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Abstract

A new species, Quercus xuanlienensis Binh, Ngoc & Bon, is described from Xuan Lien Nature Reserve,
Vietnam. The new species is morphologically similar to Q. edithiae Skan, in having 811 pairs of second-
ary veins, bowl-shaped cupules and ellipsoid to cylindrical-ellipsoid and basally convex nuts. It differs in
having serrulate leaf margins only at apical 1/5-1/7, almost entire margins of bracts on cupule and much
longer nuts. The species is also similar to Q. fleuryi Hickel & A. Camus in having leaves glabrous on both
surfaces with only an apically serrulate margin but differs in having shorter petioles, cupules enclosing
1/5 of the nut and much longer nuts. In addition, Q. disciformis Chun & Tsiang. and Q. bella Chun &

Tsiang., previously known from China, are newly recorded from Ba Vi National Park, Vietnam.
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Introduction

Quercus L. comprises ca. 400-500 species (Nixon 1993, Valencia-A et al. 2016)
and has been divided into two subgenera, Quercus subgenus Cyclobalanopsis (Oerst.)
Schneider (ring-cup oaks) characterised by stigma capitate to subcapitate or discoid
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stigma, cupule bracts being connate or forming concentric or spiral rings and Quercus
subgenus Quercus (scale-cup oaks) characterised by usually linear ampliate or broadly
ampliated stigma, free and imbricate cupule bracts (Nixon 1993, Manos et al. 1999).
In Vietnam, according to Ho (2003) and Ban (2005), a total of 43 Quercus species
were recorded, amongst which 37 species belong to subgenus Cyclobalanopsis and six
species belong to subgenus Quercus. Recently, the following two species were reported
and the species of Quercus in Vietnam rose to 45 species: Q. lineata Blume of subgenus
Cyclobalanopsis (Li et al. 2016) and Q. trungkhanhensis Binh & Ngoc of subgenus
Quercus (Binh et al. in press).

To widen our knowledge on the Fagaceae of Vietnam, field surveys were under-
taken by the authors for 13 conservation areas (national parks, nature reserves and con-
servation area) in Vietnam and a total of 105 Quercus samples were collected. Amongst
them, during the field surveys in Xuan Lien Nature Reserve and Ba Vi National Park
(Fig. 1), we discovered three unknown species of the subgenus Cyclobalanopsis which
were not identical to any of the 38 species of Cyclobalanopsis previously recorded from
Vietnam (Ho 2003, Ban 2005, Li et al. 2016, Binh et al. in press).

Xuan Lien Nature Reserve, Thuong Xuan District, Thanh Hoa Province, North
Central Coast of Vietnam, was established in 1999 with a total area of 21,000 ha.
Until now, 1,142 species of vascular plants belonging to 620 genera and 180 families
have been recorded (Xuan Lien Nature Reserve 2017). In Fagaceae, 31 species includ-
ing 17 Lithocarpus species (55%), 10 species of Castanopsis (32%) and four species of
Quercus (13%) have been recorded (Xuan Lien Nature Reserve 2017). Ba Vi National
Park, Ha Noi Capital, northern Vietnam was established in 1991 with a total area of
7,377 ha (Fig. 1). In this national park, located in the Ba Vi mountain range, 1,201
vascular plant species of 649 genera and 160 families including 19 species of Fagaceae
are recorded (Ba Vi National Park 2008).

In this study, a new species is reported from Xuan Lien Nature Reserve and two
species are newly recorded from Ba Vi National Park. A new species is described as
Quercus xuanlienensis Binh, Ngoc & Bon. The two newly recorded species to the coun-
try are Q. disciformis Chun & Tsiang. and Q. bella Chun & Tsiang,.

In addition to the morphological examination, DNA sequences and phylogenetic
analyses are helpful for delimiting species (Hebert and Gregory 2005, Dick and Webb
2012). Here, DNA sequences of the three species were compared with those of 20 species
in Vietnam to confirm that the three species are divergent and thus distinct from the oth-
er species. First, two DNA barcode regions were sequenced, the partial genes for the large
subunit ribulose-1,5-bisphosphate carboxylase oxygenase (r6cL) and maturase K (mazK)
as basic DNA barcodes (CBOL Plant Working Group 2009). However, those sequences
show limited divergence in the genus Quercus and thus multiple gene markers (Hubert et
al. 2014, Simeone et al. 2016), RAD-seq (Cavender-Bares et al. 2015, Fitz-Gibbon et al.
2017) and MIG-seq (Suyama and Matsuki 2015, Binh et al. in review) have been used
to determine phylogenetic relationships in Quercus. In particular, Binh et al. (in review)
successfully used MIG-seq to determine the phylogenetic relationship in the Quercus
langbianensis complex in Vietnam and revise its taxonomy. In this study, the authors
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Figure 1. Collection sites of Quercus xuanlienensis Binh, Ngoc & Bon, Quercus disciformis Chun & Tsiang.
and Quercus bella Chun & Tsiang.

compared the MIG-seq of Q. xuanlienensis, Q. disciformis and Q. bella with those of 18
Quercus species studied by Binh et al. (in review) and two additional species Q. platycalyx
Hickel & A.Camus and Q. quangtriensis Hickel & A.Camus that have cupules similar to
Q. disciformis and Q. bella, to determine their identities and phylogenetic relationships.

Materials and methods

Morphological observations

The validity of a new species and the identities of newly recorded species were exam-
ined based on literature of the genus Quercus in Vietnam and its surrounding coun-
tries (Camus 1936-1954, Soepadmo 1972, Ho 2003, Huang et al. 1999, Ban 2005,
Phengklai 2008, Li et al. 2016, Binh et al. in press), authentic specimens including
types by visiting the herbaria DLU, HN, FU, P and VNM and using images available
on the web of JSTOR Global Plants (https://plants.jstor.org/) and Chinese Virtual
Herbarium (http://www.cvh.org.cn/).
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DNA extraction

DNA was isolated from silica-gel dried leaf materials following the CTAB method
(Doyle and Doyle 1987) with minor modifications, as in Toyama et al. (2016). Before
the DNA extraction, dry leaf material was milled by QIAGEN TissueLyser to ob-
tain fine powder and the powder was washed up to five times by 1 ml buffer (0.1 M
HEPES, pH 8.0; 2% Mercaptoethanol; 1% PVP; 0.05 Ascorbic acid).

DNA barcoding

DNA regions of the large subunit of ribulose-1,5-bisphosphate carboxylase oxygenase
(rbcL) and maturase K (matK) were amplified and sequenced following the protocols
of Kress et al. (2009) and Dunning and Savolainen (2010), respectively.

Next generation DNA sequencing — MIG-seq

DNA products were used from 105 Quercus spp. as templates to amplify thousands of
short sequences (loci) from a wide variety of genomes using primers designed for “mul-
tiplexed ISSR genotyping by sequencing” (MIG-seq, Suyama and Matsuki 2015). Then
presence/absence of each locus in each sample was used for phylogenetic tree recon-
struction regardless of whether it has SNP or not. According to the MIG-seq protocol
of Suyama and Matsuki (2015) with minor modifications as in Binh et al. (in review),
the 1st PCR, multiple non-repetitive regions from various inter-simple-sequence repeat
(ISSR) are amplified from genomic DNA by multiplexed PCR with tailed ISSR prim-
ers. The 2nd PCR step was performed based on products from the 50 times dilution
for each 1st PCR product with deionised water. Then, 3 pl of each 2nd PCR product
was pooled as a single mixture library and purified. Subsequently, the Pippin Prep DNA
size selection system (Sage Science, Beverly, MA, USA) was used to selected fragments
in the size range 350-800 bp. A SYBR green quantitative PCR assay (Library Quanti-
fication Kit; Clontech Laboratories, Mountain View, CA, USA) was used to measure
the concentration of the size-selected library with approximately 10 pM of libraries.
Finally, 10 pM of libraries were used for sequencing on an Illumina MiSeq Sequencer
(Illumina, San Diego, CA, USA), using a MiSeq Reagent Kit v3 (150 cycle, Illumina).

Phylogenetic analyses

In MIG-seq, raw data from 105 samples were pretreated and quality control completed
following Suyama and Matsuki (2015) as described in Binh et al. (in review). Subse-
quently, a list of loci obtained was used for the next steps. This list of loci was detected at
least in one individual (1/105=0.01) with the following settings: all samples belong to the



A new species and two new records of Quercus (Fagaceae) from northern Vietnam 5

same population and threshold frequency of haplotype count in a population (r) = 0.001,
a threshold one-order higher than 0.01. Presence/absence (1/0) data of loci were used to
compute a distance matrix, construct a neighbour-joining (NJ) tree and the reliability of
the tree topology was examined by bootstrapping with 1000 replicates using PHYLYP ver.
3.695 (Shimada and Nishida 2017) as follows; 1000 times re-sampling with Seqboot, dis-
tance computation with Restdist, tree construction with NJ and consensus tree construc-
tion with Censense. In addition, FigTree v1.4.3 (http://tree.bio.ed.ac.uk/software/figtree/)
was used to visualise the resulting tree. A phylogenetic tree for 105 samples including 43
Quercus species amongst 44 species previously recorded in Vietnam (data not shown) was
constructed and subsequently reduced to 28 samples by focusing on the clades containing
Q. xuanlienensis, Q. disciformis, Q. bella and the additional 20 Quercus species following
Binh et al. (in review). A total of 19,916 loci were used for the final phylogenetic tree.

Results

Morphological comparison of a new species and two newly recorded species with
similar species

The unknown species (Quercus xuanlienensis) collected from Xuan Lien Nature Reserve was
not morphologically assignable to any of the species recognised in Vietnam and its sur-
rounding countries. According to Flora of China (Huang et al. 1999) and Illustrated Flora
of Vietnam (Ho 2003), Q. xuanlienensis is most similar to Q. edithiae in leaf size (7-15 x
3-5.8 cm), leaf base (cuneate), petiole length (1.5-2.8 cm long), number of secondary veins
(811 pairs), cupule shape (bowl-shaped) and nut shape (ellipsoid to cylindrical-ellipsoid).
However, Q. xuanlienensis is distinct from Q. edithiae in having a leaf margin serrated only
along its upper 1/5-1/7 (vs. upper 2/3), entire margin of cupule bracts (vs. denticulate ex-
cept basal 2 or 3 rings) and longer nut (5-6 cm long vs. 4-4.5 cm long) (Table 1). Quercus
xuanlienensis is also morphologically similar to Q. fleuryi Hickel & A. Camus in leaf shape
and texture, leaf margin serrulate only at apical 1/5-1/7, entire margin of cupule bracts, ba-
sally convex nuts, but Q. fleuryi (type: Fleury 37831, P [P00753925, P00753926]) showed
much larger leaves (14-22 x 5-9 cm) than Q. xuanlienensis (6-)8—11 x 3—4.5 cm)). In addi-
tion, Q. xuanlienensis is distinct from Q. fleuryi in having an ellipsoid bud (vs. ovate), shorter
petiole (1.5-2 cm long vs. 2.5-4 ¢m long), smaller and bowl-shaped cupule, (1.3-1.7 cm
high, 1.9-2.1 c¢m in diam. vs. campanulate to cylindrical, 3.6-3.7 cm high, 3.5 cm in
diam.), fewer cupule bracts (7—8 rings vs. 1013 rings), cupules covering 1/4 to 1/3 of a nut
(vs. 2/3) and ellipsoid to cylindrical-ellipsoid (vs. ovoid to cylindrical-ellipsoid) and longer
nuts (5-6 cm high, 2-2.3 cm in diam. vs. 3—4.5 cm high, 2-3 cm in diam.) (Table 1).
According to the key and descriptions in the Flora of China (Huang et al. 1999), the
other two unknown taxa from Ba Vi National Park were identified as Q. disciformis and
Q. bella. Excluding slightly thinner leaves and lower teeth, one species is identical with
Q. disciformis in the following diagnostic characters: leaf blade oblong to obovate-elliptic
(6-13 x 2.5—4 cm), margin serrate in the upper 2/3, glabrous on both surfaces when ma-
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ture; lateral veins 11-13 pairs; petiole ca. 2 cm long; cupule discoid, rim flat when ripe,
3—4 cm in diam., covering base of the nut, scales arranged in 8-10 rings, margin of rings
denticulate except apical 2 or 3 entire; nuts oblate 1.5-2 cm high, 2 cm in diam., apex
flattened densely appressed hairy. Another species was identified as Q. bella having the
following characteristics: leaf blade oblong-elliptic to lanceolate (8-15 cm x 2-3.5 c¢m),
base slightly oblique, margin serrate in the upper 1/2; lateral veins 12 pairs of lateral veins;
petiole 1-2 cm long; cupule discoid (ca. 0.5 cm x 2.5-3 c¢m), covering base of the nut,
scales arranged in 6-8 rings, margin of rings irregular denticulate; nut oblate nut 1.5-2
cm high and 2.2-3 cm in diam.

DNA barcoding and MIG-seq

The rbcL and matK sequences of Q. xuanlienensis showed 100% (627/627 bp) and
99% (907/910 bp) homologies with Q. donnaiensis and Q. austrocochinchinensis, re-
spectively. The rbcL and matK sequences of Q. disciformis and Q. bella showed that
100% (696/696 bp) and 100% (833/833 bp) homologies with each other, respectively.

A phylogenetic tree, inferred using MIG-seq, showed that Q. xuanlienensis, Q. dis-
ciformis and Q. bella are not identical with any of the 20 species from Vietnam. The
neighbour-joining (N]) tree based on MIG-seq data for 28 sample of Quercus recog-
nised two major clades using 7rigonobalanus as an outgroup (Fig. 2). Clade 1 with 82%
bootstrap value consists of three species of subgenus Quercus (Q. lanata, Q. setulosa and
Q. trungkhanhensis) and Clade 2 with 99% bootstrap value consists of 20 species of sub-
genus Cyclobalanopsis including Q. bella, Q. disciformis and Q. xuanlienensis. These three
species were clustered with Q. quangtriensis, Q. neglecta and Q. platycalyx and a clade of
those six species was strongly supported (74% bootstrap value). Amongst the six species,
Q. xuanlienensis was separated from the other five species forming a clade with a 74%
bootstrap value. Four samples of Q. disciformis and three samples of Q. bella formed two
distinct clades, each supported by 100% bootstrap value. Quercus disciformis was sister
to Q. bella and the clade of those two species had an 84% bootstrap value.

Discussion

The results of the NJ tree, based on MIG-seq data, showed that Q. disciformis is sister
to but well differentiated from Q. bella. These two species were collected in Ba Vi Na-
tional Park where they co-occur with similar in leaf and nut morphologies, but differ
in the coverage of the cupule (Fig. 4, less than 1/8 in Q. disciformis vs. Fig. 5, basal
1/8 to 1/4 in Q. bella). According to the Flora of China (Huang et al. 1999), Q. bella
is recorded from Guangdong, Guangxi and Hainan provinces, whereas Q. disciformis
is distributed in SW Guangdong, Guangxi, Guizhou, Hainan and Hunan provinces.
Ba Vi National Park is located in northern Vietnam, neighbouring Guangxi province
and therefore the occurrences of Q. disciformis and Q. bella there are understandable.
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Table I. Morphological comparison amongst Quercus xuanlienensis Binh, Ngoc & Bon, sp. nov., Quercus

edithiae Skan and Quercus fleuryi Hickel & A. Camus.

Characters Q. xuanlienensis Q. edithiae > Q. fleuryi 3+
Buds shape Ellipsoid Ellipsoid to ovoid Ovoid
. Tomentose then Densely yellowish brown Densely orange-brown
Twigs tomentose when young, later tomentose when young,
glabrous
glabrous later glabrous
Linear-1 late,
Stipules inear-fanceotate Caducous, not seen Caducous, not seen
10-14 mm long
Leaf marein Serrate on upper Serrate on the upper 2/3 of Undulate and serrulate on
& 1/5-1/7 of lamina lamina upper 1/6-1/7 of lamina
Glabrous on upper surface,
1 h
Leaf surface Glabrous on bot reddish brown pubescent on | Glabrous on both surfaces
surfaces
lower surface
Leaf base Cuneate Cuneate Broadly cuneate
—)8—11(-1
Leaf size (63_)25(_(5) Csn)lx 7-15x 3-5.8 cm 14-22 x 5-9 cm
Length of petioles 1.5-2 cm long 1.7-2.8 cm long 2.5-4 cm long
Number of
Hmber o 8-11 pairs 9-10 pairs 10-12 pairs

secondary veins

0.8-1 cm long, each

0.8-1.5 cm long, each

0.8-1 cm long, each

Infructescence infructescence with || . infructescence with (2 or)
infructescence with (2 or) 3 acorns
(1 or) 2 acorns 3 acorns
Bowl-shaped, Campanulate to cylindric,
le sh: Bowl-sh: , 1.5-1. high, .
C.upu e shape and 1.3-1.7 cm high, owl-shaped _5 . 7 cm hig 3.6-3.7 cm high, 3.5 cm
size L0 2.3 cm in diam. L
1.9-2.1 cm in diam. in diam.
Number of ri
HmPEr Of fings on 7-8 rings 6-8 rings 10-13 rings
cupule
Margin of rings on Entire Almost denticulate except basal Entire

cupule

2 or 3 which are entire

Nut enclosure by
cupule

Enclosing 1/5 of the nut

Enclosing 1/4 to 1/3 of the nut

Enclosing 2/3 of the nut

Nut shape and size

Ellipsoid to cylindric-
ellipsoid, 5-6 cm high,

2-2.3 cm in diam.

Ellipsoid to cylindrical-ellipsoid,
4-4.5 cm high, 2.1 cm in diam.

Ovoid to cylindrical-
ellipsoid, 3—4.5 cm high,

2-3 cm in diam.

Base of the nut

Convex, 9-10 mm in
diam.

Slightly convex, ca. 7 mm in diam.

Convex, ca. 12 mm in diam.

M From the material Ford 623 (K)
@ From the original description in Hooker’s Icon. PL. 27: t. 2661 1901
® From the material Fleury 37831 (P)

“ From the original description in Bull. Mus. Natl. Hist. Nat. 29: 600 1923

© From the description in flora of China (Huang et al. 1999)

The two species are similar to Q. platycalyx and Q. quangtriensis in having oblong
to oblong-elliptic leaves, usually serrate along leaf margins in the upper 1/2 to 2/3,
glabrous on both surfaces when mature, and cupules covering less than 1/3 of the nut
and oblate to ovoid nuts (Huang et al. 1999, Phengklai 2008, Ho 2003). The MIG-
seq tree showed that those four species are related; the monophyly of a clade including
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Figure 2. NJ tree of 28 samples of Quercus and one Trigonobalanus (outgroup) based on presence/ab-
sence data of 19,916 MIG-seq loci. Branches are labelled with bootstrap support (% of 1000 replicates).

the four species and Q. neglecta was supported by a 77% bootstrap value, although the
support for the monophyly of the four species is weaker. The affinity of the four species
and Q. neglecta was unexpected because Q. neglecta is an easily distinguished species
having linear leaves and small nuts (Huang et al. 1999, Ho 2003).

The MIG-seq tree showed that Q. xuanlienensis is related to the above four species and Q.
neglecta that is morphologically distinct from the other Quercus species. From the four species
(Q. disciformis, Q. bella, Q. quangtriensis and Q. platycalyx), Q. xuanlienensis is clearly distin-
guished by the leaf margin (leaf margin serrulate only at apical 1/5-1/7 in Q. xuanlienensis vs.
serrate in upper 1/2 to 2/3 in the four species) and nut shape (ellipsoid to cylindrical-ellipsoid
vs. oblate to ovoid). Thus, Q. xuanlienensis is separated as a distinct species from them.

Whereas Q. edithiae is morphologically most similar to Q. xuanlienensis, the type
specimens of Q. edithiae collected from Hong Kong (type: Ford 623, K [K000832101,
K000832102]) are morphologically distinct from Q. xuanlienensis in having distinct
serrations, denticulate cupule bracts and smaller nuts and the description of Q. edithiae
in Flora of China (Huang et al. 1999) agrees with the type specimen. The morpho-
logical differences between Q. edithiae and Q. xuanlienensis are as distinct as those
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between related species of Quercus in Vietnam and its surrounding countries. Huang
etal. (1999) recorded Q. edithiae in Guangdong, Guangxi, Hainan and Vietnam, but
no specimen could be found of Q. edithiae collected from Vietnam in any herbarium
in Vietnam or on the Chinese Virtual Herbarium website (http://www.cvh.org.cn/).
Further studies are needed to confirm the occurrence of Q. edithiae itself in Vietnam.
The MIG-seq tree (Fig. 2) was very helpful in deriving the conclusions contained in
this paper. As Q. disciformis and Q. bella are morphologically similar and were collected
from the same locality, it was difficult to ascertain whether these are in fact two distinct
species and not variants of a single species without the support of the MIG-seq data. Also,
the separation of Q. xuanlienensis from the other species in Fig. 2 supported the conclu-
sion that it is a new species. The authors also obtained sequences data of 7bcL and matK
but the informative content of those sequences was too low to resolve the relationships
amongst such closely related species of Quercus. Difficulties were faced in determining
the sequences of I'TS for Q. disciformis, Q. bella and Q. xuanlienensis, most likely due to
the low quality of the authors’ samples. MIG-seq is applicable to low quality samples and
provides finer resolution of the relationship amongst closely related species (Suyama and
Matsuki 2015, Binh et al. in review). Further studies using MIG-seq would be fruitful to
elucidate the diversity of Quercus in Vietnam, a centre of oak species richness in SE Asia.

Taxonomic treatments

Quercus xuanlienensis Binh, Ngoc & Bon, sp. nov.
urn:lsid:ipni.org:names:77174819-1
Fig. 3

Diagnosis. Quercus xuanlienensis is morphologically similar to Q. edithiae of China
and Vietnam in leaf size (7-15 x 3-5.8 cm), cuneate leaf base, petiole length (1.5—
2.8 cm long), number of secondary veins (8—11 pairs), bowl-shaped cupule, ellipsoid
to cylindrical-ellipsoid nut and basally convex nut but differs in leaf margin serrulate
only at apical 1/5-1/7 (vs. serrate in the upper 2/3), entire bracts of cupule (vs. almost
denticulate except basal 2 or 3 rings which is entire), cupule enclosing 1/5 of the nut
(vs. enclosing 1/4-1/3 of the nut) and longer nut (5-6 cm long vs. 4—4.5 cm long).

Type. VIETNAM. Thanh Hoa Province, Thuong Xuan District, Xuan Lien
Nature Reserve, in evergreen forest around waterfall, alt. 810 m, 19°52'46.7"N,
105°11'34.4"E, 6 Mar. 2017, Binh H1, Ngoc NV, Bon TN V6967 (holotype KYO!;
isotypes DLU!, FU!, P!, VNM!).

Description. Tree, ca. 18 m tall. Buds ellipsoid, ca. 9 mm long, ca. 4 mm in diam.,
scales imbricate, in 4-5 rows, ovate-triangular, ca. 3 x 2.5 mm, apex obtuse, margin cili-
ate, appressed whitish to yellowish brown hairy on both surfaces. Twigs glabrous when
old, lenticellate. Stipules linear-lanceolate, 10—14 mm long, densely appressed hairy, gla-
brescent outside, glabrous inside. Leaves alternate; blade leathery, oblong-elliptic or obo-
vate, (6-)8-11(-15) x 3—4.5(=5) cm, apex acuminate, acumen up to 0.6 cm long, base
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Figure 3. Quercus xuanlienensis Binh, Ngoc & Bon. A Leafy twig B Adaxial side of mature leaf C Stip-
ules D Bud E, F Inside and outside of bud scale G Mature fruit H, I Inside and outside of cupule J Basal
scar of the nut. Scale bars: € 5 mm D 3 mm. Materials from Binh et al. V6967.

cuneate, margin recurved, serrulate in the upper 1/5-1/7, pale brown on the upper sur-
face, yellowish brown to reddish brown on the lower surface when dry, glabrous on both
surfaces; midribs flat on upper surface, prominent and distinct on lower surface, lateral
veins 8—11 pairs, prominent on lower surface, at an angle of 40—45 degrees from midrib,
straight and running into the margin, tertiary veins scalariform, indistinct on upper sur-
face, prominent and distinct on lower surface; petioles 1-2 ¢cm long, glabrous. Male and
female inflorescences not seen. Infructescences axillary or terminal, erect, rachis 8-10
mm long, 4-5 mm in diam., glabrous, brownish red when fresh, blackish when dried.
Fruits 6-6.5 cm high (including cupule), solitary or twin, sessile; cupules bowl—shaped,
1.3-1.7 cm high, 1.9-2.1 cm in diam., enclosing ca. 1/5 of the nut when mature, outside
whitish to yellowish brown tomentose to glabrous, inside densely appressed yellowish
brown hairy, wall ca. 1-2 mm thick, comprising of bracts, bracts arranged in 7-8 rings,
margin of rings entire; nuts ellipsoid to cylindrical-ellipsoid, 5-6 ¢m high, 2-2.3 ¢cm in
diam., apex acute, densely appressed yellowish brown hairy around stylopodia, with sty-
lopodia up to 4 mm long, basal scar 9-10 mm in diam., convex, to 3 mm high, glabrous.

Distribution. Vietnam. Thanh Hoa Province, Thuong Xuan District, Xuan Lien
Nature Reserve.

Ecology in Vietnam. At present, only one individual was found in evergreen for-
est, at 810 m altitude.
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Etymology. The specific epithet is derived from the district name of the type local-
ity, Xuan Lien Nature Reserve, Thuong Xuan District, Thanh Hoa Province, North
Central Coast of Vietnam.

Phenology. Fruiting specimens were collected in March.

GenBank accession no. Binh et al. V6967: LC331257 (rbcL), LC331254 (matK).

Preliminary conservation status. Quercus xuanlienensis is known for only one
individual inside the protected area of Xuan Lien Nature Reserve. According to the
criterion D of the IUCN Red List criteria (IUCN 2012), this species is qualified as
Critically Endangered (CR).

Quercus disciformis Chun & Tsiang., J. Arnold Arbor. 28: 324 (1947)
Fig. 4

Cyclobalanopsis disciformis (Chun & Tsiang) Y.C. Hsu & H.W. Jen, Acta Bot. Yunnan.
1: 148 (1979).

Type. CHINA. “Hsin-I Hsien, Ling-Tung Pao, Chung-Tung”, 3 Aug. 1931, C. Wang
31087 (holotype-IBK [catalogue no. IBK00081941, image!], isotype-IBSC [catalogue
no. 0117316, imagel!]).

Specimens examined in Vietnam. Ha Noi, Ba Vi District, Ba Vi National Park, in
evergreen forest: alt. 737 m, 21°04'33.88"N, 105°22'03"E, 12 Sept. 2016, Binh et al.
V 6052, V6053, V6058 [fr.] (FU); alt. 1172 m, 21°03'34.1"N, 105°21'54.1"E,
11 Sep. 2016, Binh et al. V6040 [fr.] (FU).

Distribution. China (Guangdong, Guangxi, Guizhou, Hainan, Hunan) and Vi-
etnam (Ba Vi National Park).

Ecology in Vietnam. In the field survey, only three individuals were found at an
altitude of 737 m and one at 1172 m; in evergreen forest.

Phenology. Flowering from March to April, fruiting from August to September in
China (Huang 1999). Fruiting in September in Vietnam.

GenBank accession no. Binh et al. V6058: LC331258 (rbeL), LC331255 (matK).

Preliminary conservation status. Quercus disciformis is widely distributed from
Guizhou to Guangdong and Hainan in China and not recorded as a threatened species
in IUCN (2017). The Vietnamese population in Ba Vi National Park extends its distri-
bution range, representing the south western limit. Given the situation, the population
in Vietnam is locally important but the category Least Concern (LC) (IUCN 2012,
Ban et al. 2007) would be appropriate for this species.

Quercus bella Chun & Tsiang., J. Arnold Arbor. 28: 326 (1947)
Fig. 5

Cyclobalanopsis bella (Chun & Tsiang) Chun ex Y.C. Hsu & H.W. Jen., ]. Beijing For-
est. Univ. 15(4): 45 (1993).
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Figure 4. Image of Quercus disciformis Chun & Tsiang. from Binh er al. V6058 (FU) A Leafy twig
B Abaxial side of mature leaf C~D Infructescence and mature fruit E Nut F Cupule G Bottom of nut
H Vertical section of nut.

Type. CHINA. “Fang-Cheng Hsien, Shi-Wan-Ta Shan”, alt. 200-250 m, in sparsely
wooded ravine along stream on moist sites, 24 Mar. 1944, S.H. Chun 4772 (IBSC
[catalogue no. 0039624, imagel!]).

Specimens examined in Vietnam. Ha Noi, Ba Vi District, Ba Vi National Park, in
evergreen forest: alt. 600 m, 21°04'40.6"N, 105°22'17.2"E, 11 Sep. 2016, Binb et al.
V 6044, V6038 [fr.] (FU); alt. 703m, 21°04'59.6"N, 105°22'03.6"E, 21 Sep. 2017,
Yahara et. al. V6981 [fr.] (DLU, FU); alt. 1023 m, 21°03'33.7"N, 105°21'39.4"E, 11
Sep. 2016, Binh et al. V6031 [fr.] (FU).

Distribution. China (Guangdong, Guangxi, Hainan) and Vietnam (Ba Vi Na-
tional Park, Fig. 1).

Ecology in Vietnam. Quercus bella was found on the slopes in evergreen forests in
Ba Vi National Park: at alt. 600-1172 m.

Phenology. Flowering from February to April, fruiting from October to De-
cember (Huang et al. 1999). Flowering and fruiting specimens were collected from
Vietnam in September.

GenBank accession no. Binh et al. V6038: LC331259 (rbeL), LC331256 (matK).

Preliminary conservation status. Quercus bella was only previously known as an
endemic species to China and distributed in Guangdong, Guangxi and Hainan. The
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Figure 5. Image of Quercus bella Chun & Tsiang. A Leafy twig B Adaxial side of mature leaf € Abaxial
side of mature leaf D Infructescense and mature fruit (A=D from Yzhara et al. V6981 (DLU, FU)) E Inside
of cupule F Bottom of nut (E-F from Binb et al. V6038 (FU))

species is not recorded as a threatened species in [IUCN (2017). Although only three
fruiting individuals of Q. bella were collected in Ba Vi National Park, more individuals
are expected to occur there and the habitat in the Ba Vi National Park is currently well-
protected from anthropogenic activities under the law. Thus, it is appropriate to place
this species under the category Least Concern (LC) following IUCN Red List I[UCN
2012) and Vietnam Red Data book (Ban et al. 2007).
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Abstract

To elucidate the taxonomy of the Lecanorchis nigricans Honda, 1931 species complex, the present study
investigated the detailed morphology of three L. nigricans varieties in Japan. While L. nigricans var. patipe-
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guished from L. nigricans var. patipetala by its more spatulate tepals and higher cucullate lip. Therefore, the
present study provides emended description of the three L. nigricans varieties based on type specimens and
specimens collected from type localities. In addition, the isotype specimen of L. nigricans var. patipetala is

designated as the lectotype because the holotype has been lost.
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Introduction

The genus Lecanorchis Blume, 1856 (Vanilleae, Vanilloideae, Orchidaceae) is a group
of mycoheterotrophic plants that includes ca. thirty species and/or varieties (Hashi-
moto 1990; Szlachetko and Mytnik 2000; Govaerts et al. 2016; Suetsugu and Fukunaga
2016). Members of the genus are characterised by the presence of a calyculus, a cup-like
structure located between the base of the perianth and the apex of the ovary (Hashi-
moto 1990) and are distributed across Southeast Asia, including India, Thailand, Laos,
Vietnam, Malaysia, China, Taiwan, Japan, the Philippines, Indonesia, New Guinea and
the Pacific Islands (Hashimoto 1990; Szlachetko and Mytnik 2000; Averyanov 2011).

Precise identification of Lecanorchis taxa is often hindered by the similar mor-
phology and brief flowering periods (Hashimoto 1990; Averyanov 2005; Suddee and
Pedersen 2011; Tsukaya and Okada 2013; Suetsugu and Fukunaga 2016; Suetsugu
et al. 2016). In addition, important diagnostic characters are often lacking in her-
barium specimens because the flowers of Lecanorchis members are easily dropped dur-
ing preservation and the important diagnostic characters of some species have yet to
be described in detail, especially for species that were first described many decades ago
(reviewed by Suetsugu et al. 2016, 2017a, b). Therefore, adequate taxonomic studies
of the genus have yet to be conducted (reviewed by Suetsugu et al. 2016, 2017a, b).

The taxonomic identity of L. nigricans Honda, 1931 has remained particularly unclear.
The species was first described from Wakayama Prefecture (Kinki District, Japan; Honda
1931) and was subsequently reported from Taiwan, China, Thailand and Vietham (Su
2000; Chen et al. 2009; Suddee et al. 2010; Hsu and Chung 2010; Vuong and Sridith
2016). Even though three L. nigricans varieties were described from Japan (Honda 1931;
Sawa 1980; Hashimoto 1990), Yokota et al. (2016) defined the species in a broad sense,
thereby synonymising L. nigricans var. patipetala Y. Sawa, 1980 and L. nigricans va. yakusi-
mensis'T. Hashim., 1990 as L. nigricans var. nigricans. However, it is possible that these treat-
ments are based on the ambiguity of the original species description (Honda 1931; Sawa
1980; Hashimoto 1990) and that the species complex, in fact, comprises three entities.

To elucidate the taxonomy of the L. nigricans species complex, the present study
investigated the detailed morphology of type specimens and specimens collected from
type localities of three L. nigricans varieties in Japan. These findings revealed that the
three varieties were morphologically distinct. More specifically, L. nigricans var. nigri-
cans produces only complete cleistogamous flowers and is distinct from L. nigricans var.
nigricans sensu Hashimoto 1990; Hashimoto et al. 1991; Nakajima and Ohba 2012;
Yokota et al. 2016 (hereafter, the plants currently called “L. nigricans”), which is iden-
tical to the chasmogamous variety L. nigricans var. patipetala that was originally de-
scribed from Kochi Prefecture (Shikoku District, Japan; Sawa 1980). In addition, the
other chasmogamous variety L. nigricans var. yakusimensis, from Yakushima Island (Ry-
ukyu Islands, Kagoshima Prefecture, Japan; Hashimoto 1990) can be distinguished
from L. nigricans var. patipetala by its more spatulate tepals and higher cucullate lip.
Therefore, the present study provides emended description of the three L. nigricans
varieties based on type specimens and specimens collected from type localities.



‘The taxonomic identity of three varieties of Lecanorchis nigricans... 19

Materials and methods

Morphological observation

In order to compare the morphologies of the three Lecanorchis nigricans varieties with
previously recorded species, the authors reviewed the literature, conducted field sam-
pling throughout Japan and examined both digitised plant specimens from online
databases such as JSTOR Global Plants (http://plants.jstor.org/) and Plants of Taiwan
(http://tai2.ntu.edu.tw/specimeninfo.php) and specimens from the following herbar-
ia: TI, TNS, KYO, KPM, OSA, MBK, KOCH and KAG. Herbarium abbreviations
follow Index Herbariorum (Thiers 2017, http://sweetgum.nybg.org/science/ih/). In
total, at least 30 flowers were examined from 10 flowering plants to understand the
morphological variations for each variety.

