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American Journal of Botany 78(5): 610-623. 1991. 

OSMOPHORES, FLORAL FEATURES, AND SYSTEMATICS 
OF STANHOPEA (ORCHIDACEAE)1 

KENNETH J. CURRY,2 LORRAINE M. MCDOWELL,3 
WALTER S. JUDD,3 AND WILLIAM Louis STERN3,4 
2Department of Biological Sciences, University of Southern Mississippi, 

Hattiesburg, Mississippi 39406-5018; and 
3Department of Botany, University of Florida, Gainesville, Florida 32611-2009 

The floral fragrance glands (osmophores) of 18 species of Stanhopea and Sievekingia were 
examined through a series of developmental studies at light and electron microscope levels 
including late bud stages through postanthesis. Various characters were identified to be of 
potential systematic value and were recorded for each species. These characters included: texture 
of the osmophore surface, number of distinct cell layers comprising the osmophore, nature of 
lipid inclusions in osmophore cells, and presence or absence of plastoglobuli in osmophore 
amyloplasts. These characters were combined with traditional features of floral lip morphology 
for cladistic analysis. Sievekingia was the postulated outgroup. Stanhopea ecornuta showed the 
largest number of plesiomorphic characters. Stanhopea pulla, S. annulata, and S. candida were 
only slightly more derived. Stanhopea anfracta, S. gibbosa, S. martiana, S. oculata, S. radiosa, 
S. ruckeri, S. saccata, S. shuttleworthii, S. tigrina, S. vasquezii, and S. wardii form a monophyletic 
group that can be recognized by a labellum with an articulated epichile and a bicornuate mesochile 
(or hypochile). Stanhopea tricornis may be a hybrid between a species of Sievekingia and 
Stanhopea. 

Stanhopea Frost ex Hooker is the type genus 
of subtribe Stanhopeinae which are all Neo- 
tropical epiphytes pollinated exclusively by 
male euglossine bees. Stanhopea, with about 
50 species, is among the largest genera in the 
subtribe and is characterized by ribbed pseu- 
dobulbs, each bearing a single, plicate leaf. The 
inflorescence is directed downward from the 
base of the pseudobulb. There are two to 15 
simultaneously opening flowers that last 1 or 
2 days and are intensely aromatic. The aroma 
is a combination of terpenes and aromatics 
(Williams and Whitten, 1983) produced by se- 
cretory tissue called the osmophore (Vogel, 
1963). 

Pollination of plants in this subtribe is un- 
usual in that there is no food reward for the 
pollinator. Male euglossine bees are attracted 
to plants by the fragrance produced in the os- 
mophore. Apparently, visual cues are second- 
ary. Bees collect the fragrance which they use 
presumably as a precursor for a sex pheromone 
(Dressler, 1982). 

1 Received for publication 13 July 1990; revision ac- 
cepted 3 January 1991. 

The authors thank Henry C. Aldrich for use of the Elec- 
tron Microscope Core Laboratory, University of Florida, 
and Vicki A. Funk, Smithsonian Institution, for her review 
which helped us avoid certain embarrassing discrepancies. 
This study was supported in part by NSF grants DEB 82- 
19120 and BSR-8607212 to WLS. 

4Author for correspondence. 

The genus has not been monographed, but 
Dodson and Frymire (1961; hereinafter re- 
ferred to without year) suggested an evolu- 
tionary scheme (Fig. 1) that included many of 
the species, and the genus Sievekingia Reichb. 
f. was suggested as a possible ancestor from 
which Stanhopea was derived. Dodson (1963, 
1975a, b) has since published additional in- 
formation concerning individual species of 
Stanhopea. Dressler (1981) reproduced the 
original evolutionary scheme (Dodson and 
Frymire) with little basic change to incorporate 
new data on plant-pollinator relationships. In 
a recent personal communication, Dodson in- 
dicated the placement in his original scheme 
of some newly described species. 

