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Abstract Concepts of the generic delimitation in the
Odontoglossum complex are revised. Comparative mor-
phology of previously recognized genera: Cochlioda,
Collare-stuartense, Odontoglossum, Solenidiopsis, and
Symphyglossum is presented. Differences between those
taxa are compared with the results of molecular studies. A
new combination within Collare-stuartense is proposed.

Keywords Collare-stuartense - Neotropics -
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Introduction

The Neotropical genus Odontoglossum (Orchidaceae,
Oncidiinae) was described by Carl Kunth in 1815 based on
the plant collected by Humboldt and Bonpland in southern
Ecuador. The author found this orchid similar to Epiden-
drum L., but with the gynostemium apically free from the
lip, and named it O. epidendroides (Kunth 1815). Thirty-
five years after formal description of the genus, about 70
names have already been linked with Odontoglossum. In
the mid-XIX century, Lindley (1852) divided the genus
into six sections based on the form of column appendages
and clinandrium, the type of connation between lip and
gynostemium, and the presence or lack of sepals fusion.
Many of the species considered by Lindley as
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representatives of Odontoglossum were later transferred to
different genera, e.g., Oncidium Sw., Cyrtochilum Kunth.,
Cochlioda Lindl., Osmoglossum (Schltr.) Schltr., and
Otoglossum (Schltr.) Garay & Dunst. The second major
revision of the genus Odontoglossum was presented by
Pfitzer (1888) who recognized eight sections including two
adopted from Lindley. Also, orchids included by Pfitzer in
the genus are currently comprised in other taxa, e.g.,
Rossioglossum (Schltr.) Garay & G.C.Kenn., Miltonioides
Brieger & Liickel, and Rhynchostele Rchb.f. The most
recent infrageneric classification of Odontoglossum was
proposed by Bockemiihl (1984, 1989) who accepted 58
species, which were embraced in six subgenera: nominal
one, Serratolaminata, Lindleyana, Erectolobata, Ne-
vadensia, and Unguisepala. Those taxa are distinguishable
based on the form of lip-column adnation, shape of the lip
base as well as anther and rostellum structure.

Pfitzer (1887) included Odontoglossum together with
inter alia (“among others”) (i.a.) Oncidium, Miltonia
Lindl., Brassia R.Br., Solenidium Lindl., Sigmatostalix
Rchb.f., and Gomesa R.Br. in the subtribe Odontoglosseae
(orig. orth.), and in all subsequent classification systems the
genus was placed within Oncidiinae (Dressler 1993; Szla-
chetko 1995; Chase et al. 2003). Chase et al. (2008)
decided to merge Odontoglossum together with i.a. Sym-
phyglossum Schltr., Cochlioda, Solenidiopsis Senghas,
Collare-stuartense Senghas & Bockemiihl, Chamaele-
orchis Senghas & Liickel, Miltonioides, Mexicoa Garay,
and Sigmatostalix under Oncidium. In the phylogenetic tree
presented by Neubig et al. (2012), species of Oncidium
sensu Chase et al. (2008) form several clades. The first one
that includes Oncidium s.s. is grouped along with Milto-
nioides, Mexicoa, Vitekorchis Romowicz & Szlach. p.p.,
Chamaeleorchis, and Heteranthocidium Szlach., Mytnik &
Romowicz. The second embraces representatives of
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Odontoglossum and Symphyglossum, and it is sister to the
clade composed of Cochlioda, Solenidiopsis, and Collare-
stuartense. This large group is related to several species of
Oncidium s.s. and Vitekorchis p.p. Lastly, sister to the
above Oncidium s.l. there is a clade formed by represen-
tatives of Sigmatostalix. Neubig et al. (2012) stated that the
recognition of these segregated genera “would require
creation of many new genera to maintain monophyly, and
these new genera would be difficult to diagnose using floral
or vegetative traits,” and they suggested to keep mono-
phyletic Oncidium clade as a single genus. Neubig et al.
(2012) stated “that it is better to use vegetative features in
combination with a few floral traits to define broader
genera. The molecular analyses demonstrate the high levels
of homoplasy in pollinator-related traits.” Unfortunately,
the authors did not provide any vegetative character dis-
tinguishing Oncidium sensu latissimo from other clades of
Oncidiinae. Our extensive examination of large number of
representatives of this clade, both conserved and living
specimens, has not identified such characters.

In the Neubig et al.’s (2012) approach, Oncidium
includes over 500 species and it is not possible to define in
terms of morphology only. The case of Paphiopedilum
Pfitzer and Phragmipedium Rolfe is a good illustration of an
analogous situation. Albert and Pettersson (1994) based on
the results of a molecular study proposed lumping both
genera under the priority name Paphiopedilum. The sub-
sequent, well-sampled genetic research did not support this
proposal (e.g., Cox et al. 1997), and the morphological-
based generic delimitation within cypripedioid orchids is

Fig. 1 a Gynostemium of
Oncidium altissimum (Jacq.) a
Sw. 1 Gynostemium, bottom
view; 2 gynostemium, side view;
3 anther; 4 pollinia, various
views; 5 tegula and viscidium
(Szlachetko and Mytnik-
Ejsmont 2009). b Flower of
Oncidium chrysomorphum
Lindl. Photo by T. Kusibab.

¢ Oncidium niesseniae—habit.
Scale bar 5 cm. Redrawn by N.
Oledrzynska from Koniger
(1996)
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widely accepted. The other case is the subtribe Pleurothal-
lidinae which is also monophyletic and was broken up into
some major clades (Pridgeon et al. 2001). Few, however,
propose resurrection of Pleurothallis s.1. or Masdevallia s.1.
and smaller, but morphologically well-defined, genera, e.g.,
Dracula Luer, which gained general acceptance.

