium (Lamiaceae) species from Balkan peninsula (Serbia and
Montenegro). Flora 205: 633-646. https://doi.org/10.1016/j.flora.2010.04.018



Comparative anatomical studies of some Zeucrium sect. Teucrium species... 77

Marzouk RI, Salama M, El-Darier M, Askar ABM (2017) Pollen morphology of Zeucrium L.
(Lamiaceae, Ajugoideae) in Libya. Bangladesh Journal of Plant Taxonomy 24(2): 219—
226. https://doi.org/10.3329/bjpt.v24i2.35118

Menichini E Conforti E Rigano D, Formisano C, Piozzi E Senatore F (2009) Phytochemical
composition, anti-inflammatory and antitumour activities of four Zéucrium essential oils
from Greece. Food Chemistry 115(2): 15 679-686.

Metcalfe CR, Chalk L (1950) Anatomy of the Dicotyledons I. Oxford University Press,
London, 1041-1053.

Navarro T, El Oualidi J, Trigo MM (2004) Pollen morphology of Zéucrium (Labiatae) and its
taxonomic value. Belgian Journal of Botany 137(1): 70-84.

Opybak E, Inceoglu, O (1988) Pollen morphology of some Zeucrium L. (Labiatae) species.
Communications Faculty of Sciences University of Ankara Series C: Biology 6: 133-146.
https://doi.org/10.1501/Commuc_0000000133

Ozcan M, Eminagaoglu O (2014) Stem and leaf anatomy of three taxa in Lamiaceae. Pakistan
Journal of Botany 43(3): 345-352.

Ozcan T (2013) Presence of Teucrium microphyllum in Turkey: Morpho-anatomical, karyological
and ecological studies. Biodicon 6: 79-87.

Ozcan T, Dirmenci T, Coskun E, Akcicek E, Giiner O (20152) A new species of Zeucrium sect.
Scordium (Lamiaceae) from SE of Turkey. Turkish Journal of Botany 39: 310-317. https://
doi.org/10.3906/bot-1402-93

Ozcan T, Dirmenci T, Martin E, Altinordu F (2015b) Cytotaxonomical study in five taxa
of the genus Zeucrium L. (Lamiaceae). Caryologia 68(1): 1-8. https://doi.org/10.1080
/00087114.2014.996037

Parolly G, Eren O (2007) Contributions to the flora of Turkey. 2. Willdenowia 37: 245-246.
https://doi.org/10.3372/wi.37.37114

Ruiters AK, Tilney PM, Van Vuuren SE Viljoen AM, Kamatou GPP, VanWyk BE (2016) The
anatomy, ethnobotany, antimicrobial activity and essential oil composition of southern
African species of Teucrium (Lamiaceae). South African Journal of Botany 102: 175-185.
hteps://doi.org/10.1016/j.sajb.2015.06.008

Salimpour F, Mazooji A, Onsori S (2009) Stem and leaf anatomy of ten Geranium L. species in
Iran. African Journal of Plant Science 3(11): 238-244.

Semiz G, Celik G, Gonen E, Semiz A (2016) Essential oil composition, antioxidant activity and
phenolic content of endemic Zeucrium alyssifolium Staph. (Lamiaceae). Natural Product
Research 30(19): 2225-2229. https://doi.org/10.1080/14786419.2016.1149703

Sezik E, Yesilada E, Honda G, Takaishi Y, Takeda Y, Tanaka T (2001) Traditional medicine in
Turkey X. Folk medicine in Central Anatolia. Journal of Ethnopharmacology 75: 95-115.
hteps://doi.org/10.1016/50378-8741(00)00399-8

Vural M, Duman H, Dirmenci T, Ozcan T (2015) A new species of Teucrium Sect. Stachyobotrys
(Lamiaceae) from South of Turkey. Turkish Journal of Botany 39: 318-324. https://doi.
org/10.3906/bot-1403-50






PhytoKeys 96: 79-86 (20|8) ‘b A peer-reviewed open-access journal
doi: 10.3897/phytokeys.96.23933 .'PthOI<eVS

http://phytokeys.pensoft.net Launched to accelerate biodiversity research

Afropectinariella (Vandeae, Orchidaceae), a new genus
of the Angraecum alliance

Murielle Simo-Droissart', Bonaventure Sonké"?3,

Vincent Droissart'***, Tariq Stévart>**

| Plant Systematics and Ecology Laboratory, Higher Teachers’ Training College, University of Yaoundé I, PO.
Box 047, Yaoundé, Cameroon 2 Missouri Botanical Garden, Afvica and Madagascar Department, PO. Box
299, St. Louis, Missouri 63166-0299, USA 3 Herbarium et Bibliothéque de Botanique afvicaine, C.P 265,
Université Libre de Bruxelles, Campus de la Plaine, Boulevard du Triomphe 1050, Brussels, Belgium 4 AMAR
IRD, CIRAD, CNRS, INRA, Université de Montpellier, Montpellier, France S Botanic Garden Meise, Do-
mein van Bouchout, Niewwelaan 38, B-1860 Meise, Belgium

Corresponding author: Murielle Simo-Droissart (murielle.simo@gmail.com)

Academic editor: Yasen Mutafchiev | Received 28 January 2018 | Accepted 19 March 2018 | Published 13 April 2018

Citation: Simo-Droissart M, Sonké B, Droissart V, Stévart T (2018) Afropectinariella (Vandeae, Orchidaceae), a new
genus of the Angraecum alliance. PhytoKeys 96: 79-86. https://doi.org/10.3897/phytokeys.96.23933

Abstract

A recent phylogenetic study showed that species assigned to the newly recognised genus Pectinariella
Szlach., Mytnik & Grochocka (previously treated as Angraccum Bory sect. Pectinaria Benth.) are poly-
phyletic, comprising a clade with species primarily in Madagascar and the Western Indian Ocean islands
(including the type) and another non-sister clade whose members occur in continental Africa and the
Gulf of Guinea islands. In order to render Pectinariella monophyletic, the five continental African spe-
cies must therefore be removed. A new genus, Afropectinariella M.Simo & Stévart, is described and the
following combinations are made: Afropectinariella atlantica (Stévart & Droissart) M.Simo & Stévart,
Afropectinariella doratophylla (Summerh.) M.Simo & Stévart, Afropectinariella gabonensis (Summerh.)
M.Simo & Stévart, Afropectinariella pungens (Schltr.) M.Simo & Stévart and Afropectinariella subulata
(Lindl.) M.Simo & Stévart.
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Résumé

Une analyse phylogénétique récente a montré que les especes attribuées au nouveau genre Pectinari-
ella Szlach., Mytnik & Grochocka (anciennement Angraecum Bory sect. Pectinaria Benth.) forment un
groupe polyphylétique, comprenant un clade avec des espéces présentes principalement & Madagascar et
dans les iles de I'ouest de I'Océan Indien (incluant le type) et un autre clade qui ne lui est pas apparenté et
dont les espéces sont distribuées en Afrique continentale et dans les iles du Golfe de Guinée. Afin de ré-
tablir la monophylie du genre Pectinariella, les cing espéces d’Afrique continentale et des iles du Golfe de
Guinée doivent donc en étre exclues. Un nouveau genre, Afropectinariella M.Simo & Stévart, est décrit
et les combinaisons suivantes sont proposées: Afropectinariella atlantica (Stévart & Droissart) M.Simo &
Stévart, Afropectinariella doratophylla (Summerh.) M.Simo & Stévart, Afropectinariella gabonensis (Sum-
merh.) M.Simo & Stévart, Afropectinariella pungens (Schltr.) M.Simo & Stévart et Afropectinariella subu-
lata (Lindl.) M.Simo & Stévart.

Keywords
Angraecoid orchids, continental Africa, Malagasy and Indian Ocean islands, Pectinaria, phylogenetics,

taxonomy

Introduction

Since its description, the delimitation of Angraecum Bory (1804) has been controver-
sial (Garay 1973). Much importance has been ascribed to the structure of the pollinia
within Angraecum, which has led to the recognition of spurious genera to encompass
closely related species (Schlechter 1913). Based on vegetative and floral features, along
with geographic distribution, a number of partial or comprehensive revisions of the
genus have been proposed over the decades (see Finet 1907; Garay 1973; Perrier de la
Bathie 1941; Schlechter 1918, 1925; Senghas 1986; Stewart et al. 2006; Summerhayes
1958). Garay (1973) was the last to provide a full taxonomic treatment for Angraecum.
He recognised 19 sections, of which nine are endemic to Madagascar and the Western
Indian Ocean islands, one to Madagascar, the Western Indian Ocean islands and Sri
Lanka, two to continental Africa and the Gulf of Guinea islands and seven have repre-
sentatives in both Africa and Madagascar.

With the advent of molecular techniques, relationships within Angraecum have
been explored in more detail over the last 15 years. The studies of Carlsward et al.
(2006) on the phylogenetics of leafless angraecoids and of Micheneau et al. (2008)
on the biogeography of Mascarene angraecoid orchids have shown the polyphyly of
Angraecum and of at least five of the 19 recognised sections. In fact, African species
of Angraecum belong to a group clearly distinct from that of members of the genus in
Madagascar and the Indian Ocean islands (Micheneau et al. 2008). While investigating
the diversification of the genus in Madagascar, Andriananjamanantsoa et al. (2016) also
confirmed the polyphyly of Angraecum s.l. and of all Angraecum sections with represent-
atives in Madagascar, with the sole exception of section Hadrangis Schltr. Agreeing with
Micheneau et al. (2008), Szlachetko et al. (2013) indicated that most of the sectional
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arrangements within the genus are unnatural. Based on molecular and morphological
data, Szlachetko et al. (2013) raised most of the sections, sensu Schlechter (1918) and
Garay (1973), to the rank of genus, albeit with a different placement for some species.
However, their sampling of DNA material lacked more than 3/4 of the species of An-
graecum (only 53 of the 221 currently recognised species were included in their phy-
logeny) and several sections were unrepresented. In all, Szlachetko et al. (2013) recog-
nised 18 genera that included species previously placed within Angraecum, 12 of which
resulted from raising sections to the generic level, five of which were described as new
genera and one of which involved resurrecting a genus previously placed in synonymy.