Flowers of Sievekingia are less specialized 
than even the least specialized flower of Stan- 
hopea. A labellum may be distinguished from 
the other two petals by its morphology and 
the presence of a callus, but it is not sufficiently 
differentiated to define a hypochile, meso- 
chile, or epichile, as is generally true in Stan- 
hopea. The proximal portion of the labellum 
behind the callus forms a shallow pouch rem- 
iniscent of the pouch in the hypochile of Stan- 
hopea. The floor of this shallow pouch in the 
labellum contains the osmophore of Sievek- 
ingia (Fig. -2). 

Classification of Stanhopea is based almost 
exclusively on characteristics of the labellum. 
In some species the labellum has become so 
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Fig. 1. Representation of Dodson and Frymire's (1961) diagram of labella and columns of Stanhopea and Sievekingia 
suggesting relationships among the species. 

specialized that it may be divided for con- 
venience of reference and discussion into three 
parts: the proximal hypochile that includes 
the osmophore, the central mesochile (which 
may be indistinguishable in some species of 
Stanhopea), and the distal epichile. The more 
specialized labella have a mesochile bearing 
a pair of forward-projecting horns. The epi- 
chile is articulated to the mesochile when that 
structure is present. Petals of Stanhopea flow- 
ers (excluding the labellum) are strongly re- 
flexed in all but one species. The column arch- 
es parallel along the labellum, and its terminal 
anther lies in close proximity to the epichile. 

Dodson and Frymire suggested that floral 
characters intimately associated with pollina- 
tion would be under strong selective pressure, 
whereas characters less important to pollina- 
tion would be more variable within a species. 
They cited high variability in color as an ex- 
ample of a character not intimately associated 

with pollination. The labellum has become a 
central focus for Stanhopea taxonomy because 
its variability and structural complexity allow 
the identification of numerous fairly constant 
characters that may be used in species delim- 
itation. 

We consider the evolutionary scheme (Fig. 
1) proposed by Dodson and Frymire, including 
the possible ancestral relationship with Sieve- 
kingia, to be a useful working hypothesis. Al- 
though they did not address the issue, their 
evolutionary scheme, if accepted, would lead 
to the consideration of Sievekingia as likely 
paraphyletic, with Stanhopea being the sister 
group of a species (or clade) within Sievekingia. 
The question of the monophyly or paraphyly 
of Sievekingia is not addressed in our study, 
and would require the inclusion of additional 
species of this genus, as well as related genera, 
in the cladistic analyses. We have examined, 
through developmental studies, the osmo- 
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Fig. 2. Representative labella in top and sagittal views organized to depict our approximation of the evolutionary 
scheme proposed by Dodson and Frymire (1961). Sievekingia suavis is postulated as close to the ancestor of Stanhopea. 
Stanhopea pulla typifies primitive members of the genus. Stanhopea saccata and S. tigrina represent the "insignis" 
complex, and Stanhopea oculata and S. vasquezii represent the "oculata" complex. Stanhopea tricornis is thought to 
be a hybrid between Stanhopea and Sievekingia. Top and sagittal views of labella for each species are drawn to scale; 
however, labella of the different species are not reproduced proportionately. Si = Sievekingia; St = Stanhopea. 

phores of many species of Stanhopea and two 
species of Sievekingia. Herein we describe 
characteristics of osmophores of these species 
and apply a cladistic analysis to the combined 
osmophore and other floral characteristics to 
clarify further phylogenetic relationships with- 
in Stanhopea, and to test Dodson and.Fry- 
mire's original scheme. 

MATERIALS AND METHODS 

Plants of Stanhopea and Sievekingia used in 
this study are maintained in the greenhouses 
of the Department of Botany, University of 
Florida. The species represented by these plants 
were the only ones available to us and for this 
reason we were unable to study all those used 
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TABLE 1. Character states of taxa used in cladistic analysis of Stanhopea and Sievekingiaa 