DNA barcoding

For DNA isolation, the flowers of L. nigricans var. nigricans, L. nigricans var. patipetala, L.
nigricans var. yakusimensis and their closely-related species L. taiwaniana S.S.Ying 1987
emend. Suetsugu, T.C. Hsu, S. Sawa, & Fukunaga 2016 were collected and desiccated in
the field using silica gel (Table 1). DNA was extracted from these silica-dried plant ma-
terials, using the CTAB method (Wu et al. 2001). The rDNA internal transcribed spacer
(ITS) region was amplified from the extracted DNA samples in 10 uL PCR mixtures
that contained 2 pL extracted DNA, 0.05 pL TaKaRa Ex Taq Hot Start Version (Takara
Bio, Japan), 10 uM of each primer (AB101 and AB102; Douzery et al. 1993), 0.25 pM
of each ANTP and 1 pL 10x buffer, using an iCycler (BioRad, Japan) and the following
conditions: initial denaturation at 94 °C for 5 min; followed by 30 cycles of 94 °C for
30's, 55 °C for 30 s, and 72 °C for 1 min; followed by a final elongation at 72 °C for
7 min. The amplified PCR products were purified using EconoSpin (Gene Design, Inc.)
columns and the subsequent samples were sent for sequencing to Eurofins Genomics
(Ebersberg, Germany). The primers used for amplification were also used for sequencing.

Table . Lecanorchis spp. included in the current molecular analysis.

Taxon Location Collection Collection number GenBank
date numbers

L. nigricans var. Wakayama Pref,, Kamitonda 50619 11 Fykunaga s.n. 054290835 LC315676
nigricans Town, Oka

L. nigricans var.  Kochi Pref,, Kochi City, 15076 11 Fykunaga s.n. 0SA290833 1LC315674
patipetala Haruno

L. nigricans var. Kagoshima Pref., Yakushima
yakusimensis Island, along Hanaage River

Kochi Pref., Muroto City,
Muroto Cape

20150717 H. Yamashita s.n. OSA290834 LC315675

L. taiwaniana

20160816 H. Fukunaga s.n. OSA290836 LC315677
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Results and discussion

Even though Honda’s original description of Lecanorchis nigricans was insufficient in
that most diagnostic characteristics were overlooked, he noted that neither the species’
sepals nor petals were open and that they, instead, were united, forming a cylindri-
cal perianth tube (Honda 1931). This is quite different from the characteristics of
the plants currently called “L. nigricans”, whose flowers are widely open (Hashimoto
1990; Hashimoto et al. 1991; Nakajima and Ohba 2012; Yokota et al. 2016). Indeed,
the analysis of type specimens and specimens collected from type localities revealed
that the flowers of L. nigricans var. nigricans remain completely closed throughout
their flowering period (Table 2; Figs 1-3; https://www.youtube.com/watch?v=YOSBE_
J7bxo). The cleistogamous variety of L. nigricans was only distributed in limited ar-
eas of Wakayama (type locality), Miyazaki, Kochi, Tokushima and Tokyo (Hachijo
Islands). Therefore, the same name should not be used for both the plants currently
called “L. nigricans”, whose flowers are widely open and which is much more common
throughout Japan (Hashimoto 1990; Hashimoto et al. 1991; Nakajima and Ohba
2012; Yokota et al. 2016). The chasmogamous variety of L. nigricans was initially
described by Sawa (1980) as L. nigricans var. patipetala. It was found that there are
no clear morphological differences amongst the plants currently called “L. nigricans”,
L. nigricans var. patipetala lectotype specimens and L. nigricans var. patipetala type
locality specimens (Table 2; Figs 4-5). Therefore, the name L. nigricans var. patipetala
should be used for the common chasmogamous variety of L. nigricans that is found
throughout Japan, with the exception of the Ryukyu Islands.

Detailed morphological investigation revealed that L. nigricans var. patipetala
could also be distinguished from L. nigricans var. nigricans by its larger perianth tube
(14-17 mm vs. 11-14 mm), the shorter coloured area of its lip (ca. apical 1/3—1/5 vs.
ca. apical 1/2-1/3), the shape of its lip apex in the natural situation (broadly rounded
vs. acute), the status of lip hairs near apex (scarce, long and rarely branched multicel-
lular hairs vs. dense, short and frequently branched multicellular hairs), the shape of
the column (recurved vs. slightly recurved), the width of its petal base (narrow ca. 1.0—
1.3 mm vs. relatively wide ca. 1.5-2.5 mm) and the shape of its anther cap (strongly
bilobed v.s. slightly bilobed; Table 2; Figs 1-5).

In addition, the other chasmogamous variety L. nigricans var. yakusimensis was
described from Yakushima Island (Ryukyu Islands, Japan). However, even though
pubescence at the ventral side of the column was highlighted as the variety’s diagnos-
tic character (Hashimoto 1990; Hashimoto et al. 1991), the column of L. nigricans
var. patipetala also varies from glabrous to slightly hairy. Nonetheless, the column of
L. nigricans var. patipetala is less hairy than that of L. nigricans var. yakusimensis. In
addition, L. nigricans var. yakusimensis possesses more spatulate sepals and petals, as
well as more highly cucullate lips, whereas L. nigricans var. patipetala possesses more
oblong sepals and less cucullate lips. Furthermore, L. nigricans var. yakusimensis can
be distinguished from L. nigricans var. patipetala by its wider anther caps (ca. 2.0 mm.
vs. ca. 1.5 mm) and more recurved column. Thus, L. nigricans var. yakusimensis can
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Table 2. Morphological characters of the three varieties of Lecanorchis nigricans and the morphologically

similar L. taiwaniana and L. tabugawaensis.

L. nigricans var. L. nigricans var. L. nigricans var.

Characters - . . . L. tabug L. taiwaniana
nigricans patipetala yakusimensis
Plant height 10-25(-30) cm  10-25(-30) cm  10-25(-30) cm 15-45 cm 15-45 cm
Rachis color in . . . . . . . . . .
developing stage purplish white  purplish white  purplish white  yellowish white  yellowish white
Rachis color in black black black brownish black  brownish black
fruiting stage
Rachis length 2-8 cm 2-8 cm 2-8 cm 6-15 cm (2-)6-15 cm
Internode length of ) 5 610 mm  1-6(10) mm 5-15 mm 5-15 mm
upper half of rachis
Floral condition cleistogamous  chasmogamous  chasmogamous  chasmogamous  chasmogamous
yellowish white  yellowish white
Sepal and petal color  purplish white  purplish white  purplish white  tinged with light  tinged with light
purple purple
Width of scpaland ¢ 37 im 3.038mm 3340 mm 2025mm 207230
lateral petal mm
Shape of sepal and oblong-oblan-  oblong-oblan-  oblanceolate- oblong oblong
lateral petal ceolate ceolate spatulate
. indistinctly . almost entire . indistinctly
Lip shape 3-lobed almost entire and cucullate almost entire 3-lobed
- ca. apical ca. apical . ca. apical more ca. apical
Colored area in lip 1/3-1/2 1/3-1/5 ca. apical 1/3 than 2/3 1d-1/5
Proportion of the
column fusion ca. 1/2 ca. 1/2 ca. 1/2 2/5-1/2 3/5-2/3
with lip
Column shape slightly recurved recurved strongly recurved straight recurved
Apical part of the dense, short  scarce, long and ~ scarce, long and scarce, long and
L and frequently  rarely branched  rarely branched labrous rarely branched
adaxial lip surface 4 Y Y Y 8 Y
branched hairs hairs hairs hairs
Pubescence at basal labr glabrous to densely hair labr densely hair
part of column glabrous slightly hairy ensely hatty glabrous ensely hatty
Capsule color black black black bright brown bright brown
Angle between
capsule and inflores- 70-90° 70-90° 70-90° 20-45° 20-45°

cence axis

Data of the related species from Suetsugu et al. (2016) and Suetsugu and Fukunaga (2016)

be distinguished not only by its more hairy column, but also its tepals, lip, anther cap
and column shape (Table 2; Figs 4-7).

As L. nigricans var. yakusimensis is more common than L. nigricans var. patipetala
in both Yakushima and Taiwan (Suetsugu and Hsu, unpublished data), it is likely that
the variety is also distributed on the other Ryukyu Islands. Thus, L. oligotricha Fukuy.
1942 that has been described from Iriomote Island (Ryukyu Islands), may actually be
identical to L. nigricans var. yakusimensis, while L. oligotricha has been considered as a
synonym of L. nigricans var. nigricans. Even so, the name L. nigricans var. yakusimensis
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Figure 1. Photographs of three varieties of Lecanorchis nigricans in their natural habitats. A Flowering
plant and B cleistogamous flowers of Lecanorchis nigricans var. nigricans in Oka, Kamitonda, Wakayama,
Japan (its type locality). Photographed by Hirokazu Fukunaga C Flowering plant and D a flower of Lecan-
orchis nigricans var. patipetala in Haruno, Kochi, Japan. Photographed by Hisanori Takeuchi E Flowering
plant and F a flower of Lecanorchis nigricans var. yakusimensis collected in Hanaage River, Yakushima,

Japan (its type locality). Photographed by Hiroaki Yamashita.
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is preferred because the taxon should be recognised as an intraspecific variety, instead
of an independent species. In addition, it should be noted that some L. nigricans speci-
mens from the Ryukyu Islands were misidentifications of L. taiwaniana. However, it is
unlikely that L. oligotricha is synonymous with L. taiwaniana, owing to differences in
sepal and petal shape, according to the protologue (Fukuyama 1942). Unfortunately,
the type materials of L. oligotricha in KPM are poorly preserved and no mature flow-
ers are available for dissection (Inoue et al. 1998). Therefore, further investigation of
L. oligotricha specimens from the species’ type locality will be critical to clarifying the
species’ taxonomic status.

Based on the findings of the present study, it is suggested that the two varieties
L. nigricans var. yakusimensis and L. nigricans var. patipetala should be revived since
the distinct morphological characteristics of the three varieties are clear and stable.
It is also considered that the aforementioned differences amongst the three varieties
are relatively minor and represent interspecific variation. The identical DNA barcode
sequences of L. nigricans, L. nigricans var. patipetala and L. nigricans var. yakusimensis
also support this conclusion, whereas the sequence divergence of the three L. nigri-
cans varieties and L. taiwaniana (i.e. 5 substitutions) support the independent specific
status of both L. nigricans and L. tmiwaniana, even though the two are sometimes
considered synonymous (e.g. Su 2000). Actually, L. taiwaniana and its closely-related
species L. tabugawaensis Suetsugu & Fukunaga 2016 can easily be distinguished from
the three varieties of L. nigricans by having taller inflorescences, longer and lighter col-
oured rachis, yellowish-white, narrower sepals and petals and brighter brown suberect
capsules (Suetsugu and Fukunaga 2016; Suetsugu et al. 2016).

In addition, L. nigricans has recently been reported from China, Thailand and
Vietnam (Su 2000; Chen et al. 2009; Suddee et al. 2010; Vuong and Sridith 2016).
Vuong and Sridith (2016) noted that the specimens collected from Vietnam possessed
character traits that were intermediates of those of L. nigricans and L. taiwaniana. The
various morphological character of L. nigricans other than from Japan would actually
imply that more than one taxon was placed under the name L. nigricans and that fur-
ther clarification may be needed in these regions.

Taxonomic treatment

Lecanorchis nigricans Honda emend. Suetsugu & Fukunaga
Figs 2-3

Type. JAPAN, Wakayama Pref., Nishimuro County, Iwata, Oka, date unknown 1931,
K. Kashiyama s.n. (holotype T1!; Isotype TT!).

Emended description. Terrestrial, mycoheterotrophic herb. Inflorescence 10—
25(=30) cm tall, solitary or branched at lower-half, white at flowering, black at fruit-
ing, glabrous, ca. 0.8-2.0 mm in diam., with scale-like sheaths. Rhizome erect, J-
shaped or complex, ligneous. Roots simple, radiate numerous, horizontally or down-
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Figure 2. Dissected flowers of Lecanorchis nigricans var. nigricans collected in Konda, Kochi, Japan on 26
July 2015 (OSA). A Flower and pedicellate ovary B Dissected flower €-D Lip and column E Column
F Hairs at anterior disc of lip G Glabrous status at the ventral side of the column. Scale bars: A—=E 5 mm
F-G 1 mm. Photographed by Takuto Shitara.

ward elongate to 20-30 cm long, yellowish brown. Rachis 2—-8 cm, 3-15 flowered,
internode length of upper-half of rachis, 1-3 mm. Floral bracts triangular, acute,
1.0-2.0 mm long. Pedicellate ovary ascending, 15-25 mm long. Flowers enclosed
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Figure 3. Lecanorchis nigricans var. nigricans collected in type locality on 3 August 2016 (OSA). A Flow-
er and pedicellate ovary B Column € Lip and column D Dorsal sepal E Lateral petal F Lateral sepal
G Flattened lip H Anther cap | Hairs at anterior disc of lip. Scale bars: A=G 3 mm H 1 mm 1 0.1 mm.

Line drawings by Kumi Hamasaki.

or never opening. Sepals purplish white, linear, oblong-oblanceolate, ca. 11-14 mm
long, 3.0-3.7 mm wide, apex obtuse. Petals purplish white, linear, oblong-oblanceo-
late, 13-14 mm long, 2.8-3.6 mm wide, apex obtuse. Lip spatulate, strongly 12-14
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mm long, 3.2-3.9 mm wide in a natural situation, ca. 6.5-7.5 mm wide when flat-
tened, disc with rather dense, short multicellular hairs which are often branched, near
apex, or acute at apex in a natural situation. Column 10-12 mm long, 1.1-2.0 mm
wide slightly recurved, fused with lip about 1/2 its length, ventrally glabrous or slight-
ly puberulent; anther purplish white, ca. 1.5 mm wide. Capsule 17-30 mm long,
cylindrical-fusiform, black, ascending at 70-90 degree angle from the axis. Flowering
in late-June to mid-September.

Additional specimens examined. JAPAN. Miyazaki Pref.: Nishimorokata Coun-
ty, Takaharu Town, 29 July 2016, Nobuyuki Inoue s.n. (OSA), JAPAN. Wakayama
Pref.: Kamitonda Town, 3 Aug. 2016, H. Fukunaga s.n. (OSA, in spirit collection),
Kamitonda Town, Oka 19 Aug. 2015, H. Fukunaga s.n. (MBK, in spirit collection),
Nishimuro County, Iwata, Oka, 27 May 1929, K. Kashiyama s.n. (KYO), Nishimuro
County, Iwata, Oka, 27 July 1929, K. Kashiyama s.n. (T1, KYO), Iwata, Oka, 13
July 1930, K Kashiyama s.n. (KYO), Nishimuro County, Iwata, Oka, 14 July 1931,
K. Kashiyama s.n. (T1), Nishimuro County, Iwata, Oka, 4 Aug. 1931, K. Kashiyama
s.n. (T1), Nishimuro County, Iwata Village, August 1931, collector unknown (TSN),
Nishimuro County, Iwata, Oka, 20 Sept. 1932, K. Kashiyama s.n. (KYO), Nishimuro
County, Iwata, Oka, 20 Sept. 1933, K. Kashiyama s.n. (TI), Nishimuro County,
Iwata, Oka, 1 Aug. 1933, S. Kitasima s.n. (KYO), Kamitonda Town, Oka 28 July
1984. S. Kashiyama 911 (MBK, in spirit collection), JAPAN. Kochi Pref.: Kochi City,
Zigokudani 29 July 1978. Y. Sawa s.n. (MBK, in spirit collection), Kochi Pref., Kochi
City, Zigokudani, 8 Aug. 1978, Yutaka Sawa O-86 (T1), Kochi City, Kouda, 26 July
2015, Hirokazu Fukunaga s.n. (OSA, in spirit collection), Kami County, Tosayamada
Town, Aburaishi, 12 Aug. 1986, Yutaka Sawa 1138 (T1), Kami County, Tosayamada
Town, Aburaishi, 12 Aug. 1986, Yutaka Sawa 1142 (T1), Kami City, Kahoku Town,
25 July 2016, Hisanori Takeuchi s.n. (OSA), JAPAN. Tokushima Pref.: Kaifu-County,
Kainan Town, 18 July 1977. 1 Nakagawa 1043 (MBK), JAPAN. Tokyo Metropolis:
Izu Islands, Hachijo Island. 6 Dec. 1940, J. Ohchi s.n. (T1), Izu Islands, Hachijo Is-
land. 28 July 2016, Masayuki Ishibashi s.n. (OSA).

Lecanorchis nigricans Honda var. patipetala Y.Sawa emend. Suetsugu & Fukunaga
Figs 4-5

Type. JAPAN, Kochi Pref., Kochi City, Ikku, 5 Aug.1979, Y. Sawa O-101 (lectotype
designated here, MBK-0022411)

Synonym. Lecanorchis nigricans auct. non Honda (1931: 470): Hashimoto
(1990:27), Hashimoto et al. (1991: 119), Nakajima and Ohba (2012: 141), Yokota et
al. (2016: 248), syn. nov.

Emended description. Terrestrial, mycoheterotrophic herb. Inflorescence 10-25(—
30) cm tall, solitary or branched at lower-half, purplish-white at flowering, black at
fruiting, glabrous, ca. 0.8-1.5 mm in diam., with scale-like sheaths. Rhizome erect,
J-shaped or complex, ligneous. Roots simple, radiate numerous, horizontally or down-
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Figure 4. Dissected flowers of Lecanorchis nigricans var. patipetala collected in Haruno, Kochi, Japan on
26 July 2015 (OSA). A Flower and pedicellate ovary B Dissected flower €~D Lip and column E Column
F Hairs at anterior disc of lip G Glabrous status at the ventral side of the column. Scale bars: A=E 5 mm

F-G 0.5 mm. Photographed by Takuto Shitara.

ward elongate to 20-30 cm long, yellowish brown. Rachis 2-8 c¢m, 3—15 flowered,
internode length of upper-half of rachis, 1-6(~10) mm. Floral bracts triangular, acute,
0.8-3.0 mm long. Pedicellate ovary ascending, 15-30 mm long. Flowers widely open-
ing, ca. 2.5 cm in diameter. Sepals purplish white, linear, oblong-oblanceolate, ca.
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Figure 5. Lecanorchis nigricans var. patipetala collected in type locality on 28 July 2008 (OSA). A Flower
and pedicellate ovary B Column € Lip and column D Dorsal sepal E Lateral petal F Lateral sepal G Flat-
tened lip H Anther cap. Scale bars: A=G 3 mm H 1 mm. Line drawings by Kumi Hamasaki.

12-17 mm long, 2.7-3.4 mm wide, apex obtuse. Petals purplish white, linear, oblong-
oblanceolate, 13-17 mm long, 2.6-3.4 mm wide, apex obtuse. Lip shallowly spatu-
late, strongly 13—15 mm long, 4.0-4.5 mm wide in natural situation, ca. 6.0-7.0 mm
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wide when flattened, disc with rather scarce, long multicellular hairs which are rarely
branched, near apex. Column 10-13 mm long, 1.2-2.8 mm wide slightly recurved,
fused with lip about 1/2 its length, ventrally glabrous or slightly puberulent; anther
white, ca. 1.5 mm wide. Capsule 15-30 mm long, black, cylindrical-fusiform, ascend-
ing at 70-90 degree angle from the axis. Flowering in mid-July to mid-September.
Note. When describing L. nigricans var. patipetala, Sawa (1980) cited the specimens
that he had collected from Ikku (Kochi Prefecture) on 5 August 1978. However, even
though Sawa reported that the holotype specimen had been deposited in MBK and that
the isotype specimens had been deposited in KYO and KOCH, no specimens fitting
Sawa’s description could be located, despite intensive surveys of MBK, KYO and KOCH.
The only putative original specimen that was found was a specimen in MBK that was
collected by Sawa from Ikku (Kochi Prefecture) on 5 August 1979. This specimen has al-
ready been treated as an isotype by the MBK curator. The status of the specimen is some-
what controversial since both the collection date (5 August 1979 vs. 5 August 1978) and
collection number (O-101 vs. O-135) differ from those of the L. nigricans var. patipetala
protologue. However, the MBK specimen should still be recognised as an L. nigricans
var. patipetala isotype, because the collection dates are similar enough that the difference
could be regarded as a typing error. Actually, Hashimoto (1990), who investigated the L.
nigricans var. patipetala holotype when the specimen was still preserved in MBK, cited
the collection date as 5 August 1979 and collection number O-101. Actually, the collec-
tion number O-101 was cited as a collection number for the Gastrodia pubilabiata holo-
type in the paper by Sawa (1980) that described both L. nigricans var. patipetala and G.
pubilabiata. It is highly possible that the collection number for L. nigricans var. patipetala
and G. pubilabiata was somehow reversed in the protologue. Therefore, in order to stabi-
lise the taxonomic status of L. nigricans var. patipetala, the MBK isotype was designated
as the lectotype, according to Articles 9.11 and 9.12 of the ICN (McNeill et al. 2012).
Additional specimens examined. JAPAN. Nagasaki Pref.: Fukuejima Island, Goto
City, Kishiku Town, 24 July 2017, Ueda Kouichi s.n. (OSA, in spirit collection), Fuku-
e¢jima Island, Goto City, Tomie Town, 21 July 2017 Ueda Kouichi s.n. (OSA, in spirit
collection), JAPAN. Kochi Pref.: Kochi City, Engyouji, 4 Aug. 1979, Yutaka Sawa
0-95 (MBK), Kochi City, Ikku, 31 July 1978, Yutaka Sawa O-83 (MBK), Kochi City,
Ikku, 13 Aug. 1980, Yutaka Sawa O-105 (MBK), Kochi City, Ikku, 5 Aug. 1980, Y-
taka Sawa O-103 (MBK), Kochi City, Haruno, 26 July 2015, Hirokazu Fukunaga s.n.
(OSA, in spirit collection), Kochi City, Engyozi, 4 Aug. 1979, Yutaka Sawa O-91 (T1),
Kochi City, Engyozi, 31 July 1979, Yutaka Sawa O-89 (T1I), Kochi City, Engyozi, 31
July 1979, Yutaka Sawa O-90 (T1), Kochi City, Ikku, 13 July 1980, Shinichiro Sawa
0-106 (T1), Kochi City, Ikku, 2 July 1983, Yutaka Sawa 671 (T1), Kochi City, Ikku,
2 July 1983, Yutaka Sawa 944 (T1), Kochi City, Ikku, 28 July 2007, Hirokazu Fuku-
naga s.n. (OSA, in spirit collection), Kochi City, Engyouji, 31 July 1979, Yutaka Sawa
s.n. (MBK, in spirit collection), Kochi City, Engyouji, 4 Aug. 1979, Yutaka Sawa s.n.
(MBK), Kochi City, Ikku, 5 Aug. 1978, Yutaka Sawa O-102 (MBK), JAPAN. Mie Pref.:
Ise City, Mt. Kamiji, 30 Oct. 1982, Hiroshi Hara s.n. (T1), Ise City, Mt. Kamiji, 23 July,
Chizguru Chuma s.n. (T1), JAPAN. Aichi Pref.: Toyohashi City, Ooiwa Town, 11 Aug.
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2000, Yutaka Yoshida s.n. (MBK, in spirit collection), JAPAN. Shizuoka Pref.: Inasa
County, Hosoe Town, 31 Aug. 1981. Yutaka Sawa O-387 (MBK, in spirit collec-
tion), Inasa County, Hosoe Town, 31 Aug. 1981. Yutaka Sawa O-388 (MBK), Inasa
County, Hosoe Town, along Hamanako, 9 Aug. 1981. Isamu Yamashita 387 (MBK),
Osuka Town, Kawaramachi, 15 Aug. 1982. Zakao Sugino 812 (MBK), Toyooka Vil-
lage, Dairakuji, 13 Aug. 1982. Takao Sugino 819 (MBK), Mori Town, Daimon, 13
Aug. 1982. Takao Sugino 818 (MBK), Shimoda City, Mt. Nesugata, ca. 170 m alt, 12
Aug. 1989, J. Kanda & Y. Hanei s.n. (TNS), Iwata County, Toyooka Village, Daira-
kuji, 30 July 1982, Yoshifusa Kurosawa 58 (TSN), Iwata County, Toyooka Village,
Dairakuji, 8 Aug. 1978, Yoshifusa Kurosawa s.n. (TSN), Hamamatsu City, Takizawa
Town, Higashiyama, 9 Aug. 1981, Lamu Yamashita 377 (MBK), Atami City, Mo-
moyama Town, 1 Sept. 1975, Sunao Kikuchi s.n. (KYO), Iwata City, Shikiji, 22 1979,
1" Tuyama s.n. (T1, KYO), JAPAN. Kanagawa Pref.: Yokosuka City, Saburo Takahashi
s.n., 27 July 1989 (KPM), Tsukui County, Shiroyama Town, Ohdo, £ Yamazaki s.n.,
30 Aug. 1992 (TT), JAPAN. Tokyo Metropolis: Hachioji City, Tsuneo Asama s.n., date
unknown, July 1981 (KPM), Hachioji City, Hirokazu Fukunaga & Gen Gomi s.n., 23
Aug. 2008 (MBK, in spirit collection), JAPAN. Chiba Pref.: Kimitsu City, Toyofusa
Island, Shigeki Fukushima s.n., 13 Aug. 2016 (OSA, in spirit collection), JAPAN. Chi-
ba Pref., Abo County, Maruyama Town, 17 August 1989, Joju Haginiwa JH0I15366
(TSN), JAPAN. Chiba Pref., Abo County, Maruyama Town, 17 Aug. 1989, Joju
Haginiwa JH015367 (TSN), JAPAN. Chiba Pref., Abo County, Maruyama Town,
17 Aug. 1989, Joju Haginiwa JH015368 (TSN), Abo County, Maruyama Town, 17
Aug. 1989, Joju Haginiwa JH015369 (TSN), Abo County, Maruyama Town, 17 Aug.
1989, Joju Haginiwa JH015370 (TSN), Abo County, Maruyama Town, 17 Aug. 1989,
Joju Haginiwa JH015371 (TSN), Abo County, Maruyama Town, 17 Aug. 1989, Joju
Haginiwa JH015372 (TSN), Abo County, Maruyama Town, 17 Aug. 1989, Joju Hag-
iniwa JH038908 (TSN), Abo County, Maruyama Town, 17 Aug. 1989, Joju Hagini-
wa JH038909 (TSN), Abo County, Maruyama Town, 17 Aug. 1989, Joju Haginiwa
JH040541 (TSN), JAPAN. Ibaraki Pref.: Hitachi City, Okubo Town, near Umegaoka
Hospital, ca. 170 m alt, 25 Aug, 25. 1990, 7. Hashimoto s.n. (INS), Tsukuba City,
Mt. Tsukuba, 7 Aug. 2007, S. Matsumoto 070807-9 (TSN).

Lecanorchis nigricans Honda var. yakusimensis T.Hashim. emend. Suetsugu &
Fukunaga
Figs 6-7

Type. Japan, Kagoshima Pref., Yakushima Island, along the Hanaage River, 21-27 July
1986, Y. Hanei s.n. (holotype TNS!).

Emended description. Terrestrial, mycoheterotrophic herb. Inflorescence 10—
25(-30) cm tall, solitary or branched at lower-half, purplish-white at flowering, black
at fruiting, glabrous, ca. 0.8—1.5 mm in diam., with scale-like sheaths. Rhizome erect,
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Figure 6. Dissected flowers of Lecanorchis nigricans var. yakusimensis collected in type locality on 17
July 2015 (OSA). A Flower and pedicellate ovary B Dissected flower €~D Lip and column E Column
F Hairs at anterior disc of lip G Pubescence at the ventral side of the column. Scale bars: A=E 5 mm

F-G 0.5 mm. Photographed by Takuto Shitara.
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Figure 7. Lecanorchis nigricans var. yakusimensis collected in type locality on 17 July 2015 (OSA). A Flower
and pedicellate ovary B Column € Lip and column D Dorsal sepal E Lateral petal F Lateral sepal G Flat-
tened lip H Anther cap. Scale bars: A 1 cm B-G 3 mm H 1 mm. Line drawings by Kumi Hamasaki.
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J-shaped or complex, ligneous. Roots simple, radiate numerous, horizontally or down-
ward elongate to 20-30 cm long, yellowish brown. Rachis 2-8 c¢m, 3-15 flowered,
internode length of upper-half of rachis, 1-6(—10) mm. Floral bracts triangular, acute,
0.7-2.0 mm long. Pedicellate ovary ascending, 14—30 mm long. Flowers widely open-
ing, ca. 2.5 cm in diameter. Sepals purplish white, linear, oblanceolate-spatulate, ca.
13-17 mm long, 3.3-4.0 mm wide, apex obtuse. Petals purplish white, linear, oblan-
ceolate-spatulate, 13—-17 mm long, 3.3—4.0 mm wide, apex obtuse. Lip spatulate to
cucullate, strongly concave, 12-15 mm long, ca. 4.5 mm wide in natural situation,
7.5-8.0 mm wide when flattened, disc with rather scarce, long multicellular hairs
which are rarely branched, near apex. Column 10-13 mm long, recurved, fused with
lip about 1/2 its length, ventrally densely puberulent; anther purplish white, ca. 2.0
mm wide. Capsule 20-30 mm long, cylindrical-fusiform, black, ascending at 70-90
degree angle from axis. Flowering in mid-July to mid-September.

Additional specimens examined. JAPAN. Kagoshima Pref., Yakushima Island:
along Hanaage River, 17 July 2015, Hiroaki Yamashita s.n. (OSA, in spirit collection),
along Hanaage River, 27 July 2017, Hiroaki Yamashita s.n. (OSA, in spirit collection),
along Osaki River, 17 July 2015, Hiroaki Yamashita s.n. (OSA, in spirit collection),
along Nakase River, 17 July 2015, Hiroaki Yamashita s.n. (OSA, in spirit collection),
Haruhira, 17 July 2015, Hiroaki Yamashita s.n. (OSA, in spirit collection), along Fu-
tamata River, Mt. Mochomu, 26 July 1991, Yoshie Hanei s.n. (TSN), along Futamata
River, Mt. Mochomu, 26 July 1991, Yoshie Hanei s.n. (TSN), Kurio, 5 Aug. 1975,
Doi s.n. (TSN).
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Abstract

Hypodematium confertivillosum ] X.Li, EQ.Zhou & X.J.Li, sp. nov., a new species of Hypodematium from
Shandong, China, is described and illustrated. It is similar to H. crenatum (Forssk.) Kuhn & Decken and
H. glanduloso-pilosum (Tagawa) Ohwi, but differs greatly from them by its abaxial fronds sparsely covered
with rod-shaped glandular hairs, its adaxial fronds without rod-shaped glandular hairs and spore reniform,
with verrucate processes, surface with distinct finely lamellar rugae ornamentation. The description, pho-

tographs and a key to H. confertivillosum as well as their notes are provided.

Keywords
Hypodematium confertivillosum, Hypodematium crenatum, Hypodematium glanduloso-pilosum, spore orna-
mentation, SEM

Introduction

Described in 1833, Hypodematium Kunze is the only genus of Hypodematiaceae Ch-
ing (Ching 1975). Iwatsuki (1964) reviewed the genus and recognised four species
including one subspecies. Recently, more than 16 species of Hypodematium, mainly
distributed in subtropical and temperate areas of Asia and Africa, have been established
(Shing et al. 1999). China, with 12 species of Hypodematium, is regarded as the centre
of distribution for this genus (Zhang and Iwatsuki 2013). The genus is characterised by
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38 Xiaojuan Li et al. / PhytoKeys 92: 37—44 (2018)

a distinctive swollen scaly stipe base and grows only on limestone habitat (Zhang and
Iwatsuki 2013). Previous research on systematics and palynology of Hypodematium
(Ching 1935, 1940, 1963, 1975, 1978a, b, Li et al. 1988, Shing et al. 1999, Zhou et
al. 1999, Wang et al. 2010, Zhang and Iwatsuki 2013) provided an important back-
ground that allowed the recognition of the species new to science.

Materials and methods

The voucher specimens of the new species were collected from Tashan mountain, Chi-
na and deposited in PE (herbaria acronyms according to Thiers 2016).

Scanning electron microscopy (SEM) was used to document the micromorphology
of spore and fronds. Samples were dehydrated and were then placed on aluminium stubs
using double-sided adhesive tape and sputter coated with gold in a Hitachi E-1010 Ion
Sputter Coater, following Wen and Nowicke (1999). The materials were subsequently
observed and photographed under a SUPRATM55 scanning electron microscope.

Taxonomy

Hypodematium confertivillosum ] X.Li, F.Q.Zhou & X.]J.Li, sp. nov.
urn:lsid:ipni.org:names:77174973-1

Diagnosis. Hypodematium confertivillosum J. X. Li, E Q. Zhou & X. J. Li is similar
to H. crenatum (Forssk.) Kuhn & Decken and H. glanduloso-pilosum (Tagawa) Ohwi,
from which it differs greatly by its abaxial fronds sparsely covered with rod-shaped glan-
dular hairs, its adaxial fronds without rod-shaped glandular hairs and spore reniform,
with verrucate processes, surface with distinct finely lamellar rugae ornamentation.

Type. China. Shandong Province: Linyi City, Fei County, Tashan Mountain, lime-
stone rocks, 35°33'59.76"N, 117°51'29.51"E, 500-700 m a.s.l., 15 September 1982,
J. X. Li 02025 (Holotype: PE, Isotype: SDCM). Figure 1.

Description. Plants 21-32 cm tall. Rhizomes creeping; densely scaly together
with stipe base, scales reddish-brown, lustrous, linear-lanceolate, 10-12 x 1-2 mm,
membranaceous, margin subentire, apex acuminate. Fronds approximate; stipe strami-
neous, 7—17 cm x 1-1.2 mm, nearly glabrous upward; laminae pentagonal, 12-17 x
12-14 cm, 3-pinnate-pinnatifid, base round-cordate, apex acuminate and pinnatifid;
pinnae 1012 pairs, slightly oblique, lower 2 pairs sub-opposite, 3—4 cm apart, upper
pairs alternate; basal pinnae largest, deltoid-oblong, 10-11 x 8-8.5 cm, 2-pinnate-
pinnatifid, base cordate, pinnae tapered; pinnules 6-8 pairs, anadromous, alternate,
slightly oblique, acroscopic ones smaller, proximal basiscopic pair largest, ovate-trian-
gular, 5 x 2-3 cm, shortly stalked, base cuneate, pinnae tapered, pinnate-pinnatifid;
ultimate pinnules oblong, 8-10 x 4—6 mm, apex obtuse, pinnatifid; lobe oblong, apex
obtuse, margins obtuse-serrate; second and upper pairs of pinnae gradually shorter,
lanceolate or oblong-lanceolate, 2-pinnate-pinnatifid, base rounded-cuneate or shal-
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lowly cordate, with a short stalk, apex shortly acute. Veins obvious on both surfaces,
pinnate, simple, ending at margin. Laminas chartaceous, fronds densely covered with
long grey hairs adaxially, fronds abaxial surface, rachis and costae densely covered with
long grey hairs and sparsely mixed with rod-shaped glandular hairs. Sori round, dorsal,
1-4 per segment; indusia reniform, pale grey, membranaceous, densely covered with
grey hairs. Spores reniform, with verrucate processes, surface with distinct finely lamel-
lar rugae ornamentation.