Szlachetko et al. (2013) established the genus Pectinariella Szlach., Mytnik & Gro-
chocka to accommodate the species of Angraecum sect. Pectinaria Benth. sensu Garay
(1973) since the sectional name was already occupied at the generic level in another
family (Pectinaria Haworth, Apocynaceae). They circumscribed Pectinariella to include
all members previously assigned to sect. Pectinaria from continental Africa and the
Gulf of Guinea islands as well as those from the western Indian Ocean islands. How-
ever, their molecular study lacked material of the type species, A. pectinatum Thouars
and included only five of the ten species of Angraecum sect. Pectinaria: four from Africa
(viz. A. doratophyllum Summerh., A. gabonense Summerh., A. pungens Schltr. and A.
subulatum Lindl.) and one from Madagascar (A. dasycarpum Schltr.).

Cribb (2014) suggested that part of Angraecum sect. Pectinaria might be separated
from Angraecum sensu stricto, given that the generitype, A. eburneum Bory, was placed
in the large Malagasy/Mascarene clade identified by Micheneau et al. (2008). The
polyphyly of the section was confirmed by Simo-Droissart et al. (2013) based on se-
quence data from all five currently recognised species from Africa (the four mentioned
above plus A. atlanticum Stévart & Droissart), along with three species from Mada-
gascar and the Mascarene Islands. Confirming the results of Micheneau et al. (2008),
Simo-Droissart et al. (2013) showed that the African members of A. sect. Pectinaria
formed a well-supported clade that appears to be most closely related to A. sect. Dola-
brifolia Pfitzer and is not sister to the Malagasy/Mascarene clade, which includes the
type species of the section.

Based on these results, Simo-Droissart et al. (2013) suggested that it would be
necessary to remove the African species from Angraecum sect. Pectinaria in order to
maintain its monophyly. The generic name Pectinariella proposed by Szlachetko et al.
(2013) cannot, however, be applied to these African species since its type, P pectinata
(Thouars) Szlach., Mytnik & Grochocka, belongs to the clade comprising Malagasy/
Mascarene taxa. Following the treatments of Szlachetko and Romowicz (2007) and
Szlachetko et al. (2013), which treat the taxa generally placed in A. sect. Dolabrifolia as
a genus, Dolabrifolia (Pfitzer) Szlach. & Romowicz and, since the African members of
their polyphyletic genus Pectinariella are sister to those of Dolabrifolia, they must also
be recognised at the rank of genus.

Here we thus propose a new genus to accommodate the species from continental
Africa and the Gulf of Guinea islands of Pectinariella.
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Taxonomy

Afropectinariella M.Simo & Stévart, gen. nov.
urn:lsid:ipni.org:names:60476170-2

Type. Afropectinariella doratophylla (Summerh.) M.Simo & Stévart [= Angraecum do-
ratophyllum Summerh.].

Etymology. The name of the genus is based on the geographic distribution of its
five species, all of which occur in Africa and the generic name Pectinariella in which
they were previously placed.

Diagnosis. Afropectinariella resembles the related genera Dolabrifolia and Pecti-
nariella in having a sessile ovary, i.e. without a pedicel and with a very short peduncle
that is hardly developed, but differs from Dolabrifolia by its elongate leaves that are
never compressed laterally (vs. imbricate and laterally compressed) and from Pectinari-
ella by its transversely oval lip that is wider than long (vs. the lip longer that wide) and
its occurrence in continental Africa and Gulf of Guinea islands (vs. Madagascar and
adjacent islands).

Description. Epiphytic herbs. Stem erect to pendent, branched and loosely leafy.
Leaves fleshy, alternate and elongate, subulate or linear to oblong-ovate, apex acute to
apiculate, petiole twisted. Inflorescences suberect and subsessile, in general 1-flowered,
sometimes 2-flowered, borne along the stem or opposite a leaf, sheath brown. Flowers
small, nearly sessile in the axils of the leaves, white and often scented. Floral bract one,
amplexicaul, broadly ovate. Sepals and petals elliptic to obovate, apex subacute. Lip
entire, ovate-triangular, ecallose, apex acute to apiculate. Spur ellipsoid or subcylindric,
straight or slightly curved, sometimes hooked, with a wide mouth at the base of the lip,
apex acute, often blunt or swollen in the apical half. Peduncle short, hardly developed.
Pollinia 2, pyriform, often sessile on one or two viscidia, without a distinct stipe or
shortly stipitate, rarely with a well-developed stipe.

Afropectinariella includes five species from continental Africa and the Gulf of
Guinea Islands, one of which is endemic to Sio Tomé and Principe Islands. Four
of these five species were placed in Angraecum sect. Pectinaria sensu Garay (1973)
and, more recently, in Pectinariella, as originally circumscribed by Szlachetko et al.
(2013). A detailed taxonomic treatment of these five species is presented in Simo-
Droissart et al. (2014).

Afropectinariella atlantica (Stévart & Droissart) M.Simo & Stévart, comb. nov.
urn:lsid:ipni.org:names:60476171-2

Basionym. Angraecum atlanticum Stévart et al. (2010: 253). Type: Equatorial Guinea
(Rio Muni). Monte Alén National Park: Engong inselberg, 5 km NW from Engong
village, 01°37'25.8"N, 10°17'49.2"E, 1,100 m alt., 20 July 2001, Stévars 1020 (holo-
type: BRLUY; isotypes: MOV, K!, WAG!).
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Afropectinariella doratophylla (Summerh.) M.Simo & Stévart, comb. nov.
urn:lsid:ipni.org:names:60476172-2

Basionym. Angraccum doratophyllum Summerhayes (1937: 465). Type: Sao Tomé
and Principe (Sio Tomé Island) Vanhulst (Macambrard): virgin forest, 1,050—1,200
m alt., 5 November 1932, Exell 254 (holotype: BM [BM000539167]! isotype: K
[K000306497]!).

Homotypic synonym. Pectinariella doratophylla (Summerh.) Szlach., Mytnik

& Grochocka

Afropectinariella gabonensis (Summerh.) M.Simo & Stévart, comb. nov.
urn:lsid:ipni.org:names:60476173-2

Basionym. Angraecum gabonense Summerhayes (1954: 587). Type: Gabon. Upper
Ngounyé River, Nimalaba, N. E. of Les Echiras, 15 February 1927, Le Téstu 6384
(holotype: K [K000306496]! isotypes: BM [BM000539175]! P [P00388248]!).
Homotypic synonym. Pectinariella gabonense (Summerh.) Szlach., Mytnik
& Grochocka

Afropectinariella pungens (Schltr.) M.Simo & Stévart, comb. nov.
urn:lsid:ipni.org:names:60476174-2

Basionym. Angraecum pungens Schlechter (1906: 163). Type: Cameroon. Man O"War
Bay, auf Baiimen bei Kriegschifthafen, 03°57°N, 09°14’E, 27 September 1905, Schlech-
ter 15774 (holotype: B, destroyed; lectotype: K [K000107121]!, isolectotypes: BM
[BM000539131]!, BR [BR0O00000642136]!).

Homotypic synonyms. Angraecopsis pungens (Schltr.) Rice; Pectinariella pungens
(Schler.) Szlach., Mytnik & Grochocka

Heterotypic synonyms. Mystacydium arthrophyllum Kraenzl.; Angraecum arthro-
phyllum (Kraenzl.) Schltr.

Afropectinariella subulata (Lindl.) M.Simo & Stévart, comb. nov.
urn:lsid:ipni.org:names:77177891-1

Basionym. Angraecum subulatum Lindley (1837: 206). Type: Nigeria. Nun River: s.
d., Barter 20125 (lectotype: K, isolectotype: K!).
Homotypic synonyms. Epidorkis subulata (Lindl.) Kuntze; Listrostachys subulata
(Lindl.) Rchb.f; Pectinariella subulata (Lindl.) Szlach., Mytnik & Grochocka
Heterotypic synonyms. Angraecum canaliculatum De Wild.; Listrostachys canali-
culata De Wild.
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Discussion

Although we have removed species from continental Africa and the Gulf of Guinea
islands from Pectinariella, its delimitation remains open to further discussion. Garay
(1973) included four species from Madagascar and the Mascarenes within Angraecum
section Pectinaria (i.e. A. dasycarpum, A. hermannii (Cordem.) Schltr., A. humbloti-
anum Schltr. and A. pectinatum). He regarded A. pterophyllum H.Perrier as a synonym
of A. hermannii and placed A. panicifolium H.Perrier in Angraecum sect. Conchoglossum
Schltr. In addition to the four species recognised by Garay (1973) as comprising section
Pectinaria, Stewart et al. (20006) also included A. panicifolium. Micheneau et al. (2008)
suggested that A. hermannii might best be placed in A. sect. Lemurangis Garay based on
its morphological characters, which was followed by Cribb and Hermans (2009) and
Verlynde et al. (2016). Cribb and Hermans (op. cit.) recognised A. pterophyllum as a
distinct species and thus included five species within the section. As they followed the
treatment of Garay (1973), Szlachetko et al. (2013) placed only four species from Mad-
agascar and the Mascarenes within their newly described genus Pectinariella (P dasycar-
pa (Schltr.) Szlach., Mytnik & Grochocka, P hermannii (Cordem.) Szlach., Mytnik &
Grochocka, P humblotiana (Schltr.) Szlach., Mytnik & Grochocka and P pectinata). In
fact, these authors made no mention of Angraecum pterophyllum, but they did propose
the combination Angraecoides panicifolia (H. Perrier) Szlach., Mytnik & Grochocka.
Verlynde et al. (2016) described two new species of Pectinariella (P edmundi Bosser ex
Verlynde & Ramandimbisoa and P scroticalcar Verlynde & Ramandimbisoa) and made
the combination P prerophylla (H.Perrier) Verlynde & Ramandimbisoa, thus recognis-
ing six species of Pectinariella from Madagascar and the Mascarenes. They did not men-
tion Angraecum panicifolium or Angraecoides panicifolia, even though Simo-Droissart
etal. (2013) placed it close to Pectinariella pectinata. Pectinariella thus comprises seven
species, four of which have been included in published molecular phylogenetic studies.
These seven species are found in Madagascar or neighbouring islands, including the
type species, which occurs in La Réunion, Mauritius and the Comoros Islands.