Species lb 2 3 4 5 6 7 8 9 10 11 12 13 

1.S. annulata 1 0 0 0 1 0 1 1 1 0 0 0 0 
2. S. ecornuta 0 0 0 0 1 0 1 1 1 0 0 0 0 
3. S. pulla 0 0 0 0 1 1 1 1 1 0 0 0 0 
4. S. candida 1 0 0 0 1 1 1 1 1 0 0 0 0 
5. S. tricornis 1 0 1 0 0 1 1 0 1 0 1 1 0 
6. S. martiana 1 1 1 0 0 0 1 1 1 0 1 1 1 
7. S. tigrina 1 0 0 0 0 0 1 1 1 1 1 1 1 
8. S. radiosa 1 1 1 1 0 0 1 1 1 0 1 1 1 
8. S. saccata 1 1 1 1 0 0 1 1 1 0 1 1 1 
9. S. gibbosa 1 0 0 0 1 1 0 1 1 1 1 1 0 

1. S. vasquezii 0 0 1 0 0 0 0 1 1 1 1 1 0 
11. S. anfracta 1 0 0 0 0 0 0 1 1 1 1 1 0 
11. S. oculata 1 0 0 0 0 0 0 1 1 1 1 1 0 
11. S. ruckeri 1 0 0 0 0 0 0 1 1 1 1 1 0 
11. S. shuttle. 1 0 0 0 0 0 0 1 1 1 1 1 0 
11. S. wardii 1 0 0 0 0 0 0 1 1 1 1 1 0 
12. Sieve. mars. 0 0 1 0 0 0 0 0 0 n/a 0 0 0 
12. Sieve. suavis 0 0 0 0 0 0 0 0 0 n/a 0 0 0 

a Species 8 and 11 are members of the "insignis" and "oculata" groups, respectively. They are treated as units for 
cladistic purposes because they are identical for the character set we used. S. shuttle. = S. shuttleworthii. Sieve. 
mars. = Sievekingia marsupialis. See text for explanation of plesiomorphic (scored 0) and apomorphic (scored 1) 
conditions. 

b Numbers heading columns pertain to similarly numbered characters polarized in Table 2. 

by Dodson and Frymire in their scheme (Fig. 
1). However, we studied other species not con- 
sidered by them. In most cases, several plants 
of each species were examined. Abbreviations 
of names for authors of binomials follow those 
recommended by Meikle (1980). 

Microscopy-Tissues for study were sam- 
pled, where possible, at several developmental 
stages of the inflorescence beginning with a bud 
stage the day before the flowers open and pro- 
ceeding through postanthesis. Flowers reached 
postanthesis in 1 to 3 days depending on spe- 
cies. 

All osmophore tissue was fixed for 2 hr in 
2% (w/v) formaldehyde (freshly made from 
paraformaldehyde), 2.5% (v/v) glutaralde- 
hyde, and 2 mm CaCl2 in 0.1 M cacodylate 
buffer made to pH 7.2. Material was then buff- 
er-rinsed (0.1 M cacodylate, pH 7.2), postfixed 
for 45 min in 1% (w/v) osmium tetroxide in 
0.1 M cacodylate buffer (pH 7.2), buffer-rinsed 
(0.1 M cacodylate, pH 7.2), and dehydrated 
through an ethanol series (50%, 70%, 85%, 95%, 
100%) followed by 100% acetone. 

Tissues for light microscopy (LM) and trans- 
mission electron microscopy (TEM) were em- 
bedded in epoxy resin ERL 4206 (Spurr, 1969). 
Material for light microscopy was thick-sec- 
tioned (ca 1 gAm) and stained with 0.1% (w/v) 
toluidine blue 0 in 1% (w/v) sodium borate. 
Material for TEM was thin-sectioned (ca 90- 
100 nm), stained 12-30 min in 1% (w/v) aque- 
ous uranyl acetate, and poststained 7-10 min 

in Sato's or Reynolds' lead citrate (Hayat, 1981). 
Dehydrated material for scanning electron mi- 
croscopy (SEM) was critical-point dried and 
gold-coated. 

Cladistics -A preliminary analysis of the 
cladistic relationships of selected species of 
Stanhopea and Sievekingia was conducted us- 
ing the branch-and-bound algorithm (Hendy 
and Penny, 1982) as employed in the PAUP 
(Phylogenetic Analysis Using Parsimony, Ver- 
sion 2.4) computer program developed by 
Swofford (1985). 