The arguments quoted by Neubig et al. (2012) can be
equally well exploited to support fragmentation of Oncid-
ium sensu latissimo and segregation of smaller genera.
Oncidium according to the concept proposed by the
aforementioned authors is exactly “difficult to diagnose
using floral or vegetative traits”. Both groups (Oncidium
and Odontoglossum) are distinguishable by i.a. the lip
position (basal part perpendicular to the column in On-
cidium), viscidium size, and viscidium/tegula ratio. Sepa-
ration of Oncidium (Fig. 1) and Odontoglossum was also
suggested by Dalstrom (2012); however, so far none of the
modern taxonomists presented results of comprehensive
morphological study supporting this segregation. The aim
of our study is to evaluate morphological differences
within taxa of Odontoglossum complex taking into account
the outcomes of molecular phylogenetic studies.

Materials and methods

A total of over 5000 herbarium and liquid-preserved spec-
imens of orchids representing Oncidium s.l., Odontoglos-
sum s.1., and related oncidioid genera deposited in AMES,
AMO, B, BM, C, COL, CUVC, F, FLAS, HUA, JAUM,
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— B2529 Oncidium hallii
W1565 Oncidium epidendroides
N295 Oncidium epidendroides
N190 Oncidium epidendroides
I N152 Oncidium tripudians
- N156 Oncidium spectatissimum
~ N149 Oncidium nobile
N132 Oncidium alexandrae
{ N164 Oncidium alexandrae
C1488 Oncidium luteopurpureum
- N140 Oncidium aff. epidendroides
- N215 Oncidium hauensteinii
| N223 Oncidium sceptrum
W1766 Oncidium luteopurpureum
- W1551 Oncidium lehmannii
I N327 Oncidium lehmannii
I W1767 Oncidium lehmannii
N136 Oncidium armatum
N176 Oncidium armatum
W1723 Oncidium kegekjani
N122 Oncidium hallii
N216 Oncidium cristatum
N117 Oncidium blandum
. C060 Oncidium cirrhosum
N150 Oncidium cirrhosum
N157 Oncidium reversoides
N217 Oncidium mirandum
C1357 Oncidium lindleyoides
NO081 Oncidium crocidipterum
N135 Oncidium cinnamomeum
N145 Oncidium constrictum
N214 Oncidium gloriosum

L C661 Oncidium nevadense
N104 Oncidium nevadense
C062 Oncidium wallisii
C1490 Oncidium rhynchanthum
N329 Oncidium portilloides
N198 Oncidium aspidorhinum
_ | N328 Oncidium aspidorhinum
N175 Oncidium tenuoides
W1722 Oncidium tenuoides
W2391 Oncidium tenuoides
N213 Oncidium crinitum
N130 Oncidium portmannii
N139 Oncidium portmannii
W1612 Oncidium portmannii
C054 Oncidium strictum
W1638 Oncidium strictum
N323 Oncidium praestanoides
N155 Oncidium velleum
N173 Oncidium wyattianum
C053 Oncidium harryanum
N131 Oncidium harryanum
NO79 Oncidium roseoides
N116 Oncidium vulcanicum
N305 Oncidium vulcanicum
W?1680 Oncidium roseoides
C065 Oncidium noezlianum
W1662 Oncidium densiflorum
W2455 Oncidium beyrodtioides

W1798 Oncidium tigroides
W2392 Oncidium tigroides
C172 Oncidium multistellare

N129 Oncidium digitoides

N191 Oncidium astranthum
N602 Oncidium manuelariasii

N599 Oncidium tenuifolium

N448 Oncidium povedanum

N335 Oncidium trinasutum
N178 Oncidium sp.

N294 Oncidium tipuloides
W2505 Oncidium boothianum
W2506 Oncidium boothianum
W2447 Oncidium boothianum
W1732 Oncidium boothianum

N552 Oncidium zelenkoanum
N639 Oncidium obryzatoides
W2343 Oncidium obryzatum

W1765 Oncidium odoratum

WO0877 Oncidium peruvianoides
W1670 Oncidium peruvianoides

N165 Oncidium chrysomorphum

W1671 Oncidium chrysomorphum
W1676 Oncidium cf schmidtianum
W2421 Oncidium cf schmidtianum

wnssojbojuopo

E Symph ygléssum

wnssojbojuopQ

Cochlioda

Solenidiopsis

1
1
1 Collare-stuartense
i
1

1 Incertee sedis

Oncidium
section
Oblongata

Vitekorchis

1 Vitekorchis

72165
58

90

60 | %

*
%se
*

1 93 78
*
93
62
*
69 ] % 73
90
*
1
94
*
— P
*
= x|

Fig. 2 Tree on the left side of the figure is a fragment of single maximum likelihood tree presented by Neubig et al. (2012, their Fig. 8, p 130).
The tree on the right side of the figure displays bootstrap (BS) support >50 %; asterisks indicate 95-100 % BS support
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Fig. 3 a Gynostemium of Cochlioda vulcanica (Rchb.f.) Benth. &
Hook.f. ex B.D.Jacks. I Gynostemium apical part, side view; 2
gynostemium, apical part, bottom view; 3 anther, back view; 4
pollinia, various views; 5 tegula and viscidium, various views

— The second subclade (Fig. 2—subclade B) composed
of representatives of Cochlioda, Solenidiopsis, and
Collare-stuartense is well separated from Odontoglos-
sum—Symphyglossum subclade. Most of the known
species of Cochlioda, both known taxa of Solenidiop-
sis, and four of about seven Collare-stuartense species
were included in the genetic studies (Neubig et al.
2012). The three genera form a distinct group in the
phylogenetic tree. Odontoglossum tenuifolium and O.
povedanum successively are sisters to other represen-
tatives of this subclade.