In the studies of Simo-Droissart et al. (2013, 2016), species belonging to Dolabri-
Jfolia and Afropectinariella form two distinct, well-supported clades (bootstrap support
(BS) = 100% and posterior probability (PP) = 1). The sister relationship of these two
groups is also well supported by our Bayesian analysis (PP 1). Species assigned to Pecti-
nariella also form a clade well supported in both analyses and are not sister to the clade
comprising species of our new genus, Afropectinariella. The shared presence of elongate
leaves that are never compressed, an ovary lacking a stalk and whose peduncle is scarcely
developed appear to represent a convergence in Pectinariella and Afropectinariella. How-
ever, members of Afropectinariella possess a transversely oval lip that is wider than long,
while those of Pectinariella have a lip that is longer that wide. Unpublished molecular
data indicate that 2 edmundi and P scroticalcar are not sister to P pectinata, suggesting
that the genus, as circumscribed by Verlynde et al. (2016), may not be monophyletic.
The fact that some Angraecum species assigned to section Pseudojumellea Schltr. are
placed with P pectinata in molecular phylogenies (see Micheneau et al. 2008) indicates
that further studies will be needed to assess the monophyly of Pectinariella.
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Abstract

The genus Heuchera is recognized as one of the most diverse endemic radiations of Saxifragaceae in North
America, yet species delimitation and geographic distribution within the group remain controversial.
Many species remain difficult to identify, including Heuchera alba, a narrow Appalachian endemic and
globally imperiled (G2) taxon recorded only from West Virginia and Virginia that occurs in sympatry
with H. pubescens and H. americana. A recent survey of the cliffside flora of the Shikellamy Bluffs, PA
recorded dozens of Heuchera individuals that, through the use of social media, were positively identified as
H. alba. Aided by examination of historical herbarium records, subsequent searches of similar habitats in
Pennsylvania led to the discovery of seven more populations and established a significant range expansion
for this rare species. The uncovering of H. a/ba in Pennsylvania is an exciting conservation outcome and an
example of what can happen when botanists embrace a combination of modern and classical approaches
to discovery and collaboration.
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Introduction

The genus Heuchera represents one of the most diverse endemic radiations of family
Saxifragaceae in North America, with approximately 43 species (-10 in eastern North
America). Its species are persistently difficult to identify (Wells and Shipes 2009), not
least due to frequent introgressive hybridization throughout its history (reviewed in
Folk et al. 2017). Despite substantial past taxonomic efforts, species delimitation and
geographic distributions remain controversial and poorly resolved in this group, with
the result that six species (14% of the genus) have been described in the last decade, in
addition to several dramatic species re-circumscriptions (Folk and Freudenstein 2015,
Folk and Alexander 2015).

Heuchera alba Rydb. (white alumroot, Saxifragaceae) was first described in 1926
based on a collection made in 1925 from Snowy Mountain in Pendleton County,
West Virginia (Rydberg 1926). Since that time, both major monographs of Heuchera
covering the eastern United States (Rosendahl et al. 1936; Wells 1984) reduced H. alba
to synonymy with H. pubescens Pursh (1814), the only other large-flowered species
known from the northern Appalachians. In the Flora of North America treatment of
Heuchera (Wells and Shipes 2009), H. alba was again recognized at the species level, al-
though no rationale for the shift in taxonomic concept was given. Recent morphologi-
cal and molecular analyses of Heuchera (Folk and Freudenstein 2014, Folk et al. 2017,
Folk and Stubbs in review) are consistent with this recent recognition of /. alba at the
species level and its sister relationship to H. pubescens. To date, its documented range
is restricted to high elevation acidic sandstone ridges and outcrops in the Ridge-and-
Valley province of West Virginia and Virginia. Due to its narrow distribution and low
number of populations, Heuchera alba is considered a globally imperiled (G2) species
with 23 extant population occurrences (i.e. those observed since 1990), consisting of a
total of 1500 individual plants throughout its entire range. Critically, fewer than 15 of
the populations are considered viable and many of them are under threat from tram-
pling and/or housing developments on high mountain ridges (NatureServe 2017).

In the summer of 2017, a group of scientists and students conducted a survey of the
cliffside flora above the bank of the West Branch Susquehanna River in the Shikellamy
Overlook area of Shikellamy State Park, just across the river from the town of Northum-
berland, PA. The primary goal of the survey was to assess the status of the golden corydalis
(Corydalis aurea subsp. aurea Willd., Papaveraceae), a state-endangered species only known
in Pennsylvania from this single site, as part of a new episode of the YouTube video series,
“Plants are Cool, Too!” (Martine et al. 2018). During the course of the survey, numerous
specimens were identified as Heuchera americana L. (American alumroot) using the Plants
of Pennsylvania flora (Rhoads and Block 2007), a resource recognizing H. americana L.
and H. pubescens as the only Heuchera species present in the state. A photo of one specimen
was posted to Twitter, initiating an electronic discussion that led to a series of new collect-
ing trips and establishment of the first confirmed state records in Pennsylvania for Heuchera
alba. Here, we re-evaluate the resurrection of H. alba from synonymy and review variation
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in Heuchera species recorded beyond the borders of Pennsylvania to present conclusive
evidence that H. alba should be added to the flora of the state. We discuss the extent of
H. alba in Pennsylvania and the impact of this discovery on both our understanding of the
overall distribution of this Appalachian endemic and its current conservation status.

Methods

Survey Sites. Visits to eight known Heuchera locations in the Ridge-and-Valley Ecore-
gion were made to collect fresh specimens for identification and determine population
sizes. Based on herbarium label data and the habitat at Shikellamy State Park, a search
image of potential suitable habitat was established to guide the surveys. GPS coordi-
nates were recorded and geo-referenced images taken of the plants at each location.
Using these data along with GPS data from annotated specimens, a map was generated
in ArcGIS® Pro 2.0.1 (ESRI Redlands CA USA 2017) to illustrate the range expansion
of H. alba into Pennsylvania. A general assessment of the habitat and site condition
was performed to determine plant community associates and geological affinities.

Taxonomic Identification. Representative specimens were collected from each of
the visited locations and deposited at the Wayne E. Manning Herbarium at Buck-
nell University (BUPL) and the Carnegie Museum Natural History Herbarium (CM).
These specimens were used to make species determinations. Specimens were identified
using the Flora of North America treatment for Heuchera, the Flora of Virginia, and a
taxonomic key for Heuchera that is soon to be published in the revision of the Gleason
and Cronquist Manual of Vascular Plants of Northeastern United States and Adjacent
Canada (Wells and Shipes 2009, Weakley et al. 2012, Folk and Stubbs in review).
Consequent examinations of Heuchera specimens identified as H. americana and H.
pubescens, housed in the Manning Herbarium, revealed four specimens of Heuchera
alba, all collected in Union County between 1905 and 1949 from the cliffs at and
around Shikellamy State Park.

Conservation Rank Assessment. A standardized rank assessment method used by
all heritage programs to assist with determining conservation statuses for species of
concern is encapsulated in a rank calculator tool that analyzes populations at regional
and global scales (NatureServe 2015). A population is defined as a collection of in-
dividuals of a species that is separated from the next collection of individuals by a
minimum of 1 kilometer. An exception to this definition is those species that populate
river corridors where the minimum separation distance is 10 kilometers. Using this
definition, eight extant populations of Heuchera alba in Pennsylvania were analyzed
to determine the state conservation status. The following parameters were used for
the rank calculation. Range Extent: 5,000-20,000 km?, Area of Occupancy: 1 (4 km?
grid cell), Number of Occurrences: 6-20, Population Size: 250-1,000 individuals,
Viability: 4-12 occurrences with good viability, Environmental Specificity: Narrow
(specialist with key requirements), Threat Impact: Low.
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Results

Pennsylvania populations of Heuchera alba grow primarily on exposed rock outcrops
on cliffs and in shale woodland and barrens plant communities. Populations are found
on four different acidic sandstone geologies, including Burgoon Sandstone, the Cat-
skill and Foreknobs formations, and the Hamilton Group of siltstone (Table 1). With
the exception of the Burgoon sandstone, which is Mississippian, the other populations
are all found over Devonian geology (Miles and Whitfield 2001). These different sand-
stones are considered to have acidic pH ranges.

The eight extant populations of H. alba total between 250-1,000 individuals and
range widely from northeastern Bedford County to southeastern Union County, but
occupy <4 km? over that range extent in Pennsylvania (Figure 1). These populations
extend the known range for H. alba approximately 200km northward in the Appala-
chian Ridge and Valley Ecoregion (Figure 1) The population at Shikellamy State Park
is by far the most robust with between 400—-800 individuals over a 0.7 km? area, while
the remaining populations have fewer than 50 individuals. The Gundy’s Farm and
Woy Bridge populations have fewer than 15 individuals. All factors, including poten-
tial threats, together yield a rank of critically imperiled at the state level (S1). However,
uncertainty about the number of misidentified specimens in herbaria and the amount
of unexplored available habitat in Pennsylvania suggests that a range rank of critically
imperiled to imperiled (S1S2) is the more appropriate rank (Table 2).

Allentawn

JRitt sburgh

Figure 1. Range extent of Heuchera alba and Heuchera pubescens in the Appalachian Ridge and Valley.
Orange circles indicate range and location of H. alba in WV and VA; Blue circles indicate partial range
and location of H. pubescens; Orange crosses represent new locations of H. alba in Pennsylvania.



The hidden Heuchera: How science Twitter uncovered a globally imperiled species... 91

Table 1. Survey locations with general habitat information for Heuchera alba in Pennsylvania.