Twelve taxa were used in the analyses (Table 
1), based on a survey of morphological and 
ultrastructural variation in 18 species of Stan- 
hopea and Sievekingia. Species showing iden- 
tical character states for the subset of characters 
we used were grouped into operational taxa. 
Thus, Stanhopea radiosa Lemaire and S. sac- 
cata Bateman, part of Dodson and Frymire's 
"insignis" group, and Stanhopea anfracta 
Rolfe, S. oculata (C. Lodd.) Lindley, S. ruckeri 
Lindley, S. shuttleworthii Reichb. f., and S. 
wardii C. Lodd. ex Lindley, included in Dod- 
son and Frymire's "oculata" group, were com- 
bined into two respective groups. 

Thirteen characters were delimited (Table 1) 
and assigned plesiomorphic (ancestral; scored 
as 0) and apomorphic (derived; scored as 1) 
states. Plesiomorphic and apomorphic features 
used in the computer analysis are listed in Ta- 
ble 2, and their assigned numbers correspond 
with those heading the columns in Table 1. 
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TABLE 2. Characters used in cladistic analysis of Stan- 
hopea and Sievekingia 

Plesiomorphic (ancestral) Apomorphic (derived) 

1. Osmophore surface Osmophore surface ru- 
smooth, individual cells gose/papillate 
bullate 

2. Osmophore surface Osmophore surface with 
lacking unicellular tri- unicellular trichomes 
chomes 

3. Epidermal cells of os- Epidermal cells of osmo- 
mophore anatomically phore anatomically dif- 
similar to subjacent ferent from subjacent 
cells; tissue homoge- cells; tissue bilayered 
neous 

4. Cytoplasmic lipid in- Cytoplasmic lipid inclu- 
clusions of one pat- sions of two patterns, 
tern, either uniformly some uniformly elec- 
electron dense or mac- tron dense and others 
ulatea with a dark peripheral 

halo surrounding a less 
electron-dense center 

5. Cytoplasmic lipid in- Cytoplasmic lipid inclu- 
clusions spherical only sions spherical to highly 
(either all electron irregular (all maculate) 
dense or all with a 
dark peripheral halo 
surrounding a less 
dense center) 

6. Plastoglobuli present Plastoglobuli absent 
7. Inflorescences with 4 Inflorescences with 1 to 3 

or more flowers flowers 
8. Petals erect Petals reflexed 
9. Distinct hypochile Distinct hypochile present 

lacking 
10. Hypochile globose Hypochile rectangular 
11. Labellum ecornuate Labellum bicornuate 
12. Articulated epichile Articulated epichile pres- 

absent ent 
13. Apex of labellum uni- Apex of labellum tri-apic- 

apiculate - ulate 
a Maculate: spots of electron-dense matter in a less elec- 

tron-dense matrix. 

Characters were polarized by outgroup analysis 
(Stevens, 1980, 1981; Wheeler, 1981; Wiley, 
1981; Maddison, Donoghue, and Maddison, 
1984) using Sievekingia suavis Reichb. f. and 
S. marsupialis Dodson. Two characters (num- 
bers 3 and 10 in Table 1) are either variable 
or not applicable in these species and are there- 
fore unpolarized in the cladistic analyses. Au- 
tapomorphic and uniform characters were not 
included in the analysis because they do not 
elucidate phylogenetic relationships. Howev- 
er, character 4 (Table 1) was included because 
this feature is a synapomorphy for S. saccata 
and S. radiosa (the two species comprising the 
"insignis" group). The characters used to an- 
alyze cladistic relationships of Stanhopea and 
Sievekingia are listed in Table 2 followed by 
explanatory notes in numerical sequence re- 
lating to our interpretations of features. 

1. See related discussions in Curry, Stem, 

and McDowell (1 9 8 8). We view the acquisition 
of papillae and rugae as a single phenomenon 
involving clusters of cells and have made no 
distinction between papillae and rugae and the 
relative degree of surface convolution. 

2. These trichomes are not considered ho- 
mologous with the large, multicellular tri- 
chomes that may be found on the osmophore 
surface of Sievekingia marsupialis (a probable 
autapomorphy). 