Distribution. This species is known only from the area around the type locality in
Tashan, Shandong.

Ecology. Usually growing in limestone crevices of xeric areas.

Discussion. The perispore is an important trait for identifying species under the
scanning electron microscopy (Liu and Li 1999) and it contributes to the discovery of
some new species, for example Dryopteris guanchica (Jermy 1980). There are significant
differences between the perispore of H. confertivillosum that has verrucate processes,
surface with distinct finely lamellar rugae ornamentation, H. crenatum having curved
long ridges, surface with fine striaec ornamentation and H. glanduloso-pilosum having
tuberculate-massive ornamentation, providing an important micromorphological ba-
sis for establishment of the new species H. confertivillosum. A comparison of H. con-
fertivillosum, H. crenatum, and H. glanduloso-pilosum is given in Table 1 and Figure 2.

It is commonly believed that Hypodematium, a very special group, has different
types of glandular hairs and non-glandular hairs, which is an important basis for the
identification and classification of species of Hypodematium (Zhang and Iwatsuki
2013). Hypodematium confertivillosum fronds are sparsely covered with rod-shaped
glandular hairs abaxially, but its adaxial fronds without rod-shaped glandular hairs;
H. crenatum fronds are sparsely covered with acicular hairs adaxially, densely covered
with long hairs abaxially and without rod-shaped glandular hairs on both surfaces.
Hypodematium glanduloso-pilosum fronds are mixed, densely covered with acicular and
rod-shaped glandular hairs adaxially and long hairs and rod-shaped glandular hairs
abaxially. Therefore, the types of hair and the degree of density of different types of hair
support the establishment of the new species of H. confertivillosum. A comparison of
H. confertivillosum, H. crenatum, and H. glanduloso-pilosum is given in Table 2 and the
taxonomic key below (adapted from Zhang and Iwatsuki 2013), and Figure 3.

Taxonomic key to the species of Hypodematium

1 Fronds not covered with rod-shaped glandular hairs adaxially ..................... 2
- Fronds covered with rod-shaped glandular hairs and long grey hairs on both sur-
faces; perispore with tuberculate-massive ornamentation ... H. glanduloso-pilosum
2 Fronds sparsely covered with rod-shaped glandular hairs abaxially; perispore
with verrucate processes, surface with finely lamellar rugae ornamentation ..
...................................................................................... H. confertivillosum
- Fronds not covered with rod-shaped glandular hairs abaxially; perispore with
curved long ridges, surface with fine striae ornamentation ....... H. crenatum
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Figure |. Hypodematium confertivillosum J.X.Li, EQ.Zhou & X.J.Li, sp. nov. A Habit B Sori on the
abaxial surface of pinnules € Indusium with long hairs D Rhizome and stipe base scales E Long hairs from
the abaxial surface of fronds F Rod-shaped glandular hairs from the abaxial surface of fronds G Hairs from
the adaxial surface of fronds (Drawn by Y. B. Sun & J. X. Li).
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Figure 2. Spore morphologies of three Hypodematium species (SEM). A Spore in equatorial view of H. confer-
tivillosum (1500x) B Detail of spore in equatorial view of H. confertivillosum (5000x) € Spore in polar view of
H. confertivillosum (1500x) D Detail of spore in polar view of H. confertivillosum (5000x) E Spore in equatorial
view of H. crenatum (1500x) F Detail of spore in equatorial view of H. crenarum (5000x) G Spore in equatorial
view of H. glanduloso-pilosum (1500x) H Detail of spore in equatorial view of H. glandiloso-pilosum (5000x).
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Figure 3. The fronds and rachis of H. confertivillosum, H. crenatum and H. glanduloso-pilosum (SEM).
A H. confertivillosum fronds densely covered with long hairs adaxially (30x) B H. confertivillosum fronds
and indusia densely covered with long hairs and sparsely rod-shaped glandular hairs abaxially (30x)
C H. confertivillosum fronds and costae densely covered with long hairs and sparsely rod-shaped glandular
hairs abaxially (30x) D H. confertivillosum costae densely covered with long hairs and sparsely rod-shaped
glandular hairs abaxially (160x) E H. crenatum fronds sparsely covered with acicular hairs adaxially (60x)
F Close-up view of H. crenatum fronds covered with acicular hairs adaxially (140x) G H. crenatum fronds
and indusia densely covered with long hairs abaxially (30x) H Close-up view of H. crenatum indusia
covered with long hairs abaxially (60x) | H. glanduloso-pilosum fronds densely covered with acicular hairs
and rod-shaped glandular hairs adaxially (30x) J Close-up view of H. glanduloso-pilosum fronds covered
with acicular hairs and rod-shaped glandular hairs adaxially (140x) K H. glanduloso-pilosum fronds and
indusia densely covered with long hairs and rod-shaped glandular hairs abaxially (30x) L Close-up view
of H. glanduloso-pilosum fronds covered with long hairs and rod-shaped glandular hairs abaxially (140x)
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Abstract

The taxonomy of perennial Sesuvium species in Africa has been poorly investigated until now. Previously
five perennial species of Sesuvium were recognised in Africa (S. congense, S. crithmoides, S. mesembryan-
themoides, S. portulacastrum, and S. sesuvioides). Based on the differing number of stamens, S. ayresii is
accepted here as being distinct from S. portulacastrum. Field observations in Angola also led the authors
to conclude that S. crystallinum and S. mesembryanthemoides are conspecific with S. crithmoides. A new
subspecies, Sesuvium portulacastrum subsp. persoonii, is described from West Africa (Cape Verde, Gambia,
Guinea-Bissau, Mauritania, Senegal). The molecular phylogeny indicates the position of S. portulacastrum
subsp. persoonii within the “American lineage” as a part of the Sesuvium portulacastrum complex which
needs further studies. A diagnostic key and taxonomic notes are provided for the six perennial species of
Sesuvium found in Africa and recognised by the authors (S. ayresii, S. congense, S. crithmoides, S. portu-

lacastrum subsp. portulacastrum, S. portulacastrum subsp. persoonii, S. verrucosum and the facultatively

Copyright Alexander P. Sukhorukov 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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short-lived S. sesuvioides). The distribution of S. crithmoides, previously considered to be endemic to An-
gola, is now confirmed for the seashores of Republic of Congo and DR Congo. The American species S.
verrucosum is reported for the first time for Africa (the Macaronesian islands: Cape Verde and the Canar-
ies). It is locally naturalised in Gran Canaria, being a potentially invasive species. These findings as well as
new records of S. verrucosum from Asia and the Pacific Islands confirm its proneness to transcontinental
introduction. Lectotypes of S. brevifolium, S. crithmoides, S. crystallinum and S. mesembryanthemoides are
selected. The seed micromorphology and anatomy of the perennial African species is studied. Compared
to the seeds of some annual African Sesuvium investigated earlier, those of perennial species are smooth
or slightly alveolate. The aril is one-layered and parenchymatous in all species and usually tightly covers
the seed. The aril detachments from the seed coat that form a white stripe near the cotyledon area casily
distinguish S. verrucosum from other species under study.

Keywords
Africa, Aizoaceae, molecular phylogeny, new subspecies, Sesuvium, Sesuvieae, Sesuvioideae, taxonomy

Introduction

Sesuvium L. is one of the most widespread genera of Aizoaceae occuring in many sub-
tropical and tropical regions of the world (Bohley et al. 2017). The perennial Sesuvium
species often form mono- or oligodominant plant communities in coastal areas (e.g.
Oliver 1871, Sauer 1982, Nellis 1994). Sesuvium portulacastrum (L.) L. is considered
to be the species with the widest distribution pattern on all continents compared to the
other representatives of the genus (Bogle 1970, Lonard and Judd 1997, Bohley et al.
2015). During the last decades the number of recognised species changed from eight
(Bogle 1970) to twelve (Hartmann 1993) and reached fourteen after the inclusion of
three American species of Cypselea Turpin (Bohley et al. 2017).

In its current circumscription, Sesuvium includes perennial or annual herbs with
prostrate or ascending, often rooting at the nodes, glabrous or vesiculose stems (ad-
ditionally with stout warts when dry; Sukhorukov et al. 2017); opposite, more or less
succulent leaves with short or hardly visible petioles, which bear two semi-amplexi-
caulous, membranous or hyaline, entire or fimbriate, marginally concrescent stipules;
axillary, bracteolate, pedicellate or sessile flowers; five, bi-coloured (green dorsally and
pink or white ventrally) perianth lobes; five to numerous pink stamens; ovary consist-
ing of two to five carpels; circumscissile capsule with the central column bearing 5-50
black or reddish, smooth or diversely sculptured seeds completely or partially covered
with thin and hyaline aril.

Sesuvium is the type genus of subfamily Sesuvioideae (Lindley 1853, as “Sesu-
vieae”) which is characterised by stipulate or stipule-like leaf margins; bracteolate, per-
igynous flowers; externally sepaloid and internally petaloid perianth with the segments
mostly apiculate on the back towards the apex, circumscissile capsule and seed usually
covered by an aril (Hartmann 1993). Sesuvioideae is sister to all other Aizoaceae (Klak
et al. 2003). Two major subclades were recognised within this subfamily: Sesuvioideae
s.str. and Tribulocarpus S.Moore (Klak et al. 2003, Thulin et al. 2012). A recent study
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found the monotypic Anisostigma Schinz to be closely related to Tribulocarpus (Klak et
al. 2017a), which together are now recognised as the tribe Anisostigmateae Klak (Klak
et al. 2017b). The Sesuvioideae therefore now consists of two tribes, the Anisostig-
mateae (two genera) and the Sesuvieae comprising Sesuvium (including Cypselea), Tri-
anthema L. and Zaleya Burm.f. Sesuvium is divided into two subclades, the American
lineage with C, photosynthesis (S. portulacastrum, S. verrucosum Raf., S. maritimum
(Walter) Britton, Sterns & Poggenb., as well as the species formerly included in Cypse-
lea) and the African lineage comprising the native African species with a C, photosyn-
thetic pathway (Bohley et al. 2017). The species of each lineage are characterised by
several types of leaf anatomy and are distinguished by the shape of the epidermal cells
and by the mesophyll structure (Bohley et al. 2015). In the previous paper (Sukhoru-
kov et al. 2017), the annual species of Sesuvium in Africa were revised. Instead of one
(e.g. Jeffrey 1961, Hartmann 2002) or two (Bohley et al. 2017) species, four native
species were accepted (S. digynum Welw., S. hydaspicum (Edgew.) Gong., S. nyasicum
(Baker) Gong. and S. sesuvioides (Fenzl) Verd.) based on morphological and carpologi-
cal characters. A new taxonomic treatment of the entire genus (Bohley et al. 2017) sug-
gested the presence of five perennial species of Sesuvium in Africa: S. congense Welw., S.
crithmoides Welw., S. mesembryanthemoides Wawra, S. portulacastrum and S. sesuvioides
(also as a perennial species). All perennial taxa usually grow on the seashores of tropical
Africa. One of them — §. portulacastrum — is considered to be a widespread species on
the continent (Hutchinson and Dalziel 1927, Jeffrey 1961, Lonard and Judd 1997),
whereas three others — S. congense, S. crithmoides and S. mesembryanthemoides — have
been documented for Angola only (Welwitsch 1859, Oliver 1871, Bohley et al. 2017).
However, Bohley et al. (2017) acknowledged that some of their taxonomic conclusions
have been tentative and that further more detailed studies would be required to estab-
lish species limits within Sesuvium (e.g., S. crithmoides). Hereby, the results of such a
study are published.

The authors” own field investigations, revision of relevant herbarium material and
further taxonomic studies revealed a greater diversity of the perennial Sesuvium in
Africa in contrast to the latest revision of the genus worldwide (Bohley et al. 2017).
Additionally, the fine seed traits (micromorphology and anatomy) of perennial Sesu-
vium have been studied for the first time and some new samples have been added to
the molecular analysis. Based on this, an improved taxonomy and phylogeny have been
presented and the distribution of the perennial Sesuvium in Africa has been discussed.

Methods
Field studies and revision of the herbarium material
Field investigations were performed by the first author (AS) in Sal and Boa Vista

Islands, Republic of Cape Verde (August 2015, January and September 2016) and
in Namibia (March 2017); by Cldudia Baider in Mauritius (2017); by Marcos
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Salas-Pascual (2016) and Filip Verloove (March—April 2017) in the Canary Islands
(Spain) and by Cornelia Klak and Peter Bruyns in Angola (December 2016-January
2017). Additionally, the first author (AS) examined herbarium specimens in the
herbaria B (on loan in Mainz, Germany), BM, BR, E, G, K, L (incl. U and WAG,
but the African material in WAG was on loan), LE, LY, LY]B, M, MHA, MSB, MW,
P, WIND:; Filip Verloove identified the material in LPA; Cldudia Baider revised the
specimens in MAU and Cornelia Klak in BOL, LUBA and PRE. In addition, some
material of Sesuvium portulacastrum (leaves and seeds) collected by AS in Grenada
(Lesser Antilles, Caribbean Islands) and Israel (as a cultivated plant in the Dead Sea
area) was also used for anatomical and molecular studies.

To assess the conservation status of each taxon as per the IUCN Red List, past and
present distribution data from herbarium specimens were collated. When the original
specimen label did not give the precise location, a geographical point centred in the
locality of the collection cited was used. This information was then assessed based
on available ecological data or review of threats to allow insights into understanding
the current population and distribution trends useful in defining the IUCN Red List
Categories and Criteria (IUCN 2017). The extent of occurrence (EOO) and area of
occurrence (AOO) were calculated using GeoCAT ver. 3, with a cell of 2 x 2 km?
(Bachman et al. 2011). These assessements were not sent to the respective SSC I[UCN
groups prior to the publication of this article.

Leaf anatomy

The leaves of Sesuvium portulacastrum subsp. persoonii were collected by AS in Au-
gust 2015 in Cape Verde (Sal Island, near Santa Maria village) and soaked in a 70%
alcohol solution. The sections were made by hand and stained with 0.2% aqueous
toluidin blue. For the description of the leaf anatomy, the terminology by Bohley
etal. (2015) was followed. The leaf structure was photographed with a Nikon DS-Vil
camera (Nikon Corporation, Japan) at the Department of Higher Plants, Lomonosov
Moscow State University.

Seed morphology and anatomy

Seed micromorphology was observed using a scanning electron microscope (SEM)
JSM-6380 (JEOL Ltd., Japan) at 15 kV after sputtercoating with gold-palladium in
the laboratory of Electron Microscopy at Lomonosov Moscow State University. No
dehydration of the seeds was required prior to SEM observation due to the absence of
soft tissues (e.g. papillae or trichomes) on their surface.

The cross-sections of the seeds were prepared using a rotary microtome Mi-
crom HM 355S (Thermo Fisher Scientific, USA) and photographed with a Nikon
DS-Vil camera (Nikon Corporation, Japan) at the Department of Higher Plants,
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Lomonosov Moscow State University. Before sectioning, the seeds were soaked in
water:alcohol:glycerin (1:1:1) solution, dehydrated in ethanol dilution series and em-
bedded in the Technovit 7100 resin (Heraeus Kulzer, Germany).

The list of specimens used for SEM (perennial species) and anatomical investiga-
tions (both annual and perennial taxa) is given below. For seed morphology of the
annual Sesuvium taxa, see Sukhorukov et al. (2017).

Sesuvium ayresii Marais: Ilot Marianne, 18 Jan 1975, Lorence 1059 (K);

S. congense Welw.: Angola, Lengue, 19 Dec 1932, Grossweiler 9715 (BM); Angola,
Porto Alexandre, Aug 1937, H. Humbert 16375 (BM);

S. crithmoides Welw.: Angola, Kabinda, 30 Nov 1957, Lebrun 111905 (K); Angola,
Luanda, 12 Jun 1858, Welwizsch 2386 (BM000839897) as S. crystallinum Welw.;

S. digynum Welw.: Angola, Mossamedes [Namibe], 8 May 1963, A. De Menezes 409 (K);

S. hydaspicum (Edgew.) Gong.: Saudi Arabia, South Hijag, 29 Mar 1979, /.S. Collenerte
1153 (K);

S. nyasicum (Baker) Gong.: [Malawi] Nyassa [Lake Malawi], Monkey Bay, Aug 1896,
A. Whyte s.n. (K000076291); Namibia, Hardap Region, 2 Mar 2017, A. Sukhoru-
kov s.n. (MW);

S. portulacastrum (L.) L. subsp. portulacastrum: 1) [Mexico, Colima State] Revilla-
gigedo Island, 23 Mar 1932, /. 7" Howell 8353 (K); 2) Grenada, St.-George’s, 1 Dec
2016, A. Sukhorukov 684 (MW);

S. portulacastrum (L.) L. subsp. persoonii Sukhor.: Senegal, St. Louis, 23 Jul 1960, /.D.
Kesby 20 (K); Cape Verde, Sal Island, Santa Maria, 30 Aug 2015, A. Sukhorukov
59 (MW);

S. sesuvioides (Fenzl) Verd.: Angola, Mossamedes [Namibe], Praia Amelia, 28 Dec
1955, E.J. Mendes 1172 (BM);

S. wverrucosum Raf.: USA, California, San Joaquin co., 4 Jul 1934, E. Lee 963
(H1283635); USA, Nevada, Pershing co., 31 Aug 2000, A. Thielim 13396 (M).

DNA extraction and PCR

Total DNA was extracted from silica gel-dried or fresh material of S. portulacastrum
(collected in Israel and Grenada), S. portulacastrum subsp. persoonii (Cape Verde) and
S. nyasicum (Namibia). The DNA from fresh material was extracted according to Krin-
itsina et al. (2015) and that from dry leaves was extracted using DiamondDNA Plant
kit (DiamondDNA, Russia) with further purification using AMPure Beads (Beckman
Coulter, USA) (for details see Krinitsina et al. 2015).

The nuclear ITS region (internal transcribed spacer 1, 5.8S ribosomal RNA gene
and internal transcribed spacer 2) and three plastid regions (rps16 gene intron, azpB-
rbeL intergenic spacer, trnL-trnF intergenic spacer) were sequenced. PCR amplifica-
tions were carried out in a Thermal Cycler T100 (Bio-Rad, USA) using primers and cy-
cler programmes listed in Table 1. The reaction mix (25 pl) contained 10 ng of DNA,
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Table I. Primers and cycler programmes used for the molecular analysis.

Marker

Primer sequences and combination

Reference

Cycler programmer

ITS

ITS5 5-GGA AGT AAA AGT CGT
AAC AAG G-3'/ITS4 5-TCCTCC
GCT TAT TGA TAT GC-3’

White et al. 1990

95 °C for 15 min, 5 cycles of
amplification (95 °C for 30's,
53 °C—49 °C for 1 min (-1 °C per
cycle), 72 °C for 1 min), 30 cycles
of amplification (95 °C for 15 s,
50 °C for 30 s, 72 °C for 40 s),
72 °C for 5 min

rpslG-intron

rps16 F 5-GTG GTA GAA AGC AAC
GTG CGA CTT-3’/ rps 16 intr R
5-CTT GTT CCG GAATCCTTT
ATC-3

tpsl6 int F 5-GTATGT TGC TGC

CATTTT TGA AAG G-3’ / rps16 R

5-TCG GGA TCG AAC ATC AAT
TGC AAC-3°

rps16 F and rps16
R (Oxelman et al.
1997);
tps16 int F and rps
16 intr R (Bohley et
al. 2015)

95 °C for 15 min, 35 cycles of
amplification (95 °C for 1 min,
50 °C-65 °C (increasing by
0.3 °C per cycle) for 1 min, 72 °C
for 4 min), 72 °C for 5 min

atpB-rbcL
spacer

atpB-rbcL F 5’-GAA GTA GTA GGA
TTG ATT CTC-3’/ atpB-rbcL R
5-CAA CACTTG CTT TAG TCT
CTG-3

Golenberg et al.
1993

95 °C for 15 min, 35 cycles of

amplification (95 °C for 20 s,

56 °C for 30's, 72 °C for 60 s),

95 °C for 20 s, 56 °C for 80 s,
72 °C for 8 min

trnl-F

Tab C 5°-CGA AAT CGG TAG ACG
CTA CG-3’/ Tab D 5’-GGG GAT
AGA GGG ACT TGA AC-3

trnL-F inter F 5-GGA CGA GAA
TGA AGATAG ACT C-3’ / Tab F
5-ATT TGA ACT GGT GAC ACG
AG-3’

Tab C, Tab D and
Tab F (Taberlet et
al. 1991);
trnL-F inter F
(Bohley et al. 2015)

95 °C for 15 min, 35 cycles
of amplification (95 °C for 1
min, 50 °C-65 °C (increasing
by 0.3 °C per cycle) for 1 min,
72 °C for 4 min), 72 °C for 5 min

1 puM of each primer, 200 uM of each dNTP and 0.5 U hot start TagF polymerase
(AmpliSens, InterLabService, Russia). PCR products were checked on 1.2% agarose
gels and purified using AMPure Beads (Beckman Coulter, USA) according to the man-
ufacturer’s protocol. AMPure Beads suspension was mixed with a solution containing
PCR-product at the ratio 1.2:1 (for ITS and azpB-rbcL primer pairs) or 1.4:1 (for all
other primer pairs). The sequencing was performed at Genome centre, Engelhardt
Institute of Molecular Biology (Moscow, Russia) on Applied Biosystems 3730 DNA
Analyser using ABI PRISM® BigDye™ Terminator v.3.1 Cycle Sequencing Kit.
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Sequence alignment and phylogenetic reconstruction

The raw forward and reverse sequences were checked and combined in BioEdit se-
quence alignment editor v. 7.0.5.3 (Hall 1999). The sequences were aligned using
Muscle algorithm and MEGAG.0 software package (www.megasoftware.net; see Ta-
mura et al. 2013). Two data sets were assembled: (1) consisting of three chloroplast
markers and (2) the nuclear (ITS) gene region. These data sets were first analysed
separately and then in combination using the Maximum Likelihood (ML) method in
MEGA 6.0 (Tamura et al. 2013) and Bayesian Inference (BI) in BEAST (Bouckaert
etal. 2014). A bootstrapping of 1,000 replicates for ML analysis was processed to esti-
mate the confidence probabilities on each branch of the phylogenetic trees construct-
ed. An initial tree (ML) for the heuristic search was obtained by applying the Neigh-
bour-Joining method to a matrix of pairwise distances estimated using the Maximum
Composite Likelihood approach. All positions containing gaps were treated as missing
data. Bayesian analyses were run for 20,000,000 generations with four MCMC chains
in two independent runs. The first 2,000,000 samples from each run were discarded as
burn-in. Convergence was assessed by comparing standard deviation of split frequen-
cies between different runs (MCMC Trace Analysis Tool (Tracer) version v1.6.0; Ram-
baut et al. 2014). For ML and BI analyses, optimal models of molecular evolution for
combined matrices were identified using jModelTest2 (Darriba et al. 2012) (optimal
model is GTR + G). Voucher information and GenBank accession numbers are listed
in Table 2.

Results and discussion

Leaf anatomy

The leaf anatomy of a new subspecies S. portulacastrum subsp. persoonii (Fig. 1) was
investigated.

Description: Leaves terete, of lenticular shape in cross-sections, very succulent,
leaf thickness ~4.2 mm; epidermis of the adult leaves mamillate (with slightly convex
outer cell walls); hypodermis absent; mesophyll with palisade and water storage cells;
palisade cells forming chlorophyll-containing tissue arranged in 3-7 layers below the
epidermis (~0.6-0.7 mm from each leaf side), with abundant druses; the cells of in-
nermost palisade layer and adjacent cells of water storage tissue with abundant starch
grains (looking like dark stripes: Fig. 1); water storage cells arranged in numerous lay-
ers; one or rarely two main vascular bundles in the centre of the leaf are present, with
numerous lateral vascular bundles.

The anatomical structure of the leaves of S. portulacastrum subsp. persoonii is simi-
lar to that of S. portulacastrum (type subspecies) described by Bohley et al. (2015). The
difference between the “7ribulocarpus type” (e.g. Sesuvium maritimum, S. verrucosum,
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Table 2. Voucher information and GenBank accession numbers for perennial Sesuvium species and out-

groups included in the phylogenetic analysis. The newly sequenced samples are highlighted in bold.

Voucher information (country,

GenBank accession number

Species year, herbarium acronym and atpB-rbcL | trnL-trnF
rps 16 . . . .
number) . intergenic | intergenic ITS
intron
spacer spacer
Sesuvium congense | Angola, 2009 (PRE849008.8) | KJ848244.1 | KJ848148.1 | KJ848291.1 | KJ848196.1
S. crithmoides Angola, 2009, (PRE849042.0) | KJ848247.1 | KJ848151.1| KJ848294.1 | KJ848199.1
S. humifusum (ex-
Copeeon i) USA (MJGO14141) KJ848241.1 | KJ848145.1 | KJ848288.1 | KJ848193.1
, Burkina Faso, 1996
S. hydaspicum (MO055596) KJ848230.1 | KJ848136.1 | KJ848277.1 | KJ848181.1
S. hydaspicum Burkina Faso, Madsen 5264 (S) - - - AJ937561.1
S. maritimum Mexico, 1999 (BRIT) - - - KJ848178.1
» USA, Louisiana, 7homas et al.

S. maritimum 103258 (NY) - - - AJ937562.1
S. maritimum USA, Texas, Walker 1673 (NY) = - - AJ937563.1
S. maritimum USA, [Nort(%}%a;‘)’l‘“a]’ 1998 | K1848228.1 | KJ848134.1 | KJ848275.1 | K]848179.1
Sesuvium sp. Namibia, 1996 (MO5667010) - - - KJ848190.1
Sesuvium sp. Angola, 2009 (PRE849020) | KJ848246.1 | KJ848150.1 | KJ848293.1 | KJ848198.1
8. nyasicuems Namibia, 2’101(7’ Sukhorukov | 1209774 | MG209769| MG209777 | MG495932
S. portulacastrum | 525 D “:‘i S(e“’ Sukhorukov | \ 16209775 | MG209772| MG762002 | MG461526

Grenada, St.-George’s, 2016,
S. portulacastrum Subborukov 684 (MW) MG209776 | MG209771 | MG209779 -
S. portulacastrum | Morocco, 2012 (MJG014142) | KJ848232.1 | KJ848138.1 | KJ848279.1 | K]J848183.1

Saint Kitts and Nevis, 1994
S. portulacastrum MOS158713) KJ848236.1 | KJ848141.1 | KJ848284.1 | KJ848188.1
S. portulacastrum Mexico, 2010 (MJG014143) | KJ848240.1 | KJ848144.1 | KJ848287.1 | KJ848192.1
USA, Florida, 2013

S. portulacastrum MIGOL4144) KJ848243.1 | KJ848147.1 | KJ848290.1 | KJ848195.1
S. portulacastrum Taiwan, 2003 (MO6268738) - - - KJ848185.1

Venezuela (ex cult., Zhiede s.n.
S. portulacastrum (HBG)) - - - AJ577758.1
S. portulacastrum Bolivia, 1998 (M(05903990) - - - KJ848184.1
S. portulacastrum India, anonym (RK402) - - - FJ784241.1
S. portulacastrum India, [without hetbarium - - - KC185421.1

voucher]
S. portulacastrum India, anonym (AUFMS260) - - - KF848298.1
S. portulacastrum Cape Verde, Sal Island,
subsp. persoonii Subborukov 59 (MW) MG209773 | MG209770 | MG209778 | MG495933
S. sesuvioides Namibia, 1988 (HBG910260) | KJ848231.1 | KJ848137.1 | KJ848278.1 | KJ848182.1
S. sesuvioides Angola, 2009 (PRE8499750) | KJ848245.1 | KJ848149.1 | KJ848292.1 | KJ848197.1
» Namibia, Van Slageren & Brand

S. sesuvioides MSJB020 (WAG) - - - AJ937583.1
S. verrucosum USA, [California], 1999 (BRIT) | KJ848229.1 | KJ848135.1 | KJ848276.1 | KJ848180.1
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S. verrucosum Mexico, 2004 (MEXU KJ848237.1 | KJ848142.1| KJ848285.1 | KJ848189.1
1237208)
USA, [Nevada], 2013
S. verrucosum (MJGO14145) KJ848242.1 | KJ848146.1 | KJ848289.1 | KJ848194.1
S. verrucosum Saudi Arabia, Fayed s.n. (UBT) - - - AJ937564.1
United Arab Emirates, Dubai,
S. verrucosum Hartmann ¢ Hartmann 34761 - - - HE585045.1
(HBG)
S. verrucosum Mexico, 1998 (MEXU1231179) - - - KJ848191.1
South Korea, Jeollanam-
fZ’ ’i”i‘;‘” ‘;Z”“”” do prov., Gisan-ri, 2013 - - - KMO051437.1
utgroup (JKTM1000081)
Phytolacca dioica Garden material, South Africa,
(oo o0, Kk 585 (BoL) | AIS32733.1 | AJ532612.1 | KM261955.1 -

Figure |. Leaf anatomy of S. portulacastrum subsp. persoonii. Abbreviations: CHL chlorenchyma EP ep-
idermis CR crystals (druses) ST starch grains in the palisade cells VB vascular bundles WST water stor-
age tissue. Scale bar: 1 mm.

some individuals of S. portulacastrum with papillate leaves) and the “Sesuvium portu-
lacastrum type” (glabrous forms of S. portulacastrum and S. maritimum) appears to lie
only in the presence or absence of papillae (bladder cells) on the leaf epidermis (Bohley
et al. 2015). Therefore, the authors propose to unite these two types of leaf anatomy
into the “Sesuvium portulacastrum type”.

Flower, fruit and seed characters

The position of the ovary in Sesuvium is considered superior (e.g. Jeffrey 1961, Adam-
son 1962, Bogle 1970, Gongalves 1995) or semi-inferior (Ferren 2003). Sometimes
the flowers are described as perigynous (Hartmann 2002, Hassan et al. 2005b, Bohley
etal. 2017), but this term does not describe the insertion of the ovary as compared to
other floral parts. In fact, the connate part of the tepals forms a true hypanthium, with
concrescence of the lower parts of the filaments with the inner surface of the flower
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cup. The insertion of the stamens seems to be near the top of the hypanthium. How-
ever, the ovary itself is situated above the point where the other floral parts are inserted
and it should therefore be considered superior as in other Sesuvioideae (Bogle 1970).
The perigynous flowers and superior position of the ovary are very characteristic traits
for the Sesuvioideae as the basal-most lineage within the Aizoaceae.

The fruit in Sesuvium is a circumscissile capsule. The capsule is usually shorter than
or rarely almost equal to the tepals, especially in some annual species. The reproduc-
tive diaspore type is a seed. The mode of seed dispersal in Sesuvium has not yet been
investigated, but it was suggested that the seeds might be dispersed by water (Marais
1990, Tomlinson 2016). Taking into account the coastal habitats where almost all per-
ennial species of the genus are found, this assumption seems to be reasonable. All plant
parts of perennial Sesuvium in coastal areas are grazed by cattle (Burkill 1985) and
thus endozoochory may also be an important mode for dispersal. The thick seed coat
protects the embryo against long-lasting water impact or digestion, as in many other
species of Caryophyllales with similar dispersal facilities requiring embryo protection
(e.g. Netolitzky 1926, Sukhorukov 2008, Sukhorukov and Zhang 2013, Sukhorukov
etal. 2015).

The seeds of all perennial Sesuvium under study are roundish, 0.9-1.1 mm in
diameter and slightly flattened (Figs 2 and 3). The aril is one-layered, whitish, ca. 1-2
pm thick in cross-section and consists of thin-walled cells. It tightly adheres to the seed
coat. However, S. verrucosum is distinguished by the small detachments of the aril from
the seed coat forming a distinctive fold in the cotyledon area (Fig. 3E). The aril usually
covers the seed completely (Figs 2, 3A-D), but in some seeds of S. portulacastrum, it
is only partially present. An aril covering up to half the seed surface is not common
in S. portulacastrum (or any other Sesuvium) mentioned by Hassan et al. (2005a). The
presence of a tiny aril apparently does not provide any protective function and its role
in seed dispersal or germination is unclear.

The seed coat of perennial Sesuvium is smooth or slightly wavy, often with small,
radially elongated striae. Hardly noticeable pits were found only in S. verrucosum
(Fig. 3F). In cross-section, the testal layer is much thicker than the 1-3 endotegmal
layers. In almost all species, the testa thickness ranges from (25-)30 to 50 um (Fig. 4),
but the testa of a S. portulacastrum specimen from Grenada studied for comparison was
found to measure between 70 and 80 pum. The outer periclinal wall of the testa cells is
clearly thicker than the inner periclinal wall and the protoplast is usually clearly visible.
The walls and protoplast of the testa cells are completely filled with tannins, especially
the external areas of the outer cell walls, which appear dark brown. The “stalactites”
in the outer cell walls are not prominent in comparison to other representatives of the
core Caryophyllales (Takhtajan 1991, Sukhorukov and Zhang 2013, Sukhorukov et al.
2015). The thickness of the tegmen layers is 2-8 pm (each layer has an average thick-
ness of 3 pm). The embryo is annular and the perisperm is copious.

There are no significant differences in seed structure between perennial and an-
nual Sesuvium species growing in Africa. However, the seed-coat testa of some annual
African Sesuvium (S. hydaspicum and especially S. nyasicum) has wrinkle- or ridge-like
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Figure 2. SEM micrographs of Sesuvium seeds (covered with an aril). A, B S. ayresii C, D S. congense
E,F S. crithmoides G,H S. crystallinum (now merged with S. crithmoides). Magnification: A, C, E, G: 70x;

B,D,F, H : 300x.
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Figure 3. SEM micrographs of Sesuvium seeds (covered with an aril). A, B S. portulacastrum subsp.
persoonii C, D S. portulacastrum subsp. portulacastrum E, F S. verrucosum. Magnification: A, C, E: 70x;
B, D, F: 300x. Arrow on image E indicates the detachment of the aril from the seed coat forming a dis-
tinctive fold in the cotyledon area.

outgrowths (Sukhorukov et al. 2017). In all other species, the seeds are smooth, except
for the annual North American Sesuvium trianthemoides Correll with rugose seed or-
namentation (Correll 1966). This species is known only from the type locality and the
character of the seed ornamentation could be of taxonomic importance to distinguish
it from other related species (Ferren 2003). These investigations show that the easily
visible detachment of the aril from the seed coat, appearing as a patch near the coty-
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Figure 4. Seed anatomy of annual and perennial Sesuvium species in Africa: A S. ayresii B S. congense
C S. crithmoides D S. crystallinum (now merged with S. crithmoides) E S. digynum F S. hydaspicum G S.
nyasicum H S. portulacastrum subsp. persoonii | S. portulacastrum subsp. portulacastrum ) S. sesuvioides
K S. verrucosum L schematic drawing of the seed structure. Scale bar: 25 pm. Abbreviations (image L):
AR seed aril; T testa; TE tegmen.
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ledon area, clearly distinguishes S. verrucosum from other taxa encountered in Africa.
This character is added to the diagnostic key as a taxonomically important trait. Apart
from S. verrucosum, this peculiarity is also observed in the North American annual S.
maritimum and South American S. parviflorum DC., a forgotten name of a species that
is often identified as S. portulacastrum or S. sessile Pers. (Sukhorukov et al., in prep.).
S. verrucosum and S. maritimum appear closely related to each other according to the
molecular data (Bohley et al. 2015). Other American species previously considered
within the genus Cypselea and recently transferred to Sesuvium based on the molecular
phylogeny (Bohley et al. 2017) — Sesuvium humifusum (Turpin) Bohley & G.Kadereit,
S. mezianum (K.Mill.) Bohley & G.Kadereit and S. rubriflorum (Urb.) Bohley &
G.Kadereit — have much smaller, reddish seeds with a thin seed coat (Sukhorukov,
pers. observ.). The seeds of these three species (-0.2 mm across) are amongst the small-
est in the large “Globular Inclusion” clade (core Caryophyllales: Cuénoud et al. 2002)
along with tiny seeds of some Molluginaceae (Sukhorukov et al., in press).