County Locality Habitat Geology
Exposed, south-facing outcrops along | Burgoon Sandstone (quartzitic
Bedford Hopewell Outcrops road above Yellow Creek sandstone)
‘Woy Bridge Barrens Exposed, south-facing outcrops in shale Catskill Formation (shale,
woodland mudstone, sandstone)
Foreknobs Formation
Aitch Barrens/Raystown | Exposed, southwest-facing outcrops in | (sandstone, siltstone, mudstone,
Huntingdon Lake shale woodland shale)
Hawn’s Overlook Barrens/ | Exposed, west-facing outcrops in large Foreknobs Formation
Raystown Lake shale barren (sandstone, siltstone, mudstone,
shale)
Per Cliffs at Montgomery’s | Exposed east/northeast-facing cliff above |  Hamilton Group (siltstone,
R Ferry the Susquehanna River claystone, sandstone, shale)
. . Catskill Formation/ Sherman
Snyder Cliffs at Dundore Exp osecé east—f;cmg Chf:f above the Creek Member (sandstone,
usquehanna River il 1
siltstone, claystone)
Shikellamy Bluffs/ Exp%;ed egst/n(;lrtsheast—f;cing cglff above Catsk(iill Formati:)in (shale,
Usion | Shikellumy S Pak | _West Branch Susquchania River | _mudston, sandstone)
Cliffs at Gundy's Farm xposed east/northeast-facing cl iff above Catskill Formation (shale,
West Branch Susquehanna River mudstone, sandstone)

Table 2. NatureServe Rank Calculator assessment output with comments concerning population num-

ber, size, and area of occupancy of Heuchera alba in Pennsylvania.

Rank Calculator Categories and Values for Pennsylvania Populations

Comments

Relatively wide range extent through-

Range Extent E = 5,000 to 20,000 km* out the Ridge and Valley province in
Pennsylvania

Area of Occupancy (AOO): N N Very small AOO with a total of < 1

4 km? grid cells A= (1) 4l grid cells km? throughout the PA range

Number of Occurrences

B=06to20

Currently 8 confirmed populations

RARITY

Population Size

C —250 to 1000 individuals

Total number combined from all oc-
currences in Pennsylvania

Good Viability/Ecological Integ-
rity:

# of occurrences

C = Few (4-12) occurrences
with excellent viability or eco-
logical integrity

A small number of occurrences have
large population sizes and are in hard
to access habitats

Environmental specificity

B = Narrow (Specialist)

Prefers acidic rocky outcrops, cliffs,
and exposed rocky woodlands

%)

> Opverall a relatively low threat impact
E Assigned Overall Threat Impact D = Low except for the few populations that are
jos along roadsides

H

8 Short Term Trend N/A Not enough data to assign trend

3

=~ Long Term Trend N/A Not enough data to assign trend

Calculated Rank: S1
Assigned Rank: S152

Pennsylvania.

Assigned Rank Reasons: Given the extensive available potential habitat in Pennsylvania further survey work in
addition to in-depth herbarium studies are needed to determine full range extent and area of occupancy necessary
for more confident ranking. Until then a range rank of S1S2 is recommended for this newly reported species to
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Figure 2. Images a—d Flowers of four Heuchera taxa overlapping in range in PA, WV, and VA. Flowers

are shown at the original angle on the inflorescence; with the exception of the wild accession in (d), all
flowers were obtained under common greenhouse conditions after at least a year of cultivation a H. alba
(North Fork Mountain, WV; Folk 63 [deposited at OS]) b H. pubescens (Pilot Mountain, NC; Folk 96
[deposited at OS]) ¢ Heuchera x hispida (=H. americana var. hispida; near Sandstone Falls, WV; Folk 104
[deposited at OS]) d H. americana var. americana (Blue Ridge Parkway at Twenty Minute Cliff, VA; Folk
102 [deposited at OS]). Images e=h H. alba plants growing at North Fork Mountain, WV (e, g) and
Shikellamy State Park, PA (f, h). All photos R. Folk, except (f) and (h) by C. Martine.

Discussion

The Plants of Pennsylvania flora (Rhoads and Block 2007) currently recognizes two
species of Heuchera, H. americana and H. pubescens, as occurring within the state. Heu-
chera alba should now be considered a third member of the genus for Pennsylvania. The
species differs from H. americana in the length of stamen exertion, length of the free
hypanthium, and individual flower shape; and is distinct from H. pubescens in flower
size, color, and aspect on the inflorescence (see Figs 2, 3). Floral aspect, in particular, is
absent from most recent taxonomic treatments and has only recently been recognized
as variable and taxonomically informative in Heuchera (Folk and Freudenstein 2014);
in H. alba, flower orientation is subhorizontal, whereas in H. pubescens flowers are
more or less completely pendent (Folk and Stubbs in review). Heuchera alba is distinct
from both H. americana and H. pubescens in having greater floral zygomorphy (Fig. 3).
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Figure 3. Comparisons of flowers and single petals (adaxial surface) of three Heuchera species co-occur-
ring in PA, WV, and VA, based on spirit-preserved materials: Heuchera alba (a, d North Fork Mountain,
WV; Folk 63 [deposited at OS]), Heuchera pubescens (b, € Rocky Knob Overlook, Blue Ridge Parkway,
VA; Folk 100 [deposited at OS]), and unhybridized H. americana (i.e. H. americana var. americana c, f
Chestoa Overlook, Blue Ridge Parkway; Folk 92 [deposited at OS]). Dotted gray lines show degree of
hypanthium zygomorphy. Both scale bars represent 5> mm; the left-hand scale bar applies to a—c the right-
hand bar is for d—f. Illustrations by R. Folk
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The “discovery” of Heuchera alba in Pennsylvania is especially illustrative as a case
study for the potential benefits of merging classical botanical studies with modern modes
of information sharing, particularly non-traditional scientific communication through
the use of social media networks. The identification of /. alba at Shikellamy State Park
was only incidentally facilitated because C. Martine (@MartineBotany) posted an im-
age of a specimen on Twitter (Martine 2017) while filming part of the YouTube science
outreach program, “Plants are Cool, Too!” (Martine et al. 2018). Within hours of the
initial Tweet going live, R. Folk (@ry_folk) had replied to the post, suggesting that what
had been identified as H. americana was probably H. alba — an inference made with
confidence stemming, in part, from the fact that S. Schuette (@mossman2000) had
recently posted a likely H. alba image from another Pennsylvania locality on iNaturalist.
org (https://www.inaturalist.org/observations/2825610). Unequivocal support for the
identification required the collection and examination of specimens, however, includ-
ing inspection of sheets held at the Wayne E. Manning Herbarium (BUPL) at Bucknell
University. BUPL holds a handful of records for A. a/ba that had until now been identi-
fied as either H. americana or H. pubescens, including a specimen collected at the Shikel-
lamy Bluffs by W. Manning in 1946 and another collected by a student ca. 1905 from a
site (then known as “Gundy’s Farm”) just about a half-mile from the Bucknell campus.
Importantly, the knowledge gleaned from the new and historical collections coupled
with statewide bedrock maps (Berg et al. 1980) allowed the authors to make predictions
about additional cliffside habitats in the region where H. a/ba might occur, leading to
many of the new geographic records shown in Figure 1. Additional herbarium work at
CM and PH is necessary to determine the number of misidentified specimens that may
point to new locations for this imperiled species in Pennsylvania.

This discovery may also serve as a cautionary tale of relying entirely for plant iden-
tification on floras which, through no fault of their own, become incomplete or ‘static’
over time (both relative to taxonomic circumscriptions and also taxon distributions)
and have the mixed benefit / danger of including only the species known at their time
of writing to be in the geographic area of the flora. While the exclusion of species
known from nearby (but outside the area covered) simplifies keys and makes identi-
fication easier, it can also decrease the likelihood of the discovery of range extensions.

The likelihood of additional populations of H. alba existing in Pennsylvania is quite
high, but confusion between this species and the state’s other two might hamper the ease
of discovery. Until the new treatment of Heuchera is published in the revision of the Glea-
son and Cronquist Manual of Vascular Plants of Northeastern United States and Adjacent
Canada, using the identification key for Heuchera in the Flora of Virginia (Weakley et al.
2012) or the FloraQuest app (Weakley and Lee 2018) will facilitate quick determinations
of species within the genus. We present a set of illustrations and photographs (Figs 2, 3)
comparing H. alba, H. americana, and H. pubescens, plus the occasional hybrid between
the latter two species (Heuchera x hispida Pursh.). Although the distributions of these taxa
overlap in Pennsylvania, West Virginia, and Virginia, there are clear differences in sub-
strate specificity between H. alba and the other two species. Acidic rock outcrops are the
preferred habitat and substrate for H. alba, while H. americana grows in rich woods over
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base-rich granite and gneiss or shallow, rocky soils, and H. pubescens grows on circumneu-
tral rock outcrops, ledges, and rock cuts (Wells and Shipes 2009). Local sympatry is rare
across the range of these species, yet sympatric populations of H. alba and H. pubescens
at the Shikellamy Bluffs location, together with the weak reproductive barriers present
in this group (Wells 1979), raise questions about the potential for hybridization and the
subsequent impacts to the population genetics of both species at this key site.

The preponderance of H. alba localities now recorded for Pennsylvania underlines
the need to continually assess imperiled taxa with integrative field surveys and taxo-
nomic methods, and might further suggest that the species is not quite as globally rare as
previously understood. This assumption should be made with caution, however, based
on two observations: 1) The Pennsylvania populations are all relatively small (see above)
and restricted to specific and uncommon habitat conditions, and 2) Most populations
suffer from incursions of exotic invasive species. For example, the “Gundy’s Farm” pop-
ulation mentioned above consists of just 12 individuals on a low cliff face inundated
with Lonicera morrowii A. Gray, Alliaria petiolata (M.Bieb.) Cavara & Grande, Celastrus
orbiculatus Thunb., and other invaders. While it consists of many more individuals, the
Shikellamy Bluffs population also suffers from invasion — largely because mowing and
weeding of the parkland above it consistently sends weedy debris and seeds over the edge
of the cliff. This latter locality is particularly critical to the status of H. alba in Pennsyl-
vania given its size and status as a protected area; and preservation of the population
there was made more certain following recent efforts to nearly double the amount of

protected bluffs habitat led by the Merrill W. Linn Land and Waterways Conservancy.

Conclusion

The conservation needs for Heuchera alba will become more apparent as new popula-
tion locations are revealed following a thorough review of existing Heuchera collections
from the Ridge-and-Valley region of Pennsylvania. In the meantime, the Twitter-fueled
identification of this species in Pennsylvania is an exciting outcome that provides a
model for the sorts of strides we can make when botanists embrace a combination of
modern and classical approaches to discovery and collaboration.
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Abstract

Two new species, Phlegmariurus iminii Kiew (Lycopodiaceae) from limestone karst and P monticola Kiew
from montane habitats, are described from Peninsular Malaysia and a new combination is made for
Phlegmariurus pinifolius (Trevis.) Kiew. Phlegmariurus iminii, known from a single hill threatened by
quarrying, is Critically Endangered; while P monticola and P pinifolius that are relatively widespread are
of Least Concern.