3. See related discussion in Curry, Stern, 
and McDowell (1988). Because Sievekingia 
suavis has homogeneous osmophore layers 
while those in S. marsupialis are bilayered, this 
feature was not polarized in the computer anal- 
yses. The polarity assessment given in Table 
2 is based on the most parsimonious distri- 
bution of character states suggested by the dis- 
covered cladograms. 

7. Delimitation of the states of this quan- 
titative character is somewhat arbitrary. See 
Almeida and Bisby (1984) for a discussion of 
problems in delimiting states in continuously 
varying measurement data. 

10. Since Sievekingia lacks a distinct hypo- 
chile the ancestral state was scored as "miss- 
ing" and the character was considered unpo- 
larized in the cladistic analyses. The polarity 
presented here is based on the most parsi- 
monious distribution of character states sug- 
gested by the discovered cladograms. 

13. The single apiculation of the distal mar- 
gin of the labellum of Sievekingia is compa- 
rable to the single apiculation on the distal 
margin of the epichile of some species of Stan- 
hopea, and these structures are considered to 
be homologous. The number of apiculations 
is, therefore, used in the cladistic analyses with- 
out regard to the presence or absence of a dis- 
tinct epichile. 

RESULTS 

Developmental studies of osmophores of 
Stanhopea and Sievekingia listed in Table 1 
were pursued wherever possible to establish 
the sequence of cellular events in this secretory 
tissue. Each study consisted of a daily sample 
of tissue from a single flower from a late bud 
stage through postanthesis. The plants usually 
bloom annually and produce only a small num- 
ber of flowers, so multiple plants of a species 
were used to establish a complete develop- 
mental sequence. Stages of development were 
corroborated with additional floral samples 
where possible, but, in some cases, a complete 
study was not possible. Data reported in Table 
1 are, to every extent possible, representative 
of osmophore tissue in a flower during anthesis. 
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Tissue in each study was examined by LM and 
by both SEM and TEM. 

Selected morphological characters used by 
Dodson and Frymire to establish their sug- 
gested phylogenetic relationships within the 
genus Stanhopea, and between Stanhopea and 
Sievekingia, were examined in our specimens 
and are reported in Table 1. Labellum mor- 
phology is shown in Fig. 2 and is organized to 
approximate the evolutionary scheme (Fig. 1) 
of Dodson and Frymire. Data for numbers of 
flowers per inflorescence are from our obser- 
vations and from previously published ac- 
counts and descriptions (e.g., Dodson, 1963, 
1975a, b; Dodson and Frymire). 

Osmophore characters-The osmophore of 
Stanhopea is located in a pouch at the proximal 
end of the labellum as illustrated in Stem, Cur- 
ry, and Pridgeon (1987), Curry, Stem, and Mc- 
Dowell (1988), and as shown at the arrow in 
Fig. 2. The osmophore of Sievekingia is also 
located at the proximal end of the labellum, 
but there is no sharply defined pouch. The os- 
mophore surface was examined in each spec- 
imen using SEM. Sievekingia suavis and sev- 
eral species of Stanhopea have flat to bullate 
osmophore surfaces (Figs. 3, 4). Sievekingia 
marsupialis has a flat surface with occasional 
multicellular trichomes. Some species of Stan- 
hopea have osmophore surfaces with multi- 
cellular papillae (Fig. 5). The remaining species 
have an osmophore surface convoluted by ru- 
gae and papillae (Fig. 6). Some epidermal cells 
on the papillae of S. saccata (Fig. 7) and S. 
radiosa form distinct, unicellular trichomes. 
Comparable, but smaller, unicellular tri- 
chomes are present on the rugae of S. martiana 
Bateman ex Lindley (Fig. 8). 

All osmophores of Stanhopea and Sieveking- 
ia were identified as secretory tissue by the 
presence of cells with dense cytoplasm (Schnepf, 
1969; Fahn, 1979) and numerous starch grains. 
Secretory tissue grades imperceptibly into 
ground parenchyma. Examination of the anat- 
omy of osmophore tissue in section at the light 
microscope level indicated that some osmo- 
phores have epidermal cells that are morpho- 
logically different from the subjacent cells (Figs. 
9, 10). In other species the osmophore com- 
prised homogeneous layers of cells (Figs. 11, 
12). 