— The third subclade (Fig. 2—subclade C) includes On-
cidium chrysomorphum Lindl., O. schmidtianum Rchb.f.,
O. trinasutum Kraenzl., and O. tipuloides Rchb.f.

— The fourth subclade (Fig. 2—subclade D) embraces
Oncidium boothianum Rchb.f., O. obryzatum Rchb.f.,
0. obryzatoides Kraenzl., and O. zelenkoanum Dressler
& Pupulin, i.e., species classified by taxonomists in the
genus Oncidium.

Discussion

As highlighted by Hillis (1987) a primary objective of
phylogenetic studies is to reconstruct the evolutionary
history of organisms on the basis of the analysis of their

(Szlachetko and Mytnik-Ejsmont 2009). b Flower of Cochlioda
noezliana (Mast. ex L.Linden) Rolfe. Photo by Guido Deburghgraeve.
¢ Cochlioda densiflora—habit. Scale bar 5 cm. Redrawn by N.
Olegdrzynska from Bennett and Christenson (1998)

genomes. Since the organisms under study share a single
history, “systematic studies of any set of genetically
determined characters should be congruent with other such
studies based on different sets of characters”. Phylogenetic
relationships could be sometimes incongruent with taxo-
nomic classifications based on morphological data. The
disadvantage of the first type of analysis is the difficulty for
taxonomists to verify species identification of the sampled
taxa in the molecular study, while the problem associated
with the second method is the occurrence of convergence
and the possibility of misidentification of some diagnostic
features. Hereby, the optimal approach would be to use
both morphological and molecular data, which is what we
are intending to do in this paper.

All species of the first subclade (A) of Odontoglossum
s.l. mentioned in the previous section, i.e., Odontoglossum
s.S., except Symphyglossum can be characterized by a series
of common characters. The lip is divided into two parts.
The basal one is channel formed and parallel with the
gynostemium, and the apical part is bent in a knee-like
manner, thereby perpendicular to the lower one. The apical
part is geniculate, denticulate, and undulate along margins,
and at the base of lamina adorned with various, usually
horn-like to digitate projections showing a complex pat-
tern. Other segments of the flower are usually subsimilar,
narrower than lip, and undulate along margins. The
gynostemium is erect or gently arched, stout, narrowly
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alate along the column part and terminated with digitate or
fringed projections on both sides of the rostellum. The
basal part of the gynostemium is variously fused with the
lip. Symphyglossum is a genus of two species, of which
only S. sanguineum was represented in Neubig et al.’s
(2012) analyses. The species is embedded in Odontoglos-
sum subclade (A), but differs from all other species of the
group in having simple lip callus consisting of two keels
running from the lip center toward the gynostemium, hence
forming a channel, basally connate lateral sepals, and
gynostemium devoid of any projections. These modifica-
tions in the lip and gynostemium structure could eventually
evolve under pollinator pressure, in this case humming-
birds (cf. Stpiczynska and Davies 2006).

Shared characters for the second subclade (B) are rather
difficult to identify. In all species of this subclade sampled
in the phylogenetic tree (Fig.2), the column part is
prominently alate. Apical clinandrium is well developed
and usually forms a prominent collar at the back and sides
of the anther. The gynostemium is connate in the lower part
with the lip along midvein in species of Cochlioda and
Collare-stuartense. The stigmatic surface is divided into
two parts by a strongly hook-bent rostellum in both
Cochlioda and Solenidiopsis (cf. Szlachetko and Mytnik-
Ejsmont 2009; Dalstrom 1999, 2001). This last character is
missing in all the other species of this subclade (B). In
general, however, there are more characters which differ-
entiate alliances of the species within this subclade.
Cochlioda species can be identified by purple, pink, or red
flowers, which are adapted to hummingbird pollination.
The lip callus consists of 2 or 4 papillate or ciliate keels
running from the lamina center toward the gynostemium,
together forming a tube accessible for pollinators. The
elongate gynostemium is arched and parallel to the equally
arched lip along its entire length. Solenidiopsis is the only
genus included in this subclade (B) with non-resupinate
flowers, probably being the result of adaptation to polli-
nator behavior. The lip and gynostemium of Solenidiopsis
are relatively short, and the gynostemium is adorned with
two large, elongate projections exceeding the anther. The
shortly clawed lip possesses some thickened ridges on the
upper surface and is papillate on its major part. In general,
flower morphology of species of Collare-stuartense
reminds somewhat Odontoglossum s.s. In both groups, the
lip is ornamented with horn-like or digitate projections, and
it is adnate with the lower part of the gynostemium along
the midvein. Differences between Collare-stuartense and
Odontoglossum s.s. concern gynostemium structure. In
Collare-stuartense, there are no fringed or digitate pro-
jections. Instead, there are two wing-like structures being
lateral lobes of prominent apical clinandrium and addi-
tional wings terminated with elliptic or ovate terminal
lobes below stigmatic surface. As mentioned above, O.
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tenuifolium is sister to other representatives of this sub-
clade, and O. povedanum is sister to all above-mentioned
species. In both these species, the gynostemium is rela-
tively short and massive and parallel to the lip somewhat
reminiscent of Solenidiopsis. Despite the latter, however,
there are no elongate projections at the top of the gynos-
temium in neither of the considered species. In both O.
povedanum and O. tenuifolium, the lip callus is rather
similar to the one found in Cochlioda and like in this genus
it forms along with the gynostemium a kind of tube.