Keywords

Phlegmariurus, limestone, montane forest, Lycopodiaceae, new species, new combination, Peninsular Malaysia

Introduction

The last published flora account of Lycopodiaceae for Peninsular Malaysian with keys
and species descriptions was that of Ridley (1919) who recorded 13 species. The most
recent reliable checklist (Parris and Latiff 1997) listed 12 species. At the generic level,
molecular studies show that Lycopodium L. s.l. is paraphyletic (Wikstrom and Kenrick
2001; Field et al. 2016) and should be divided into 16 monophyletic genera (PPG I
2016) of which Diphasiastrum Holub, Huperzia Bernh., Lycopodiastrum Holub, Lyco-
podium L., Palhinhaea Franco & Vasc., Pseudodiphasium Holub and Pseudolycopodiella
Holub are each represented by a single species in Peninsular Malaysia and Phlegmar-
iurus Holub, which is more diverse, has 12 species including the two new species de-
scribed below, bringing the total for the family to 19 species.

Copyright Ruth Kiew, Imin Kamin. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Revision of the family currently underway for the Flora of Peninsular Malaysia
and the focus of botanical exploration by the Flora of Peninsular Malaysia team (Kiew
and Rafidah 2007) have brought to light two new species of Phlegmariurus, one an
epiphyte on trees growing on limestone; the other an epiphyte on trees in lower to
upper montane forest.

Materials and methods

Specimens of all Peninsular Malaysian Phlegmariurus species and those of the sur-
rounding region (Thailand, Sumatra and Borneo) in the herbaria at BM, K, KEP, KLU
and UKMB (acronyms follow Thiers et al. 2017, continuously updated) were exam-
ined. Type material was examined in these herbaria as were type images relevant to this
study available on JSTOR Global Plants website (http://jstor.org). Literature relevant
to the region (West Malesia and Thailand), including protocols, were consulted. Con-
ventional methods employed in herbarium taxonomy were applied in this study. All
measurements were taken from dried herbarium specimens. Photographic documenta-
tion was taken from living specimens in their natural habitat. Provisional conservation
assessments follow the guidelines in [UCN (2012) and Chua (2010).

Taxonomic account

Phlegmariurus iminii Kiew, sp. nov.
urn:lsid:ipni.org:names:77177909-1
Figures 1, 2

Type. Malaysia. Pahang, Merapoh District, Gua Gunting. 30 May 2013, Imin et al.
FRI 78296 (holotype KEP! barcode 235330; isotype SING!).

Description. Medium-sized, tufted epiphyte. Stems lax, pendulous, ca. 30 cm long,
slender, terete, ca. 2.5-3 mm in diameter; branching dichotomously 4 times, branches
equal. Leaves spaced 3—4 mm apart, arranged in two alternating subspiral whorls of
three, ascending at ca. 40° to stem, sessile; lamina dark green, thin and papery, lanceo-
late, (7-)10 x 1.8-2 mm, base flat, cuneate, margin flat, entire, narrowed to a minutely
apiculate apex, glabrous above and beneath; midrib distinct on both surfaces, prominent
above, keeled beneath. Strobilus slender ca. 1 mm thick, branched once dichotomously
near the base with a short stalk 8—14 mm long and branches ca. 20 mm long followed by
a short 50-90 mm long section of stem with sterile leaves, terminating in a strobilus (20—
)40—-70 mm long. Sporophylls distinct from leaves, spaced along the axis, sessile, ovate,
much smaller than leaves, 1.5-2 x 0.75—1 mm, keeled on outer surface, base rounded
and concave around the sporangium, margin entire, apex acute. Sporangium broadly
reniform, ca. 2 mm long and wide, creamy becoming yellow when mature. Spores iso-
tetrahedral with convex margins, polar axis ca. 20 pm, distal surface minutely foveolate.
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Figure 1. Phlegmariurus iminii. A habit B strobilus € tip of strobilus with sporangia and sporophylls
D portion of leafy stem E distinct midrib on upper leaf surface F section of leaf to show keel G top view of
sporangium and sporophyll H spores. (Drawing by Mohamad Aidil Noordin from Imin et al. FRI 81470).

Diagnosis. This new species belongs to the Phlegmariurus phlegmaria group of spe-
cies in being a medium-sized epiphyte with pendent stems, flat leaves broadest at base
with a distinct midrib and sporophylls much smaller than vegetative leaves. Amongst
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Figure 2. Holotype specimen (Imin et al. FRI 78296) of Phlegmariurus iminii Kiew.
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Peninsular Malaysian species, it is different from P phlegmaria (L.) T.Sen & U.Sen and
P salvinioides in its narrower, sessile leaves, 7-9 x 1.8-2 mm, positioned at 40° to the
stem (vs. broader, subpetiolate leaves 5-15 x 2—5.5 mm, perpendicular to the stem)
and in its unbranched strobili (vs. much branched). While the distinction between P
phlegmaria and P salvinioides (Herter) Ching tends to intergrade, P iminii is distinct
without any specimens of these two species resembling it. It is similar to P pinifolius
(Trevis.) Kiew in its narrow, sessile leaves but its leaves are less crowded and positioned
at 40° to the stem (vs. crowded and perpendicular to the stem) and its strobili are short
and unbranched (vs. long and branched from the base). It also superficially resembles
P banayanicus (Herter) A.R. Field & Bostok from the Philippines but that species has
broader leaves narrowed to the base (usually 8-10 x 2-3 mm) that are perpendicular
to the stem and has branched inflorescences. Phlegmariurus iminii is distinct from all
these species by a combination of its narrow, sessile leaves positioned at 40° to the stem
and its straight, short, unbranched strobili with sporophylls that are not strongly ap-
pressed to the stem (Table 1).

Distribution. In Peninsular Malaysia, it is at present known only from the type
locality, Pahang, Merapoh District, Gua Gunting. Ashley R. Field (pers. comm.) notes
that the species is a target for plant collectors and it is in cultivation from parts of
Thailand and other parts of Peninsular Malaysia from a variety of habitats, although we
have not been able to locate it in commercial nurseries in Malaysia.

Provisional conservation status. Critically Endangered (Ald, B2abliii,v]). Its
only confirmed locality is a single karst limestone hill that lies outside the network of
Totally Protected Areas and has been threatened by quarrying for cement and is sur-
rounded by oil palm plantations that expose it to disturbance from agricultural activi-
ties, in particular by the practice of clearing vegetation by burning. The limestone flora
occupies only 0.4% of land area but is biodiverse harbouring at least 14% of the Pen-
insula’s vascular flora (Chin 1977), so it is particularly vulnerable to disturbance (Kiew
1997). In addition, many of its species like Phlegmariurus iminii are known from less
than five limestone hills (Kiew et al. 2017).

Ecology. The type specimen grew on a tree on a steep slope, slightly shaded near
the summit of a limestone karst hill.

Etymology. Named after Imin Kamin, Research Assistant In-Charge of the lyco-
phyte and fern collection in the Forest Research Institute Malaysia Herbarium (KEP),
who discovered this species.

Phlegmariurus monticola Kiew, sp. nov.
urn:lsid:ipni.org:names:77177910-1
Figures 3, 4A

Type. Malaysia. Pahang, Cameron Highlands, Gunung Beremban, trail from the Parit
Falls to MARDI. 24 May 2007, Nor Ezzawanis & Zamri FRI 54517 (holotype KEP!
barcode KEP139948; isotype KEP! barcode KEP139947).
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Table 1. Phlegmariurus iminii, R banayanicus, R pinifolius, P. phlegmaria and P salvinioides compared.

Character iminii banayanicus pinifolius phlegmaria salvinioides
elongate-
Leaf shape lanceolate lanceolate lanceolate ovate-lanceolate to lanceolate
to narrowly lanceolate
lanceolate
Leaf base cuneate rounded slightly narrowed rounded to rounded to
cordate broadly truncate
Leaf angle 45° 90° 90° 90° 90°
to stem
narrowed to . extremely
Leaf apex acuminate . acute acute
attenuate acuminate
Lea size 7-9x1.82 |8-12x(192-3| 6-8x1-17 | 4-20x25-6 | 5-95x2-5
(mm)
. dichotomous branch b ranched 2-3 2, 4 or 6 branches,| much branched, | much branched,
Strobili at base, branches and | times, branches . . .
. . branches straight | branches curving | branches straight
straight curving
Sporophylls not appressed appressed appressed appressed not appressed
Leaf sessile subpetiolate sessile subpetiolate subpetiolate
attachment
Leaf spacing spaced spaced very compact spaced spaced

Description. Small epiphyte, tufted with (1-)6-7 stems. Stems pendulous or
semi-erect, 11-22(-32.5) cm long, 1-2 mm diam., 1.2-1.7 cm wide across the leaves,
green, branched once or sometimes twice towards the apex. Leaves crowded, spreading
more-or-less at right angles to the stem, more-or-less in 6 rows, mid-green, soft, sessile,
narrowly lanceolate to subulate, 8-10 x 0.75-1.5 mm, acutely narrowed to a sharp
point at apex, margin entire, minutely revolute, glabrous above and beneath, midrib
obscure above, prominent beneath. Strobilus green or yellowish-green, in pairs, each
branching dichotomously once or twice, sometimes unbranched, (7.5-)11-12(-22)
cm long, ca. 3 mm diameter. Sporophylls similar in shape to leaves but smaller and
more compact, transition to strobilus gradual. Sporophylls sessile, ascending, arranged
in 4 rows, narrowly lanceolate, 3.5-5(-7) x 0.5-1 mm at base, abruptly narrowed
above the sporangium and 0.25 mm wide, margin entire. Sporangium yellow, broadly
reniform, ca. 1-1.5 mm across. Spores isotetrahedral with convex margins, polar axis
ca. 20 pum, distal surface minutely fossulate-foveolate.