Many African taxa with an annual or perennial life history (S. congense, S.
crithmoides, S. crystallinum, S. digynum, S. sesuvioides) possess an indistinctly striate
seed surface (Figs 2 and 3; see also Sukhorukov et al. (2017)). Smooth seeds of Sesuvi-
um sesuvioides or indistinctly wrinkled seeds of S. digynum have relatively thin (20-30
pm) testa. However, thickness varies considerably in S. hydaspicum (from 20 to 50 um)
and especially in S. nyasicum (from 20 to 100 pm) due to the presence of protruding
“wrinkles” originating from the testa. The testa is thinner between the wrinkles and
much thicker in wrinkled areas.

Molecular phylogeny

Several new samples were added to the molecular phylogeny including S. nyasicum, S.
portulacastrum and the new subspecies S. portulacastrum subsp. persoonii. In both ITS
and chloroplast trees (Figs 5 and 6), as well as in the combined tree (Fig. 7), Sesuvium is
divided into two clades referred to as the “African” and the “American” lineages (Bohley
etal. 2015). Although the relationships within the “African lineage” are still not resolved,
this clade contains the species native to Africa. In contrast, the “American lineage” con-
sists of the species originating in America, including samples of S. porzulacastrum col-
lected in Asia and Africa. In all trees, Sesuvium portulacastrum is not monophyletic. The
African Sesuvium portulacastrum subsp. persoonii is nested within the “American lineage”
as a part of the Sesuvium portulacastrum complex, either as a sister lineage to S. portulac-
astrum (the sample from Grenada) in the chloroplast tree (Fig. 5) or amongst the Central
American samples of Sesuvium portulacastrum complex (Fig. 6). Due to its well-defined
distribution range, this new taxon with clearly petiolate, shorter and thicker leaves is con-
sidered here as a subspecies of S. portulacastrum. However, the taxonomic status of S. por-
tulacastrum subsp. persoonii needs further studies for the following reasons: (1) the lack of
material from the Indian subcontinent, especially S. repens Willd. and S. portulacastrum
(s.l.) from the Americas, Africa (e.g. S. ayresii) and Southeast Asia, precludes recognition
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of the exact relationships of all taxa within the large “American lineage” and (2) Sesuvium
portulacastrum is still considered a highly variable species distributed worldwide (Bohley
etal. 2017). However, some “strange” forms of this species in Asia (especially in the large
biogeographical region of Malesia) are present in the European herbaria in a very limited
quantity and were not included in the molecular analysis. The preliminary morphological
studies (Sukhorukov et al., in prep.) suggest that at least two species need to be reinstated
to species rank (S. parviflorum DC. and S. microphyllum Willd.) and some new taxa from
South and Central America are yet to be described.

Taxonomy of perennial Sesuvium in Africa

One American species (S. verrucosum) and one new subspecies (S. portulacastrum
subsp. persoonii) are added to the taxonomic list of Sesuvium in Africa. The authors
also propose to merge S. crystallinum with S. crithmoides. According to the latest in-
vestigations in Angola, S. sesuvioides previously considered as an annual species (e.g.
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Gongalves 1970, Sukhorukov et al. 2017) can be a facultatively short-lived perennial
herb. In total, six perennial species in Africa (S. ayresii, S. congense, S. crithmoides, S.
portulacastrum, S. verrucosum and the facultatively short-lived S. sesuvioides) and one
subspecies of S. portulacastrum mentioned above have been accepted.

Diagnostic key to perennial Sesuvium in Africa

1 Stems and leaves densely papillate (plants grayish); flowers sessile or with
short (up t0 3 mm) pedicels......oeoimeiririiniiiniicccc e 2
- Stems and leaves glabrous (younger leaves may be papillate); flower sessile or
pedicellate (pedicels up to 15 Mm) .c.ocvviriiiiiiiiiniiiincccces 4
2 Each flower surrounded by 4(—6) bracteoles...........cccevrueeeee S. crithmoides
Each flower with 2 bracteoles...........cccouviiiiiiinnieiiinicccieeceee 3
3 Old stems stout, hardened; leaves linear to lanceolate (lower leaves often spat-
ulate); perianth cup (concrescent part of the segments) roundish; aril tightly
adherent to the seed COat.....ccvvvuiiiiiiiiiiiicicc S. congense
- Old stems not hardened; leaves oblong; perianth cup turbinate; aril peeling off the
seed coat near the cotyledon area (appearing as a white fold) ........ S. verrucosum
4 Leaves up to 25(28) mm long; flowers sessile or shortly pedicellate (pedicels
UP €0 3.5 ML) vttt ettt ettt st sb e enea 5
Leaves usually longer; pedicels 7-12(20) mm long.........ccccoevviiiiiiinnnnne. 6
5 Perennial; leaves terete or semi-terete; flowers sessile or shortly pedicellate
(pedicels up to 3.5 mm), white or pink......c.ccccceeneiniinnicnicne S. ayresii

- Short-lived perennial or annual; leaves conduplicate; flowers sessile, mauve....
.................................................................................................. S. sesuvioides
6 Ramification not rampant; leaves clearly petiolate (petioles 5-10 mm long),
usually less than three times longer than wide (all blades including those of
upper leaves ovoid or oblong, 20—40 x 10—15 mm), and very fleshy (3-9 mm
thick) e S. portulacastrum subsp. persoonii
- Ramification rampant; leaves shortly petiolate (petioles up to 3 mm long),
more than three times longer than wide (all blades oblong-spatulate or oblan-
ceolate, 20—60 x 5-10(12) mm) and thinner (1.5—4 mMm) ......ccceovvveeeeinnnne
.................................................. S. portulacastrum subsp. portulacastrum

Synopsis of perennial Sesuvium in Africa
Sesuvium ayresii Marais, Kew. Bull. 32(2): 483 (1978)
Fig. 8

Holotype. MAURITIUS [main island], Fort William, Sep 1860, Ph.B. Ayres s.n.
(K000076290! iso — LE!).
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Figure 8. Sesuvium ayresii: A the only species growing on the islet (Ile aux Fous, Mauritius, 1 August
2007) B clumps on sandy beach (Ilot Gabriel, Mauritius, 6 August 2007) € an individual clump on
calcarenite (Ile de la Passe, Mauritius, 3 February 2007) D close-up of a flower (Rivulet Terre Rouge Bird

Sanctuary, Mauritius, 1 September 2017). Photographs by EB.V. Florens.

Description. The description of S. ayresii was provided by Marais (1978). The
most indicative characters of this species are small (up to 25-28 mm long, but usually
smaller) terete or semi-terete leaves and (sub)sessile flowers (see Marais 1978, Hart-
mann 2002). Additionally, Marais (1978) reported a smaller number of stamens (12—
20) that have never been observed in S. portulacastrum (stamens more than 30). The
smaller seed size (-1 mm) of S. ayresii compared with S. portulacastrum (Marais 1978)
seems to be an insignificant diagnostic trait. Leaf shape and leaf size are very variable,
sometimes within a given individual.

Ecology. Sesuvium ayresii usually grows on coral rocks, basalts or calcarenites
(Marais 1978), but it also can be encountered on sandy seashores, like many other
species of the genus. The records of Sesuvium from the calcarenite islets of Les Bénit-
iers (Johnston 1894) and Rochers des Oiseaux (Johnston 1895) probably belong to S.
ayresii. Sesuvium ayresii is reported as the only member of the genus in the Mascarenes
(Marais 1990).

Additional specimens examined (Fig. 14). MAURITIUS [main] Island: Gris
Gris, [no date, before 1932], Vaughan 653 (MAU 0017795); Rocky coast near
Riviére des Anguilles, 8 Dec 1962, Edgerley s.n. (MAU 0017801); Post Lafayette,
east coast, 11 Jan 1973, Lorence 189 (K, MO324309); estuary of Black River, 10 Sep
1981, L. Averyanov 446 (MHA); Mer Rouge, 13 Mar 2004, Pynee et al. s.n. (MAU
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0012461); Cap Malheureux, 26 Apr 2004, Pynee s.n. (MAU 0017803); Albion,
10 Nov 2011, Pynee s.n. (MAU 0009004); Rivulet Terre Rouge Bird Sanctuary, 01
Sep 2017, Baider CB 2729 & V. Florens (MAU 0023815); Mauritius [islets] Island:
Gunner’s Quoin or Quoin de Mire, 1871, Horne 129 (K); 06 Aug 2007, Baider
CB 677 & V. Florens (MAU 0023819); 07 Aug 2007, Baider CB 701A & V. Florens
(MAU 0023820); 07 Aug 2007, Baider CB 701B ¢ V. Florens (MAU 0023821); Ile
de la Passe, 26 Oct 1888, Johnston s.n. (E00651982); 29 Nov 2003, Baider CB 588
& V. Florens (MAU 0023826); Ile aux Fouquets, 4 Nov 1962, Rountree s.n. (MAU
0017798); Ilot Marianne, east coast, 13 May 1956, Vaughan s.n. (MAU 0017796);
18 Jan 1975, D. Lorence 1059 (K, MAU 0017800); 28 Nov 2007, Baider CB 551
¢ V. Florens (MAU 0023822); 31 Jul 2007, V. Florens s.n. (MAU 0023823); Ilot
Sancho, south coast, 15 Aug 1974, D. Lorence 943 (K, MAU 0017799); Ile D’Ambre,
21 Dec 2003, Baider CB 783A & V. Florens (MAU 0023827); 21 Dec 2003, Baider
CB 783B & V. Florens (MAU 0023828); Ilot Bernache, 21 Dec 2003, Baider CB
814 & V. Florens (MAU 0023829); Ilot Gabriel or Gabriel Islet, 20 Apr 2006, Pynee
s.n. (MAU 0017804, MAU 0017805), 06 Aug 2007, Baider CB 1942, V. Florens
& D. Hammond (MAU 0023825); Ile aux Fous, 01 Aug 2007, V. Florens & D.
Hammond s.n. (MAU 0023824); Rodrigues [main] Island: Plaine Coral, Jul 1970,
Cadet RO218/2604 (MAU 0017807); 1874, Bd{fom’ s.n. (E00651981, K); Rodrigues
[islets] Island: Frigate Island, Jan 1963, Staub s.n. (MAU 0017806); Ile Gombrani,
10 Jan 2004, Baider CB 932 ¢ V. Florens (MAU 0023817); Ile aux Crabes, 13 Jan
2004, Baider CB 1036 ¢ V. Florens (MAU 0023818); Ile aux Cocos, 15 Jan 2004, V/
Florens s.n. (MAU 0023816).

General distribution. Endemic to the Mascarenes.

Conservation status. The species should be considered Near Threatened (NT)
according to the IUCN red list criteria (IUCN 2017). This assessment is based on the
species’ EOO of 24,241 km?* and AOO of 68 km?; together with other factors includ-
ing the species’ habitat being restricted to seashores affected by salt spray, fragmenta-
tion of the populations and a high probability of losing sites in the near future due to
habitat transformation (construction of hotels, improvement of seashores by removal
of vegetation, dumping of refuse in the coastal belt), especially on mainland Mauritius.
Only a few of the populations are located in areas with some degree of protection such
as Nature Reserves or National Parks (one on Rodrigues; nine on Mauritius), most of
them being on small islets. Some records are over 50 years old and need to be updated
to determine any decline in its geographic distribution. Competition with invasive
alien plants seems not to be a serious problem for this species, although sea-level rise is
reducing the area of suitable habitat.

Sesuvium congense Welw. in Oliver, Fl. Trop. Afr. 2: 586 (1871)

Lectotype (Gongalves 1965): [ANGOLA, Bengo Province] Dist. Ambriz, Habit. freq.
[ent] in rupestribus et glareosis ad ostia flum. Ongo in Mossul [Ambriz Municipality,
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frequent in mountainous and gravelly places along the estuary of the river Ongo in
Mosul] fl. & fr. Nov 1853, Welwirsch 2382 (LISU214650 — photo! isolectotypes —
BM000839899!, BM001209754! K000076293! LE!, P04602200!)

Nomenclatural notes. A specimen in LISU has been wrongly stated to be the
holotype by Gongalves (1965) and then by Bohley et al. (2017). Indeed, the sheets of
S. congense with the same label and collection number are present in several herbaria,
as are many other specimens of Welwitsch’s material from Angola (Albuquerque et
al. 2009). No specimens and herbarium were cited in the protologue (Welwitsch in
Oliver 1871) except the location “Lower Guinea, Congo [Angola as a part of Kongo
Kingdom], Ambriz”. The lectotype selected here is in accordance with Art. 9.9 of ICN
(McNeill et al. 2012). The synonymisation of S. congense with S. portulacastrum (Ad-
amson 1962) is incorrect.

The epithet “congense” probably refers to the “Kingdom of Kongo”, a West Af-
rican kingdom that united the territories of northern Angola (incl. Bengo and Zaire
provinces) and the western part of DR Congo, as well as portions of Republic of
Congo and Gabon.

Description. The morphological description of the species is provided in Oliver
(1871), Gongalves (1970) and Bohley et al. (2017). This species is sometimes confused
with branched . sesuvioides (especially when the upper parts of the branches are col-
lected) with similar smooth seeds. In contrast to S. congense or related S. crithmoides,
S. sesuvioides is glabrous, with turbinate or balustriform flowers (without a rounded
perianth cup).

Additional specimens examined. ANGOLA: Benguela prov.: Lengue, 19 Dec
1932, Grossweiler 9715 (BM); 20 km W of Benguela, Baia Azul, 1 Apr 1973, P Bamps
& S. Martins 4372 (BR0O000013827366); 74 km S of Benguela along road to Cuio, 74
m alt., 25 Dec 2016, C. Klak 2557 (BOL); Namibe prov.: Maiombo river, Oct 1859,
Welwitsch 2395 (BM); Mossamedes [Namibe], valley of Rio Mukungo, Aug 1937,
H. Humbert 16407 (BM); Mossamedes [Namibe], Porto Alexandre, 26 May 1937,
AW, Exell ¢ EA. Mendonca 2294 (BM); Mossamedes [Namibe], Porto Alexandre,
Aug 1937, H. Humbert 16375 (BM); ca. 22 km NE of Namibe, 18 Jan 2009, Winzer
7683 (PRE); road to Baba from Lucira road, 23 Jan 2009, Winter 7779 (PRE); Na-
mibe, 9.7 km S of airport turn-off, 23 Jan 2009, Winter 7762 & 7766 (PRE); 27 km
E of Namibe, 252 m, 19 Dec 2016, C. Klak 2554 (BOL).

General distribution (Fig. 9). Coastal sandy areas in Angola, from Bengo to Na-
mibe provinces, recorded at altitudes between 74 and 252 m a.s.l. (Gongalves 1965).

Conservation status. Sesuvium congense has an estimated EOO of 54,340 km?
(which would place the species in LC) and AOO of 36 km? (which would place it
in EN). However, it is unknown if the species persists in some of these localities.
The size of its populations and their threats are little known, but the populations on
the seashore and near rivers are probably impacted by development and agriculture.
Therefore, the species, at this point in time, should be considered Data Deficient (DD)
according to the [IUCN Red List Criteria IUCN 2017).
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Figure 9. Distribution map of Sesuvium congense.

Sesuvium crithmoides Welw., Ann. Conselho Ultramar. ser. 1: 586 (1859)
Figs 10, 11

Lectotype (designated here by Sukhorukov). ANGOLA, distr. Loanda [Luanda],
in arenosis maritimis de Ilha de Loanda [on sandy seashores of Loanda Island], 12
Jun 1858, Welwitsch 2386 (BM000839897! specimen on the left; isolectotypes —
BMO001209752! BM001209753! K000076292! P04602195! COI00070549! [photo
seen], LISU031837! [photo seen]).

Note. Welwitsch collected this new species in 1854 and 1858 from several neigh-
bouring locations in Luanda Province. All examined sheets were labelled with the same
collector’s number (2386) and the location of the lectotype specimen is close to that
mentioned in the protologue (Barra do Dande settlement, ca. 30 km N of Luanda).
Surprisingly, none of the authentic specimens contained the name of Barra do Dande
(Welwitsch 1859) and the species itself was not mentioned in a subsequent treatment
of the genus (Welwitsch in Oliver 1871).
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Figure 10. General view of Sesuvium crithmoides (incl. S. crystallinum) on the dunes of Rio dos Flamingos,
Angola. Photographs by C. Klak and PV. Bruyns (December 2016).

Figure 1 1. Parts of the plant of Sesuvium crithmoides: A reproductive shoots B close-up view of flowers.
Photographs by C. Klak and PV. Bruyns (at the mouth of Rio dos Flamingos, south of Namibe, Angola,
December 2016).

—Sesuvium mesembryanthemoides Welw., Ann. Conselho Ultramar. ser. 1: 557
(1859), nomen nudum

Note. Welwitsch (1859) mentioned the name Sesuwvium mesembryanthemoides (nomen
nudum) for the first time, but did not describe the plant morphologically (“Uma nitida
espécie de Sesuvium” [a distinct species of Sesuvium]). He probably supposed that it
was conspecific with S. crithmoides, which was described in the same article (Welwitsch
1859). As mentioned above, all sheets of S. crithmoides and S. mesembryanthemoides
(nomen), collected by Welwitsch, have the same collection number (2386).
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=Sesuvium mesembryanthemoides Wawra in Wawra & Peyr., Sitzungsber. Acad.

Wien, Math.-Nat. 38: 564 (1860).

Lectotype (designated here by Sukhorukov). [ANGOLA] Benguela, Dr Wawra 210 (LE!).

Note. Interestingly, Wawra collected the same species in Angola independently
from Welwitsch and used the same epithet “mesembryanthemoides” for his new Sesu-
vium. Unfortunately, the original sheets of S. mesembryanthemoides Wawra cited in the
protologue (“in littore maris prope Benguelam, Wawra 210”: Wawra and Peyritsch
1860) were destroyed in B, W or WU (Bohley et al. 2017; Johannes Walter, pers.
comm.). Wawra and Peyritsch (1860) reported the presence of four to six bracteoles
in the flowers of S. mesembryanthemoides and it therefore evidently differs from S. con-
gense (with similar narrow leaves), which has flowers with two bracteoles only. Bohley
et al. (2017) have designated the lectotype of S. mesembryanthemoides Wawra in the
herbarium LISU (with isolectotypes in BM, BR, C, COI, K, LE) based on Welwitsch’s
specimens (“Mossamedes [Namibe], seashore, 1 Jul 1859, Welwitsch 23897). However,
the material collected by Welwitsch in Namibe province of Angola is not mentioned
in the protologue of S. mesembryanthemoides Wawra and does not belong to the origi-
nal material. Therefore, this lectotypification cannot be accepted. A lectotype using a
Wawra’s specimen (syntype) seen in LE has been selected.

=Sesuvium crystallinum Welw. in Oliver, Fl. Trop. Afr. 2: 586 (1871).

Lectotype (designated here by Sukhorukov): [ANGOLA] Mossamedes [Namibe],
hab.[itat] in arenosis maritimis pr.[ope] Mossamedes [on sandy seashores near Mos-
samedes], Jul 1859, Welwitsch 2389 (BM000839898! isolectotypes — C, COI, G! K!
LE! LISU).

Two locations (“Mossamedes” and “Benguela”) were indicated in the protologue.
The lectotype of Sesuvium crystallinum is selected here from the specimens collected by
Welwitsch with the number 2389 which were located in different herbaria including
LISU (“holotype” in Bohley et al. (2017); not correctable to “lectotype” under Art. 7.10).

Taxonomic and nomenclatural notes. The type material of S. crithmoides com-
prises the plant fragments with narrow (linear or lanceolate) leaves reaching 8 cm in
length. The leaf length and shape is a single character used for its delimitation from the
closely related S. crystallinum (Gongalves 1970) and S. mesembryanthemoides Wawra
(Bohley et al. 2017). Both species are considered to have shorter (up to 5 cm) and
broader leaves. However, the authentic material and protologue of S. mesembryan-
themoides clearly state that this plant was described as a remarkable species with subtri-
quetrous-terete (narrow) leaves (Wawra in Wawra and Peyritsch 1860). Therefore, the
use of S. mesembryanthemoides as a priority name against S. crystallinum (Hartmann
2002, Figueiredo and Smith 2008, Bohley et al. 2017) with broader and shorter leaves
cannot be accepted. In all characters, including leaf length and shape, S. crithmoides
and S. mesembryanthemoides are clearly conspecific.
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The authors propose to merge the broad-leaved individuals (S. cryszallinum) with
S. crithmoides for the first time. Observations by the authors in Angola (C. Klak and
P. Bruyns) did not confirm the separate existence of “short-leaved” or “long-leaved”
plants. Other morphological and carpological characters are the same in both S.
crithmoides and S. crystallinum. Only S. crithmoides (Winter 7786 (PRE) from Baba,
Angola) was included in the molecular analysis (Bohley et al. 2017).

Sesuvium crithmoides was considered as an endemic to Angola, although with pos-
sible records in coastal areas of the DR Congo (Bohley et al. 2017). One collection
of S. crithmoides from the DR Congo (see also Hauman 1951, sub S. mesembryan-
themoides) has been found and was also identified for the Republic of Congo for the
first time (previously wrongly labelled as Sesuvium portulacastrum). All specimens seen
from the Republic of Congo or the DR Congo have long and narrow leaves.

Additional specimens examined. ANGOLA: Benguela prov.: Benguela, [with-
out date] H. Vanderyst 13141 (BR0000013827410); near Benguela, Lobito Bay, 1
Sep 1906, H. Bolus 12453 (BOL); S of Benguela, seashore at Cuio village, 25 Dec
2016, C. Klak 2558 (BOL); Cabinda prov: Landana, 9 Aug 1895, A. Dewevre 231
(BR0000013827380), Landana, 15 Aug 1913, Bequaert 616 (BR000000871151);
Cabinda, Sumba village, 30 Nov 1957, Lebrun 11195 (BR0000013827441; K); Cuan-
za Sul prov.: Praia de Sousa, 11°36'S 13°47'E, 3 Feb 1975, J.D. Ward 82 (K, WIND);
Luanda prov.: Luanda, Welwitsch 2380 (LE), the same place, 13 Sep 1955, /. Leb-
run 10905 (BR0O000013827403); Namibe prov.: Cabo Negro, Sep 1859, Welwitsch
2387 (BM); Cabo Negro, Aug 1937, H. Humbert 16391 (BM); the same place, 15 Apr
1973, R Bamps et al. 4519 (BR0000013827465); Mossamedes [Namibe city], 1937,
LW, Carrisso and E Sousa 218 (BM); Mossamedes, 21 Sep 1955, J. Lebrun 10926
(BR0000013827472); Baba, 23 Jan 2009, 2/.D. Winter 7786 (LUBA, PRE); seashore
at mouth of Rio dos Flamingos, 17 Dec 2016, C. Klak 2551 (BOL); DEMOCRAT-
IC REPUBLIC OF CONGO: Kongo Central prov.: Banana, [without date] Gillet
s.n. (BRO000013827434); [Nature Reserve] Luki-Mayumbe, 1959, Flamigni 10773
(BR0000013827427); REPUBLIC OF CONGO (new records): Kouilou, 5 Sep 1962,
L. Makany 63 (P04602222); Djeno Region [Pointe-Noire], 26 Jan 1966, C. Farron 4795
(P04602197 & P04602199); Pointe-Noire, Dec 1958, J. Koechlin 5528 (P04602193).

General distribution (Fig. 12). Angola, Democratic Republic of Congo, Republic
of Congo. Sesuvium crithmoides has been introduced to USA (Georgia, Glynn county,
Brunswick, on ballast, 15 Aug 1902, R M. Harper 1524 (BM!); see also Small (1933)),
probably as casual and not naturalised species (Ferren 2003). The specimen seen also
has long and narrow leaves.

Conservation status. Sesuvium crithmoides has an estimated EOO of 177,271
km? and AOO of 56 km?. It was found to be common in two localities in Angola (C.
Klak 2551 & 2558), where it grows within 50 metres of the sea. Sources of disturbance
include vehicles driven along the beach, which was observed near Namibe city. How-
ever, vehicles are even now rather few in Angola and much of the southern, very arid
Angolan coastline is still relatively pristine. Due to its large EOO and low threat level,
the authors therefore recommend this species to be classified as Least Concern (LC)
according to the [IUCN Red List Criteria IUCN 2017).
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Figure 12. Distribution map of Sesuvium crithmoides.

Sesuvium portulacastrum (L.) L., Syst. Nat., ed. 10(2): 1058 (1759).

=Portulaca portulacastrum L., Sp. P. 1: 446 (1753).

Lectotype (Wijnands 1983). Hermann (1698), Icon. 212 [112, a typographic error],

as “Portulaca corassavica ...”.
Two subspecies of S. portulacastrum growing in Africa have been accepted.

Sesuvium portulacastrum subsp. portulacastrum
Fig. 13

=Sesuvium brevifolium Schumach. & Thonn. in Schumacher, Beskr. Guin. PL.: 233 (1827).

Lectotype (designated here by Sukhorukov): Danish Gold Coast, Guinea [probably
SE Ghanal, PE. Isert s.n. (C10004542! [photo seen]).
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Figure 13. Parts of the plant of Sesuvium portulacastrum subsp. portulacastrum: A vegetative shoots B re-

productive shoots. Photographs by M. Salas-Pascual (Gran Canaria, Canary Islands, Spain, July 2017).

The lectotype is chosen due to inclusion of two elements in the protologue (Schu-
macher 1827), a specimen cited and a drawing (Table 216, Fig. 1).

Taxonomic notes. The autonymous subspecies is of American origin and is known
in many parts of tropical Africa and other continents, especially in regions with a
hot and humid climate. According to the lectotypification undertaken by Wijnands
(1983), the “true” S. portulacastrum is present in Central America (including the Car-
ibbean Islands). The following characters distinguish this subspecies: rampant ramifi-
cation, glabrous stems and adult leaves with mamillate epidermis, petioles up to 3 mm,
oblong-spatulate leaves of 20-60 x 5-10(12) mm and 1.5-4 mm thick, conspicuous
(7-12 mm) pedicels, flowers 10—15 mm in diameter and slightly elongated seeds. This
description makes sense, because the species is non-uniform in its morphological char-
acters (e.g. leaf length, presence of papillae on stems and leaves, seed ornamentation)
and is corroborated by the molecular phylogeny (Bohley et al. 2017). Although S.
portulacastrum is considered to have numerous synonyms (Bohley et al. 2017), at least
some of them need further studies due to the presence of morphological differences,
e.g. S. microphyllum Willd. (Caribbean Islands), S. sessile Pers. (South America?) or
populations growing in Southeast Asia. In addition, Sesuwvium is represented in Central
America by at least six taxa (Sukhorukov et al., in prep.) and two of them have to be
described as new species.

From humid coastal parts of West Africa, only one perennial species was described,
S. brevifolium Schumach. & Thonn. (Schumacher 1827). This species has spatulate or
oblong leaves with very short petioles, the characters being typical of Sesuvium por-
tulacastrum. For this reason, S. brevifolium is merged with S. portulacastrum subsp.
portulacastrum, this being in agreement with other accounts (Hooker 1849, Welwitsch
in Oliver 1871, Bohley et al. 2017).

The autonymous subspecies of S. portulacastrum is distributed along the sea shores
of many parts of tropical and subtropical Africa (Exell 1944, Jeffrey 1961, Gongalves
1979, Gilbert 1993, Friedmann 1994, Sosef et al. 2006, Lisowski 2009, Acebes-Gi-
novés et al. 2010) and it seems to be present in almost all regions of Africa except
South Africa. The causes of such invasion to seashore communities in Africa or in other
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regions of the Old World are not clear. It can be partially explained by the cultivation
of S. portulacastrum in some areas for ornamental purposes, but mostly by transporta-
tion of its seeds in the sand ballast of ships sailing between America and other parts
of the world in the 15"-17" centuries. The examination of the herbarium specimens
indicates that S. portulacastrum was sometimes collected in the same places as native
Sesuvium (S. congense or S. crithmoides), e.g. on seashores of Kongo-Central province
(DR Congo) and Angola.

Additional specimens examined. ANGOLA: Luanda, Praia do Bispo, Dec 1858,
Welwitsch 2385 (BM); [Bengo prov.] Ambriz, [no date] Welwitsch 2383 (K); [Bengo
prov.] Dande River, 17 Sep 1955, J. Lebrun 10908 (BR0000013828103); Mossamedes
[Namibe], 10 Jan 1956, E.J. Mendes 1250 (BM); [Namibe prov.] Cabo Negro, 15 Apr
1973, P Bamps et al. 4522 (BR0000013828097, K, LE); Kwanza Sul prov., 10°51'S
13°48'E, 2 Feb 1975, C.J. Ward and ].D. Ward 68 (K); BENIN: Cotonou beach,
22 Mar 1970, L.A. Assi 11134 (G); DEMOCRATIC REPUBLIC OF CONGO:
[Kongo Central prov.] Banana, 16 Jul 1915, Bequaert 8014 (BR0000013828165);
Bula-Bemba, 2 Sep 1958, /. Wagemans 1982 (BR0000013828172); GABON: Es-
tuaire prov., 22 Feb 1985, A.M. Louis 1728 (BR0000013828028); GHANA: Se-
kondi, 3 Oct 1925, H. Howes 980 (K); nr Tema harbor, 20 Sep 1960, /.O. An-
krah 20547 (K); Accra, 12 Aug 1958, J. Lebrun 11334 (BR0000013828042);
Greater Accra Region, Ambassador Beach, 26 Feb 1977, A.J. M. Leeuwenberg 11123
(BR0000013828035); GUINEA: Conakry, Aug 1954, H. Jacques 7002 (LE); [Boké
Region] Boffa pref., Bel-Air, 5 Feb 1979, S. Lisowski 51828 (BR0000013827567);
GLORIOSO ISLANDS: Iles aux Crabes (C. Fontaine, obs.; image seen!); KENYA:
Kilifi distr., Malindi, 3 Dec 1961, R. Polpill and S. Paulo 895 (BR0000013828059,
K, P04602215); Mikindani distr., Mtwara, 12 Mar 1963, H.M. Richards 17861 (K);
Mombasa, 13 Dec 1969, Bally 13736 (G); Tana River distr., Tana delta, Shekiko
Camp, 25 Apr 1990, S.A. Robertson 6121 (K); MADAGASCAR: [no exact loca-
tion and date] herb. Petit-Thouars s.n. (P04600013); MOROCCO: Skhirat, 10 Jun
1937, J. Gattefosse 138 (G, P05196618); MOZAMBIQUE (selected specimens): De-
lagoa [Maputo] Bay, 1890, H. Junod 258 (G); Komati river, 15 Jul 1922, C.E. Moss
7040 (BM); Lorenco Marques, 31 Aug 1959, R. Watmaugh 313 (M); Maputo, 3
Jun 1970, M.E Correla and A. Marques 1630 (E00651988); Sofala province, Beira,
26 Feb 1972, M.E Correla and A. Marques 2812 (M); Maputo, 8 Mar 1979, RA.
Schifer 6707 (K); Inhambane prov., Massinga, Pomene, 20 Jun 1980, /. de Koning
8197 (WAG1408388); Maganja da Costa, Praia Maraga, 15 Nov 1996, A.R. Torre
and M.E Correia 14693 (BR0000013828134, M); [Massinga distr.] Pomene, 24
Sep 1980, PC.M. Jansen 7521 (BR0O000013828110); SAO TOME & PRINCIPE:
Sao Tomé [Island], Apr 1916, A. Cortesio s.n. (BM); SENEGAL: [Oussouye Dept.]
Basse Casamance National Park, Kabrousse, 22 Dec 1976, C. Van den Berghen 1582
(BR0000013827519); [Cap Vert Peninsula] Lake Retba, 20 Dec 1984, D. Thoen
7367 (BR0000013827526); SEYCHELLES: Aldabra Island, 26 Feb 1968, ER. Fos-
berg 49547 (L1693568); Aldabra, South Island, Grand Cavalier, 11 May 1972, D.
Wood 1686 (E00651983); Farquhar Group, Farquhar Island, 2 Feb 1972, Frazier
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Figure 14. Distribution map of Sesuvium ayresii (stars) and S. portulacastrum subsp. portulacastrum
(circles, mapped only for Africa).

121 (K); Farquhar Group, St Pierre Island, 4 Oct 1941, PO. Wiehe 1681 (MAU
0023813, MAU 0023814); SIERRA-LEONE: Samu chiefdom, 22 Mar 1930, R.R.
Glanville 251 (BM, K); SOMALIA: Kodei village, 1°1'S 41°58'E, 29 Jun 1983, /.B.
Gillett et al. 5116 (K); SPAIN: Canary Islands (selected specimens): Lanzarote, Playa
Honda, 24 Mar 2011, E Verloove 9276 (BR); La Laja beach, Las Palmas de Gran
Canaria, 28°03'38.70"N, 15°25'12.28"W, 31 Jul 2017, M. Salas-Pascual s.n. IMW);
Beach of El Aguila, San Bartolomé de Tirajana, 27°46'38.80"N, 15°31'38.50"W;, 31
Jul 2017, M. Salas-Pascual s.n. (MW); El Veril beach, San Bartolomé de Tirajana,
27°45'36.78"N, 15°33'50.77"W, 31 Jul 2017, M. Salas-Pascual s.n. (BR, MW);
Edge of the Charca de Maspalomas, San Bartolomé de Tirajana, 27°44'24.96"N,
15°35'43.79"W, 31 Jul 2017, M. Salas-Pascual s.n. (MW); TANZANIA: Tanga, Tan-
ga Bay, 4 Nov 1929, Greenway 1853 (K); Zanzibar, Marahubi Beach, 22 Apr 1961,
H. Faulfner 2814 (BR0000013828073); Dar es Salam, 26 Aug 1968, M. Batty 284
(K); TUNISIA: pers. comm. R. El Mokni (photo!).