The third subclade (C) includes species usually classi-
fied under Oncidium section Oblongata (Kraenzlin 1922).
In general flower morphology, they share many features
that are characteristic of Oncidium s.s., i.e., lip much larger
than other perianth segments, prominently 3-lobed, with
the middle lobe being the largest and apically split into two
lobules, with complicated basal callus and gynostemium
forming obtuse angle with the lip. The last subclade
(D) comprises species which Romowicz and Szlachetko
(2006) initially included in the genus Vitekorchis. Neubig
et al. (2012) revealed, however, that the genus as circum-
scribed by those authors was polyphyletic and proposed a
new and narrower concept of Vitekorchis. The species of
this subclade have typical oncidioid flowers, i.e., with
prominent tabula infrastigmatica and stigma sheltered by
large, wing-like staminodes. Those wings are deeply dis-
sected in Oncidium zelenkoanum, but otherwise this spe-
cies is similar to the rest in subclade D. Morphological
characters of Oncidium chrysomorphum and O. boothi-
anum alliances (subclade C) as well as Vitekorchis (sub-
clade D) will be dealt and discussed in detail in a future
study dedicated to the classification of Oncidium s.s.

There is no consensus on the recognition of genera
within the Odontoglossum complex, and generic concepts
are changing as new data become available. For example,
while initially Dalstrom recognized Cochlioda and
Solenidiopsis as separated genera (Dalstrom 1999, 2001),
he changed the concept in 2012 (Dalstrom 2012) and
included both genera in Odontoglossum.

Detailed analyses of morphology of the species included
in phylogenetic analyses conducted by Neubig et al. (2012)
indicated that the Odontoglossum clade consists of some
genera easily distinguishable morphologically. We propose
to maintain Cochlioda, Solenidiopsis, Collare-stuartense,
Symphyglossum, and Odontoglossum as separate genera, and
therefore we postulate to reject Chase et al.’s (2008) pro-
posal to include the Odontoglossum complex in Oncidium.
In our view, nodes defining genera include morphological
synapomorphies that permit recognition of their members.

In our approach, Odontoglossum is paraphyletic, with
species falling into at least two poorly supported clades.
The two species groups are separated by Symphyglossum
strictum. A similar situation was recognized within
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Coelogyne Lindl. (Gravendeel et al. 2001). In this case, the
authors recognized that the morphology of the studied
groups did not correspond to the three topologies probably
as a result of convergent evolution of morphological
characters and they decided to maintain a polyphyletic
Coelogyne. In the case of the Odontoglossum complex, it
could be proposed to lump Odontoglossum s.s. with Sym-
phyglossum; however, in our opinion flower morphology of
Symphyglossum, i.a. connation of the lateral sepals, adna-
tion of the petals to the gynostemium, lip basally adnate to
the gynostemium, and callus form allow to preserve it as a
separated genus.

Another option for classification of the second subclade
(B) mentioned above would be to unite Collare-stuartense,
Cochlioda, and Solenidiopsis together with Odontoglossum
tenuifolium and O. povedanum in one genus; however, such
taxon would not be possible to identify morphologically. As
we revealed above, just two gynostemium characters are
common for Collare-stuartense, Cochlioda, and Solenidiop-
sis; however, all those plants are similar in their vegetative
characters as they produce approximate, flattened pseudob-
ulbs. On the other hand, the pseudobulbs of Odontoglossum
tenuifolium are aggregated to alternate and unlike the three
genera above and O. povedanum, its sepals are connate to
about 1/3 of their length. Only in Odontoglossum tenuifolium
and O. povedanum the column part is pubescent, at the base in
the former and below the stigma in the latter. More differences
between representatives of the five taxa are observed in their
flower morphology, e.g., flower resupination, fusion of the lip
with the gynostemium, and lip ornamentation.

As mentioned before, the concept of Oncidium s.l.
proposed by molecular taxonomists is ill-defined in mor-
phological terms and the Odontoglossum complex is not
the only controversial group included in Oncidium s.1. A
similar situation is observed i.a. in Sigmatostalix and
Heteranthocidium (Szlachetko and Kolanowska in press).
The generic limits within Oncidium s.1. is the subject of an
ongoing study.

Conclusions

While we do not underestimate the importance of molec-
ular data in phylogenetic research, the results of molecular
studies should be taken with caution in classification of
organisms to avoid creation of ill-defined taxonomic units.
Recognition of distinctive characters which have evolved
in a group is essential to understand evolution (Brummitt
2006). This point of view is shared by numerous authors
(e.g., Sosef 1997; Brummitt and Sosef 1998; Brummitt
2003; Dias et al. 2005; Nordal and Stedje 2005) who state
that traditional classification is the optimal tool for cata-
loging biodiversity and requires recognition of paraphyletic

taxa. As highlighted by Brummitt (2014), “confusion has
arisen in systematics from the failure to appreciate that
taxonomy, which groups organisms into ranked taxa
(families, genera, etc.), is essentially different from
grouping them into clades. (...) Merely because one taxon
falls phylogenetically within the clade of another taxon at
the same rank does not necessarily mean that it must be
included in it taxonomically.” Ultimately, neither clado-
gram nor a phylogenetic tree is a classification. Subjective
decisions must always be taken to impose the limits and
rank of taxa (Brummitt 1996).