Diagnosis. It belongs to the Phlegmariurus squarrosus group in that its sporophylls
are similar in shape, although smaller, than the leaves. Phlegmariurus monticola is im-
mediately distinct from P squarrosus (G.Forst.) A.Léve & D.Love 5./ that in Peninsular
Malaysia is morphologically relatively uniform by a combination of its tufted, shorter
stems 11-32.5 cm long (vs. single-stemmed at the base and (20-)40-55(-200) cm
long), leaf midrib obscure above and prominent beneath (not distinct above and faint
beneath), strobili more slender ca. 3 mm wide, that are in pairs and usually branch di-
chotomously once or twice (vs. strobili 4-5 mm wide, single and always unbranched).
In addition, their distributions do not overlap; P squarrosus is a lowland species grow-
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2cm

Figure 3. Phlegmariurus monticola. A habit B portion of leafy sterile branch € strobilus D spores.
(Drawing by Mohamad Aidil Noordin from Ezzawanis et al. FRI 54517).

ing on trees usually at less than 300 m elevation, while 2 monticola is a montane species
occurring at 1400-2100 m elevation. It also superficially resembles 2 prolifera (Blume)
AR Field & Bostok in its slender strobili ca. 3 mm wide and sporophylls arranged



106 Ruth Kiew & Imin Kamin /| PhytoKeys 96: 99-110 (2018)

Figure 4. A Phlegmariurus monticola B Peninsular Malaysian form of P squarrosus s.l. (Photographs

Imin Kamin).

in four rows, but it differs in its shorter, narrower leaves (8—10 x 0.75—-1.5 mm (vs.
leaves 10-15 x 1.5-2 mm) and its narrowly lanceolate sporophylls 0.5-1 mm wide (vs.
triangular-ovate sporophylls 1.5-2 mm wide).

Distribution. Peninsular Malaysia (Kelantan, Perak and Pahang).

Provisional conservation status. Least Concern. It is found in most accessible
montane areas in the Main Range suggesting that it is likely to be more widespread.
The montane forest above 1000 m is protected because of the restriction on clear-
ing forest on steep slopes. However, this does not apply to hill resorts where forest is
cleared for resort infrastructure and at Cameron Highlands for vegetable and flower
farms (Kiew 1997). However, its populations need to be monitored because it is for
sale in nurseries in Malaysia, Singapore and Thailand (AR Field, pers. comm.) so col-
lecting of plants from the wild may become a threat.

Ecology. In Peninsular Malaysia, in light shade usually in lower montane forest,
sometimes in upper montane forest, at 1400-2100 m elevation.

Etymology. Latin, monticola - dweller in mountains.

Notes. In appearance, it is immediately distinct from P squarrosus in being less ro-
bust, in being tufted with up to 7 stems, having shorter stems that are only about twice
the length of the strobili and leaves with the midrib obscure above and prominent
beneath; while Peninsular Malaysian individuals of 2 squarrosus have single stems (not
tufted) that are longer so their strobili are about a fifth or less the length of the stem
and the leaf midrib is distinct above and faint beneath.
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Specimens examined. Kelantan: Gunung Chamar Imin et al. FRI 71786 (KEP,
L); Sungai Kenerong Imin et al. FRI 68171 (KEP), Kueh et al. FRI 58410 (KEP). Pa-
hang: Cameron Highlands Aishah 15 (KLU); Holttum SEN 23443 (SING), Holttum
s.n. May 1936 (SING); Imin et al. FRI 68482 (KEP), Imin et al. FRI 71946 (KEP),
FRI 74765 (KEP, L), Imin et al. FRI 87114 (KEP), Nor-Ezzawanis et al. FRI 54517
(KEP), Poore 1019 (KLU); Fraser’s Hill Henderson SFN 11507 (SING); Genting
Highlands Lim et al. GHC 1 (KLU); Aishah 22 (KLU), Stone 15422 (KLU), Tan et
al. FRI 77645 (KEP, TAIF). Perak: Birch’s Hill Burkill SEN 12739 (SING); Gunung
Hijau Julius et al. FRI 53305 (KEP), Sinclair & Kiah SFN 38728 (SING).

New combination

Lycopodium pinifolium Blume (1828: 264) was described and recorded to occur from
Malaya to Papua, but it was not until 1984 that this species appeared in Malaysian
publications (as Huperzia pinifolia Trevis.) when it was recorded from the Gunung
Mulu National Park, Sarawak (Parris et al. 1984) where it was keyed out with Huperzia
phlegmaria and distinguished from that species by its linear-lanceolate leaves at least
six times longer than broad with a cuneate base and by its sporophylls with acuminate
tips that protrude beyond the sporangia. A detailed account described and illustrated
this species (Johns 1991) based on specimens from Gunung Mulu grown in the Royal
Botanic Gardens Kew. However, it was not until Parris and Latiff (1997) listed it that
it appeared in Peninsular Malaysian publications. However, its identity became con-
fused when subsequent publications illustrated different species under this name. For
example, that of Aziz-Bidin (2002, figs. 10, 11) illustrated P zetrastichus and that of
Noraini et al. (2010, figs. 47, 48) figured P squarrosus. Names on herbaria specimens
were similarly in a muddle. A full description is therefore provided below.

The name Lycopodium pinifolium Blume was an illegitimate name because it had
earlier been used for an African species by Kaulfuss (1824). In 1874, Trevisan described
Huperzia pinifolia Trevis. as a new name: in fact he was conscious of the illegitimacy of
the name of Blume because of the (older) name of Kaulfuss. In this case (International
Code of Nomenclature, art. 7.4 (ICN 2012)) the new name is typified by the type of
the replaced synonym. Blume (1828), in describing his species, recognised varieties
B, C and D but for varieties C and D he noted ‘(an species?)” implying that there was
doubt that they belonged to this species. Specimens representing these varieties were all
annotated by his hand, the labels noting only ‘Java’ without recording a collector, local-
ity or date. The specimen annotated as var. C (barcode L 0057377) is closely similar to
P, proliferus (Blume) A.R.Field & Bostock and does not belong to P pinifolius and the
specimen representing var. D is a piece too small to identify with certainty. The other
two specimens both belong to 2 pinifolius in their habit (relatively short dichotomously
branching stems with dense, narrowly lanceolate leaves perpendicular to the stem) and
the abruptly distinct, straight strobili. The typical variety (barcode L 0057375) has stro-
bili that are branched dichotomously while var. B (barcode L0057376) has unbranched
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strobili, which represent an earlier stage in the growth of the strobili, which eventually
branch. The herbarium sheet with barcode L 0057375 is here selected as the lectotype
because it best represents a mature plant of this species.

Phlegmariurus pinifolius (Trevis.) Kiew, comb. nov.
urn:lsid:ipni.org:names:77177913-1

Basionym. Huperzia pinifolia Trevis., Atti Soc. Ital. Sci. Nat. 17: 247. 1874 = Lycopo-
dium pinifolium Blume, Enum. Pl. Javae. 2: 264 (1828), non Kaulf. (1824).

Type. Java. Without collector, number, date or precise locality (lectotype here se-
lected: LI, electronic image with barcode L 0057375).

Description. Medium-sized epiphyte, tufted with 2—4(-6) stems. Stems pendu-
lous, 10-20(-50) cm long, ca. 1.5 mm diam., branching dichotomously 2—-3(—4) times,
branches equal. Leaves crowded, at right angles to stem, sessile, glossy, mid-green, thin-
ly coriaceous, narrowly lanceolate, 6-8 x 1-1.7 mm, slightly narrowed at base, mar-
gin entire, slightly revolute, apex narrowed to a sharp point, glabrous, midrib obscure
above, faint beneath. Sporophylls smaller, dissimilar to leaves, transition to strobilus
abrupt. Strobili light green, 2-9 cm long, slender, 1-1.5 mm diam., branched at base to
form a pair of straight branches, sometimes further branched once or twice. Sporophylls
crowded, not arranged in 4 rows, sessile, green, base broadly ovate and partially covering
the sporangium, narrowed abruptly above the sporangium to a short point, ca. 1.5 x
0.7 mm, margin entire, keeled outside. Sporangium discoid, ca. 1 mm diam.

Distribution. Thailand, Peninsular Malaysia, Java, Borneo (Sabah and Sarawak),
the Philippines, Indonesia (Sumatra to New Guinea). Hassler (2018) also records it
from Sri Lanka, Vanuatu and the Solomon Islands. In Peninsular Malaysia, collected
from Penang, Perak, Kelantan and Pahang.

Provisional conservation status. Least Concern.

Ecology. Not common, in upper hill dipterocarp to lower montane forest, in light
shade, on trees on hill sides at 800-1250 m altitude.

Etymology. Latin, -folius = leaf; referring to the similarity to leaves of Pinus.
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Abstract

Plant species tend to retain their ancestral ecology, responding to temporal, geographic and climatic
changes by tracking suitable habitats rather than adapting to novel conditions. Nevertheless, transitions
into different environments or biomes still seem to be common. Especially intriguing are the tropical
alpine-like areas found on only the highest mountainous regions surrounded by tropical environments.
Tropical mountains are hotspots of biodiversity, often with striking degrees of endemism at higher
elevations. On these mountains, steep environmental gradients and high habitat heterogeneity within
small spaces coincide with astounding species diversity of great conservation value. The analysis presented
here shows that the importance of 77 situ speciation in tropical alpine-like areas has been underestimated.
Additionally and contrary to widely held opinion, the impact of dispersal from other regions with
alpine-like environments is relatively minor compared to that of immigration from other biomes with a
temperate (but not alpine-like) climate. This suggests that establishment in tropical alpine-like regions is
favoured by preadaptation to a temperate, especially aseasonal, freezing regime such as the cool temperate
climate regions in the Tropics. Furthermore, emigration out of an alpine-like environment is generally
rare, suggesting that alpine-like environments — at least tropical ones — are species sinks.
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Introduction

Latitudinal and elevational gradients (Pianka 1966; Dowle et al. 2013) of plant distri-
bution and richness are wellstudied patterns and appear to result from the tendency of
plants to retain their ancestral ecology (Donoghue 2008 and references therein). These
patterns are the basis for the establishment of floristic regions, biomes, ecoregions and
floristic elements (Cain 1944; Good 1974; Whittaker 1975; Takhtajan 1986; Olson
et al. 2001; Sklendr 2011). However, isolation can occur at any scale where there are
discontinuities in realised environmental niches, such as between lakes or ponds, in-
selbergs or mountain tops. Movement between such habitats can be rare, irrespective
of their size, location and geographical proximity (see for example Crisp et al. 2009).