General distribution. The subspecies seems to be widely distributed on the sea-
shores of the tropics, but some populations from tropical America and SE Asia are
distinct in their morphological characters. The distribution of Sesuvium portulacastrum
subsp. portulacastrum in Africa is presented in Fig. 14.
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Sesuvium portulacastrum subsp. persoonii Sukhor., subsp. nov.

urn:lsid:ipni.org:names:77174974-1

Sesuvium pedunculatum sensu Sieber (in herb.) non Pers.

Diagnosis. Differs from the autonymous subspecies by the absence of rampant ramifi-
cation, clearly petiolate leaves (petioles 5-10 mm long) that are usually less than three
times as long as wide (all blades including those of upper leaves ovoid or oblong, 2040
x 10-15 mm) and 3-9 mm thick.

Holotype. Republic of Cape Verde, Sal Island, 2 km W of Santa Maria town,
16.590246, -22.924272, sandy depressions near the sea, 30 Aug 2015, A.R2 Sukhoru-
kov 59 (MW0595660! iso — BR, G, K).

Description. Sprawling glabrous perennial herb (the shoots are often partially
buried by sand and appear to be separate plants) with ramification not rampant; stems
rooted or not, roundish, greenish or more often red (Fig. 15A, B), 3-5 mm in diam-
eter, ascendent (not creeping); leaves opposite, petiolate; petioles 5-10 mm, reddish
or green, broadened basally, leaf blades oblong, 20-40 mm long (the leaves on the
shortened shoots are smaller), 10—15 mm wide, 3-9 mm thick, entire, green or reddish
(Fig. 15C); flowers solitary in the leaf axils (each node bears one flower from one of the
opposite leaves), ~10 mm in diameter, with two hyaline glabrous bracteoles; pedicels
3—5 mm, accrescent at fruiting stage up to 10(15-20) mm long; perianth bifid, apically
acutish, green abaxially and pink adaxially (Fig. 15D), without prominent red glands
at the tip of the segments; stamens ~50, pink, slightly shorter than perianth, filaments
5 mm long, anthers 0.4-0.6 mm long; ovary turbinate, with (2)3—4 stigmas; seeds
~20, black, roundish, -1 mm across, completely covered with a funicular aril; seed
surface smooth or slightly uneven.

Etymology. The subspecies is named after Christiaan Hendrik Persoon (1761-18306),
botanist and mycologist, who described several Sesuvium species.

Ecology. Sandy beaches near the sea and seasonally flooded, saline plains on the
landward side of the coastal dune belt.

Flowering and fruiting. All year round, but most abundantly from September to
May (at least in the Cape Verde Islands).

Taxonomic and nomenclatural notes. Franz Wilhelm Sieber labelled his Sesu-
vium collections from Senegal as S. pedunculatum Pers. The use of this name for the
African material is very confusing but explained here.

The name was published by Persoon (1806), who provided a very short diagnosis
mentioning pedicellate flowers (not petiolate leaves!) and noted that the species origi-
nates from India. It is assumed that Persoon probably did not see the plant in the wild.
A specimen was found in the De Candolle herbarium (G-DC) that contains three
fragments of different origin: two fragments of S. portulacastrum from the Caribbean
and one fragment of Sieber’s collection from Senegal (1825) named S. pedunculatum.
However, the material kept at G-DC is not a type of S. pedunculatum, but only one of
the duplicates sent by Sieber to different herbaria.
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Figure 15. Sesuvium portulacastrum subsp. persoonii: A general view of the plant (of red colour) in saline

depressions near the seashore, together with the subshrub Arthrocaulon franzii B S. portulacastrum subsp.
persoonii on the seashore dunes € closer look at an individual D close-up of the flower. Photographs by
A. Sukhorukov (A-C Sal Island, Cape Verde, August 2015) and A. Konstantinova (D Sal Island, Cape
Verde, January 2016).

In Leiden (L), where the largest collection of Persoon’s types is deposited, one sheet
with two different plant fragments and without any information about their locality
(L1693369) was found with the label “Sesuvium peduncularum Lam.” (!) (Fig. 16).
Lamarck’s authorship of this species is clearly wrong (see Lamarck 1817: 141). The
plant fragment on the left side of the herbarium sheet shows typical characteristics of
the leaf shape found in S. portulacastrum subsp. persoonii, but it is named by Ch. H.
Persoon as S. portulacastrum. The right fragment on the sheet belongs to the autony-
mous subspecies of S. portulacastrum. According to Persoon’s identification, his new
species (S. pedunculatum Pers.) is indeed a synonym of the typical S. portulacastrum
that has been recorded in India at least since the 17* century, probably as an alien
species (BM, K and L). Sesuvium pedunculatum was treated as a variety under S. por-
tulacastrum (as S. portulacastrum var. pedunculatum) by Cambessedes (in Saint-Hilaire
1829), who described this variety from temperate South America (!) as “les fleurs sont
un peu plus grandes, et portées sur des pédoncules longs de deux a trois lignes” [the
flowers are slightly larger, with the pedicels two to three lines long]. Furthermore, the
synonymisation of S. pedunculatum and S. portulacastrum is confirmed by reference
of Persoon (Persoon 1806) to the very clear drawing in Lamarck (1793) showing the
shoot, flowers and fruits of typical S. portulacastrum. This image in Lamarck (1793)
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Figure 16. A specimen kept in Leiden (L1693369) and probably seen by Persoon, containing both
Sesuvium portulacastrum subsp. portulacastrum (right) and S. portulacastrum subsp. persoonii (left) from
different locations (America and West Africa, respectively).
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was chosen as the lectotype of S. pedunculatum by Hartmann (2002) and it is treated
by her as a synonym of S. portulacastrum. Her opinion was accepted by Bohley et al.
(2017). The authors also agree with Hartmann (2002) and Bohley et al. (2017) about
the merger of S. pedunculatum with S. portulacastrum [subsp. portulacastrum).

Sesuvium portulacastrum subsp. persoonii is morphologically similar to S. repens
Willd., a species found in coastal areas of the Indian subcontinent (E! G! K!). Both
species possess distinctly petiolate leaves, but the latter species has much smaller (usu-
ally up to 20 mm long) leaves and shortly pedicellate flowers (pedicels at fruiting stage
up to 6 mm long). Sesuvium portulacastrum always has tapered leaves with indistinct
petioles up to 3 mm long. Additionally, the leaf thickness in S. portulacastrum subsp.
persoonii varies from 3 to 9 mm and the leaves are especially thick (terete, almost
roundish) in plants growing in saline depressions. In contrast to that, S. portulacas-
trum subsp. portulacastrum plants seen in the wild or in cultivation possess thinner
(1.5-4 mm) leaves, in accordance with previous measurements (Bohley et al. 2017).
Besides, plants with clearly petiolate leaves (S. repens and S. portulacastrum subsp. per-
soonii) have never been found in the Americas.

Additional specimens examined (Fig. 17). CAPE VERDE: Sio Nicolau Island,
Praia Branca, 1851, C. Bolle s.n. (E00651990); Sal Island, Santa Maria, 19 Oct 1934,
M. Dinklage 3192 (BM, BR0000013828158); Sal Island, 1934, A. Chevalier 44288
(P04602231); Boa Vista Island, Santa Monica beach, 15.981955, -22.831910, 10
Jan 2016, A. Sukhorukov s.n. (MW); GAMBIA: [Upper River Region] Keneba, Sep
1952, D.S. Bertram s.n. (K); GUINEA-BISSAU: Cacheu Region, S. Domingos sector,
Candemba, 15 Apr 1997, M.A. Diniz & A.E. Gongalves 1777 (K); MAURITANIA:
[Dakhlet Nouadhibou Region] Cape Arguin, Dalmas, 5 May 1895, herb. E. Drake 6
(P04602228); Cansado, 1901, A. Gruwvel s.n. (P04602226); Port Etienne [Nouadhi-
bou], 12 Apr 1908, anonym s.n. (P04602227); SENEGAL: [without exact location]
1825, Sieber 19 (E000651984; G00660404; K; LE; M; P05196607); [without exact
location and year] Sieber 112 (LE); [without exact location] 1859, Perroter 366 (G); St.
Louis, 1902, A. Chevalier 3469 (P04602206); Dakar, Hann beach, common, 23 May
1947, .1 Baldwin 5754 (K); St. Louis, 23 Jul 1960, J.D. Kesby 20 (K); St. Louis, 14
Nov 1984, P Bamps 7642 (BR0000013827533); Poumekhor, saline depression, com-
mon, 2 Feb 1966, /. Audru 3200 (P04602214); Joal-Fadiouth, 25 Jun 1973, P Geissler
6538 (G).

General distribution. The authors are still not sure whether this overlooked sub-
species is native to West Africa. Plants with such habit are known from the seashores
near Chennai, India (Anand Kumar, pers. comm., with an image sent to AS), but are
not represented in any herbaria. One sheet from “Peninsula Indiae Orientalis” (herb.
Wight 963, 1.1693577) corresponds to the African specimens of S. portulacastrum sub-
sp. persoonii (labelled as “S. portulacastrum var”) in leaf shape.

Reports of the occurrence and frequency of S. portulacastrum subsp. persoonii in
West Africa until the early 20 century are inconsistent. The first reference for West
Africa originates from Forster (1789, sub S. portulacastrum) who cited it for San-
tiago Island (Cape Verde Archipelago). Schmidt (1852) thought that this record was
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Figure 17. Distribution map of Sesuvium portulacastrum subsp. persoonii (circles) and S. verrucosum
(stars).

doubtful, because this plant was not mentioned by other travellers. However, Hooker
(1849) reported Sesuvium as a common plant on seashores of the adjacent Senegal.
EW. Sieber was the first to collect the specimens of S. portulacastrum subsp. persoonii
(collections from Senegal in early 19" century, identified as S. pedunculatum). Other
specimens, named as S. portulacastrum and collected in mid-19* century in Cape
Verde (Sao Nicolau Island) and Senegal (without exact location), are stored in the
herbaria E and G, respectively. Sesuvium portulacastrum subsp. persoonii (under the
names S. pedunculatum or S. portulacastrum) had not been reported amongst the most
common plants in the checklists for West African plants until the early 20" century
(e.g. Engler 1910). Chevalier (1920) cited Sesuvium portulacastrum subsp. persoonii
(sub S. portulacastrum) for West Africa (Mauritania and Senegal), with subsequent re-
cords for Santiago and Sal Islands (Cape Verde), where it grows spontaneously on the
seashores and in saline depressions (Chevalier 1935). M. Dinklage (collections from
1934, kept at BM!) noted the common and abundant Sesuvium populations on sandy
beaches in Santa Maria village (Sal Island, Cape Verde). Recently, S. portulacastrum
subsp. persoonii has been reported for several islands of Cape Verde Archipelago: Boa
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Vista, Mayo, Sal, Santiago and Sao Vicente (Gilli 1976, Gongalves 1995, Arechavale-
ta et al. 2005, all as S. portulacastrum).

All populations of perennial Sesuvium seen by the first author (AS) in Cape Verde
belong to S. portulacastrum subsp. persoonii. It is common at least in the southern
part of Sal Island on the sandy beaches and seasonally flooded saline depressions by
the seashores near Santa Maria and in pristine landscapes in Boa Vista (e.g., Santa
Monica beach in the southern part of the island). In Sal Island, S. porzulacastrum
subsp. persoonii is often a characteristic species of such habitats together with other
dominant plants of coastal communities, such as Arthrocaulon franzii (Sukhor.) Pi-
irainen & G.Kadereit (EArthrocnemum franzii Sukhor.), Suaeda vermiculata Forssk.
ex J.EGmel., Tetraena fontanesii (Webb & Berthel.) Beier & Thulin (=Zygophyllum
fontanesii Webb & Berthel.) and Cistanche phelipaea (L.) Cout. Based on the specimens
seen, it is concluded that Sesuvium portulacastrum subsp. persoonii is present on the
seashores and saline depressions in (semi)arid territories of West Africa (Cape Verde,
Gambia, Guinea-Bissau, Mauritania and Senegal) as a geographically separated form
of S. portulacastrum.

Conservation status. Sesuvium portulacastrum subsp. persoonii is common on
sandy inland plains on Sal and Boa Vista islands (Cape Verde). Herbarium labels refer
to it as a very characteristic plant of seashore communities in Senegal. Currently the
construction of new buildings close to the coast is drastically damaging the natural
landscapes, especially on Cape Verde Archipelago (Romeiras et al. 2016, Sukhorukov
and Nilova 2016) and may negatively affect the number of populations. However, at
present, as there is doubt about the origin of this new subspecies (if it is native to the
region), it should not be assessed for the IUCN Red List until more data is available.

Sesuvium sesuvioides (Fenzl) Verdc., Kew Bull. 12(2): 349 (1957)
Fig. 18

=Diplochonium sesuvioides Fenzl in Endl., Nov. Stirp. Dec.: 58 (1839).
Lectotype (Sukhorukov & al. 2017): [S Africa, in rupestribus ad Garipum fluvium
lateris coloniae occidentalis, alt. 500 ft., without date] [on the rocks near Gariep
[Orange] river close to the west of the colony] Drége 2938 (K000076286!; iso — LE!);
=Halimus sesuvioides (Fenzl) Kuntze, Revis. Gen. Pl. 1: 263 (1891) as “Halimum
sesuvioides” .

Description. The differences between S. sesuvioides and related annual African taxa
were provided in Sukhorukov et al. (2017). Here, it is noted that S. sesuvioides is a fac-
ultatively perennial herb and, for that reason, it is also included in the list of perennial
species (as in Bohley et al. 2017).

General distribution. The distribution of S. sesuvioides was mapped in Sukho-
rukov et al. (2017), but the presence of this species was erroneously indicated in the
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eastern part of South Africa, due to a misapplication of the name “Kleinfontein”. The
record from Kleinfontein (24 Oct 1922, Dinter 4151, BM!) indeed belongs to the
small village located south of Maltahéhe (Hardap Region, Namibia) and not to the
village in Gauteng province (South Africa) mentioned by Sukhorukov et al. (2017).
The authors came to this conclusion after tracing the journeys of Kurt Moritz Dinter,
who only visited Namibia (it was known at the time as “South-West Africa”: Glen and
Germishuizen 2010). Likewise, the lectotype specimen was not collected at Garpia
river near Swellendam, Western Cape (as indicated in Sukhorukov et al. (2017)), but
on the banks of the Orange River (or Gariep River, spelled by Drege as “Garip”), where
S. sesuvioides is frequently found. Therefore the records of S. sesuvioides from Gauteng
and the Western Cape provinces (Sukhorukov et al. 2017) are erroneous. In South
Africa, the distribution pattern of S. sesuvioides is restricted to the Richtersveld and the
lower Orange River valley (Northern Cape province). Records in Namibia and Angola
are from the Namib desert (Sukhorukov et al. 2017, see also Fig. 19).

Sesuvium sesuvioides has a large geographical distribution with an estimated EOO of
501,893 km?, but its AOO is only 60 km? (which would place it in EN). Many localities,
especially in Namibia, are in desert areas and are presumably under little threat. Some
populations collected in the past are likely to be in protected areas today. However, the
current size of the populations is unknown. Therefore, the species should be considered
as Data Deficient (DD) according to the IUCN Red List Criteria IUCN 2017).
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Figure 19. Distribution map of Sesuvium sesuvioides.

Sesuvium verrucosum Raf., New Fl. [Rafinesque] 4: 16 (1836).

Neotype (Bohley et al. 2017). [USA] “Salt River”, leg. Nuzz.[all] (P00680440!); epi-
type (“A.C. Sanders 23186”, BRIT, n.v.)

Nomenclatural notes. It is still doubted whether Sesuvium verrucosum (Rafin-
esque 1836) is the oldest name for this taxon. Three older names—Sesuvium revolutifo-
lium Ortega from Cuba (Ortega 1797), S. revolutum Pers. and S. sessile Pers. (Persoon
1806), both of unknown origin—may be conspecific with S. verrucosum. However, the
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description of both S. revolutum and S. sessile is very short and poor and no original
material could be traced. The protologue of S. revolutifolium completely matches the
habit of S. verrucosum, but it is not sure whether the plants from North America are
identical to those from Cuba. Sesuvium revolutifolium, S. sessile and S. revolutum have
been synonymised with S. portulacastrum by Bohley et al. (2017), but the nomencla-
ture of all three species needs further study.

Description. The most indicative characters of this species are: 1) perennial life
history, 2) presence of abundant papillaec on stems and leaves, 3) sessile turbinate flow-
er buds and capsules and 4) clearly expressed detachments of the aril from the seed
coat. Usually, the stems are rooting; however Ferren (2003) and Baldwin et al. (2012)
described S. verrucosum as a non-rooting plant (probably applicable to younger plants,
as observed in the specimen from Cape Verde listed below). For detailed morphologi-
cal description, see Fadaie et al. (2006) and Bohley et al. (2017).

Examined specimens. CAPE VERDE: Sao Vicente Island, near Baia das Ga-
tas, 6 Sep 1986, WE Prud’homme van Reine SV3 (L1693699); SPAIN (CANARY
ISLANDS): Gran Canaria (selected specimens): San Bartolomé de Tirajana, Cauce
del Barranco del Toro, Junto a la depuradora, 11 Dec 2003, B. Navarro, J. Naranjo, B.
Vilches, 1. Santana, M. Soto, O. Saturno s.n. (LPA20044; sub S. portulacastrum); San
Agustin, Barranco del Toro near the beach, dry riverbed and beach, very common, 30
Mar 2017, E Verloove 12825 (BR, LPA, MW).

General distribution. Sesuvium verrucosum is widely distributed in North Mexico
and the southern part of the USA (Ferren 2003). Outside of its native range in the New
World, it is reported as an introduced species in South-West Asia: Bahrain (Verdcourt
1985; see also specimens at BM! E! and K!), the eastern part of Saudi Arabia (Miller
1996; specimens at E!, K!), Iran (Fadaie et al. 2006) and United Arab Emirates (collec-
tions from Sharjah, 2009, K!). As indicated on the sheets from Bahrain (collected by
M. Cornes and A.M. Alder, 1983-1985, E!), S. verrucosum is a widespread species in
irrigated areas and loamy sands. In Saudi Arabia, it is invasive in diverse inland plant
communities including wastelands and salt pans (Miller 1996).

One record has to be added for Syria: small young plants with only a few flowers and
flower buds (Syria, Adra, desert, 27 Mar 1931, R. Gombault 1998, P04583848!), previ-
ously reported as S. mesembryanthemoides (Bohley et al. 2017). Surprisingly, S. verrucosum
was found in other regions of the world as well (re-identifications of AS): (1) North Viet-
nam (Tonkin, Hai Phong, sandy seashores, Jul 1908, Ch. D’Alleizerte 2723, 1.1693583!, a
new record for Southeast Asia) and (2) Hawaii [USA], Oahu, 10 Aug 1967, D. Herbst 523
(L0717044!). Both specimens were initially identified by the collectors as S. portulacastrum.

Here, neophytic S. verrucosum is reported for the first time from Macaronesia (Fig. 17),
i.e. from Sao Vicente (Cape Verde) and Gran Canaria (Canary Islands, Spain). In Gran
Canaria, the species is well-established and dominant in a dried-out riverbed and extends to
the beach and young dunes (Fig. 20). So far, S. verrucosum has not been recorded in other
suitable habitats in the area (pers. obs. by Marcos Salas-Pascual in 2016 and Filip Verloove
in March and April 2017) and it remains unknown how the species was introduced. Due
to the evident invasive character of this species, it may be found in other African countries.
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Figure 20. Sesuvium verrucosum: A green-leaved plants, B red-leaved plants. Photographs by E Verloove

(Gran Canaria, Canary Islands, Spain, spring 2017).

Conclusion

The taxonomic diversity of perennial Seswvium in Africa is greater than previously
thought. Some species have a broad distribution pattern in tropical Africa. Sesuvium
verrucosum is here considered as a naturalised alien species at least in the Canaries. The
micromorphology and anatomy of the seeds in perennial African Sesuwvium are similar, in
contrast to that in annual species of the genus. However, the seeds of American Sesuvium
verrucosum (as well as S. maritimum and S. parviflorum) demonstrate a peculiarity in seed
morphology (detachment of the aril from the seed coat in the area of the cotyledons).
The recent results of morphological and molecular phylogenetic studies (Hassan
et al. 2005b, Bohley et al. 2017, Sukhorukov et al. 2017; present paper; Sukhorukov
et al,, in prep.) suggest that at least seventeen Sesuvium species should be accepted:
S. ayresii, S. congense, S. crithmoides, S. digynum, S. edmonstonei, S. humifusum, S. hy-
daspicum, S. maritimum, S. mezianum, S. nyasicum, S. parviflorum, S. portulacastrum
(divided into two subspecies), S. repens, S. rubriflorum, S. sesuvioides, S. trianthemoides
and S. verrucosum. The Sesuvium portulacastrum complex needs further investigations.
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Abstract

Pachyptera DC. is a small genus of neotropical lianas included in tribe Bignonieae (Bignoniaceae). The ge-
nus has a complicated taxonomic history but currently includes species distributed from Belize to South-
ern Amazon. Pachyptera is characterised by four main synapomorphies, namely, a papery peeling bark,
prophylls of the axillary buds organised in a series of three, patelliform glands arranged in lines in the
upper portions of the calyx and corolla tube. Furthermore, members of the genus also have stems with
four phloem wedges in cross-section and conspicuous extrafloral nectaries between the interpetiolar region
and at the petiole apex, although these characters are also shared with other genera of tribe Bignonieae.
Here, we present a taxonomic revision of Pachyptera, which includes a complete list of synonyms, detailed
morphological descriptions of species and an identification key, as well as information on the habitat,
distribution and phenology, nomenclatural notes, taxonomic comments and illustrations of all the spe-
cies. In addition, we designate three lectotypes, propose one new combination, raise one variety to species
status and describe a new species. After these adjustments, a Pachyptera with five well-defined species is
recognised.
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Introduction

Pachyptera DC. (Bignonieae, Bignoniaceae) includes neotropical lianas that are distribut-
ed from Belize to central Brazilian Amazon, with most species restricted to wet Amazoni-
an forests (Lohmann and Taylor 2014). The genus has a complicated taxonomic history,
including a difficult generic circumscription and several poorly defined taxa. Here, a new
systematic treatment of Pachyptera is proposed and five species are recognised using an
integrative approach that includes data derived from a recent molecular phylogeny (Fran-
cisco and Lohmann 2017, Francisco and Lohmann submitted), coalescent approaches
(Francisco and Lohmann submitted) and new morphological studies.

This new classification recognises a monophyletic genus that is characterised by
four morphological synapomorphies, namely, a papery peeling bark, prophylls of the
axillary buds organised in a series of three (Lohmann and Taylor 2014), patteliform
glands arranged in lines on the upper portions of the calyx and corolla tube (Lohmann
2006, Lohmann and Taylor 2014). In addition, stems with four phloem wedges in
cross-section, conspicuous extrafloral nectaries on the interpetiolar region and at the
petiole apex also help to identify members of the genus (Lohmann and Taylor 2014).

Taxonomic history

Pachyptera was originally described by de Candolle (1845), who characterised the ge-
nus by a compressed capsule and seeds with coriaceous wings. The genus originally
included six species, four of which [i.e. 2 umbelliformis DC., P striata DC., P dasyan-
tha DC. and P, perrottetii DC.] are synonyms of Tanaecium pyramidatum (Rich.) L.G.
Lohmann, while P puberula DC. is a synonym of Dolichandra uncara (Andrews) L.G.
Lohmann. Only P foveolata DC. remains in Pachyptera, although as a synonym of
Pachyptera kerere (Aubl.) Sandwith.

Nearly five decades after being described, Pachyptera was synonymised into
Adenocalymma Mart. ex Meisn by Baillon (1891) based on the broad and thick capsule
shared amongst members of these genera. Subsequently, Bureau and Schumann
(1896 [1897]) transferred P foveolata to Adenocalymma section Pachyptera, which
was characterised by villous anthers and plate-shaped glands arranged in lines outside
the corolla tube, right below the lobes. At the same time, P kerere was transferred
to Adenocalymma section Hanburyophyton together with four species of Mansoa, i.c.
A. alliaceum (Lam.) Miers, A. asperulum Bureau & K. Schum., A. splendens Bureau &
Schum. [= Mansoa difficilis] and A. lanceolatum Miers. Pachyptera was subsequently
segregated from Adenocalymma by Sprague and Sandwith (1932) and restored to
generic rank, as a monotypic genus that only included P foveolara.

Pachyptera foveolata, as circumscribed by Sprague and Sandwith (1932), consisted
of a species complex that included individuals with white to crimson flowers. While the
authors themselves recognised the difficulties associated with the recognition of such a
diverse species, the restricted sampling prevented them from analysing the breadth of
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morphological variation included in this group and the recognition of a single species.
Five years later, Sandwith (1937) noted that Aublet’s epithet “kerere” was the correct
name for P foveolata and proposed the new combination Pachyptera kerere. Dugand
(1955) also noted the high variation found in flower traits of specimens of Pachyptera
kerere and described the new variety P kerere var. erythraea Dugand. The variety P kerere
var. erythraea differs from P kerere var. kerere in the red corolla (vs. white in P kerere
var. kerere). Gentry (1977) subsequently noted that P kerere var. kerere and I kerere var.
erythraea also differed in the sub-exserted to exserted anthers (vs. included anthers in 2
kerere var. kerere), campanulate corolla with 11-15 mm in diameter (vs. sub-bilabiate
corolla with 3-7 mm in diameter in P kerere var. kerere) and leaf blade puberulous (vs.
leaf blade glabrous in P kerere var. kerere), which led him to raise P erythraea (Dugand)
A.H. Gentry to species rank.

Although Bignonia incarnata Aubl. was described in the same work as Bignonia
kerere Aubl. (1775), the close relationship between those two taxa was not noted.
In fact, Bignonia incarnata was thought to be morphologically similar and perhaps
more closely related to Cydista aequinoctialis (L.) Miers by various authors (see Sand-
with 1937). Nearly two decades later, Gentry (1973) noted the similarity between
individuals of B. incarnata and P kerere, which led him to treat B. incarnata as a
variety of P kerere, i.e. Pachyptera kerere var. incarnata (Aubl.) A.H. Gentry. At the
same time, Gentry (1973) reduced Pseudocalymma [= Mansoa)] into Pachyptera due
to the shared trifid tendrils, white to red or purple flowers, interpetiolar gland-fields,
3-colpate pollen and deciduous bracts. In this work, three species of Pseudocalymma
were transferred to Pachyptera [P alliacea (Lam.) A.H. Gentry, P hymenaea (DC.)
AH. Gentry, and P standleyi (Steyerm.) A.H. Gentry], all of which are currently
placed in Mansoa.

Gentry (1979) and Gentry and Tomb (1979) used new palynological data as a
basis to merge Pachyptera and Hanburyphython Bureau ex Warm. in Mansoa DC.,
resulting in seven new combinations: M. alliacea (Lam.) A.H. Gentry, M. erythraea
(Dugand) A.H. Gentry, M. hymenaea (DC.) A.H. Gentry, M. kerere var. kerere (Aubl.)
AH. Gentry, M. kerere var. incarnata (Aubl.) A H. Gentry, M. parvifolia (A.H. Gen-
try) A.H. Gentry, and M. standleyi (Steyerm.) A.H. Gentry. In addition, a new species
was described, Mansoa ventricosa A.H. Gentry, a taxon known from the type specimen
plus one additional material whose placement was uncertain.

Phylogenetic based classifications of Pachyptera

While the taxonomic confusion between Mansoa and Pachyptera remained for seve-
ral years, molecular phylogenetic data (Lohmann 2006) indicated that Mansoa and
Pachyptera are distantly related, while the monotypic Leucocalantha Barbosa Rodri-
gues is closely related to Pachyptera. Leucocalantha was described based on the long
and white corollas that resembled the Asian genus Millingtonia L.f. (Oroxyleae, Big-
noniaceae). The genus only included Leucocalantha aromatica Barb. Rodr., which is
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characterised by white, pubescent and hypocrateriform corolla tubes and glands at the
apices of the petioles and corollas. While the close relationship between Leucocalantha
and Pachyptera was initially surprising, a careful morphological study recovered mul-
tiple morphological features shared between these taxa (e.g. stems with four phloem
wedges in cross-section, corollas with glands arranged in lines on the upper portions
of the tube and racemose inflorescences). This observation led to the re-establishment
of Pachyptera and the inclusion of Leucocalantha into Pachyptera in a revised generic
classification of the whole tribe Bignonieae (Lohmann and Taylor 2014). Under this
classification, Pachyptera included four species, i.e. P aromatica (Barb. Rodr.) L.G.
Lohmann, P erythraea (Dugand) A.H. Gentry, P kerere and P ventricosa (A.H. Gentry)
L.G. Lohmann. This circumscription was based on morphological observations for
all taxa and a molecular phylogenetic framework of the whole tribe Bignonieae that
sampled half of the species of Pachyptera (Lohmann 2006); two rare and morphologi-
cally complicated species (i.e. P erythraea and P ventricosa) were not sampled in the
phylogeny, raising their generic placement into question.

A recent phylogenetic and morphological study of Pachyptera (Francisco and
Lohmann 2017) sampled all species recognised by Lohmann and Taylor (2014). In
this phylogeny, Pachyptera ventricosa was more closely related to Mansoa than to other
species of Pachyptera, which led to the reestablishment of Mansoa ventricosa (Francisco
and Lohmann 2017). In addition, this study also provided further support for the
inclusion of P aromatica and P. erythraea into Pachyptera. As such, Pachyptera was rec-
ognised as a monophyletic genus comprising three species. However, the infra-specific
classification of the P kerere species complex remained uncertain. More specifically, it
remained dubious whether P erythraea and P kerere var. incarnata should be treated as
separate species or varieties of I kerere.

A more comprehensive phylogenetic study of the genus (Francisco and Lohmann
submitted) sampled multiple individuals of all three species of Pachyptera recognised
by Francisco and Lohmann (2017) and used coalescent approaches to verify species
limits. This study identified five evolutionary units that are characterised by distinct
morphological features and ecological traits (Fig. 1). Within this phylogenetic frame-
work, P aromatica is sister to the remaining species of the genus. This species is
characterised by a series of morphological autapomorphies such as stems without len-
ticels, prophylls of axillary buds triangular and minute, inflorescence in lax racemes,
corolla hypocrateriform, anthers glabrous with straight thecae and pollen glabrous
psilate-foveolate to microreticulate 4-colpate. The remaining species of the genus are
divided into two main clades, the first of which includes P erythraea and P kerere var.
incarnata (= P incarnata), both of which are characterised by pinkish to red corollas,
with ovaries densely lepidote. Pachyptera incarnata is easily distinguished by the light
pink to pale purple corollas (vs. orange to red in P erythraea), calyx tubular (vs. cu-
pular in P erythraea), corolla infundibuliform (vs. corolla tubular-campanulate in 2
erythraea), androecium glabrous (vs. androecium puberulous in P erythraea), anthers
included (vs. anthers sub-exserted in P erythraea) and ovaries not-bisulcate (vs. bisul-
cate in P erythraea). The second clade includes P kerere var. kerere (= B kerere) and a
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Other characters of Pachyptera

- Stems with four phloem wedges in cross-section
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- Extra-floral nectaries on the petiole apex

- Inflorescences racemose

- Calices tubular
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Figure I. Schematic diagram summarising phylogenetic relationships within Pachyptera, with morpho-
logical characters mapped on the diagram. Names of the terminal taxa indicate the taxon in which these
species were previously included. The taxonomic updates proposed here are also indicated. Relationships

depicted follow Francisco and Lohmann (submitted).

new species described here (2 /inearis Francisco & L.G. Lohmann), both character-
ised by white to cream coloured corollas, with ovaries pubescent (Fig. 1). Pachyptera
kerere is separated from P linearis by the fruit fusiform (vs. linear in 2 linearis) and
the seeds inflated, thick, corky and wingless (vs. seeds flattened, thin, membranaceous
and winged in P linearis).

Distribution

Almost all Pachyprera species are found in the Amazon rainforest. Only P kerere is widely
distributed while all other species have restricted distributions. Pachyptera kerere is
frequent throughout the Amazon and also distributed in Central America from Panama
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to Belize. Pachyptera aromatica is restricted to the Brazilian Amazon. Pachyptera erythraea
is endemic to the middle Magdalena River Valley of Colombia, while P incarnata is
endemic to Eastern Amazon. Pachyptera linearis is known only by a few collections from
Venezuela and Colombia.

Habitats

Species of Pachyptera occur in wet terra-firme forests, generally close to water bodies
or riverbanks and are also found in flooded forests such as the Brazilian igapd. The
majority of Pachyptera species has seeds with thin wings that are wind dispersed,
while P kerere has thick, corky and wingless seed adapted to water dispersal (Gentry
1976). Water dispersal arose several times independently in tribe Bignonieae,
mostly from wind-dispersed ancestors (Gentry 1983, 1990, Lohmann 2004). Shifts
between dispersal syndromes may have driven the speciation of 2 kerere (Francisco
and Lohmann submitted).

Reproductive biology

Pachyptera includes great diversity of floral morphology that is associated with dif-
ferent pollination syndromes. Pachyptera aromatica has white, hypocrateriform corol-
las and nocturnal anthesis (Barbosa Rodrigues 1891). The flowers of this species are
classified as “7Zanaecium type” and fit the hawkmoth pollination syndrome (Gentry
1974). Tanaecium type flowers evolved multiple times within Bignonieae (Alcantara
and Lohmann 2010) and are found in Zanaecium and Bignonia nocturna (Barb. Rodr.)
L.G. Lohmann. Pachyptera erythraea, on the other hand, have orange to red flowers
that are tubular campanulate, with sub-exserted anthers. These flowers are classified as
“Martinella type” and are likely pollinated by hummingbirds (Gentry 1974).

Pachyptera incarnata, P kerere and P linearis share infundibuliform and dorso-ven-
trally compressed corollas, with two longitudinal ridges in the throat that form yellow
nectar guides, as well as included anthers. Pachyptera incarnata has light pink to pale
purple flowers, while 2 kerere and P, linearis have white to cream flowers. These flowers
are classified as “Anemopaegma type” and are pollinated by large to medium-sized bees,
mainly euglossine and anthophorids (Gentry 1974).

Etymology

Pachyptera is a Latin derived name that means “with thick wings” (from Latin: pach =
thick, aptera = without wings). This characteristic is found in the type species of the
genus, Pachyptera kerere.
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Morphology

Habit. All species of Pachyptera are lianas, although seedlings are initially herbaceous
and free standing until ca. 80 cm (grow vertically).