It is difficult to accept the rather categorical statement by
Chase (2009) and Neubig et al. (2012) that floral morphology
has to be forgone in Oncidiinae because it is highly plastic and
subject to shifts in pollinators. While pollinator-mediated
selection has been suggested to play a major role for the origin
and maintenance of the species diversity in orchids (Johnson
2006; Schiestl 2012; Xu et al. 2012), it should be noted that
in situ observations of pollination of oncidioid orchids are
rather scarce and the assumptions about the animals trans-
ferring their pollen are based mostly on flower morphology
which has been proven to be misleading in numerous plant
species (e.g., Williams and Adam 2010; Waser et al. 1996),
including orchids (e.g., Kolanowska 2012).

Chase (2009) postulated that the vegetative traits in
combination with a few floral characters should constitute
the basis for generic delimitation, but the delineation
within Oncidiinae proposed by the authors does not comply
with this approach. According to Chase (2009), “the only
reliable distinction between Cyrtochilum and Oncidium/
Odontoglossum is their habit; in Cyrtochilum, pseudobulbs
are round in cross section with numerous leaves subtending
them as well as two or more apically (...) whereas in
Oncidium/Odontoglossum they are ancipitous, usually
without subtending leaves, and only 1-2 apically.” This is
incorrect—in most of Odontoglossum species the pseu-
dobulbs are subtended by foliaceous sheaths and the bifo-
liate pseudobulbs are often observed in both Cyrtochilum
and Oncidium/Odontoglossum. On the other hand, Wil-
liams et al. (2001) based on molecular data decided to
incorporate representatives of Psygmorchis Dodson &
Dressler and Stacyella Szlach. into Erycina Lindl. despite
obvious vegetative dissimilarities between those taxa.
Unlike Stacyella and Erycina, species of Psygmorchis s.s.
do not produce pseudobulbs. Pseudobulbs of Stacyella
representatives are subtended by several foliaceous bracts
and the apical leaf lacks articulation, while Erycina pro-
duces several papyraceous sheaths and the leaf/leaves are
articulate at the base (Kolanowska and Szlachetko 2014).
Another orchid taxon lately discussed in the context of the
generic  delimitation, Fernandezia s.l., consists of
monopodial plants growing in montane and high-montane
habitats (Kolanowska and Szlachetko in press). These
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orchids share general habit form—their stems are con-
cealed by the leaf sheaths, the leaves are conduplicate,
distichous, and articulate. The differences are observed in
the inflorescence arrangement and flower morphology (i.a.
gynostemium structure, perianth segments’ connation).

In our opinion, floral characters are still important tax-
onomic and diagnostic attributes in orchid taxonomy and
specifically in Oncidiinae provided that they are studied
carefully. As there is no vegetative character defining
Oncidium sensu latissimo, we postulate to reject the broad
concept of Oncidium presented by Chase et al. (2008).

Taxonomic treatment
Key to taxa of the Odontoglossum alliance

la. Stigma partially hidden by rostellum, hence appears to

be bilobed ... 2
1b. Stigma unlobed .........cccceeviiiiiiiiiniiieee 3
2a. Flowers resupinate ............cccceceeeeeeeceenennne. Cochlioda
2b. Flowers non-resupinate .................c....... Solenidiopsis

3a. Clinandrium 3-lobed, middle lobe exceeding the anther
......................................................... Collare-stuartense

3b. Clinandrium obscure, not exceeding the anther ........ 4
4a. Lateral sepals connate for over third of their length

............................................................ Symphyglossum
4b. Lateral sepals free or shortly connate ..........ccccc..ce.. 5
S5a. Gynostemium pubesCent ........cc..ccecueeveereerrieenuensueenne 6
5b. Gynostemium glabrous ..........cccceervueereeneerniienienseeenne 7

6a. Lip apical half abruptly recurved ........c.cccceniniennnnen.
.......................................... Odontoglossum tenuifolium

6b. Lip apical part deflexed .......cccocevvenenvenienincncnene,
........................................... Odontoglossum povedanum

7a. Lip basal part parallel to the gynostemium
.................................................... Odontoglossum s.s.

7b. Lip basal part perpendicular to the gynostemium

8a. Tabula infrastigmatica missing, staminodes digitate
........................................... O. chrysomorphum group
8b. Tabula infrastigmatica prominent, staminodes ear-like
..................................................... O. obryzatum group

Cochlioda Lindl. Fol. Orchid. 4: 1. 1853. —TYPE:
Cochlioda densiflora Lindl. Fig. 3.

Pseudobulbs approximate, oblong to ovate, flattened,
1-2-foliate, at the base with several sheaths. Leaves cori-
aceous or fleshy. Inflorescence produced from the axil of
the upper leaf-sheath, few-flowered. Flowers resupinate.
Sepals and petals subsimilar, free, spreading. Lip 3-lobed,
united with the gynostemium down the middle; lateral
lobes oblong to subquadrate; middle lobe ovate; disk with
two pairs of diverging lamellae. Gynostemium elongate,
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erect, stout. Column part ca. 5 times longer than anther,
almost terete, fused with lip along midvein almost to
stigma base. Anther incumbent, operculate, dorsiventrally
slightly compressed, ellipsoid, 2-chambered. Connective
narrow, rather thick. Pollinia 2, obliquely obovoid-ellip-
soid, deeply and unequally cleft, hollow inside, hard.
Apical clinandrium prominent, 3-lobed, exceeding anther,
margin entire. Stigma transversely elliptic, deeply concave,
partially hidden by rostellum, hence appears to be bilobed.
Rostellum pendent, digitate, built of thick tissue, rounded
at apex. Viscidium single, oblong, multilayered, sticky on
outer surface. Tegula single, obtriangular-obovate, thin,
lamellate. Rostellum remnant with apical, oblique, shallow
plate surrounded by fovea.