Alpine-like or supra-alpine environments, especially those on isolated mountains, are
a notable example of such isolation (Hedberg 1965). The alpine-like flora is typically strik-
ingly different from that of the surrounding lowlands. Trees are absent and, in their place,
are species with life histories and growth forms that are adapted to grow under harsh con-
ditions that include frequent and lasting freezing temperatures and short growing seasons
(Kérner 2003). At low latitudes, the contrast between alpine-like conditions found only
on the highest mountains (Fig. 1) and the tropical environments that surround them is
particularly stark. Plants adapted to high elevations generally cannot survive at low eleva-
tions and vice versa. Alpine-like climate regions in general and those of the Tropics in par-
ticular, are therefore considered akin to isolated oceanic islands (Smith and Cleef 1988).

It is well established that recruitment via long-distance dispersal is of paramount
importance to the evolution of both oceanic- and mountaintop ‘sky’- islands (Alsos
et al. 2007; Weigelt and Kreft 2013) and that recruitment was followed only in some
cases by i situ radiations (MacArthur and Wilson 1967; Carlquist 1974; Baldwin and
Sanderson 1998; Ackerly 2003; Cameron et al. 2013). However, the relative impor-
tance of these processes remains poorly understood but is significant, especially for the
prediction of changes in species diversity in the light of climate change.

Here, the origin of species is investigated in tropical-alpine floras across the world, com-
paring South American tropical (Supra-)Pdramo, the tropical Afroalpine in Africa, tropical
alpine-like Mount Kinabalu in Southeast Asia and high elevation areas on the Pacific Ocean
Islands of Hawaii (Fig. 1). The following hypotheses are tested: i) the importance of 77 situ
speciation in tropical alpine-like areas has been underestimated, ii) the impact of dispersal
from regions with alpine-like environments is large compared to that of immigration from
other regions and iii) emigration out of an alpine-like environment is generally rare.

Methods

Area

Tropical alpine-like areas are defined as regions located above the natural high-altitude
treeline, that is the upper limit of tall upright, woody life forms, within 23°26'N, 23°26'S
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Figure 1. Location of the tropical alpine-like climate regions in the Tropics on a Mercator projection
of the world with shaded relief and coloured height based on SRTM data with 1 arc second resolution.
Credit: NASA/JPL/NIMA downloaded from http://photojournal.jpl.nasa.gov/catalog/PIA03395. De-
tailed maps for each region are included in the Suppl. material 3 (figures S3-S6).

(Smith and Young 1987; Smith and Cleef 1988; Smith 1994; Rundel et al. 1994; Korner
2003, Nagy and Grabherr 2009). Mountains, especially those in the Tropics, show dis-
tinct changes in life conditions with elevation and the rise of isotherms as one moves
towards the equator. The location of the natural treeline is considered here to be at about
4000 m, as long as annual precipitation is >250 mm (Korner and Paulsen 2004; Kérner
2012). The upper altitudinal limit commonly extends to between 4600 and 5000 m
(Smith and Young 1987; Luteyn 1999).

True tropical alpine-like environments are characterised by a mean daytime soil
temperature of about 6 °C (Kérner 2011) but also by recurring events of frost especially
at night with a small amplitude of climatic differences throughout the year. For East
Africa, this has been described as “summer every day and winter every night” (Hedberg
1965) which also leads to the absence of a distinct growing or flowering ‘season’ as most
plants can photosynthesis and have been reported as flowering throughout the year.

Other authors have used a different definition of the term “tropical alpine” or
tropicalpine by only considering the present day upper tree limit as the cut-off line,
therefore including areas above ~-3500 m (Sklendf et al. 2011; Gehrke and Linder
2014) or even as low as 2000 m in various tropical islands (Leuschner 1996). Some
authors tried to avoid the term alpine and referred to these regions using terms such as
Pdramo and Afro-alpine (see Smith and Young 1987, for a detailed review on terms) or
even just summit zone or high elevation areas (Smith 1980, 1994).

Due to the high frequency of plants growing in micro niches along a wide eleva-
tional amplitude and the mosaic-like patterns of elevational plant zones, a strict defini-
tion of the term ‘alpine-like’ is used and only includes plants in areas above 3800 m
with a clear diurnal rather than seasonal pattern of vegetation growth and flowering
(Table 1; Fig. 1). Therefore, the tropical alpine-like areas are defined here as follows: they
are regions located above the natural high-altitude treeline, within 23°26'N, 23°26'S,
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Table 1. Overview of high tropical alpine-like regions as used in this study.

Region 1;1,1dean Afroalpine Malesia an d New Hawaii
dramo Guinea
Estimated area (km?) 23,4521 4510 2000 <500?
Number of species 3026 521 1.118 13
Number of genera 449 191 226 10
Typical alpine species 998 163 ~400/67* 13
Alpine species used 668 145 18 12
% endemism 603 674 60° 100
Species turnover® highest lowest medium n.a.
Largest genus (no. species Draba Senecio s.str. Rhododendron Silversword
in alpine/ region/ genus) | (27/70/370) | (32/>130/-1000) | (21/219/>1000)8 | alliance (3/28/28)

lestimated based on “altoandino” (Josse et al. 2009), 2number of species recorded to occur in the alpine
zone on Mt.Kinabalu, *Nagy and Grabherr 2009, “Gehrke and Linder 2014, >estimated here, ®beta diversity
(Sklendf et al. 2014) based on the analysis of seven mountains in each region, 7Draba is listed here as largest
genus despite 37 Senecio species recorded in the high Andean Pdramo and 68 in the wider Pdramo (Luteyn
1999) because the number of species belonging to a monophyletic Senecio s.str. is not clear, $insufficient data.

characterised by a mean daytime soil temperature of about 6 °C (Kérner 2011) and by
recurring events of frost especially at night with a small amplitude of climatic differences
throughout the year. To avoid including too many species that barely reach into the
tropical alpine-like regions, a lower limit of 3800 m has been chosen.

Northern (Supra-)Piramo

Following the above definition, the majority of areas with a tropical alpine-like envi-
ronment are located in the Americas, i.e. in the Andes between Venezuela and Peru and
residual Pdramo ecosystems in Costa Rica (highest point: 3810 m), with the exclusion
of the drier regions at higher altitudes in Mexico (Nagy and Grabherr 2009) and the
drier Puna and Jalca regions in the Central and southern Andes (Luteyn 1999). Some
authors use the term Supra-Pdramo for this (Lauer 1981). These regions are by far the
largest in area (probably more than 90% of the total tropical alpine area, Jacobsen
2008; Sklendf et al. 2011, 2014) as well as the most species rich even when correcting
for area size (Gehrke and Linder 2014).

Africa

In Africa, most alpine-like environments are located in the eastern mountain ranges
of the continent (White 1983; Gehrke and Linder 2014) as well as a smaller area
on volcanic Mount Cameroon (4095 m, Letouzey 1985). In the tropical Afroalpine,
mountain ranges are well separated from each other, mostly by large tracks of lowlands

(Hedberg 1951; Chala et al. 2017).

Malesia and New Guinea
New Guinea harbours the most extensive alpine-like environment in South-east Oce-
anic Asia in addition to scattered areas on a number of Indonesian islands and in
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Malaysia including Mt. Kinabalu on the island of Borneo (Smith 1994; Sklendf et al.
2014). Unfortunately, floristic and phylogenetic data for plants in the New Guinea
alpine region are even scarcer than that for plants from the northern Andean Pdramo or
tropical Afroalpine. Only data on the relatively well-studied plants from Mt. Kinabalu
in the northern part of the island of Borneo are therefore included.

Hawaii

Hawaii is the most isolated and most northerly area investigated. The absence of a strong
seasonal climate is likely due to the moderating effect of the surrounding ocean. Hawaii
is situated close to the northern limits of the Tropics (max. elevation 4100 m) and only
harbours a small high alpine-like environment (Leuschner 1996). In general, most recent
phylogenetic evidence suggest that tropical-alpine like climate developed only fairly re-
cently around the world in the Plio-Pleistocene (Madrifidn et al. 2013; Gehrke etal. 2014).

Character coding

All analyses were undertaken at the species level, ignoring sub-specific taxa even if these
were confined to tropical alpine-like areas. The origins of species in the topical alpine-
like environments were coded as 77 situ speciation versus immigration. The former in-
cludes all species in the tropical alpine-like that have originated from an ancestor in the
tropical alpine of the same area, the latter includes those with a most recent common
ancestor inferred to have been elsewhere. For species that originated by immigration,
the author inferred whether they originated from areas with an alpine-like climate, a
tropical climate or otherwise.

Initially, the author attempted to draw finer distinctions within the non-alpine
and non-tropical category, such as distinguishing temperate climate regions located in
the Tropics or elsewhere. However, this proved to be impossible due to low resolution,
low sampling and inadequate support in most phylogenetic reconstructions. The three
categories of alpine-like-, tropical or other climate were therefore used. It proved ex-
tremely difficult to discern between biome change and 77 situ speciation for species that
have a widespread distribution, as phylogeographic data would be necessary to exactly
place their origins and such data are not available.

Only a minority of species, found in the tropical alpine-like are exclusively con-
fined to these regions, even if they predominantly occur there (i.e. they are regarded
as typical alpine elements). For example, 60 percent of Afroalpine species (Gehrke and
Linder 2014) and 85 percent of those on Mt. Kinabalu also occur elsewhere. Within the
Andes, this value seems to vary more widely and it is particularly high on the western
slopes of the Peruvian Andes, where alpine species merge gradually with species of mon-
tane pasture, savannah or desert (Smith 1994). Only species that grow most frequently
above 3800 m and higher were therefore included, i.e. those that either have most of
their distribution above 3800 m or that are able to grow above 4200 m. When molecu-
lar phylogenetic evidence was unavailable, the most recent taxonomic classification was
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used as a hypothesis of evolutionary relationships, in the knowledge of the limitations
of this approach, particularly due to morphological convergence. For detailed coding
examples and the full list of taxa and their coding see Suppl. material 1: Methods.

Results

The relative contribution of in situ speciation versus immigration differs between the
different tropical alpine regions (Fig. 2). /n situ speciation seems to have been rare
on Mt. Kinabalu and Hawaii (one to two or no recorded in situ speciation events
respectively), while it contributed between 199-392 species to the Andean Piramo
(30-59%) and 48-61 to the Afroalpine species (29-37%).