Stems. The stems of Pachyptera exhibit four phloem wedges in cross-section, a type
of cambial variation also found in Adenocalymma, Martinella, Cuspidaria, Fridericia
and Zanaecium (Lohmann 2006, Lohmann and Taylor 2014). Moreover, the pith of
the stem of Pachyptera is solid although a few specimens of P aromatica also show
a slightly hollow pith, a condition only known from Stizophyllum and Pleonotoma
within tribe Bignonieae (Lohmann and Taylor 2014). Cylindrical to tetragonal stems
are found in Pachyptera, sometimes within a single individual. Young stems are usually
cylindrical, becoming tetragonal in more advanced stages of development. Tetragonal
stems are only found in stems > 6 cm? of P aromatica but are also found in stems with
a smaller diameter in other species of the genus (Francisco personal observation). Stem
surface is striated and frequently bears lenticels (except in P aromatica). The peeling
bark is a morphological synapomorphy of the genus (Lohmann 2006, Lohmann and
Taylor 2014).

Prophylls of the axillary buds. Prophylls of the axillary buds, referred to as “pseu-
dostipules” in the past (e.g. Gentry 1980), exhibit several shapes and are useful generic
characters within Bignonieae (Lohmann and Taylor 2014). Species of Pachyptera usu-
ally have multiple flattened and ensiform prophylls of the axillary buds (triangular and
minute in P aromatica, Fig. 5B), arranged in 3(-5) series (Fig. 2H). Sometimes the
prophylls are so minute in P aromatica that only the larger prophyll series is visible to
the naked eye (Fig. 2D). The supra-numerary prophylls are an exclusive morphological
synapomorphy of Pachyptera (Fig. 2G, H).

Extrafloral nectaries. Extrafloral nectaries (i.e. EFNs) are useful generic and species
level markers within Bignonieae, aiding the identification of sterile materials (Seibert
1948, Lohmann and Taylor 2014). EFNs produce sugar that attracts ants which, in
turn, have an important protective role against herbivores (Gentry 1974, Nogueira
et al. 2015). In Pachyptera, EFNs are composed of large groups of patelliform glands
located between the interpetiolar region (Fig. 2D, G, H) and at the petiole apex, right
below the junction with the petiolules. Interpetiolar gland fields are also found in
other Bignonieae genera (e.g. Fridericia, Lundia, Tanaecium) and have evolved multi-
ple times within the tribe (Nogueira et al. 2013, Lohmann and Taylor 2014). On the
other hand, clusters of patelliform glands located on petioles and petiolules are rare
in Bignonieae and only known from a few species (e.g. Tanaecium pyramidatum and
Mansoa standleyi).

Leaves and tendrils. As with most representatives of Bignonieae, leaves of Pachyptera
are 2-3-foliate, with the terminal leaflet replaced by a trifid tendril. Tendrils are often
deciduous, leaving a tiny scar in the position of tendril detachment. Leaflets can be
quite variable in shape, varying even within a single species. Leaflet asymmetry is strik-
ing in the group and can help in its identification.
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Figure 2. Sample of morphological features of Pachyptera. A=D Pachyptera aromatica: A Inflorescence

B Frontal view of flowers € Detail of inflorescence and flowers, showing calyx partition D Interpetiolar
region of stem with extra floral nectaries (EFNs) and prophylls of the axillary buds 3-seriated, triangular
and minute E=F P erythraea: E Inflorescence F Frontal view of flowers G-L P incarnata: G Stem with
tendril surrounding a tree H Interpetiolar region of stem with EFNs and prophylls of the axillary buds
flattened, ensiform and seriated I Inflorescence J Frontal view of flower K Pink patelliform glands on
flower lobes L Detail of calyx M=Q P kerere: M Stem cross-section with four phloem wedges N Inflores-
cence O Frontal view of flower P White patelliform glands on flower lobes Q Detail of calyx.

Inflorescences. The inflorescence of Pachyptera is a simple raceme that can originate
from the apical and axillary buds, producing terminal and axillary inflorescences re-
spectively. Racemes can be lax, with a well-developed central axis, ca. 6-24 cm in P
aromatica (Fig. 2A, C) or reduced, with a short central axis (< 4.8 cm long) in all other
species of the genus (Fig. 2E, I, N). In Pachyptera, inflorescence bears ca. 6-30 flowers,
although only 1-2 flowers open at a time.

Calyx. The calyx of Pachyptera is tubular (cupular in P erythraea) with grouped
patelliform glands on the upper half (Figs 2M-N, 3A, F, K, B, U), a synapomorphy of
the genus. Even though this feature evolved multiple times within the tribe (Lohmann
2006; Lohmann and Taylor 2014), each evolutionary event led to a different gland
type and arrangement and the calyx glands found in Pachytpera have a unique mor-
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Figure 3. Vertical lines show calyx with patelliform glands, region of stamen insertion, pollen grains,
detail of pollen exine and ovary surface variation in all species of Pachyptera, respectively. A=E P aromatica

F=) 2 erythraea K=O P incarnata P=T P kerere U=Y R linearis.

phology and arrangement within the tribe. These patelliform glands are conspicuous,
sometimes wine-coloured (Fig. 1M) and thought to play an important role against
nectar robbers (Gentry 1974).

Corollas. More than half of Pachyptera species have infundibuliform and dorso-ven-
trally compressed corollas (Fig. 21, N), with internal yellow nectar guides (Fig. 2F, O)
and a villous portion where stamens and staminodes are included (Fig. 3G, L, Q, V).
The corolla tube shape of 2 erythraea is slightly modified and expands above the short
basal constriction and becomes tubular-campanulate (Figs 2E-F, 8B). On the other
hand, P aromatica exhibits an extraordinary and distinctive morphology, showing a
corolla hypocrateriform, not compressed (Fig. 2A-B), without nectar guides that are
glabrous internally (Fig. 3B). Corolla colour is useful for species identification, rang-
ing from white to red (see Figs 1, 2). All species display nectaries on the upper portion
of the corolla tube and base of the corolla lobes that exude large globules of colourless
and viscous liquid (Fig. 2K, P), likely associated with ant-plant interactions. This fea-
ture is a morphological synapomorphy of the genus (Lohmann 2006; Lohmann and
Taylor 2014).

Androecium. As with most members of Bignonieae, Pachyptera has four didyna-
mous stamens and one staminode. Filaments are usually glabrous but puberulous in 2
erythraea. The anthers are generally included, but sub-exserted in P erythraea (Fig. 2F).
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Figure 4. Vertical lines show fruit and seed surface, respectively. A=B P aromatica C-D P incarnata
E-F P kerere G-H P, linearis.

The densely villous anthers, with curved thecae, are diagnostic of the majority of
Pachyptera species (Fig. 2F, O). Only P aromatica has glabrous anthers with straight
thecae. Villous anthers are an important feature of Pachyptera (except R aromatica),
only shared with Lundia.

Pollen. Pollen has been shown to represent a useful trait for generic delimitation
within the Bignoniaceae (Gentry and Tomb 1979). Members of Pachyptera generally
have microreticulate 3-colpate pollen (Fig. 3H, M, R, W), a condition also found in
Lundia, Pleonotoma and Tanaecium (Gentry and Tomb 1979). However, R aromatica
has psilate-foveolate to microreticulate 4-colpate pollen grains (Fig. 3C-D).

Gynoecium. Members of Pachyptera have capitate, elliptic and ovate stigmas. While
the style and stigma are always glabrous, the ovary is pubescent (Fig. 3E, T, Y) or
lepidote (Fig. 3], O). As with most representatives of Bignoniaceae, Pachyptera has
bilocular ovaries, with two ovules per locule and axillary placentation. All species have
well-developed nectar discs.

Fruits. Fruits are coriaceous to woody septicidal capsules, with two valves. The
capsule is linear and flattened in most species (fusiform and inflated in 2 kerere), pu-
berulous, lepidote, covered with patelliform glandular trichomes and without lenticels
(Fig. 4A, C, E, G). Each valve has an inconspicuous longitudinal midline (conspicuous
and raised in P, kerere).

Seeds. The seeds of Pachyptera are mostly oblong, thin, chartaceous to coriaceous,
with membranaceous and hyaline wings, except from P kerere in which seeds are ir-
regularly circular and obcordate, thick, corky and wingless. Seed surface has provided
excellent information for the systematics of various plant groups (Barthlott 1981).
The seed surface of Pachyptera species is striated, with a distinctive secondary sculp-
ture in each species. More specifically, the seed surface of P aromatica is striated and
smooth, while the seed surface of P incarnata is striated with randomly distributed
micropores and the seed surface of 2 kerere is striated with two pairs of medium
micropores on each striation. In P linearis, the seed surface is striated, with the stria-
tions being regularly interrupted by lateral rays (Fig. 4B, D, E H). The seed surface
of P erythraea is unknown.
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Material and methods

Species delimitation. Molecular phylogenetic data (Francisco and Lohmann submitted)
was used to aid species delimitation. While it is understood that not all species need
to be monophyletic, species are evolutionary lineages that reach a status of reciprocal
monophyly in advanced stages of the speciation process (de Queiroz 2007; Funk and
Olmland 2003). As such, independent evolutionary units that share a unique combi-
nation of features are treated here as separate species, following Cracraft (1983).

Morphological descriptions. Morphological descriptions of all species of Pachyptera were
based on extensive fieldwork and on the analysis of multiple herbarium specimens. The
authors examined 378 specimens deposited in the following herbaria: A, B, COL, ESA,
E G, HB, HERBAM, HRCB, HUA, IAN, INPA, K, LINN, MBM, MG, MICH, MO,
NY, NX, P, R, RB, RBR, S, SPE SP SPSE UEC, UFACPZ, US, VEN and WU (acro-
nyms following Thiers 2015). Images or the actual specimens of all type materials were
also analysed. Fieldwork was conducted between 2014 and 2015, in the Brazilian states
of Amazonas, Pard and Roraima, the centre of diversity of Pachyptera. Specimens collected
during field expeditions were deposited at SPF and MO. All accepted names are listed al-
phabetically, with nomenclatural discussions and citations following McNeill et al. (2012).

Morphological descriptions and measurements were conducted on dried speci-
mens and fresh materials following the terminology of Lohmann and Taylor (2014),
with additional terms from Radford (1974), Gentry and Tomb (1979), Hesse et al.
(2009), Hickey (1979), Nogueira et al. (2013) and Weberling (1992). Rare conditions
are shown within parentheses. Calyx, corolla and ovary surfaces, fruit coat, pollen
surface and seed coat were analysed from representative specimens of each taxon us-
ing scanning electron microscopy (SEM) (Appendix 1). The selected structures were
mounted on stubs and sputter-coated with gold. Micrographs were obtained on a Zeiss
DSM 970 scanning electron microscope.

Distribution maps and examined specimens. Distribution maps were prepared using
QGIS 2.16.3 (QGIS Development Team 2016). A list of examined specimens was
prepared and listed alphabetically using the R package monographaR (Reginato 2016)
implemented in R (R Development Core Team 2017).

Taxonomic treatment

Pachyptera DC., Prodr. 9: 175. 1845

Pachyptera DC., Prodr. 9: 175. 1845. Type: Pachyptera foveolata DC. (lectotype, desig-
nated by Sandwith [1932: 84]) [= Pachyptera kerere (Aubl.) Sandwith]

Sererea Raf., Sylva Tellur. 107. 1838. Type: Sererea heterophylla (Willd.) Raf., Sylva Tellur.
107. 1838. nom. illeg. superfl. [= Pachyptera kerere (Aubl.) Sandwith]

Leucocalantha Barb. Rodr., Vellosia, ed. 2. 1: 46, tab. 7. 1891. Type: Leucocalantha
aromatica Barb. Rodr., Vellosia. ed. 2. 1: 47, tab. 7. 1891.
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Description. Liana; stems with four phloem wedges in cross-section, solid (hollow
in some specimens of 2 aromatica), cylindrical to tetragonal, striated, with lenticels
(without in P aromatica), with interpetiolar extrafloral nectaries, with a continuous
(discontinuous) and transversal interpetiolar ridge, with a papery peeling bark, lepi-
dote, puberulous becoming glabrescent with age; prophylls of the axillary buds 3(-5)
seriated (a single series visible to the naked eye in some specimens of P aromatica),
flattened and ensiform (triangular and minute in P aromatica). Leaves 3-2-foliolate
with the terminal leaflet replaced by a trifid tendril; blades discolorous (concolor),
chartaceous to coriaceous, usually asymmetric (symetric in some specimens of 2 aro-
matica), apex mucronulate, glabrous to puberulous, with simple trichomes covering
veins (throughout surface), lepidote, with patelliform trichomes throughout the lam-
ina, venation pinnate, secondary venation brochidromous, tertiary venation percur-
rent, margin entire, flat or sub-revolute; petioles striated, apices articulated, glabrous
to puberulous, lepidote, patelliform glands distributed at petiole apices; petiolules
with unequal lengths, striated, apices not-pulvinated (pulvinated in P aromatica), pu-
berulous, lepidote, lateral petiolules shorter than the apical ones. /nflorescence axillary
or terminal, a few-flowered raceme, congested (lax in P aromatica); axis puberulous,
lepidote, patelliform glands grouped at the axis; pedicel puberulous, lepidote; bracts
and bracteoles caducous, scarcely evident, puberulous, lepidote. Calyx tubular (cu-
pular in 2 erythraea), coriaceous, smooth, glabrous internally, puberulous externally,
lepidote, patelliform glands grouped at the upper portion. Corolla white to cream
(orange to red in P erythraea and light pink to pale purple in P incarnata), with yel-
low nectar guides, infundibuliform, (hypocrateriform in P aromatica and tubular-
campanulate in P erythraea), straight, dorso-ventrally compressed (not compressed
in P aromatica), membranaceous, tube puberulous externally, lepidote, glabrous in-
ternally, but villous at the region of insertion of stamens and staminode (glabrous
in P aromatica); lobes imbricate, with a pair of patelliform glands arranged in lines
externally, lepidote internally. Androecium didynamous, included in two heights, with
one staminode, glabrous (puberulous in P erythraea); anthers white, becoming dark-
ish with age, included (sub-exserted in P erythraea), villous (glabrous in P aromati-
ca), basifixed, connective thick, round (acute in P aromatica), with thecae divergent,
curved forward (straight in 2 aromatica); pollen 3 colpate, microreticulate (4 colpate,
psilate-foveolate-microreticulate in P aromatica). Gynoecium glabrous; ovary cylindri-
cal, not-sulcate (bisulcate in P erythraea), smooth, pubescent, (densely lepidote in
P erythraea and P incarnata); ovules arranged in two series per locule, placentation
axial; stigma glabrous; nectar disc well developed, glabrous. Capsule linear, flattened
(fusiform, inflated in P kerere), coriaceous to woody, smooth, puberulous, lepidote,
with patelliform glandular trichomes throughout, in higher densities at the margins
of valves, without lenticels, each valve with an inconspicuous longitudinal midline
(conspicuous and raised in 2 kerere), calyx caducous; seeds oblong, thin, not-corky
(irregulary circular, obcordate, thick and corky in P kerere), chartaceous to coria-
ceous, glabrous, smooth, striated, winged (wingless in P kerere), with membranaceous
(chartaceous) and hyaline wings.
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Nomenclatural note. Sererea Raf. was described to accommodate one species, Ser-
erea heterophyla Raf., using a wrong spelling. However, Sererea heterophylla (Willd.)
Raf. was actually based on Bignonia heterophylla Willd, a superfluous name for Bigno-
nia kerere Aubl.

Number of species, distribution and habitat. Pachyptera comprises five species
found in wet and flooded forest vegetation from Belize to Bolivia and Brazil.

Key to species of Pachyptera

1 Stems cylindrical (if tetragonal, then only on older portions), without lenti-
cels; prophylls of the axillary buds triangular and minute; corolla hypocrateri-
FOIM L P. aromatica
- Stems tetragonal (if cylindrical, then only on younger portions), with lenti-
cels; prophylls of the axillary buds ensiform and flattened; corolla infundibu-
liform or tubular-campanulate.........cccoovueiniiiniiiinice 2
2 Corolla light pink to pale purple or orange to red; ovary densely lepidote.....3
Corolla white to cream; ovary pubescent..........coceveuevirieerieenincineeninieees 4
3 Calyx reddish-wine throughout, cupular; corolla orange to red, tubular cam-
panulate; stamens sub-exserted; capsule linear, 34.0-41.0 cm long, > 2.7 cm
W ot P erythraea
- Calyx green, light pink at the apex, tubular; corolla light pink to pale purple,
infundibuliform; stamens included; capsule linear, 10.5-42.6 cm long, < 2.6
CM WIE oo P. incarnata
4 Ovary densely pubescent; capsule fusiform, inflated, each valve with a con-
spicuous midline; seeds thick, corky and wingless..............ccccccenee. P, kerere
- Ovary sparsely to moderately pubescent; capsule linear, flat, each valve with
an inconspicuous midline; seeds thin, coriaceous and winged........ P, linearis

1. Pachyptera aromatica (Barb. Rodr.) L.G. Lohmann, Ann. Missouri Bot. Gard.
99(3): 456. 2014
Fig. 5

Pachyptera aromatica (Barb. Rodr.) L.G. Lohmann, Ann. Missouri Bot. Gard. 99(3):
456. 2014. Leucocalantha aromatica Barb. Rodr., Vellosia. ed. 2. 1: 47, tab. 7.
1891. Pachyptera aromatica (Barb. Rodr.) L.G. Lohmann, Cat. Pl. Fung. Brasil 1:
770. 2010, nom. nud. Type: Brazil. Amazonas: in capoeiras prope Mandos, in Rio
Negro, July, fl., B. Rodrigues 633. Lectotype (designated here): tab. 7, in Vellosia.
1891, excluding the pollen image.

Description. Liana; stems solid (hollow), cylindrical (tetragonal when > 6 cm? diam-
eter), vinaceous, with greyish striations, without lenticels; prophylls of axillary buds
3-seriated (a single series visible to the naked eye in some specimens), triangular and
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Figure 5. Pachyprera aromatica: A Flowering branch B Interpetiolar region with extra-floral nectaries
(EFNs) and prophylls of the axillary buds 3-seriated, triangular and minute € Trifid tentril D Open calyx
(external view) E Open flower showing the androecium F Upper portion of stamen showing glabrous fila-
ment, glabrous anther and acute connective G Gynoecium H Detail of ovary surface showing pubescent
indument (L.H. Fonseca 327, SPF) I Fruit linear and flattened J Seeds wings (T.B. Croat 11085, MO).
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minute. Leaves with blades discolorous, chartaceous to coriaceous, elliptic, obovate
or ovate-lanceolate, asymmetric (symmetric), apex acuminate or caudate, base cune-
ate, obtuse or rounded, lateral blades 5.3-19.8 x 2.0-8.0 c¢m, apical blades 9.0-19 x
3.8-9.0 cm; petioles cylindrical, (0.3-)1.0-6.0 cm long; petiolules often pulvinated,
lateral petiolules 0.5-6.0 cm long, apical petiolules 3.0-8.5 cm long. Inflorescence a lax
raceme, 624 cm long; pedicel 0.5-1.8 cm long; bracts 0.4—2.1 mm long; bracteoles
cymbiform or lanceolate, 0.7-0.8 mm. Calyx green, tubular, sub-bilabiate, 5-denticu-
late (truncate), 1.0-1.8 x 0.3-0.6 cm. Corolla white, hypocrateriform, 6.3-12.2 cm
long, 0.4-1.0 cm of diameter at the tube mouth; lobes elliptic or obovate, 1.9-4.0 x
1.1-1.9 cm. Androecium with the longer stamens 14.0-23.1 mm long, the shorter sta-
mens 11.0-19.7 mm long, glabrous; anthers glabrous, included, with thecae straight,
3.8-6.2 x 0.3-0.6 mm; pollen 4-colpate, psilate-foveolate-microreticulate. Gynoecium
ca. 5.4 cm long; ovary 2.7—4.8 x 1.0—1.2 mm, cylindrical, not-sulcate, smooth, moder-
ately to densely pubescent, with simple and dentritic trichomes, sparsely lepidote, with
glandular peltate trichomes, without patelliform glandular trichomes; stigma ovate,
2.3x 1.6 mm; nectar disc 0.3-1.4 x 1.3-2.1 mm. Capsule linear, flattened, 33.1-95.0
x 1.0-2.0 cm, each valve with an inconspicuous longitudinal midline; seeds oblong,
4.0-5.5 x 1.0-1.6 cm, thin, not-corky, chartaceous, striated, secondary sculpture
smooth, winged, with membranaceous (chartaceous) and hyaline wings.

Distribution. Pachyptera aromatica grows in wet forest vegetation in the Brazilian
Amazon (Amapd, Amazonas, Rondé6nia). Fig. 6.

Phenology. This species flowers from June to January. Fruits were collected in
January, March and July through November.

Nomenclatural note. Like Lohmann and Taylor (2014), it was not possible to
locate the holotype of P aromatica during multiple visits to the RB, where the holotype
was thought to be deposited. It was also not possible to locate any isotypes of any of
the collections visited, indicating that the types of P aromatica were likely lost, just like
several other type materials collected by Barbora Rodrigues in the Amazon (Mori and
Ferreira 1987). As such, we here designate the illustration used in the original descrip-
tion of this species as the lectotype.

Taxonomic comments. P aromatica is characterised by cylindrical (tetragonal
when > 6 cm® diameter) and vinaceous stems with greyish striations, interpetiolar
extrafloral nectaries, triangular and minute prophylls of the axillary buds 3-seriated
and white and hypocrateriform corollas (Figs 2A-D, 5A). This species was originally
described within a monotypic genus due to its unusual morphology (Barbosa Rodri-
gues 1891), but was later transferred into Pachyptera based on a combination of mor-
phological and molecular phylogenetic data (Lohmann and Taylor 2014). Pachyptera
aromatica is sister to the remaining species of the genus (Fig. 1; Francisco and Lohm-
ann 2017, Francisco and Lohmann submitted). The phylogenetic placement of 2 aro-
matica corroborates its placement within Pachyptera and helps to explain the unusal
morphology of this taxon. Selection exerted by differ pollinators may help to explain
the floral differences amongst 2 aromatica and its close relatives. Pachyptera aromatica
also has a series of other unusual features in the genus such as the poorly developed,
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Figure 6. Distribution of Pachyptera aromatica.

triangular and minute prophylls of the axillary buds (vs. well developed, flattened and
ensiform prophylls of all other species of Pachyptera), glabrous region of stamen and
staminode insertion (vs. villous region of stamen and staminode insertion of all other
species of Pachyptera), glabrous anthers with straight thecae (vs. villous anthers with
curved thecae of all other species of Pachyptera) and white hypocrateriform corollas
(vs. white to red infundibuliform or tubular-campanulate corollas of all other species
of Pachyprera) (Fig. 5A-B, E-F).

Specimens examined. BRAZIL. Amap4a: Macapd, Margem de campo, 31 Oct
1980, fl., B. Rabele 1003 (MG). Amazonas: Humait4, near river Livramento, 6 Oct
1934, fr., B.A. Krukoff 6845 (NY, K); Humait4, Basin of Rio Madeira, on Rio Livra-
mento, 1 Jan 1982, fl., B.A. Krukoff 12511 (INPA); Iranduba, Estrada entre Novo
Airdo e Manacapurt, 2°54'46.6"S, 60°57'58.8"W, fl., L.H. Fonseca 327 (SPF); Ita-
coatiara, Rio Solimoes, West of Itacoatiara, brazilnut plantattion, EPILOC360, 3°00'S
58°45"W/, 100 m, 15 Jan 1990, fr., A.H. Gentry 69107 (MO); Manaus, Mar 1907, fr.,
M. Labroy 1906 (P); Zbid., 30 July 1929, fl., A. Sucre s.n. (R, RB); Zbid., 30 July 1929,
fl., fr., A. Ducke s.n. (MO); 1bid., 31 July 1929, fl., A. Ducke 22698a (P, R); /bid., 8
Aug 1931, fr., A. Ducke s.n. (R); /bid., 8 Nov 1931, fr., A. Ducke 22698b (P); Manaus,
BR-17, Km 3, 26 Aug 1955, fl., L.E Coelho INPA1731 (INPA); /bid., BR-17, km
3, 30 Aug 1955, fl., EC. Mello s.n. (INPA); /bid., ca. 80 km N de Manaus, Distrito
Agropecudrio da SUFRAMA, Rodovia BR 174, km 64, despois 21 km leste na ZF3,
Fazenda Porto Alegre, 1 Jan 1962, st., M.H. Nee s.n. (INPA); /bid., Campos Sales,
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margem do Igarapé do Buido, 28 Sept 1954, fl., ].C. Almeida INPA137 (INPA); /bid.,
Estrada BR-17, 30 Aug 1955, fl., C.M. Francisco s.n. (MG), Luis s.n. (MG); 1bid.,
Estrada da Forquilha, Margem do igarapé da cachoeira Alta, 22 Aug 1955, fl., J.C.
Chagas INPA1701 (INPA); /bid., Estrada do Aleixo, km 11 past INPA, 2 Dec 1974,
fl., A H. Gentry 13022 (INPA, MO); /bid., Estrada do igarapé do Tabatinga, 17 Sept
1963, fl., W.A. Rodrigues 5476 (INPA); /bid., Estrada do Passarinho, 6 Aug 1962, fl.,
W.A. Rodrigues 4578 (INPA, SPF); lbid., Ground of INPA at Manaus, 5 Apr 1974,
st., A.-H. Gentry 11201 (MO), A.H. Gentry 11207 (MO); /bid., Igarapé do Buiao,
15 Oct 1962, st., W.A. Rodrigues 4693 (MO, US); lbid., Igarapé do Franco, 29 Aug
1957, 1., J.C. Almeida INPA5722 (INPA); [bid., Loco Cachacira Grande, 4 July 1943,
fl., A. Ducke 239 (NY, K); /bid., Margem da estrada do Paredao, 3 Aug 1955, fl., ].C.
Almeida INPA1540 (INPA); /bid., Margem do Igarapé do Buiao, 19 Aug 1955, 1., ].C.
Almeida INPA1687 (INPA); /bid., Mauazinho, Industrial development, 2°18'57.6"S,
60°04'58.8"W, 50-60 m, 4 Aug 1987, fl., S. Tsugaru B-690 (NY); /bid., Outskirts of
Manaus, road to INPA, boat landing, behind airport, 26 Nov 1974, fr., A.H. Gentry
12862 (INPA, MO, R); lbid., s.d. fl., Ule U. 4217 (HB, MO); /bid., Sede do Inpa,
Aleixo, depostio do Oficina, 10 July 1972, fl., M. Silva 1024 (INPA, MO); /bid., Wedge
of Rio Negro, a few km N of Manaus, 26 Nov 1974, st., A.H. Gentry 12888 (INPA,
MO); Ibid., Rio Negro, Aug 1900, fl., U. Ule 5217 (K); /bid., Rio Preto da Eva, 2-5
km N of Manaus-Itacoatiara Road at km 79 near Rio Preto da Eva, 24 Nov 1974, 1.,
AH. Gentry 12832 (MO); /bid., Road toward Rio Negro, 10 km N from Manaus on
Estrada Aleixo, 21 Nov 1974, st., A.H. Gentry 12778 (MO, R); /bid., Rodovia BR-174
Manaus-Presidente Figueiredo, sentido norte., 02°47'53.97"S, 60°02'13.12"W, 87 m,
23 Sept 2016, fl., E. Kataoka 349 (SPF); lbid. (BR-174), préximo a entrada da Reserva
de Campinarana do INPA., 2°35'23.76"S, 60°02'2.26"W, 88 m, 23 Sept 2016, fr., A.
Frazao 313 (SPF); /bid., Reserva Florestal Adolpho Ducke 02°53'S, 59°58'W/, 15 July
1995, fl., M.J.G. Hopkins 1570 (SPF); /bid., 15 July 1995, fl., M.].G. Hopkins 1574
(NYBG); lbid., 2 Sept 1962, st., A.P. Duarte 7048 (RB); /bid., Estrada da entrada, 15
Feb 1995, st., M.J.G. Hopkins 1543 ( INPA, SPF); /bid., Nova Prainha, SB-20-ZA,
Ponto 02, 10 Sept 1976, st., J.A. Souza INPA61048 (INPA); /bid.. drea interna da
Reserva Ducke, planta na trilha LO2 entre 1050 e 1100 metros, no interior do gride
PPBIO, 15 Oct 2012, st., A. Nogueira 190 (SPF); /bid., Planta fichada: 2966-24, 15
July 1995, fl., L.G. Lohmann 28 (INPA, SPF); /bid., proxima a sede da reserva, na
drea de plato, 02°55'49.0"S, 59°58'23.2"W, 100 m, 5 May 2015, st., C.S. Gerolamo
9 (SPF); Ibid., km 26 on Manaus-Itacoatiara road, 2°18'S, 59°54'W, 80 m, 19 Jan
1990, fl., A.H. Gentry 69308 (MO); lbid., 23 Nov 1974, st., A.H. Gentry 12815
(INPA, MO); lbid., Km 16, 3 Dec 1974, fl., A.H. Gentry 13056 (MO); /bid, km 55,
24 Oct 1963, fr., E. Oliveira 2790 (IAN); /bid., km 26, 30 Sept 1976, st., ].A. Souza
INPAG1920 (INPA); Jbid., 1 Jan 1976, st., J.A. Souza s.n. (INPA); Zbid., 15 July 1976,
st., J.A. Souza INPA71829 (INPA); bid., 21 July 1976, st., J.A. Souza INPA71832
(INPA); 1bid., 25 May 1976, st., ].A. Souza INPA71839 (INPA); /bid., 3 Aug 1976, st.,
J.A. Souza INPA71828 (INPA); /bid., 6 Aug 1976 , J.A. Souza INPA71827 (INPA);
Novo Airao, Estacio Ecoldgica Anavilhanas, 2°32'08.0"S, 60°50°49.0"W/, 9 Oct 2006,
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fl., L.G. Lohmann 794 (SPF). Rondénia: Porto Velho, 11 Sept 1963, fl., B. Maguire
56679 (MO); Ibid., Guaporé, 1 June 1952, fl., G.A. Black 52-14674 (IAN); /bid., Rio
Madeira, Aug 1936, fl., A. Ducke 35624 (MO, RB, US); /bid., Aug 1936, fl., A. Sucre
s.n. (RB); Rio Cuieras, 2 km below mouth of Rio Brancinho, 11 Sept 1973, fl., G.T.
Prance 17773 (INPA, MO, NY). /bid., Sub-base do Projeto RADAM, aeroporto in-
ternacional local, 3 Sept 1975, fl., C.D.A. Mota 18 (INPA); /bid., Sub-base do Projeto
RADAM, aeroporto internacional local, 3 Sept 1975, fr., C.D.A. Mota 26 (INPA);
s.loc., 1 Jan 1972, fr., B. Maguire s.n. (INPA).

2. Pachyptera erythraea (Dugand) A.H. Gentry, Phytologia 35(3): 186, fig. 2A. 1977
Fig. 7

Pachyptera erythraea (Dugand) A.H. Gentry, Phytologia 35(3): 186, fig. 2A. 1977.
Pachyptera kerere var. erythraea Dugand, Caldasia 7(31): 16. 1955. Mansoa eryth-
raea (Dugand) A. Gentry, Ann. Missouri Bot. Gard. 66(4): 782. 1979 [1980].
Type: Colombia. Santander: 10 leguas al S.E. de Barranca Bermeja, a 9 km de la
margen izquierda del Rio Opén, 200 m., 26 Aug. 1954, fl., R. Romero-Castaneda
4727 (holotype, COL000004375!).

Description. Liana; stem solid, tetragonal (cylindrical when young), green or brown,
with greyish striations, lenticellate; prophylls of axillary buds 3(-4)-seriated, flattened
and ensiform. Leaves with blades discolorous, chartaceous, elliptic, ovate-lanceolate,
asymmetric, apex caudate, base cordate, oblique, lateral blades 11.0-19.2 x 4.7-8 cm,
apical blades 12.0-12.3 x 5.7-6.2 cmy; petioles semi-cylindrical, 3.8—6.5 cm long; peti-
olules not pulvinated, lateral petiolules 1.3-2.4 cm long, apical petiolules 2.5-4.1 cm
long. Inflorescence a congested raceme, 2.2—4.5 cm long; pedicel 1.8-2.6 cm long;
bracts 1.2-1.3 x 0.5-0.9 mm long; bracteoles cymbiform or triangular, 0.4—0.8 mm.
Calyx reddish-wine, cupular, truncate, minutely 5-lobed, 0.9 x 0.7-0.9 cm. Corolla or-
ange to red, tubular-campanulate, 8.5-8.7 cm long, ca. 2.2 cm of diameter at the tube
mouth; lobes rounded (sub-circular), 1.8 x 1.4—1.6 cm. Androecium with the longer
stamens 44.8-49.3 mm long, the shortest stamens 34.6-39.3 mm long, sparsely pu-
berulous at the dorsal portion of the apex; anthers villous, sub-exserted, with thecae
curved forward, 2.0-2.6 x 0.6-1.4 mm; pollen 3-colpate, microreticulate. Gynoecium
ca. 6.6 cm long; ovary 3.1-3.9 x1.3-1.6, cylindrical, bisulcate, smooth, sparsely pu-
berulous at grooves, with simples trichomes, moderately lepidote, with patelliform
glandular trichomes distributed in two vertical lines parallel to the grooves, glandular
peltate trichomes forming a vertical line of transition between internal and external
grooves and mixing with simple trichomes within the grooves; stigma elliptic, 3.8 x
1.9-2.1 mm; nectar disc ca. 2.4 x 3.8 mm. Capsule linear, flattened, 34.0-41.0 x 2.7—
3.0 cm, each valve with an inconspicuous longitudinal midline; seeds oblong, 7.5-9.8
x 2.0-2.1 cm, thin, not-corky, chartaceous to woody;, striated, secondary sculpture not
seen, winged, with membranaceous and hyaline wings.
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Figure 7. Pachyptera erythraea: A Branchlets with four leaves B Inflorescence € Interpetiolar region
showing extra floral nectaries and prophylls of axillary buds 3-seriated, flattened and ensiform D Open
calyx (external view) E Open flower showing the androecium with anthers united by the villous indu-
ment F Upper portion of stamen, showing villous and curved thecae G Gynoecium H Detail of the lepi-
dote ovary indument, with simples trichomes and glandular peltate, and patelliform trichomes (M. Weir

72, K) I Linear and flattened fruit ] Seed wings (A.H. Gentry 20050, MO).
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Figure 8. Distribution of Pachyptera erythraea.