Notes: The species of this genus share similar characters
in the gynostemium structure with Solenidiopsis, especially
receptive surface divided into two parts by a pendent
rostellum. Both genera, however, can be easily separated
by the torsion of the flowers (resupinate in Cochlioda and
non-resupinate in Solenidiopsis) and flower coloration
(bright in Cochlioda and dull brownish-green in Solenid-
iopsis), which is probably caused by adaptation to different
pollinators. Previously postulated synonymization of C.
beyrodtiana under C. densiflora (Dalstrom 2001) should be
rejected based on the outcomes of analysis of Neubig et al.
(2012) which indicates that C. beyrodtiana is sister to all
other representatives of the genus.

A genus of about six Andean species distributed from
Ecuador to Peru and Bolivia. Populations were found
growing at the altitudes of 1800-2700 m; however, some
plants were reported from lower elevations of about
1200 m.

Solenidiopsis Senghas, Orchidee (Hamburg) 37: 274. 1986.
—TYPE: Solenidiopsis tigroides (C.Schweinf.) Senghas.
Fig. 4.

Pseudobulbs approximate, pyriform to ovate, flattened,
1-3-leaved, at the base with several sheaths. Leaves coria-
ceous or fleshy. Inflorescence produced from the axil of the
upper leaf-sheath, several- to many-flowered. Flowers non-
resupinate. Sepals and petals subsimilar, spreading, free. Lip
3-lobed, fused to the base of gynostemium through a short,
central keel; lateral lobes ovate to subquadrate; middle lobe
ovate; disk with two pairs of diverging lamellae. Gynos-
temium elongate, erect, robust. Column part ca. 3 times
longer than anther, fused with lip along midvein in lower
third, ventral surface below stigma grooved and pubescent,
with prominent wings on both anther sides, wings thin,
delicate, more or less denticulate on margins. Anther sub-
apical, incumbent, operculate, dorsiventrally compressed,
ellipsoid-ovoid, 2-chambered. Connective narrow, apically
elongate. Pollinia 2, almost ellipsoid, slightly dorsiventrally
flattened, unequally cleft, empty inside, hard. Apical
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Fig. 4 a Gynostemium of Solenidiopsis tigroides (C.Schweinf.)
Senghas. I Gynostemium, side view; 2 gynostemium, bottom view;
3 rostellum remnant; 4 anther; 5 pollinia, various views, 6 Tegula and
viscidium, various views (Szlachetko and Mytnik-Ejsmont 2009).

clinandrium obscure. Stigma transversely elliptic, deeply
concave, partially divided by rostellum into two lobes, hence
appears to be bilobed. Rostellum pendent, digitate, built of
thick tissue, rounded at apex. Viscidium single, oblong,
sticky, soft. Tegula single, oblong, thin, lamellate, pocket-
like at apex. Rostellum remnant with apical, oblique, shal-
low plate surrounded by narrow fovea, canaliculated on
dorsal surface.

Notes: This is the only representative of the Odon-
toglossum clade with non-resupinate flowers. The lip
morphology of Solenidiopsis species reminds somewhat
those of Cochlioda and Odontoglossum povedanum. Their
lip is 3-lobed with callus consisting of two pairs of
diverging lamellae. Unlike Solenidiopsis, flowers of
Cochlioda and O. povedanum are resupinate. Furthermore,
those genera can be easily distinguished by the gynos-
temium structure. In Solenidiopsis and Cochlioda, the
receptive surface is split into two parts and it is entire in O.
povedanum. Also, only in O. povedanum the gynostemium
is pubescent. In Solenidiopsis, the apical, prominent wings
on both anther sides are delicate, with more or less den-
ticulate margins. They prominent wings are missing in both
Cochlioda and O. povedanum.

A genus of about five (Dalstrom 1999) Peruvian species
growing at altitudes of 2000-3100 m.

b Flower of Solenidiopsis tigroides. Photo by Guido Deburghgraeve.
¢ Solenidiopsis flavobrunnea—habit. Scale bar 3 cm. Redrawn by N.
Oledrzynska from Bennett and Christenson (1993)

Collare-stuartense Senghas and Bockemiihl, J. Orchi-
deenfr. 4: 73. 1997. —TYPE: Collare-stuartense multi-
stellare (Rchb.f.) Senghas & Bockemiihl. Fig. 5.
Pseudobulbs approximate, ovate, flattened, 1-2-leaved,
at the base with several sheaths. Leaves coriaceous or fleshy.
Inflorescence produced from the axil of the upper leaf-
sheath, several- to many-flowered. Flowers resupinate.
Sepals and petals subsimilar, free, spreading. Lip 3-lobed,
free from the gynostemium; lateral lobes ovate to sub-
quadrate; middle lobe ovate; callus consisting of several
short, diverging lamellae. Gynostemium erect, elongate,
slender. Column part 2.5 times longer than anther, fused at
its basal third with lip, obscurely winged near stigma, with
two digitate projections just below stigma, glabrous. Anther
subventral, incumbent, operculate, ellipsoid-ovoid, dor-
siventrally flattened, obscurely 2-chambered. Connective
narrow, slightly apically elongate, with thick knob-like
appendix at top. Pollinia 2, almost ellipsoid-obovoid, hard,
unequally and deeply cleft. Apical clinandrium prominent,
exceeding anther, irregularly dentate on margins with two
digitate projection at anther apex. Stigma large, elliptic,
deeply concave. Rostellum shortly conical-digitate in mid-
dle, ligulate, blunt, pendent. Viscidium single, rather small,
oblong-elliptic, thick. Tegula single, linear, thin, lamellate,
laterally squeezed at apex, forming narrowly triangular
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Fig. 5 a Gynostemium of Collare-stuartense multistellare (Rchb.f.)
Senghas & Bockemiihl. / Gynostemium, side view; 2 gynostemium,
bottom view; 3 anther; 4 pollinia, various views; 5 tegula and
viscidium, various views (Szlachetko and Mytnik-Ejsmont 2009).