We have previously examined the ultra- 
structure of osmophore cells in Stanhopea in 
some detail (Stem, Curry, and Pridgeon, 1987; 
Curry, Stem, and McDowell, 1988) and have 
continued our investigations for this study. 
There is considerable uniformity of ultrastruc- 
ture in osmophore cells of both Stanhopea and 

Sievekingia species. Cytoplasmic lipid inclu- 
sions and plastoglobuli in amyloplasts are two 
features presumably associated with fragrance 
production (Curry, 1987; Stem, Curry, and 
Pridgeon, 1987; Curry, Stem, and McDowell, 
1988) that showed sufficient variation for in- 
clusion here as potentially useful characters. 
Plastoglobuli are present in the amyloplasts of 
both species of Sievekingia and most, but not 
all, species of Stanhopea (Figs. 13, 15, 16). 
Lipid inclusions were observed in unstained 
sections to verify that they were osmiophilic 
and, therefore, probably lipid, rather than some 
other cell inclusion that accepted the uranyl 
acetate or lead citrate poststains. Three differ- 
ent variations of lipid inclusions were ob- 
served. Some of the inclusions tended to be 
spherical to somewhat irregular and uniformly 
electron dense (Figs. 13, 16). Stanhopea sac- 
cata (Fig. 15) and S. radiosa have, in addition 
to the aforementioned lipid type, another lipid 
type characterized by a dark ring surrounding 
a less electron-dense center. Both of these lipid 
types are present in each osmophore cell of the 
above-mentioned species. A third variation of 
lipid inclusion consists of structures that range 
from spherical to highly irregular. These occur 
independently of the two previously described 
types, and are characterized by small patches 
of electron-dense material in a less electron- 
dense structure (Fig. 14). We refer to this con- 
dition as maculate. 

Cladistics-Initial computer runs using the 
entire data set for the 12 taxa resulted in the 
discovery of 100 + equally parsimonious trees 
(but only 18 different topologies when multi- 
furcations are taken into account), all with a 
length of 23 steps and a consistency index of 
0.565. These cladograms are diverse in topol- 
ogy, and the strict consensus tree resulting from 
this initial analysis is merely a large polytomy, 
indicating only that the "insignis" group (S. 
saccata and S. radiosa) is most closely related 
to S. martiana, based on the presence of uni- 
cellular hairs on the osmophore and three teeth 
at the apex of the labellum in these species, 
and that S. tricornis Lindley may link with this 
clade owing to its bilayered osmophore tissue. 
In 14 trees, S. ecornuta Lemaire, S. pulla 
Reichb. f., S. annulata Mansf., and S. candida 
Barb. Rodr. comprise a paraphyletic or mono- 
phyletic group near the base of the tree (so 
placed because these species lack both meso- 
chile horns and an articulated epichile), while 
in four trees these species form a monophyletic 
group near the apex (based on globose hypo- 
chile shape, a loss of mesochile horns, and loss 
of an articulated epichile). The reversal of an 
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articulated epichile to a nonarticulated epichile 
(with a loss of horns on labellum) does not 
seem to be structurally or biologically mean- 
ingful. Thus, an additional cladistic analysis 
was conducted in which character 12 (articu- 
lated epichile) was weighted (by two) in order 
to inhibit homoplasy in this developmentally 
complex feature. The second analysis gener- 
ated 84 equally parsimonious trees (but com- 
prising only 14 different tree topologies) Qf 24 
steps and with a consistency index of 0.583. 
The strict consensus tree resulting from this 
analysis along with a representative cladogram 
showing distribution of character states is pre- 
sented in Figs. 17, 18. 