Distribution. Pachyptera erythraea is endemic to wet forest vegetation from the
Magdalena River Valley in northern Colombia (Antioquia, Santander). Fig. 8.
Phenology. Flowers collected in January, March and July to December. Two fruit-
ing collections are known, one collected in July and the other in September.
Taxonomic comments. Pachyptera erythraea is distinguished by the orange to red
corollas (vs. white, light pink to pale purple in all other species), cupular calyces (vs. tu-
bular in all other species) and sub-exserted anthers (vs. included anthers in all other spe-
cies). Moreover, P erythraea is the sole species of Pachyptera with tubular-campanulate
corollas. The fruit of P erythraea is flat, without a visible longitudinal midline. The seeds
are thin and winged, similar to those of P incarnata and P, linearis. Pachyptera erythraea
is closely related to P incarnata, with which it shares a moderately to densely lepidote
ovary (Fig. 1). However, these species are separated by the bi-sulcate ovary, with glan-
dular peltate and patelliform trichomes arranged in vertical lines in P erythraea vs. the
non-sulcate ovary, fully covered by glandular peltate trichomes in P incarnata.
Specimens examined. COLOMBIA. Antioquia: Caucasia, along road to Nechi
24 km from Caucasia-Planeta Rica road, Hacienda Costarica, margin of primary for-
est and trees remaining in cleared pasture, 8°03'36.0"N, 75°04'48.0"W/, 60 m, 21 Mar
1987, fl., J.L. Zarucchi 4887 (HUA, K, MO); Ibid., 21 Mar 1987, 1., ].L. Zarucchi
4862A (MO); Zaragoza, Carretera a Zaragoza entre Carralao y Angostura, 70 m, 13
Jan 1989, fl., G. Ramiro Fonnegra 2580 (HUA); Rio Magdalena, July 1868, fl., M.
Weir 72 (K). Santander: Barranca Bermeja, 10 leguas al SE de Barranca Bermeja,
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7°03'36.0"N, 73°51'36.0"W, 200 m, 26 Aug 1954, fl., R. Romero-Castafieda 4727
(COL, MO); lbid., 12 leguas al SE de Barranca Bermeja, orilla derecha del rio Opén,
200 m, 4 Oct 1954, fl., R. Romero-Castaneda 4979 (COL); /bid., 2 km S. of Llanitas,
19 km N. of Barranca Bermeja, 7°03'36.0"N, 73°51'36.0"W, 160 m, 24 July 1975,
fl., A-H. Gentry 15369 (MO); 11-13 km N of Barranca Bermeja on road to Puerto,
07°09'19"N, 73°50'28"W/, 160m, 24 July 1975, fl., A.-H. Gentry 15372 (MO); Cam-
po Capote, Magdalena Valley, campo Capote, 30 km E of Carare, 6.61, -73.91, 300
m, 29 Sept 1977, fr., A.-H. Gentry 20050 (MO); El Centro, 3 km S. of El Centro on
road to Yarima, 200 m, 25 July 1975, fl,, fr., A.-H. Gentry 15402 (MO).

3. Pachyptera incarnata (Aubl.) Francisco & L.G. Lohmann, comb. nov.
urn:lsid:ipni.org:names:77175179-1
Fig. 9

Bignonia incarnata Aubl., Hist. Pl. Guiane. 2: 645, tab. 261, 262, fig. 1-8. 1775. Big-
nonia incarnata Aublet sec. Splitg., Tijdschr. Nat. Geschied 9: 7. 1842. nom. nud.
Cydista incarnata Miers, Proc. Roy. Hort. Soc. London. 3: 192. 1863. nom. nud.
Pachyptera kerere var. incarnata (Aubl.) A.-H. Gentry, Brittonia 25(3): 235. 1973.
Mansoa kerere var. incarnata (Aubl.) A.H. Gentry, Ann. Missouri Bot. Gard. 66(4):
783. 1979 [1980]. Type: French Guiana. s.loc., s.d., (fl., fr), J.B.C.E Aublet s.n.
Lectotype (designated here): tab. 261 and 262, in Hist. Pl. Guiane 1775.

Description. Liana; stems solid, tetragonal (cylindrical when young), green or brown
(reddish), with greyish striations, lenticellate; prophylls of axillary buds 3(-5)-seriated,
flattened and ensiform. Leaves with blades discolorous (concolor), chartaceous to coria-
ceous (membranaceous), elliptic, obovate or ovate-lanceolate, asymmetric, apex acute,
acuminate or caudate (retuse), base cordate, oblique, lateral blades 2.6-21.1 x 1.9-9.2
cm, apical blades 5.7-20 x 2.6-7.6 c¢m; petioles semi-cylindrical, 0.8-5.5 cm long,
petiolules not puvinated, lateral petiolules 0.8-5.5 cm long, apical petiolules 1.4—4.4
cm long. Inflorescence a congested raceme, 0.8-3.5 cm long; pedicel 0.5-1.3(-7.5) cm
long; bracts 0.8-2.5 x 0.7-0.9 mm long; bracteoles cymbiform or filiform, 0.2-0.7
mm. Calyx green, light pink at apex, tubular, bilabiate, minutely 5-lobed or truncate,
0.4-1 x 0.4-0.6 cm. Corolla light pink to pale purple, infundibuliform, 2.9-7.6 cm
long, 0.7-1.9 cm of diameter at the tube mouth; lobes rounded (sub-circular), 0.3-1.5
x 0.4-1.3 cm. Androecium with the longer stamens 23.4-17.0 mm long, the shorter
stamens 10.0-15.7 mm long, glabrous; anthers villous, included, with thecae curved
forward, 2.6-3.1 x 0.5-0.5 mm; pollen 3-colpate, microreticulate. Gynoecium 3.0-5.0
cm long; ovary 1.8-2.9x 0.7-0.91, cylindrical, not-sulcate, smooth, glabrous, densely
lepidote, with glandular peltate trichomes, rarely with some patelliform glandular tri-
chomes; stigma capitate or ovate, 0.8-3.5 x 0.5 mm; nectar disc 0.8— 1.0 x 1.7-1.8
mm. Capsule linear, flattened, 10.5-42.6 x 1.4-2.6 cm, each valve with an incon-
spicuous longitudinal midline; seeds oblong, 4.0-7.0 x 1.3-2.8 cm, thin, not-corky,
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Figure 9. Pachyptera incarnata: A Flowering branch B Interpetiolar region with EFNs and prophylls of
axillary buds 3-seriated, flattened and ensiform € Mucronulate leaflet apex D Branchlets trifoliate with
terminal leaflet replaced by trifid tendril E Trifid tentril F Calyx external view G Open flower showing the
androecium with anthers united H Stamen with villous and curved thecae I Gynoecium J Ovary surface
lepidote, with glandular peltate trichomes (J.N.C. Francisco 103, SPF) K Fruit linear flattened capsule

L Seeds wings (J.N.C. Francisco 122, SPF).
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Figure 10. Distribution of Pachyptera incarnata.

chartaceous to sub-coriaceous, striated, secondary sculpture with randomly distributed
micropores, winged, with membranaceous and hyaline wings.

Distribution. This species is found in wet forest vegetation in Brazil (Amazonas,
Mato Grosso, Pard, Rondonia) and French Guiana. Fig. 10.

Phenology. Pachyptera incarnata flowers in February to May and July to Decem-
ber. Fruiting material has been colected in April, May, July to October and December.

Etymology. The specific epithet “incarnata” refers to the corolla colour referred by
Aublet as “of flesh”.

Nomenclatural note. This species was first described by Aublet (1775) as Bignonia
incarnata. Gentry (1973) treated B. incarnata as a variety of I kerere due to the shared
racemose inflorescences, corolla infundibuliform, villous anthers and prophylls of the
axillary buds 3-seriated. Gentry (1973) distinguished the two varieties based on differ-
ences in the fruit and seed morphology. More specifically, P kerere var. kerere included
the individuals with inflated fruits, corky and wingless seeds, while P kerere var. incar-
nata included the individuals with flattened fruits, thin and winged seeds. Despite the
floral similarity between these two species, P incarnata is phylogenetically more closely
related to P erythraea, with which it shares a densely lepidote ovary and flattened and
linear fruits (Fig. 1). Based on the authors’ new molecular phylogeny (Francisco and
Lohmann submitted) and morphological data, this taxon is raised back to species-level,
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following Aublet (1775). As it was not possible to locate original material, the original
illustration is here designated as the lectotype.

Taxonomic comments. Pachyptera incarnata is characterised by the infundibuli-
form and light pink to pale purple corolla with ovary densely lepidote. The capsule is
linear, flattened and coriaceous, with pink patelliform glandular trichomes throughout
the surface and has an inconspicuous longitudinal midline. Seeds are oblong, thin,
chartaceous to sub-coriaceous, winged, with membranaceous and hyaline wings.

Specimens examined. BRAZIL. Amapa: Campaipi, Embrapa reserve and vicinity,
0°10'N, 51°37"W,, 3 Sept 1983, fl., S.A. Mori 15783 (MG, MO). Amazonas: Manaus,
31 Aug 1931, fl., A. Ducke 24091 (R); /bid., estrada do Aleixo, near Manaus, turn off
to Rio Negro at km 11 past INPA, 2 Dec 1974, fl., A.H. Gentry 13027 (MO); Ibid.,
INPA boat landing behind Manaus airport, Rio Negro, 15 Dec 1974, fr., A.H. Gentry
13323 (MO); Ibid., across from Guarara factory, 20 Apr 1974, fl., D.G. Campbell
P22008 (MO); Presidente Figueiredo, Balbina, Rebio Uatuma, grade do PPBio, 6 Oct
2006, fr., J.R. Carvalho-Sobrinho 1078 (INPA). Mato Grosso: Aripuana, MT-420,
beira do rio, 10°15'00.0"S, 59°07'12.0"W, 11 July 1997, fl., G.E. Arbocz 4256 (ESA);
Juruena, beira do Rio Juruena, floresta aluvial, 10°18'36.0"S, 58°19'48.0"W, 10 July
1997, fl., V.C. Souza 18583 (ESA); Nova Bandeirantes, estrada Ipora, 255 m, 22 July
2015, fl., fr., R.S. Ribeiro 78 (SPF). Paré: Belterra, Floresta Nacional do Tapajos, es-
trada para comunidade de Jamaragud, km 72, 02°55'15.9"S, 55°01'39.4"W, 114 m,
16 Sept 2015, fl., J.N.C. Francisco 89 (SPF); estrada do Mocambo, IPEAN, 02 May
1969, l., ].M. Pires 12075 (IAN, MO); Irituia, Rio Irituia, varzea S. Miguel do Guamad,
29 Oct 1948, 1., G.A. Black 48-3355 (IAN); Itaituba, estrada Santarém-Cuiabd, BR
163, km 794, 7°25'S, 55°20'W, 12 May 1983, fl., I.L. Amaral 1248 (MO); Marabs4,
Marabu, Serra Norte, Carajds, 7°42'36.0"S, 57°48'36.0"W, 01 Aug 1983, fl., M. Silva
1604 (MO, UEC); Obidos, beira do Lago Curumu, floresta de vdrzea, 01°51'37.3"S,
55°38'47.3"W, 24 m, 23 Sept 2015, fl., J.N.C. Francisco 130 (SPF); Obidos, lago
Maria Teresa, floresta de vdrzea, 01°52'37.7"S, 55°35'28.7"W, 14 m, 23 Sept 2015, fl.,
J.N.C. Francisco 121 (SPF); Ibid., 01°52'38.2"S, 55°35'27.4"W/, 14 m, 23 Sept 2015,
fr., J.N.C. Francisco 122 (SPF); Oriximin4, Floresta Nacional de Saracd-Taquera, préx-
imo ao alojamento Pioneiros de pesquisadores, floresta de terra firme, 01°27'56.6"S,
56°22'43.8"W, 71 m, 27 Sept 2015, fl., ].N.C. Francisco 151 (SPF); /bid., Porto Trom-
betas, rejeitos, Linha 69, beira de floresta, 1°45'36.0"S, 55°51'36.0"W, 09 Dec 1987,
fl., O.H. Knowles 1120 (INPA); /bid., Porto Trombetas, Serra Assas, descampado, 21
Oct 1987, fl., O.H. Knowles 1106 (INPA); Palestina do Par4, fazenda Andorinha sede
2, inicio da mata do rio Gameleira, 6°06'36.0"S, 48°24'36.0"W, 160 m, 18 Apr 2004,
fr., G. Pereira-Silva 8765 (CEN); Parauapebas, Serra dos Carajds, Platd N2, vegetacio
de canga, 7 Mar 2010, fl., L.C.B. Lobato 3870 (MG); /bid., 2 margem da estrada Ray-
mundo Mascarenhas, 8 Feb 1990, fl., ].B.2 Rocha 701 (IAN); Portel, 1°57'36.0"S,
50°45'00.0"W, 21 Oct 1955, fl., L. Williams 18222 (IAN, MO); Porto Trombetas,
Minerac¢io Rio do Norte, 1991, fr., Evando 542 (INPA); Santarém, beira da PA-370,
préxima a guarita da Usina Hidrelétrica Curud-Uma, floresta de terra firme, 02°49'21"S,
54°17'58.9"W, 49 m, 19 Sept 2015, fl., ].N.C. Francisco 103 (SPF); Ibid., ramal
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préximo a Usina Hidrelétrica Curud-Uma, solo areno argiloso, floresta de terra firme,
02°48'45.2"S, 54°18'08.8"W, 47 m, 19 Sept 2015, fl., J.N.C. Francisco 105 (SPF);
Sao Miguel do Guamd, Rio Guamé, beira do rio, igap6, 21 Aug 1948, fl., fr., Dardano
48-3092 (IAN); Senador José Porfirio, margem direita do Rio Xingu, capoeira de terra
firme, 02°34'00"S, 51°55'00"W, 3 Dec 1991, fr., G. Santos 282 (MG); Tucurui, drea
de desmatamento, 1 Sept 1983, fl., EE. Miranda 362 (NY); /bid., BR-422, Km 45,
Breu Branco, margem do rio Tocantins, 5 Nov 1983, fl., J. Ramos 1011 (INPA); /bid.,
estrada para o lago 31 de marco, 30 Aug 1983, fl., . Revilla 8397 (NY); /bid., margens
da PA-149 até ca. Km 50, 22 Aug 1983, fr., J. Revilla 8326 (NY); Viseu, Serra do Pirid,
a 13km de Agaiteua, 4 Dec 1993, fl., . Sales 1539 (MG); Vitéria do Xingu, 3°19'32"S,
52°00'16"W, 1 Aug 2015, fl., R.V. Pyramo PSACF_EX06147 (RB); V lbid., 3°22'4"S,
52°02'23"W, 12 Aug 2015, fl., B.R. Silva PSACF_EX06201 (RB).

4. Pachyptera kerere (Aubl.) Sandwith, Recueil Trav. Bot. Néerl. 34: 219. 1937.
Fig. 11

Bignonia kerere Aubl., Hist. Pl. Guiane 2: 644, tab. 260. 1775, excluding the fruit
description and tab. 263. Bignonia heterophylla Willdenow, Sp. Pl. 3: 298. 1800
(1801]. nom. superfl. illeg. Sererea heterophyla (Willd.) Rafinesque, Sylva Tellur.
107. 1838. nom. superfl. illeg. Adenocalymma kerere (Aubl.) Bureau & K. Schum.
Fl. Bras. 8(2): 119. 1891. Adenocalymma stridula Miers, Ann. Mag. Nat. Hist. ser.
3 7:392. 1861. nom. illeg., Petastoma kerere (Aubl.) Schnee in. Pittier, Cat. FI.
Venez. 2: 404.1947. Mansoa kerere (Aubl.) A. Gentry, Ann. Missouri Bot. Gard.
66(4): 783. 1979 [1980]. Type: French Guiana. Cayenne, s.d., fl., J.B.C.E Aublet
s.n. (holotype, BM000992379!).

Pachyptera foveolata DC., Prodr. 9: 175. 1845. Adenocalymma foveolatum (DC.) Bail-
lon, Hist. PL. 10: 7, fig. 9-16. 1891. Adenocalymma foveolatum (DC.) K. Schu-
mann, Nat. Pflanzenfam 4(3b): 214, fig. 89 F-G. 1894. nom. superfl. illeg. Adeno-
calymma foveolatum (Bureau) Bureau & K. Schumann, Fl. Bras. 8(2): 109. 1896.
nom. illeg. Type: French Guiana, s.loc., 1819-1821, fr., M. Poiteau s.n. (lectotype,
designated by Sprague and Sandwith 1929, p. 84: G-DC [G00014105]!).

Adenocalymma brachybotrys DC., Prod. 9: 202. 184. Type: French Guiana. s.loc., 1821,
fl., G.S. Perrottet s.n. (holotype, P03578200!).

Adenocalymma symmetricum Rusby, Descr. S. Amer. Pl. 122. 1920. Type: Venezuela.
Lower Orinoco, 1896, fl., Rusby & Squires s.n. (holotype, NY00313053!).

Bignonia benensis Britton ex Rusby, Bull. Torrey Bot. Club 27: 70. 1900. Type: Bolivia.
Junction of Beni and Madre de Dios rivers, Aug. 1886, fl, H.H. Rusby 1143. (lecto-
type, designated here, NY00313133!; isotype, MICH01115822!, NY00313132!,
US00603898!, US00125816!).

Tanaecium zetekii Standley, Contr. Arnold Arbor 5:140. 1933. Type: Panamd. Barro
Colorado Island, 3 Feb 1932, fl., R.H. Woodworth 363. (holotype, F651874);
isotype, A00093244!, MO807829!, US00125783).
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Description. Liana; stems solid, tetragonal (cylindrical in younger portions), green or
brown, with greyish striations, lenticellate; prophylls of axillary buds 3(-5)-seriated,
flattened and ensiform. Leaves with blades discolorous (concolor), membranaceous to
chartaceous (coriaceous), elliptic, obovate or ovate-lanceolate, asymmetric, apex acute,
acuminate or caudate, base cordate, oblique, lateral blades 4.4-22.5 x 2.1-14.3 cm,
apical blades 5.2-22.5 x 2.0-11.5 cm; petiole semi-cylindrical, 0.3—6.9 ¢m long, peti-
olules not puvinated, lateral petiolules 0.3—6.0 cm long, apical petiolules 0.8—6.0 cm
long. Inflorescence a congested raceme, 0.6-4.8 cm long; pedicel (0.2-)0.5-5.7(-7.5)
cm long; bracts 1.1-2.4 mm long; bracteoles cymbiform or filiform, 0.4-2.3 x 0.5-0.8
mm. Calyx green, sometimes with purplish apex, tubular, bilabiate or sub-bilabiate,
truncate, minutely 5-lobed, 0.5-1.2 x 0.4-0.9 cm. Corolla white to cream, infundibu-
liform, 4.0-9.5 cm long, 0.9-2.5 cm of diameter at the tube mouth; lobes rounded
(sub-circular), 0.6-1.9 x 0.5-1.8 cm. Androecium with the longer stamens 18.0-29.1
mm long, the shorter stamens 11.9-20.3 mm long, glabrous; anthers villous, included,
thecae curved forward, 1.9-3.1 x 0.3-1.0 mm; pollen 3-colpate, microreticulate. Gy-
noecium 3.2—6.0 cm long; ovary 1.8-3.6 x 0.8-1.6, cylindrical, not-sulcate, smooth,
densely pubescent, with simple and dentritic trichomes, sparsely lepidote, with glan-
dular peltate trichomes, without patelliform glandular trichomes; stigma capitate or
ovate, 1.6-3.1 x 0.9-3.5 mm; nectar disc 0.4-1.9 x 0.5-4.0 mm. Capsule fusiform,
inflated (slightly flattened), 8.0-26.0 x 1.5-3.6 c¢m, each valve with a conspicuous and
raised longitudinal midline; seeds irregularly circular and obcordate, 2.8—4.4 x 1.4-3.0
cm, thick, corky, striated, secondary sculpture with two pairs of medium micropores
on each striation, wingless.

Distribution. This species is typically found in wet and often flooded forest vegeta-
tion in Belize (Toledo), Costa Rica (Limdn, Puntarenas), Guatemala (Izabal), Hondu-
ras (Atlintida, Célon), Nicaragua (Atldntico Sur, San Juan), Panama (Bocas del Toro,
Colén, Darién, Panama), Bolivia (Beni), Brazil (Acre, Amapd, Amazonas, Maranhao,
Mato Grosso, Pard, Rondénia, Roraima), Colombia (Amazonas, Antioquia, Bolivar,
Chocd), French Guiana (Cayenne), Guyana (Cuyuni-Mazaruni, Upper Demerara-
Berbice, Venezuela), Peru (Amazonas, Hudnuco, Loreto, Madre de Dios), Suriname
and Venezuela (Amazonas, Apure, Bolivar, Delta Amacuro). Fig. 12.

Phenology. This species flowers and fruits throughout the year.

Etymology. The specific epithet is derived from vernacular name “kéréré” or “té-
réré” adopted by the indigenous group Galibis, from French Guiana, who use this
plant as rope material.

Nomenclatural note. The original description of this species by Aublet (1775)
included a mistake in the fruit illustration and description, which consists of the de-
scription of Amphilophium magnollifolium (Kunth) L.G. Lohmann instead.

Bignonia benensis was described by Britton (1990) based on a collection by Rusby
1143. This material cannot be considered a holotype because it was not cited in the
protologue. Two related specimens are deposited at NY and US and one at MICH.
Although there are two materials deposited at NY, only one is original material.
The the other specimen is a duplicate that was originally deposited at the College of
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Figure 1 1. Pachyptera kerere: A Flowering branch B Interpetiolar region with EFNs and prophylls of axil-
lary buds 3-seriated, flattened and ensiform € Apice of the leaflet mucronulate D Branchlets with terminal
leaflet replaced by trifid tendril E Trifid tentril F Calyx external view G Open flower showing the androe-
cium with anthers united H Stamen with villous and curved thecae I Gynoecium J Ovary surface pubes-
cent (J.N.C. Francisco 41, SPF) K Fruit fusiform and inflated, with a conspicuous and raised longitudinal
midline on valve (T.B. Croat 11085, MO) L Seeds corky and wingless (R.A.A. Oldeman B-1449, MO).
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Figure 12. Distribution of Pachyprera kerere.

Pharmacy Herbarium, where Britton worked. Materials from this herbarium were
only later incorporated into the NY collection along with other items. Therefore, the
specimen originally deposited at NY (NY313133) is here designated as lectotype.

Taxonomic comments. Pachyptera kerere is easily recognised by the infundibuliform,
white to cream corollas, with densely pubescent ovary. The fusiform, woody, inflated
(sometimes slightly flattened) fruit, with a conspicuous and raised longitudinal midline,
is very distinctive. The seeds are irregularly circular and obcordate, corky and wingless.

Pachyptera kerere shares infundibuliform corollas with 2 incarnata and P, linearis.
However, P kerere can be differentiated by the densely pubescent ovary (vs. sparsely
pubescent ovary of P linearis and densely lepidote ovary in P incarnata). Furthermore,
P kerere is easily separated from P incarnata by the white corolla (vs. light pink to pale
purple corolla of P incarnata).

Specimens examined. BELIZE. Belize: Mile 5 3/4, Northen Highway, 7 June
1974, 1., ].D. Dwyer 12737 (MO). Stann Creek: 16°50'N, 88°30"W, May 1901, fl.,
fr., E.J.F Campbell 95 (K). Toledo: Maya Mountains foothill, Solomon Camp, vicin-
ity of the junction of Richardson Creek and Bladen Branch, 16°31'48.0"N,
88°45'00.0"W, 80 m, 5 Mar 1987, fl., G. Davidse 32046 (MO). COSTA RICA.
Limén: Parque Nacional Tortuguero, Estaciéon Agua Fria, alrededores de la casa-es-
tacién, vegetaciéon secundaria y relictos de vegetacién primaria, 10°24'36"N,
83°33'36"W, 40 m, 24 Oct 1987, fl., R. Robles 1121 (MO); /bid., Estacién Cuatro