viscidium

Fig. 6 a Gynostemium of Symphyglossum sanguineum (Rchb.f.)
Schitr. /7 Gynostemium, side view; 2 gynostemium, bottom view; 3
gynostemium, front view; 4 gynostemium, front view, anther
removed; 5 rostellum remnant; 6 anther; 7 tegula and viscidium,

projection. Rostellum remnant bilobulate at middle, with
oblique shallowly concave plate between acute lobules.
Notes: Collare-stuartense and Odontoglossum share
similar characters of the lip, especially in the structure of
the callus, which consists of several mostly digitate pro-
jections. Both genera can be easily distinguished by the
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b Flower of Collare-stuartense multistellare (Rchb.f.) Senghas &
Bockemiihl. Photo by Guido Deburghgraeve. ¢ Collare-stuartense
multistellare—habit. Scale bar 5 cm. Redrawn by N. Olgdrzynska
from Dodson (1984)

various views; 8 pollinia, various views (Szlachetko and Mytnik-
Ejsmont 2009). b Flower of Symphyglossum strictum (Cogn.) Schltr.
Photo by J. Varigos. ¢ Symphoglossum ecuadorense—habit. Scale bar
6 cm. Redrawn by N. Oledrzyrniska from Dodson and Dodson (1980)

gynostemium morphology, especially the clinandrium,
which is prominent, 3-lobed in Collare-stuartense, with the
middle lobe exceeding the anther. The apical clinandrium
of Odontoglossum is narrow and obscure.

A genus of about seven species distributed from Ecua-
dor to Peru and Bolivia. The altitudinal range extends from
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anther

tegula

viscidium

stigma

tegula

Fig. 7 a Gynostemium of Odontoglossum odoratum Lindl. I Gynos-
temium, side view; 2 gynostemium, bottom view; 3 rostellum, side
view; 4 anther; and 5 pollinia, various views (Szlachetko and Mytnik-
Ejsmont 2009). b Flower of Odontoglossum epidendroides Lindl.

anther
pollinium

viscidium

rostellum

tegula

viscidium

IO 0.0 y :

Fig. 8 Gynostemium of Odontoglossum crinitum Rchb.f. a Gynos-
temium, bottom view; b gynostemium, side view; ¢ rostellum;
d rostellum remnant, front view; e anther; and f pollinia, various
views (Szlachetko and Mytnik-Ejsmont 2009)

Photo by Guido Deburghgraeve. ¢ Odontoglossum epidendroides—
habit. Scale bar 10 cm. Redrawn by N. Oledrzynska from Dodson and
Bennett (1989)

2000 to 2800 m. The revision of the available material
indicated the necessity for one additional transfer to Col-
lare-stuartense.

Collare-stuartense ariasii (Dalstrom) Szlach. & Kolan.,
comb. nov. = Odontoglossum ariasii Dalstrom, Selbyana
22: 137. 2001. —TYPE: Peru, Junin, cloud forest near
Huasahuasi, ca. 2600 m a. s. 1., field collected by M. Arias,
20 Feb 2001, S. Dalstrom 2502 (holotype: SEL [n.v.])

Symphyglossum Schltr., Orchis 13: 8. 1919. —TYPE:
Symphyglossum sanguineum (Rchb.f.) Schltr. Fig. 6.
Pseudobulbs aggregated, oblong-ovoid, flattened,
2-leaved, at the base with several sheaths. Leaves coriaceous
or fleshy. Inflorescence produced from the axil of the upper
leaf-sheath, few- to many-flowered. Flowers resupinate.
Sepals and petals subsimilar, lateral sepals connate to about
the middle, petals adnate to the gynostemium. Lip entire,
basally adnate to the gynostemium; lateral lobes ovate to
subquadrate; middle lobe ovate; callus consisting of a pair of
plates at the base of lip free part. Gynostemium elongate,
gently upcurved in upper half, rather robust. Column part ca.
twice as long as anther, fused with lip just below stigma,
winged near stigma, wings with margins entire. Anther
subapical, operculate, ellipsoid, slightly dorsiventrally flat-
tened, obscurely 2-chambered. Connective narrow,
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Fig. 9 Odontoglossum
povedanum P.Ortiz. a Lateral
sepal, b petal, ¢ dorsal sepal,
d lip, e gynostemium, and

f flower. Scale bars 10 mm.
g Habit. Scale bar 20 mm.
Redrawn by N. Oledrzynska
from Ortiz Valdivieso (1997).
h Flower. Photo by Guido
Deburghgraeve