All trees discovered in the second cladistic 
analysis support the hypothesis that Stanhopea 
is monophyletic, based on the synapomorphies 
of the presence of a distinct hypochile (9) and 
flowers with reflexed petals (8). The latter char- 
acter shows a reversal in S. tricornis. In all 
cladograms, S. pulla, S. ecornuta, S. annulata, 
and S. candida are positioned near the base; 
these species show many plesiomorphic char- 
acters. In addition, in most cladograms, S. 
ecornuta is cladistically basal, a position sup- 
ported by its smooth osmophore surface (as 
well as its lack of other distinctive apomor- 
phies; Figs. 17, 18); most species of Stanhopea 
included in the cladistic analysis (Fig. 17) likely 
form a monophyletic group on the basis of the 
synapomorphy of a rugose/papillate osmo- 
phore surface (1), although the osmophore sur- 
face has reverted to the smooth condition in 
S. vasquezii Dodson. 

Stanhopea tigrina Bateman ex Lindley, S. 
martiana, S. tricornis, S. vasquezii, S. gibbosa 
Reichb. f., and members of the "insignis" com- 
plex (S. saccata and S. radiosa) and the "ocu- 
lata" group (S. wardii, S. shuttleworthii, S. ruck- 
eri, S. oculata, and S. anfracta) all form a 
monophyletic cluster, which can be recognized 
by the labellum with an articulated epichile (12) 
and a bicornuate mesochile (or hypochile; 11). 
These characters are morphologically (and like- 
ly developmentally) complex. Species relation- 
ships within this group are poorly resolved as 
can be seen in the consensus tree (Fig. 18). How- 
ever, the two species of the "insignis" group are 
linked by the presence of cytoplasmic lipid in- 
clusions of two types (4), and both species then 
link to S. martiana on the basis of unicellular 

hairs on the osmophore surface (2) and (in some 
trees, Fig. 17) by the additional feature of a 
labellum apex with three small apiculations (13). 
This unicellular-haired-osmophore clade then 
links with S. tricornis on the basis of a bilayered 
osmophore tissue (3), although it is noted that 
this character is homoplasious (see S. vasquezii, 
Fig. 17). In four cladograms, the clade char- 
acterized by bilayered osmophore tissue is po- 
sitioned as the sister group of S. tigrina, the two 
being linked by the synapomorphy of a labellum 
apex with three small apiculations (13). How- 
ever, in the remaining trees S. tigrina is isolated 
or linked with S. vasquezii, S. gibbosa, and 
members of the "oculata" group, because of its 
rectangular hypochile (10). 

DISCUSSION 

We have selected as the basic framework for 
our discussion of the systematics of the genus 
Stanhopea, the scheme (Fig. 1) published by 
Dodson and Frymire, and have compared our 
cladograms with this influential classification. 
Several species of Stanhopea that can be in- 
serted at appropriate points in the original 
scheme have been described since that publi- 
cation (Dressler, 1981; Dodson, personal com- 
munication). Dodson and Frymire's scheme 
includes two named complexes of species, two 
unnamed complexes, and several individuals 
with unusual characteristics that set them apart 
from any complex. As mentioned above, Sieve- 
kingia is considered by Dodson and Frymire 
(Fig. 1) as the ancestor of Stanhopea. 

According to Dodson and Frymire, only 
those parts of the flower directly associated 
with pollination will be under strong selective 
pressure. Other parts of the flower can be ex- 
pected to show more variation than those parts 
intimately associated with pollination. Evo- 
lutionary pressure on selected parts of orchid 
flowers has also been cited by Ackerman (1983). 
In Stanhopea, the labellum and its osmophore 
are closely associated with the attraction and 
orientation of the pollinator bringing that 
structure under strong selective pressure. The 
labellum has been the major feature used by 
Dodson and Frymire in constructing their evo- 
lutionary scheme for Stanhopea. Vegetative 
characteristics, since they are so uniform, have 
not been used. 

Figs. 3-8. Scanning electron micrographs of osmophore surfaces of species of Stanhopea and Sievekingia. Bar = 
100 ,um. 3. Flat to bullate surface of Sievekingia suavis. 4. Flat to bullate surface of Stanhopea pulla. 5. Papillate surface 
of Stanhopea candida. 6. Papillate to rugate surface of Stanhopea tigrina. 7. Papillae with unicellular trichomes of 
Stanhopea saccata. 8. Papillae with short, unicellular trichomes of Stanhopea martiana. 
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Figs. 9-12. Light micrographs of osmophores of Sievekingia and Stanhopea. Bar = 100 ,um. 9. Bilayered osmophore 
of Stanhopea tigrina. 10. Bilayered osmophore of Stanhopea oculata. 11. Homogeneous osmophore of Sievekingia 
suavis. 12. Homogeneous osmophore of Stanhopea pulla. 