Esquinas, 800 m al Sur de la casa-estacién, a orillas de la Laguna de Tortuguero,
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10°30'36.0"N, 83°30'00.0"W, 2 m, 29 Nov 1987, fr., R. Robles 1391 (MO); Puerto
Viejo de Talamanca, along road in vicinity of beach between Punta Cocles and Punta
Uva, E of Puerto Viejo de Talamanca, 9°37'48"N, 82°42'36"W/, 0—5 m, 6 Nov 1984,
fl., M.H. Grayum 4411 (MO); Rio Gandoca, Refugio Gandoca-Manzanillo Low-ly-
ing coastal swamps and forests, Gandoca (slightly to N of trail from Mata de Limén),
9°36'N, 82°36'W, 0 m, 27 Jan 1987, fl., M.H. Grayum 8032 (MO); Talamanca, Six-
aola, Gandoca, finca Cangrejo, Anai, 9°34'45"N, 82°36'20"W, 10 m, 24 Mar 1995,
fr., G. Herrera 7551 (K). Puntarenas: Cantén de Osa, cuenca Térraba-Sierpe, Choc-
uaco, 8°43'50"N, 83°27'17"W, 150 m, 29 Dec 1996, fl., R. Aguilar 4824 (MO);
Golfo Dulce, Reserva Forestal Golfo Dulce Aguabuena, sector sur, 08°42'00"N,
83°31'12"W, 50 m, 15 Jan 1992, fl., R. Aguilar 818 (MO). GUATEMALA. Izabal:
Dartmouth, between Dartmouth and Morales toward Lago Izabel, Montana del Mico,
15°30'36.0"N, 88°46'48.0"W, 35 m, 7 Apr 1940, fl,, fr., J.A. Steyermark 39022 (F,
MO); Puerto Barrios, near Rio Parguena, 38—40 km N of Puerto Ayacucho, 25 May
1939, fl., PC. Standley 73082 (F). HONDURAS. Atlantida: Esparta, 41.5 km E of
Tela on the Tela-Ceiba Hwy then ca. 6 km N along old timber road. In remaining
patches of primary forest, 15°39'N, 87°16'W, 100 m, 24 Apr 1994, fl., fr., A.E. Brant
2917 (MO). Colén: Rio Guaimoreto, 1.8 mi strip on the north bank of rio Guaimor-
eto between old bridge and opening of Laguna Guaimoreto 4.5 NE of Trujillo on old
road to Castilla, 15°57'30"N, 85°54'30"W/, 0 m, 10 July 1980, fl., ].G. Saunders 453
(MO); Trujillo, 1.8.mi strip on the north bank of rio Guaimoreto between old bridge
and opening of Laguna Guaimoreto 4.5 mim, NE of Trijillo on old road to Castilla,
15°57'N, 85°54"W, 0 m, 19 June 1980, fl., J. Saunders 397 (MO). NICARAGUA.
Atldntico Sur: Rio Pijibaye, 11°27'N, 83°54'W, 10-20 m, 18 Feb 1995, fl,, fr., R.
Rueda 3216 (MO). Rio San Juan: Municipio de San Juan del Norte, Reserva Indio-
Maiz, entre San Juan del Norte y la Finca de Chepelién, 50 m, 8 July 2002, fl., R.
Rueda 16901 (MO). PANAMA. Bocas del Toro: Water Valley, vicinity of Chiriqui
Lagoon, 23 Nov 1940, fl., H. von Wedel 1754 (MO). Colén: Chagres, Isthmus of
Panama, 26 Mar 1850, fl., A. Fendler 206 (K); Portobello, ridge top, 1-3 miles W of
Portobello, 7 Sept 1971, fl., A .H. Gentry 1766 (MO); premontane wet forest along
Road ST as it climbis the hill 1 Km SE of Camp Pina, 6 km WNW of Gatun Dam,
125 m, 21 Dec 1973, fl., M. Nee 8948 (MO); Western most part of province, site of
proposed copper mine (INMET), Tailings Area, lowland forest on steep slopes,
8°53'50"N, 80°39'44"W, 40 m, 15 Apr 2009, fl., G. McPherson 20983 (MO).
Darién: Rio Cupe, Rio Tuira between Boca de Cupe and mouth of Rio Pucro, 7°54'N,
77°30'W, 0 m, 12 Jan 1975, fl., A .-H. Gentry 13528 (MO); Yavisa, Rio Chucunaque,
0-1 hour above Yaviza, near sea level, 8°10'48.0"N, 77°40'48.0"W, 0 m, 8 Jan 1975,
fl., AH. Gentry 13477 (MO). Panama: Barro Colorado Island, Canal Area, cove
north of dock, 2 July 1970, fr., T.B. Croat 11085 (MO); Barro Colorado Island, Canal
Zone, shore line N of Smithsonian Laboratory Habour towards Salud Point, 9. 16°,
menos 79. 84°, 28 Feb 1964, fl., E Ehrendorfer 6400-22 (WU); /bid., Shoreline, 24
Jan 1968, fl., fr., ].D. Dwyer 8450 (F); /bid., tip of Pearson Trail Peninsula S & W to
3rd large cove, 09°10'07"N, 79°51'31"W, 0-5 m, 7 May 1968, fr., T.B. Croat 5406
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(MO). BOLIVIA. Beni: Riberlata, ca. 3 km SW of Riberalta on road to Hamburgo
(crossing of Rio Beni), vdrzea forest, heavily disturbed, 11°01'48.0"S, 66°06'00.0"W,
230 m, 20 Sept 1981, fl., J.C. Solomon 6349 (MO); Vaca Diez, Cachuela Esperanza
Rio Beni, 12 Sept 1985, fl., M. Moraes 550 (MO). BRAZIL. s.loc,, s.d., fl., s.inf. s.n.
(B). Acre: Porto Walter, Along Rio Jurud-Mirim, ca. 3 hrs by boat, above its mouth at
Rio Jurud, 11 Nov 2001, fl., P G. Delprete 7688 (NY). Amapa: Macapd, canteiro do
Museu Macapd, 30 June 1981, fl., Verénica 17 (RBR); Rio Araguari, 1°10'48.0"N,
52°07'48.0"W, 22 July 1951, fr., R.L. Frées 27540 (IAN, MO); Rio Calcoene, 16 Nov
1901, fl., W.A. Ducke s.n. (K, MO); Rio Puchaci afluente do Vila Nova, 15 Feb 1961,
fl., A.G. Andrade 855 (R). Amazonas: Anavilhanas, Rio Negro, May 1980, fl., M.
Goulding 66a (MG, MO); Ibid., s.d., fl., M. Goulding 2120 (MG, MO); Autaz-
Mirim, igap6 do Curi, 20 Mar 1973, fl., fr., A.A. Loureiro INPA37554 (INPA); 1bid.,
Lago do Purupuru, igapé, 17 Mar 1973, fl., fr., A.A. Loureiro s.n. (INPA); Careiro,
Lago do Castanho, igap6, 7 June 1972, fr., M. Honda INPA36004 (INPA); Itaubara-
na, Rio Purus region, Rio Ipixuna, 15 km downstream from Itaubarana (30 km from
Tapaua), igap6, 5°38'0"S, 63°10'0"W, 19 Jan 1986, fl., G. Gottsberger 115-19186
(MO); Itaubarana, Rio Purus region, Rio Ipixuna, 15 km downstream from Itaubarana
(30 km from Tapaua), igapo, 5°38'0"S, 63°10'0"W, 23 Jan 1986, fl., G. Gottsberger
16-23186 (MO); Janauacd, Lago do Castanho, 7 June 1972, fr., M. Honda INPA36004
(INPA); Manaus, bank of Rio Negro and Rio Amazonas near Manaus, 4 Apr 1974, fl.,
fr., A-H. Gentry 11191 (MO); /bid., Campus do INPA, Séde do INPA, estrada do
Aleixo, km 3, capoeira, solo argiloso, 5 Aug 1973, fl., PN. Conceigao 5 (INPA); /bid.,
estrada do Igarapé do Mariano, capoeira fechada, 23 Apr 1958, fl, fr.,, J.C. Almeida
INPAG6383 (INPA); Ibid., Igarapé do Binda, 19 Jan 1955, fl., J.C. Chagas 606 (K);
Ibid., terra Gmida, 2°18'36.0"S, 60°04'48.0"W, 19 Jan 1955, fl,, J.C. Almeida
INPAGOG (INPA); Novo Airao, margem do Rio Negro, mata de igapé, 01°54'21.0"S,
61°20'08.9"W, 21 m, 12 May 2015, l., M. Beyer 324 (SPF); Ibid., 1°40'07.0"S,
61°25'00.1"W, 13 m, 12 May 2015, fl., M. Beyer 332 (SPF); /bid., Estagao Ecoldgica
Anavilhanas, 2°31'48.0"S, 60°50'24.0"W, 5 Feb 2007, fl., L.G. Lohmann 836 (SPF);
Presidente Figueiredo (entorno), beira do Rio Uatuma, abaixo do Ramal da Morena,
1°00'S, 59°00"W, 24 Feb 2007, fl., C.E. Zartman 6349 (INPA, SPF); /bid., beira do
Rio Uatumai, abaixo do ramal da Morena, 24 Feb 2007, fr., C.E. Zartman 6333
(INPA); /bid., Balbina, 2°01'48.0"S, 60°01'12.0"W, 13 Aug 2008, fl., EE Melo 532
(INPA); Rio Ituxi, Boca du Curuquete, Rio Purus, 10 July 1971, fl., G.T. Prance
14036 (INPA); Rio Negro between Rio Quinini and Moreira, sandy river bank, 13
Oct 1971, fl., G.T. Prance 15178 (INPA); Ibid., Parana do Jacaré, 2°01'48.0"S,
60°01'12.0"W, 24 June 1992, fl., S.A. Mori 22470 (MO); Sao Francisco, Rio Negro,
Parand do Camanat até Ponta do Canta Galo, 1°41'24.0"S, 61°16'12.0"W, 25 Apr
1973, fl, fr., ML.E Silva 1092 (INPA); Solimées, boca do Tefé, capoeira, 27 Sept 1904,
fl., A. Ducke MG6821 (INPA); Tefé, Lago Tefé, northwest shore, igapé habitat, sandy,
flooded lakeshor, 11 Dec 1982, fl., T. Plowman INPA126243 (INPA); Xiborema, solo
argiloso, mata de vdrzea, 1 Jan 1957, fl., L.E. Coélho s.n. (INPA). Maranhao: Lago
Verde, fazenda Sao Francisco, 11Km N of Km 337 of BR 316, forest with Orbignya
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Palm, 4°0'S, 44°56'W, 25 Sept 1980, fr., D.C. Daly D264 (MG); Palmeirdndia, 17
Dec 2006, fl., C.M. Vieira 72 (IAN). Mato Grosso: Colider, canteiro de obras da
UHE Colider, terra firme, 10°58 48.0"S, 55°46'12.0"W, 258 m, 6 June 2011, fl.,
C.R.A. Soares 3594 (HERBAM, NX); near Tabajara, upper Machado River region,
Nov 1931, fl., B.A. Krukoff 1517 (K, NY, P). Pard: Agud, Rio Iruct, mata de vérzea,
1992, fl., fr., U.R. Maciel 1971 (MG); lbid., Rio Marajozinho, mata de vérzea, 1992,
fl., U.R. Maciel 1793 (MG), U.R. Maciel 1823 (MG); Almeirim, Distrito de Monte
Dourado, coletas ao longo do Rio Jari, 0°51'00"S, 52°32'00"W, 68 m, 4 July 2010, 1.,
R.C. Forzza 5994 (RB); Altamira, Rodovia Transamazo6nica (BR-230), margem do Rio
Xingu, antes da travessia da Balsa, lado esquerdo da rovovia, sentido Altamira - Mara-
b4, 03°07'34.4"S, 51°42'03.2"W, 5 m, 30 Nov 2005, fl., R.G. Udulutsch 2708
(HRCB, MBM, SPE UNESPRC); Aveiro, Flona do Tapajés, Rio Cupari, 12 May
2011, fl., M.A. Braga 77 (RB); Belém, Campus of IPEAN, 6 Dec 1974, fl., A.H. Gen-
try 13075 (MO); Belterra, caminho para Pindobal, 29 Oct 1947, fl., G.A. Black 47-
1861 (IAN, K); Chaves, Ilha Mexiana, Faz. Nazareth, 18 Sept 1901, fl., M. Guedes
s.n. (MO); estrada entre S. Miguel e Rio Caracuru, varzea, capoeira, 17 Jan 1969, fl.,
N.T. Silva 1654 (K, MO); Furo Macujubirm, 30 Aug 1901, fl., M. Guedes s.n. (MO);
Ilha de Marajé, Rio Gipuru, 00°15'S, 50°30"W, 24 Oct 1987, fl., H.T. Beck 178 (F,
MO); Melgaco, na Ilha do Marajé, Rio Mapari, afluente do Rio Tajapuru, 29 Nov
1991, NA, G. Santos 226 (MO); Obidos, capoeira, 5 Aug 1902, st., W.A. Ducke s.n.
(K, MO); Ourém, capoeira, 4 Dec 1903, fl., R.S. Rorb s.n. (MG); Paraupebas, Reser-
va Biologica da Serra dos Carajds, Companhia Vale do Rio Doce, 4rea da planta piloto,
mina de exploracao de ferro-N4, 500 m, 20 Nov 1991, fr., G. Santos 183 (G, MO);
Pirid, Bankof Rio Piria, N of km 90, 28 Oct 1965, fl., G.T. Prance 1736 (IAN, K,
MO); Rio Mojt, 1 June 1954, fl., G.A. Black 54-16283 (K); Rio Tocentius, reg. de S.
Joazuim de Iraquara, 18 Dec 1960, fr., E. Oliveira 1243 (IAN, MO); Santarém, 1877-
78, fl., M. Jobert 857 (P); Sao Sebastido da Boa Vista, estrada de acesso a Vila Cocal, 2
Sept 1992, fl., C.A. Santos 31 (MG); Senador Jose Porfirio (Sozel), margem direita do
Rio Xingu, 02°34'00"S, 51°55'00"W, 3 Dec 1991, fr., G. Santos 287 (MO); Tucurui,
Breu Branco, igap6 as margens do rio Tocantis, 14 Oct 1983, fl., ]. Revilla 8681 (NY,
SPF); Ibid., Breu Branco, margem do rio Tocantis, 12 Sept 1983, fl., EE. Miranda 576
(NY); Vitéria do Xingu, Rio Xingu, Sitio Pimental, 2°52'48.0" S, 52°00'36.0"W, 15
Jan 2012, fl., C.S. Rosario s.n. (MBM). Ronddnia: Costa Marques, as margens do rio
Caltdrio, 28 Oct 1996, fr., L.C.B. Lobato 2398 (MG); Pacdas Novos, Rio Pacdas
Novos, 3 Aug 1968, fl., G.T. Prance 6759 (INPA, K, MO, R). Roraima: Caracarai,
Rio Branco, 0°56'46.4"S, 61°52'32"W, 36 m, 15 May 2015, fl., A. Frazao 149 (SPF);
Ibid., 0°36'14"N, 61°35'43"W, 50 m, 20 Mar 2012, fl., G. Martinelli 17395 (RB);
Ibid., parand abala6, 0°56'49"N, 60°58'14"W, 34 m, 27 Mar 2012, fl., fr., M. Nadruz
2647 (RB); Ibid., préximo ao encontro com o Rio Negro, 1°22'24.5'S, 61°51'59.7"W,
34 m, 16 May 2015, fl., A. Frazdo 153 (SPF); /bid., Parque Nacional do Virud, margem
do Rio Branco, igapé, 01°40'29.0"N, 61°11'24.6"W, 42 m, 26 Sept 2014, fl., ].N.C.
Francisco 41 (SPF); [bid., préximo da sede do Parque, floresta de terra firme,
01°29'23.3"N, 61°00'09.1"W, 68 m, 24 Sept 2014, fl., ].N.C. Francisco 40 (SPF);
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Ibid., 01°29'24.9"N, 61°00'11.4"W, 67 m, 24 Sept 2014, fl., J.N.C. Francisco 39
(SPF); Igarapé Agua Boa, Rio Mucajai between Pratinha and Rio Apiau, 22 Jan 1967,
fl., G.T. Prance 4012 (INPA, K, MO, R, US);Rorainépolis, Rio Branco, 00°43'46.3"S,
61°51'24.0"W, 32 m, 14 May 2015, fl., V. Thode 424 (SPF); /bid., Ponto 11,
0°56'24.0"S, 61°50'24.0"W, 22 m, 14 May 2015, fl., fr., A. Frazao 136 (SPF); Ibid.,
boca do Rio Branco com o Rio Negro, 1°23'8"S, 61°52'46"W, 40 m, 25 Apr 2014, fl.,
R.C. Forzza 8094 (RB); /bid., 1°23'8"S, 61°52'46"W, 40 m, 25 July 2014, ., R.C.
Forzza 8113 (RB); /bid., mata de igap6 com interferéncia da dgua branca do rio Bran-
co, 1°23'0.2"S, 61°51'6"W, 35 m, 13 May 2015, fl., B.M. Gomes 648 (SPF); /bid., em
diregio a Caracarai, mata de igapé, 1°12'12.7"S, 61°50'37.3"W, 34 m, 13 May 2015,
fr., B.M. Gomes 651 (SPF); /bid., ao encontro dos rio Branco com o Negro, mata de
igap6 com influéncia das dguas do rio Negro, 1°5'46.5"S, 61°52'53"W/, 28 m, 15 May
2015, fl., B.M. Gomes 659 (SPF); /bid., mata de igapé, 1°14'42.7"S, 61°50'56.2”W,
29 m, 16 May 2015, fl., B.M. Gomes 662 (SPF); Rorainépolis, Rio Negro, mata de
igap6, 01°33'14.2"S, 61°30'27.8"W, 13 m, 12 May 2015, fl., M. Beyer 336 (SPF);
Ibid., 01°33'14.2"S, 62°30'27.8"W, 13 m, 12 May 2015, ., M. Beyer 337 (SPF);
Ibid., 1°22'5.2"S, 61°45'55.3"W, 18 m, 13 May 2015, fl., B.M. Gomes 639 (SPF);
Ibid., Rio Xixuau, floresta beirando pequenos igarapés, 0°48'22"S, 61°33'32"W/, 5 Mar
2010, fl., M.J.G. Hopkins 1961 (INPA); /bid., llha da casa do Chris, 0°48'01"N,
61°33'29”W, 25 m, 3 Feb 2011, fl., T. Marinho 208 (INPA). COLOMBIA. Llamos
de Cumaral ad vedem Andim bogosensim orinocum versus, 386 m, Jan 1876, fl., L.
Aruz 1035 (P). Amazonas: Araracuara, rocks along Rio Caqueta, Araracuara, 17 Jan
1989, fr., A.H. Gentry 64809 (MO). Antioquia: Chigorodo, Rio Leon 15 km W of
Chigorodo, 07°45'N, 76°50"W, 100 m, 19 Mar 1962, fl., C. Feddema 1954 (MICH,
MO, US); Necocli, Reserva Indigena Caindn Nuevo, 76°46'W, 8°36"N, 2 m, Aug
1992, fl., L. Castano 93a (HUA). Bolivar: La Raya, Achi, Inspeccion de la Raya,
8°19'48.0"N, 74°33'36.0"W, 30 m, 5 May 1987, fl., H.V. Cuadros 3601 (MO).
Chocé: Boca del Togoroma, Bank of Quebrada Togoroma, 13 June 1944, fl., fr., E.I.
Killip 39122 (COL, E MO, US); Las Animas, Jequedo, 42 km W of Las Animas, E of
Rio Pato on Pan American (under construction) W of Las Animas, 5°16'48.0"N,
76°36'36.0"W, 250 m, 11 Jan 1979, fl., A.H. Gentry 23990 (MO); Truando, cativo
swamps along Rio Truando, 18 Jan 1974, fl., A.H. Gentry 9313 (MO). FRENCH
GUIANA. Javanes de Mana, 1855, fl., Gusllet s.n. (P); s.loc., 15 Dec 1956, {1, fr., A.
Lemée 11 (P); s.loc., 1845, fl., fr., M. Melinén 64 (P); s.loc., 1856, fl,, s.inf. s.n. (P);
s.loc., 8 May 1874, fl., M. Melinén 121 (P); s.loc., Jan 1900, fl., E Geay 1861 (P).
Cayenne: Camopi, Camopi River, env. 12 km en amout de Camopi, 16 Dec 1965, fl.,
R.A.A. Oldeman 1796 (P, MO); Mahury River, Crique Gabrielle, tributary of the
Mahury River, across from Stoupan, 4°45'00.0"N, 52°18'36.0"W/, 10 m, 18 Oct 1991,
fl., S.A. Mori 22137 (MO, NY); Mana River, Awara, village Galibi sur la reiver S de
Iestucire de la Mana, env. 4 18 km de Mana, 26 Jan 1978, fl., A. Raynal-Roques 19920
(MO, P); Maroni River, 1861, fl., M. Melinén 201 (P); /bid., 1982, fl., M. Melinén
205 (K, P); Montagne de Kaw, Montagnes de Kaw, Auberge de Brousse des Cascades,
savanna and forest edges at end of road, 4°34'48.0"N, 52°16'48.0"W, 140 m, 12 Sept
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1987, fl., A. Weitzman 287 (MO); Rives de I'Oyapock, entre St George at Maripa,
Mar 1968, fr., R.A.A. Oldeman B-1449 (MO); Rivie¢re Counana, affluent de I'Orapu,
Dégrad Counana, 23 Dec 1966, fr., R.A.A. Oldeman B-778 (P); pont sur la crique
Kourouaie, RN2, Régina, 04°06'53"N, 52°03'37"W, 4 m, 21 Mar 2009, fl., O. To-
stain 2664 (P, NY, US). GUYANA. Pomeroon river, Mora Island, Wakapoa, 27 Dec
1958, fl., V. Graham P232 (K); s.loc., s.d., fl., Senudeas s.n. (P); Madoony Creek, Jan
1889, fl., G.S. Jenman 20968 (K). Cuyuni-Mazaruni: Mazaruni Station, 28 Aug
1937, fl., N.Y. Sandwith 1226 (K); 7bid., 29 Oct 1943, fl., Fanshawe 4155 (K). Upper
Demerara-Berbice: Moraballi Creek near Bartica, Essequibo River, 15 Nov 1929, fl.,
N.Y. Sandwith 617 (K, MO). Venezuela: Beryen de Lorenoque, 1864, fl., R. Gro-
sourdy 13 (P). PERU. Amazonas: Condorcanqui, Monte virgin, 1 km atras de la co-
munidad de Caterpiza, trocha de metayar, banda este de la Quebrada Caterpiza, Rio
Santiago, 3°54'36.0"S, 77°42'00.0"W, 180 m, 30 Oct 1979, fl., V. Huashikat 1145
(MO). Huédnuco: Pachitea, region of Pucallpa, western part of the Sira mountains and
adjacent lowland, ¢ 26 km of Puerto Inca, next to the junction of the Rio Pachitea and
Rio Yuyapichis, biological field station Panguana, primary lowland rain forest with
some xer, 9°36'36.0"S, 74°55'48.0"W/, 260 m, 21 Sept 1988, fl., fr., W. Morawetz 11-
21988 (MO ). Loreto: Boca del Rio Itaya, above Iquitos, 110 m, 17 Sept 1929, fl., E.P.
Killip 29401 (F); Indiana, trail from Indiana on Rio Amazonas to Rio Napo, well
drained upland forest on clay, 3°27'36.0"S, 73°00'00.0"W, 200 m, s.d., fl., A.H. Gen-
try 22205 (MO); Iquitos, Carretera de Picuruyacu, en terreno arenoso, 3°44'24.0"S,
73°14'24.0"W, 160 m, 23 Sept 1981, fl., Y.M. Rimachi 5716 (MO); Maynas, explor-
er’s inn tourist camp near Indiana on Rio Amazonas, seasonally inundated tahuampa
forest, 3°30'S, 73°00'W, 120 m, 21 Feb 1988, fl., A.H. Gentry 61828 (MO); /bid.,
Mishana, (Rio Nanay), bosque secundario de mas de 20 anos, 03°55'S, 73°35'W, 130
m, 25 July 1984, fl., R. Visquez 5404 (MO); Ibid., Pto. Almendras (Rio Nanay),
bosque inundable estacional (tahuampa), 3°48'00.0"S, 73°24'36.0"W, 122 m, 7 Sept
1984, fl., R. Visquez 5540 (MO); Requena, Sanangal, bosque secundario inundable
(Tahuampa), 04°10'S, 73°20"W, 120 m, 8 Aug 1980, fl., R. Visquez 347 (MO). Madre
de Dios: Laguna Cocacocha, edge of Laguna Cocacocha 39 km SW of Pto Moldanado
near confl of Rios La Torre & Tambopata, 17 Oct 1968, fl., fr., S.E Smith 408 (MO,
US); Manu, Puerto Maldonado, Los Amigos Biological Station, ca. 7km upriver from
mouth of Rio Los Amigos, between Cocha Llena and Cocha Lobo, 12°34'12.0"S,
70°06'00.0"W, 270 m, 4 Nov 2001, fr., ].P. Janovec 2606 (SPF); Tambopata, Cusco
Amazonico, 15 km ENE of Puerto Maldonado, 12°24'48.0"S, 69°04'48.0"W, 200 m,
17 Dec 1989, fr., A.H. Gentry 68887 (MO); /bid., explorer’s inn tourist camp at junc-
tion of Rios La Torre and Tambopata, swampy forest, 12°48'36.0"S, 69°42'36.0"W,
270 m, 28 July 1985, fl., A.H. Gentry 51536 (MO). SURINAME. {le Portal, 1888,
fl., P. Sagot s.n. (P); Sipiwalini, Voltzberg Nature Reserve, Coppename River, 1-2 Km
north of Foengoe Island, 4°44'N, 56°11"W, 40 m, 21 Feb 1999, fl., B. Hoffman 5362
(MO). VENEZUELA. Des bords de I'Orinoque, 27 Sept 1886, fl., M. Chaffanjon
336 (P). Amazonas: Boca Casiquiare, selvas pluviales en y los alrededores de la orilla
del Rio Casiquiare, entre la boca y Isla de la Paloma, 18 Feb 1986, fl., B. Stergios 9001
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(MO); Carinagua, Dept Atures, alrededores de Puerto Ayacucho (ca. 9 Km al §),
bosque de galeria del Cafio Carinagua, alrededor del puente de la carretera Pto. Ayacu-
cho-Samariapo, 10 Jan 1978, fl., O. Huber 1406 (MO); Dept. Atures, Puerto Ayacu-
cho, end of road from airport to Rio Orinoco, gallery forest along river, 4 Apr 1984,
fl, T. Plowman 13473 (F); Puerto Ayacucho, seasonally inundated forest at edge of
Raudales del Orinoco, behind Pto. Ayacucho airport, sandy beach and adjacent laja,
5°39'36.0"N, 67°39'36.0"W, 100 m, 3 Apr 1984, fl., A.-H. Gentry 46267 (MO); Rio
Casiquiare, entre Piedra Guachapita y Curimacare, 2°00'00.0"N, 66°19'48.0"W, 150
m, 16 Jan 1987, fl., B. Stergios 9778 (MO); Rio Orinoco, cano Morocoto below San
Fernando de Atabapo, 03°40'41"N, 67°14'15"W, 26 Mar 1974, fl., A.H. Gentry
10943 (MO). Apure: La Ceiba, between Rio Borgue and El Jordan, 7 km E de la
Ceiba, 16 km E del Jordan, 350 m, 6 Apr 1968, fl., J.A. Steyermark 101948 (K); lo-
cally frequent along Rio Cinaruco for 20 km above las Galeras de Cinaruco, 24 Jan
1956, fl., J.J. Wurdack s.n. (JBRJ, RB); San Fernando, mouth of Rio Arauca at Rio
Orinoco, 7°24'N, 66°36'W, 35 m, 14 May 1977, fl., G. Davidse 13198 (MO). Boli-
var: Dpto. de Atures, Territorio Federal Amazonas, bosque humedo del rio Cataniapo,
cercano a la desembocadura con el rio Orinoco, 6°24'36.0"N, 67°24'36.0"W, 37 m,
15 Feb 1983, fl., A. Castillo 1604 (MO); Moitaco, Distrito Sucre, rebalse del Orinoco,
Hato Curumutopo, 11 Sept 1963, fl,, fr., G. Martino 18 (MO, NY); Rio Orinoco,
frequent on rocky outcrops on Isla Sta. Elena, opposite mouth of Rio Pargueni, 80 m,
13 Dec 1955, fl., J.J. Wurdack 39860 (K); Rio Parhuefia, near Rio Parguefia, 38—-40
km N of Puerto Ayacucho, 6°21'00.0"N, 67°09'36.0"W, 100 m, 30 June 1975, fr.,
AH. Gentry 14686 (US, MO). Delta Amacuro: Depto. Antonio Diaz, Cano Atoiba,
9°15'N, 60°57'W, 50 m, 19 Oct 1977, fl., J.A. Steyermark 114985 (MO); Depto.
Antonio Diaz, Cano Joba-Suburu, 8°59'N, 61°00'W, 50 m, 21 Oct 1977, 11, fr., J.A.
Steyermark 115147 (MO); Rio Amacuro, between Amacuro and mouth of Deadwater
Creak Moat, 8°31'12.0"N, 60°28'12.0"W, 65 m, 7 Nov 1960, fr., J.A. Steyermark
87341 (MO); Ibid., between Amacuro and mouth of Deadwater Creek Moat,
8°31'12.0"N, 60°28'12.0"W, 65 m, 7 Nov 1960, fl., J.A. Steyermark 87347 (MO).

5. Pachyptera linearis Francisco & L.G.Lohmann, sp. nov.
urn:lsid:ipni.org:names:60475860-2
Fig. 13

Type. Colombia. Meta: Parque Nacional Natural Tinigua, Serrania Chamusa Centro
de Investigacién Primatologicas La Macarena, 120 m, Apr 1992, fr., P. Stevenson 403
(holotype: MO088944!; isotypes, COL000349706!, COAH21210, not seen).

Diagnosis. Pachyptera linearis is similar to Pachyptera kerere, but can be distin-
guished by the linear and flattened capsule (vs. the fusiform and inflated capsule of 2
kerere), inconspicuous longitudinal midline on each valve (vs. conspicuous and raised
longitudinal midline on each valve of P kerere) and thin, oblong and wingless seeds (vs.
corky, irregularly circular, obcordate and wingless seeds of 2 kerere).
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ot

F

Figure 13. Pachyptera linearis. A Flowering branch B Interpetiolar region with ENFs and prophylls of
axillary buds 3-seriated, flattened and ensiform € Branchlets with terminal leaflet replaced by trifid tendril
(leaflet fells) D Trifid tentril E Flower F Calyx external view G Open flower showing the androecium with
anthers united H Stamen with villous and curved thecae I Gynoecium J Ovary surface pubescent (J.].
Wurdack 41357, K) K Fruit flattened, with an inconspicuous longitudinal midline L Seeds wingless (P.

Stevenson 403, MO).
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Figure 14. Distribution of Pachyptera linearis.

Description. Liana; stems solid, tetragonal (cylindrical in younger portions), with
greyish striations, lenticellate; prophylls of axillary buds 3-seriated, flattened and en-
siform. Leaves with blades discolorous or concolor, membranaceous to chartaceous,
elliptic, obovate-lanceolate, asymmetric, apex acute, acuminate, base cordate, lateral
blades 6.0-12.4 x 3.0-4.9 cm, apical blades 8.0-14.7 x 3.4-6.0 cm; petiole semi-
cylindrical, 1.0-4.2 c¢m long, petiolules not puvinated, lateral petiolules 0.5-1.6 cm
long, apical petiolules 1.5-3.5 cm long. Inflorescence a congested raceme, 0.6-1.2 cm
long; pedicel ca. 0.8 cm long; bracts ca. 0.7 mm long; bracteoles cymbiform, ca. 0.7
mm. Calyx green, tubular, minutely 5-lobed, 0.9 x 0.8 cm. Corolla white, infundibu-
liform, ca. 6.7 cm long, ca. 1.4 cm of diameter at the tube mouth; lobes rounded, 0.8
x 0.9 ecm. Androecium with the longer stamens ca. 32.0 mm long, the shorter stamens
ca. 10.9 mm long, glabrous; anthers villous, included, thecae curved forward, 2.5 x 0.9
mm; pollen 3-colpate, microreticulate. Gynoecium 5.0-5.2 cm long; ovary 2.9-4.0 x
1.2 mm, cylindrical, not-sulcate, smooth, sparsely to moderately pubescent, with sim-
ple trichomes, sparsely lepidote, with glandular peltate trichomes, without patelliform
glandular trichomes; stigma capitate or ovate, 1.7-2.8 x 1.7-2.8 mm; nectar disc 1.8 x
2.0 mm. Capsule linear, flattened, 19.0-35.0 x 2.2-2.4 cm, each valve with an incon-
spicuous longitudinal midline; seeds oblong, 4.0-7.0 x 1.5-1.8 cm, thin, not-corky,
coriaceous to woody, striated, secondary sculpture regularly interrupted by lateral rays,
wingless, with short membranaceous or chartaceous and hyaline wings.
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Distribution. Pachyptera linearis is only known from wet forests of Venezuela
(Apure, Bolivar) and Colombia (Meta). Fig. 14.

Phenology. Pachyptera linearis flowers in January and fruits in April.

Etymology. The epithet /inearis makes reference to the linear fruit.

Nomenclatural note. Pachyptera linearis is a new species described here based on
new morphological and molecular phylogenetic data (Fig. 1; Francisco and Lohmann
submitted). The best quality material was selected as the holotype.

Taxonomic comments. Pachyptera linearis is characterised by white and infundibu-
liform corollas, with a sparsely pubescent and sparsely lepidote ovary. Furthermore, the
capsule is linear, flattened, coriaceous to woody, with an inconspicuous longitudinal mid-
line on the valves. The seeds are oblong, thin, coriaceous to woody, winged, with short
membranaceous or coriaceous and hyaline wings. Pachyptera linearis shares the white
infundibuliform flowers with its sister species P kerere (Fig.1). Nevertheless, P linearis is
easily distinguible from P kerere by the fruit morphology.

Paratypes. VENEZUELA. Apure: galeras del Cinaruco, Rio Cinaruco, 29 km
above Las Galeras de Cinaruco, 80 m, 24 Jan 1956, fl., J.J. Wurdack 41357 (K, MO,
RB, S, VEN). Bolivar: Moitaco, rebalse del Orinoco, Hato Curumutopo, 8°00'00.0"N,
64°21'36.0"W, 24 Apr 1991, fr., G. Martino 22 (MO).

Doubtful and excluded names

Bignonia incarnata var. caribaea DC., Prodr. 9: 154. 1845. Type: Guadeloupe. s.loc.,
s.d., fl., EL. CHerminier s.n. (holotype, G-DC [G00133268]!) = Bignonia aequi-
noctialis L.

Pachyptera alliacea (Lam.) A.H. Gentry Brittonia 25(1): 236. 1973. Type: French Gui-
ana. s.loc., s.d., fl., J.B.C.E. Aublet s.n. (holotype, P-AD [P00307351]!) = Mansoa
alliacea (Lam.) A.H. Gentry

Pachyptera dasyantha DC. Prodr. 9: 176. 1845. Type: Brazil. Bahia: Rio Sao Francisco,
s.d., fl., J.S. Blanchet 2903 (holotype, G-DC [G00133367]!, K not seen) = Zanae-
cium pyramidatum (Rich.) L.G. Lohmann

Pachyptera hymenaea (DC.) A.H. Gentry Brittonia 25(3): 236. 1973. Type: Brazil.
Bahia, s.d., fl., J.S. Blanchet 1434 (holotype, G-DC [G00133196]!; isotype,
P00481498!) = Mansoa hymenaea (DC.) A.H. Gentry

Pachyptera parvifolia A.H. Gentry Phytologia 26(6):447-450. 1973. Type: Colom-
bia, Sur de Santander, vicinity of Puerto BerRio between carare and Magda-
lena Rivers, raizudo, large liana, flowers light purple, forest at about 200m, 22
Apr 1937, fl., O. Haught 2179 (holotype, MO100091!) = Mansoa parvifolia
(A.H.Gentry) A.H. Gentry

Pachyptera perrottetii DC. Prodr. 9: 176. 1845. Type: French Guiana, s.loc., s.d., fl.,
G.S. Perrottet 2851 (holotype, G-DC [G00133301]!) = Tanaecium pyramidatum
(Rich.) L.G. Lohmann
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Pachyptera puberula DC. Prodr. 9: 175. 1845. Type: Brazil: Mato Grosso: close to
Cuiabd, s.d., fr., S. Manso 105a (holotype, G-DC [G00133299]") = Dolichandra
uncata (Adrews) L.G. Lohmann

Pachyptera standleyi (Steyerm.) A.H. Gentry Brittonia 25(3): 236.1973. Type: Guate-
mala, Quetzaltenango, between Finca Pirineos and Finca Soledad, lower southern
slopes of Volcdn de Santa Marfa, between Santa Maria de Jests and Calahuaché,
1300-1400 m, 5 Jan 1940, J.A. Steyermark 33533 (holotype, F1054546!; isotype,
F1054531!, F-1054543!, US00125753!) = Mansoa standleyi (Steyerm.) A.H. Gentry

Pachyptera striata DC. Prodr. 9: 176. 1845. Type: Brazil, Sao Paulo, s.d., PW. Lund
783 (holotype, G-DC [G00133363]") = Tanaecium pyramidatum (Rich.) L.G.
Lohmann

Pachyptera umbelliformis DC. Prodr. 9: 175. 1845. Type: Brazil, Sao Paulo, s.d., fl.,
C.EP. von Martius (syntype, M not seen; isosyntype, G-DC [G00133346]!), Bra-
zil, Rio da Paraiba, Neuwied (syntype, M not seen) = Tanaecium pyramidatum
(Rich.) L.G. Lohmann

Pachyptera ventricosa (A.H. Gentry) L.G. Lohmann Ann. Missouri Bot. Gard. 99(3):
456. 2014. Mansoa ventricosa A.H. Gentry Ann. Missouri Bot. Gard. 66 (4): 783.
1979 [1980]. Type: Brazil, Pard: along Belém-Brasilia hwy., Km 345, 9 Aug 1963,
fl., B. Maguire et al. 56083 (holotype, MO2232816!; isotypes, COL000004276!,
MG136673!, NY00328882!, US00289053!) = Mansoa ventricosa A.-H. Gentry
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Appendix |

Vouchers used in analysis on scanning electron microscopy micrographs study.

Pachyptera aromatica (Barb. Rodr.) L.G. Lohmann: BRAZIL. Amazonas: 2-5 km
N of Manaus-Itacoatiara, road at km 79 near Rio Preto da Eva, 24 Nov 1974, 1.,
AH. Gentry 12832 (MO); Iranduba, estrada entre Novo Airdo e Manacapurt,
2°54'46.6"S, 60°57'58.8"W, fl., L.H. Fonseca 327 (SPF); Manaus, outskirts of
Manaus, road to INPA, boat landing, behind airport, 26 Nov 1974, fr., A.H.
Gentry 12862 (MG).



Taxonomic revision of Pachyptera (Bignonieae, Bignoniaceae) 129

Pachyptera erythraea (Dugand) A.H. Gentry: COLOMBIA. Antioquia: Caucasia,
along road to Nechi 24 km from Caucasia-Planeta Rica road, hacienda Costarica,
margin of primary forest and trees remaining in cleared pasture, 8°03'36.0"N,
75°04'48.0"W, 60 m, 21 Mar 1987, fl., J.L. Zarucchi 4887 (K).

Pachyptera incarnata (Aubl.) Francisco & L.G. Lohmann: BRAZIL. Amazonas:
Presidente Figueiredo, Balbina, Rebio Uatuma, grade do PPBio, 6 Oct 2000, fr.,
J.R. Carvalho-Sobrinho 1078 (INPA). Para: Belterra, Floresta Nacional do Tapa-
jos, estrada para comunidade de Jamaragud, km 72, 02°55'15.9"S, 55°01'39.4" W,
114 m, 16 Sept 2015, fl., ].N.C. Francisco 89 (SPF); Obidos, lago Maria Teresa,
floresta de vérzea, 01°52'38.2"S, 55°35'27.4"W, 14 m, 23 Sept 2015, fr., J.N.C.
Francisco 122 (SPF); Santarém, ramal préximo a Usina Hidrelétrica Curud-Uma,
solo areno argiloso, floresta de terra firme, 02°48'45.2"S, 54°18'08.8"W/, 47 m, 19
Sept 2015, fl., J.N.C. Francisco 105 (SPF).

Pachyptera kerere (Aubl.) Sandwith: BRAZIL. Roraima: Caracarai, Parque Nacional
do Virud, margem do Rio Branco, igapd, 01°40'29.0"N, 61°11'24.6"W, 42 m, 26
Sept 2014, fl., J.N.C. Francisco 41 (SPF); Caracarai, Parque Nacional do Virud,
préximo da sede do Parque, floresta de terra firme, 01°29'23.3"N, 61°00'09.1"W,
68 m, 24 Sept 2014, fl., J.N.C. Francisco 40 (SPF); Rorainépolis, Rio Branco, Ponto
11, 0°56'24.0"S, 61°50'24.0"W, 22 m, 14 May 2015, fl., fr., A. Frazao 136 (SPF).

Pachyptera linearis ] N.C Francisco & L.G. Lohmann new sp.: VENEZUELA. Apu-
re: galeras del Cinaruco, Rio Cinaruco, 29 km above Las Galeras de Cinaruco,
80 m, 24 Jan 1956, fl., J.J. Wurdack 41357 (K). Bolivar: Moitaco, rebalse del
Orinoco, Hato Curumutopo, 8°00'00.0"N, 64°21'36.0"W, 24 Apr 1991, fr., G.
Martino 22 (MO).

Appendix 2

Index to numbered collections

Specimens are listed by collector in alphabetical order, followed by collector’s number.
Collections by anonymous collectors without date or other identifying features are not
listed here. Type specimens are shown in bold.

Aguilar, R. 818, 4824 (kerere). Almeida, J.C. INPA137, INPA1540, INPA1687,
INPAS5722 (aromatica); INPAG06, INPAG383 (kerere). Amaral, I.L. 1248 (incarnata).
Andrade, A.G. 855 (kerere). Arbocz, G.E 4256 (incarnata). Aruz, L. 1035 (kerere).
Aublet, J.B.C.F. s.n. (BM000992379) (kerere). Beck, H.T. 178 (kerere). Beyer, M.
324, 332, 336, 337 (kerere). Black, G.A. 47-1861, 54-16283 (kerere); 48-3355 (in-
carnata); 52-14674 (aromatica). Braga, M.A. 77 (kerere). Brant, A.E. 2917 (kerere).
Campbell, D.G. P22008 (incarnata). Campbell, E.J.F 95 (kerere). Carvalho-Sobri-
nho, J.R. 1078 (incarnata). Castafio, L. 93a (kerere). Castillo, A. 1604 (kerere). Chaf-
fanjon, M. 336 (kerere). Chagas, J.C. 606 (kerere); INPA1701 (aromatica). Coélho,
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L.E INPA1731 (aromatica); s.n.(kerere). Conceicio, PN. 5 (kerere). Croat, T.B. 5406,
11085 (kerere). Cuadros, H.V. 3601 (kerere). Daly, D.C. D264 (kerere). Dardano 48-
3092 (incarnata). Davidse, G. 13198, 32046 (kerere). Delprete, RG. 7688 (kerere).
Duarte, A.P. 7048 (aromatica). Ducke, A. 239, 22698a, 22698b, 35624, s.n. (R),
s.n. (MO) (aromatica); s.n. (K, MO), MG6821, (kerere); 24091 (incarnata). Dwyer,
J.D. 8450, 12737 (kerere). Ehrendorfer, F. 6400-22 (kerere). Evando 542 (incarnata).
Fanshawe 4155 (kerere). Feddema, C. 1954 (kerere). Fendler, A. 206 (kerere). Fonseca,
L.H. 327 (aromatica). Forzza, R.C. 5994, 8094, 8113 (kerere). Francisco, C.M. s.n.
(MG)(aromatica). Francisco, J.N.C. 39, 40, 41 (kerere); 89, 103, 105, 121, 122, 130,
151 (incarnata). Frazdo, A. 136, 149, 153 (kerere); 313 (aromatica). Frées, R.L. 27540
(kerere). Geay, E 1861 (kerere). Gentry, A.H. 1766, 9313, 10943, 11191, 13075,
13477, 13528, 14686, 22205, 23990, 46267, 51536, 61828, 64809, 68887 (kerere);
13027, 13323 (incarnata); 15369, 15372, 15402, 20050 (erythraea); 11201, 11207,
12778, 12815, 12832, 12862, 12888, 13022, 13056, 69107, 69308 (aromatica). Ge-
rolamo, C.S. 9 (aromatica). Gomes, B.M. 639, 648, 651, 659, 662 (kerere). Gotts-
berger, G. 16-23186, 115-19186 (kerere). Goulding, M. 66a, 2120 (kerere). Graham,
V. P232 (kerere). Grayum, M.H. 4411, 8032 (kerere). Grosourdy, R. 13 (kerere).
Guedes, M. s.n. (MO)(kerere). Gusllet s.n. (P)(kerere). Herrera, G. 7551 (kerere).
Hoffman, B. 5362 (kerere). Honda, M. INPA36004 (kerere). Hopkins, M.]J.G. 1570,
1543, 1574 (aromatica); 1961 (kerere). Huashikat, V. 1145 (kerere). Huber, O. 1406
(kerere). Janovec, J.P. 2606 (kerere). Jenman, G.S. 20968 (kerere). Jobert, M. 857
(kerere). Kataoka, E. 349 (aromatica). Killip, E.P. 29401, 39122 (kerere). Knowles,
O.H. 1106, 1120 (incarnata). Krukoff, B.A. 1517 (kerere); 6845, 12511 (aromatica).
Labroy, M. 1906 (aromatica). Lemée, A. 11 (kerere). Lobato, L.C.B. 2398 (kerere);
3870 (incarnata). Lohmann, L.G. 28, 794 (aromatica); 836 (kerere). Loureiro, A.A.
s.n. (INPA), INPA37554 (kerere). Luis, s.n. (MG)(aromatica). Maciel, U.R. 1793,
1823, 1971 (kerere). Maguire, B. s.n. (INPA), 56679 (aromatica). Marinho, T. 208
(kerere). Martinelli, G. 17395 (kerere). Martino, G. 18 (kerere); 22 (linearis). McPher-
son, G. 20983 (kerere). Melinédn, M. 64, 121, 201, 205 (kerere). Mello, F.C. s.n.
(INPA)(aromatica). Melo, EF. 532 (kerere). Miranda, EE. 362 (incarnata); 576 (ke-
rere). Moraes, M. 550 (kerere). Morawetz, W. 11-21988 (kerere). Mori, S.A. 15783
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