In total, colonisations from other environments accounted for 318-428 (36—75%)
of all species in the Pdramo, 67-74 (51-61%) in the Afroalpine, 8-9 (83-94%) on
Mt. Kinabalu and 10 (91-100 %) on Hawaii. Species originating from other alpine-
like biomes, i.e. alpine-like regions outside the Tropics, account for 46-102 species
in the Pdramo (7-15% of all species or 12-27% of colonisation events), 16-25 in
the Afroalpine (10-15% total or 15-23%), 7-8 on Mt. Kinabalu (39-44% total or
42-48%), and 1 on Hawaii (see Suppl. material 2: Results). There was no evidence for
direct transitions between tropical climate environments.

Despite the lack of phylogenetic evidence for direct dispersals between alpine-like
regions, there are 52 genera found in both the Northern Andean Piramo (Luteyn
1999, Sklendt 2011 including 449 genera) and the tropical Afroalpine (sensu Gehrke
and Linder 2014 including 191 genera). Shared genera are:

*  Holarctic element (north temperate and Mediterranean distribution, 12 of a
total 41 of genera in the Piramo s.1.): Astragalus, Bartsia, Cerastium, Clinopodium,
Erigeron, Lathyrus, Lithospermum, Potentilla, Salvia, Saxifraga, Silene, Vicia.

*  Wide temperate element (temperate and cool regions of both hemispheres, 35
of a total of 70 genera in the Pdramo s.1.): Agrostis, Alopecurus, Aphanes, Bromus,
Callitriche, Cardamine, Carex, Crassula, Cynoglossum, Danthonia, Deschampsia,
Epilobium, Festuca, Galium, Geranium, Gnaphalium, Hypericum, Isolepis, Jun-
cus, Limosella, Luzula, Myosotis, Poa, Polypogon, Potamogeton, Ranunculus, Rubus,
Rumesx, Senecio, Sedum, Stellaria, Trisetum, Valeriana, Veronica, Viola.

*  Cosmopolitan (3 of a total of 17 genera in the Pdramo s.1.): Euphorbia, Hydro-
cotyle, Lobelia.

*  Wide tropical according to Sklendf et al. 2011: Conyza, Eragrostis, Eriocaulon.

The author did not include either Lithospermum or Euphorbia in the analyses of
origin because neither meet the stricter definition of alpine-like outlined in the meth-
ods, i.e. they do not occur in true alpine-like conditiouns above 3800 m.

In general, the vast majority of plant lineages present in tropical alpine-like envi-
ronments are also present at lower elevations (see Suppl. material 3, Figures).
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Figure 2. Relative contribution of in situ speciation and immigration to species richness in selected
tropical alpine regions (pie charts on the left). Blue: in situ speciation, green: colonisation, light blue: un-
certainty regarding 7z situ speciation, light green: uncertainty about colonisation. In the right pie charts,
colonisation is further decoupled into species derived from other regions with alpine-like climate (black)
and species that originated by colonisation from a different biome (red). Uncertainty is indicated by grey.

Discussion

Several studies have assessed the origin of plant lineages in one or more tropical alpine-
like regions, mostly summarising their data by genus (Engler 1879, 1892; Hedberg 1965;
Smith 1975; Smith and Cleef 1988; Beaman and Beaman 1990; Nagy and Grabherr
2009; Sklendf et al. 2011, 2014) and more rarely using phylogenetic evidence (Sklenat
etal. 2011). Most studies reflect a strong notion of (broad) climatic niche conservatism
within genera. However, genera are a poor proxy for independent evolutionary lineages
in the tropical alpine, as shown by the various African taxa derived from multiple inde-
pendent colonisation events from Eurasia (Assefa et al. 2007; Gehrke and Linder 2009),
Southern Africa (Galley et al 2007, Kandziora et al. 2016) or lower elevations (Knox
2004; Galbany-Casals et al. 2014). Prominent examples of these repeated colonisations
of the Afroalpine are the giant lobelias and giant senecios, which have both been pos-
tulated to have originated by repeated upward adaptation to alpine-like environments
(Knox 2004). Similarly, in Halenia, the majority of species in the high elevation Piramo
are the result of repeated immigrations, in this case from Central America (von Hagen
and Kadereit 2003). However, the phenomenon of repeated immigration is better un-
derstood for regions elsewhere, for example the alpine-like tundra environment on the
isolated island of Svalbard in the Northern Sea that has been colonised by many plant
groups several times, even within individual species (Alsos et al. 2007).

It has been suggested that much of the plant diversity in tropical alpine regions origi-
nated outside the tropics (Hedberg 1961; Smith 1975; Smith and Cleef 1988, Fig. 3). For
example, Sklendf et al. (2011) calculated that around half of all lineages in the Andean
Pdramo are of temperate origin (in a geographical, rather than climatic, sense). Similar

estimates have been made for tropical Afroalpine plants (Hedberg 1961). All this would



118 Berit Gehrke / PhytoKeys 96: 111125 (2018)

suggest a high proportion of long distance dispersal from similar cool climates, a pattern
notably lacking in the results reported here (i.e. the small reported proportion of direct
alpine or alpine-like to alpine-like dispersals). In fact, alpine to alpine long-distance disper-
sal seems rare compared to biome shifts, irrespective of the degree of isolation by distance
and despite the numerous genera in common (e.g. Pdramo and Afroalpine share about 50
of 449 genera in the Piramo and 191 in the Afroalpine, see Suppl. material 2: Results).
An intuitive explanation for limited dispersal between tropical alpine habitats would be
the extensive intervening distances and the small overall areas involved. The greater im-
portance of alpine-like regions as a source of species on Mt. Kinabalu probably reflects
discontinuity within the New Guinea alpine region and it might therefore be better com-
pared to single mountains within other such areas. Hawaii, as the most extreme case of low
importance of alpine-like source regions, is geographically isolated, which probably lim-
its colonisation success. However, the low proportion of alpine-like immigration for the
Péramo cannot be explained in the same way. The Andes form a more or less continuous
chain of high elevation, cool-temperate environments ranging from northern Colombia
to southern Chile. Nevertheless, many Andean plant lineages show — even at lower eleva-
tions — limited dispersal between the Northern and Southern Andes with independent
diversifications in each region (e.g. Puya: Jabaily and Systma 2012, Ourisia: Meudt and
Simpson 2006, Azorella: Nicolas et al. 2012). This may suggest that transitions from a
seasonal to aseasonal freezing climate (i.e. from more southern Andean temperate climate
regions to more northern Andean tropical alpine-like environments) might require more
adaprations at different life stages than has previously been recognised (Neuner 2014).

There is a striking lack of evidence for any direct establishment of warm-tropical species
in tropical alpine-like climates. This reflects a similar lack of evidence in numerous plant
lineages and even families in general for transitions from tropical to temperate climates. As
such, freezing temperatures seem to be a major factor limiting species distributions in (sub-)
tropical high mountain ecosystems (Neuner 2014). Overall, it seems that most plants that
colonise the true tropical alpine-like aseasonal ‘summer every day and winter every night’
climatic regime first establish at lower elevations. Additionally, there is no unequivocal evi-
dence for long-distance dispersal of tropical alpine plants to cool temperate zones elsewhere.
This is similar to the pattern revealed in Southern Hemisphere biome transitions (Crisp et
al. 2009), in which the alpine biome was the most common destination of biome transi-
tions but rarely the source of them. This might, at least in part, be explained by the young
age of alpine-like regions and the relatively small area they occupy.

An important factor in reaching these conclusions is a consistent differentiation
between alpine-like climate regions and those at lower elevations, a distinction that
is often blurred in literature. For example, a commonly cited Piramo group is the
Asteraceae subtribe Espeletiinae, consisting of over 140 species distributed across Ven-
ezuela, Colombia and Ecuador in both Paramo and in montane forest (Rauscher 2002,
Sklendf et al. 2011). Interestingly, of the 140 species, only 61 are reported to occur in
the Paramo (Luteyn 1999), of which only 18 pass the high alpine-like criterion used
here. Similarly, Hedberg (1961) states that 81% of Afroalpine species are endemic.
Endemic in this context might easily be misinterpreted as endemic to the Afroalpine,
however it instead means endemic to mountains of (eastern) Africa and while the
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Figure 3. Proportion of plant elements in tropical alpine regions based on generic distribution patterns
according to Smith and Cleef (1988).
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Afroalpine does harbour a distinct set of species, many of these have a wider altitudinal
range. The author would argue that, by distinguishing true alpine-like conditions from
those at lower elevations and by identifying clades endemic to each, one can better
understand the evolutionary history of true tropical alpine-like plants.

Despite the author’s use of the available phylogenetic data, the analysis presented
here is still limited by uncertainty in discerning iz situ alpine speciation and colonisa-
tion from lower elevations in the same area. The Andean dataset used for the estimation
of species origins is particularly ridden with uncertainty as most published phylogenies
of Andean Pdramo plants are not well enough sampled or resolved to code species un-
ambiguously. Additionally, the definition of Piramo by many authors is wide, often
including all alpine-like or otherwise cool temperate areas without forest as low as 2800
m (Madrindn et al. 2013). It is possible that even more tropical alpine-like plants might
have originated at lower elevations than inferred here (see also discussion in Hughes and
Eastwood 2006; Sklendf et al. 2011; Madrifdn et al. 2013). Many tropical alpine-like
species and lineages in general have widespread geographical and altitudinal distribu-
tions in their respective areas and, for many of those, there is currently a lack of suf-
ficiently sampled and/or resolved phylogenetic data necessary to code them accurately.
Nevertheless, the overall patterns revealed in these analyses are clear and likely to be
robust to the future addition of more fine-grained data for individual plant groups.
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Detailed examples on how the coding was done

Author: Gehrke B

Data type: methods

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/phytokeys.96.13353.suppl1

Supplementary material 2

List of genera investigated for the analysis including information on generic dis-

tribution, coding and references to the literature used

Author: Gehrke B

Data type: species data

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/phytokeys.96.13353.suppl2

Supplementary material 3

Location of the tropical alpine-like climate regions in the Tropics

Author: Gehrke B

Data type: occurence
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(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/phytokeys.96.13353.suppl3