Fig. 10 Odontoglossum tenuifolium Dalstrom a Habit. Scale bar
5 cm. b Petal, ¢ dorsal sepal, d lateral sepals, and e flower. Scale bars
5 mm. f, g Gynostemium various views. Scale bars 3 mm. h Flower.

thickened on dorsal surface and apically elongate. Pollinia 2,
oblong-ellipsoid, hard, unequally and deeply cleft. Apical
clinandrium narrow. Stigma relatively small, elliptic,
slightly concave. Rostellum rather short, ovate, rounded at
apex. Viscidium single, oblong-ellipsoid, thick, fleshy,
grooved on outer surface. Tegula single, longer than vis-
cidium, oblong, thin, lamellate, flat. Rostellum remnant
bilobulate at apex, canaliculated on dorsal surface.
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Scale bar 5 mm. Redrawn by N. Olgdrzyniska from Dalstrom (1996).
i Flower. Photo by Guido Deburghgraeve

Notes: This is the only genus of the Odontoglossum
clade with simple lip. Moreover, both lateral sepals are
connate to about the middle, and both petals are adnate to
the gynostemium forming a kind of funnel, which probably
plays a role in pollination.

A genus of about six species distributed from Ecuador to
Peru between 1200 and 2600 m of altitude.
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Odontoglossum Kunth, Nov. Gen. Sp. 1: 350. 1816.
—TYPE: Odontoglossum epidendroides Kunth. Figs. 7, 8.

Pseudobulbs approximate, usually ovoid or elliptic-ob-
long, compressed, 1-3-leaved, the bases enveloped in a few
distichous, papery or foliaceous sheaths. Leaves coriaceous or
fleshy. Inflorescences produced from the bases of the pseu-
dobulbs, usually elongate, erect or arching, few- to many-
flowered racemes or panicles. Flowers resupinate. Sepals
subequal, usually spreading, usually free. Petals usually
subequal to the dorsal sepal but sometimes broader. Lip
3-lobed or entire, the base continuous with the base of the
gynostemium; lateral lobes (if present) spreading or erect,
middle lobe usually deflexed, less frequently spreading; callus
at the base of the lip variously cristate, denticulate, lamellate.
Gynostemium elongate, erect to gently arched near middle,
slender. Column part ca. 1.5-3.5 times longer than anther,
obscurely winged near stigma, with various appendages near
or just above stigma. Anther subapical to subventral, incum-
bent, operculate, ellipsoid, obscurely 2-chambered. Connec-
tive narrow, more or less thickened and apically elongate,
occasionally forms a dorsal crest. Pollinia 2, obliquely ellip-
soid, dorsiventrally flattened, hard, unequally and deeply cleft.
Apical clinandrium narrow. Stigma elliptic, deeply concave,
partially hidden by rostellum. Rostellum rather short, conical-
digitate in middle, ligulate, pendent, obtuse. Viscidium single,
oblong-ellipsoid, thick, fleshy. Tegula single, slightly longer
than viscidium, oblong, thin, lamellate, flat. Rostellum rem-
nant bilobulate at middle, with oblique shallowly concave
plate between acute lobules, canaliculated on dorsal surface.

Notes: The genus can be confused with Collare-stuar-
tense, from which however it can be separated by gynos-
temium morphology.

Incertae sedis

As mentioned before, two species, Odontoglossum tenui-
folium and O. povedanum, are not closely related to other
representatives of the subclade B. Also their morphology
does not allow their classification in any of the existing
genera. It is possible that each of these two species could
be placed in its own genus, but we think it is premature
considering current available data.

Odontoglossum povedanum P.Ortiz, Orquideologia 20:
321. 1997. —TYPE: Colombia, Santander, Suaita. Vado
Real, ca. 2000 m a. s. I, collected by E. Poveda in Dec
1995, flowering in Bogota in May 1996, P. Ortiz 1070
(holotype: HPUIJ [n.v.]). Fig. 9.

Notes: This species described as Odontoglossum was
transferred to Collare-stuartense by Szlachetko and Gorniak
(2006); however, unlike Odontoglossum and Collare-stuar-
tense, in O. povedanum the column part below the stigma is
pubescent. While in the original drawing presented by Ortiz

Valdivieso (1997) the pseudobulbs are not subtended by
foliaceous sheaths, the photographs of this species taken by
G. Deburghgraeve show that these structures occur in O.
povedanum. According to information provided by
Deburghgraeve, the flowering of this plant starts from the
most distal part of the inflorescence and the side branches
gradually develop from the most proximal internodes. The
simple lip callus with pubescent disk places it in a rather
isolated position within Odontoglossum clade that is also
supported by molecular analyses (Neubig et al. 2012).

Odontoglossum tenuifolium Dalstrom, Lindleyana 11:
114. 1996. —TYPE: Bolivia, Chapare, between Cocha-
bamba and Villa Tunari, 1950 m a. s. 1., 7 Jan 1994, S.
Dalstrom and J. Sonnemark 2012 (holotype: SEL [n.v.];
isotype: K [n.v.]). Fig. 10.

Notes: This species differs from all other members of
Odontoglossum clade by its flower morphology, especially
the abruptly recurved apical half of the lip with two digitate
appendages. It is noteworthy that O. tenuifolium is similar
to Rusbyella and Dasyglossum in both vegetative and floral
characters. It differs, however, from both genera in having
the lower part of the gynostemium pubescent. Additionally,
it is easily separable from Rusbyella by the lip morphology.
It would be a good example of convergence in flower
morphology between rather distantly related genera if
subsequent molecular studies confirm this situation.
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