Dodson and Frymire postulated a group of 
primitive stanhopeas derived from a species 
of Sievekingia, S. shepheardii Rolfe being the 
most primitive known species with respect to 
the slightly lobed, truncate lip. Sievekingia 
suavis Reichb. f., and S. peruviana Rolfe have 
more complex lips than S. shepheardii with 
erect side lobes forming a concave hypochile 
at the base. From these species, "the close 
relationships of the more primitive Stanho- 
peas are obvious," they attested. Figure 1 
shows their scheme clearly with Stanhopea 
cirrhata Lindley and S. lewisae Ames & Cor- 
rell (neither species of which was available to 
us for study) linking the three more derived 
complexes: S. reichenbachiana Roezl ex 
Reichb. f., S. grandiflora (C. Lodd.) Lindley, 
and S. candida (the only species we had for 

study); the "insignis" complex including S. 
insignis Frost ex Hook., S. tigrina, S. saccata, 
S. radiosa, and S. martiana; and the "oculata" 
complex with S. oculata, S. wardii, S. vas- 
quezii, S. gibbosa, S. shuttleworthii, S. ruckeri, 
and S. anfracta. 

Stanhopea tricornis, an isolated species in 
the Dodson/Frymire scheme, shares some 
characteristics with members ofthe "insignis" 
complex except that its petals extend forward 
instead of being reflexed, and the horns arise 
from the hypochile instead of the mesochile. 
This is the only species of Stanhopea with 
anteriorly extended petals, and, because the 
petals in this species have a direct influence 
on the manner in which pollination is accom- 
plished, Dodson and Frymire did not assign 
S. tricornis to one of their species clusters. 
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Figs. 13-16. Osmophore cells of Sievekingia suavis and species of Stanhopea. a = amyloplast, 1 = lipid globule, 
arrow = plastoglobulus. Bar = 0.1 Mm. 13. Sievekingia suavis showing plastoglobuli and uniformly dense, spherical 
lipid inclusions. 14. Stanhopea pulla showing maculate, irregular lipid inclusions. Plastoglobuli were not observed. 15. 
Stanhopea saccata showing plastoglobuli and two different lipid inclusions (1 = dark periphery surrounding less dense 
center; 1' =uniformly electron dense). 16. Stanhopea oculata showing plastoglobuli and uniformly dense, spherical 
lipid inclusions. 

Osmophore characters -The relatively flat 
osmophore surface found in Sievekingia and 
in some stanhopeas offers less area for fra- 
grance dispersal than the more convoluted sur- 
faces characterized by papillae, rugae, and tri- 
chomes observed in flowers ofthe more derived 
stanhopeas. Anatomical differences between 
epidermal cells and subjacent cells may have 
involved general cell shape or the modification 
of the surface wall to form a trichome. The 
functional significance of trichomes is uncer- 
tain. Previously we postulated that plastoglob- 
uli and cytoplasmic lipid inclusions were as- 
sociated with fragrance production (Curry, 
1987; Stem, Curry, and Pridgeon, 1987; Curry, 
Stem, and McDowell, 1988). The quantity and 
quality of fragrance produced is directly and 
strongly related to the effectiveness of polli- 
nation. All these characters were included in 

the cladistic investigation to assess their tax- 
onomic utility. 

We attempted to draw parallels between 
published data on individual components of 
fragrances (Williams and Whitten, 1983) and 
our character set, but without success, and agree 
with the comments by Williams and Whitten 
that more detailed information is needed be- 
fore this line of inquiry will prove fruitful. We 
suggest that the morphological distinctions we 
have noted in lipid inclusions represent rough 
aggregations of fragrance or fragrance precur- 
sors. No specific correlations can be made be- 
tween lipid inclusions and individual fra- 
grances or groups of fragrances. As with lipid 
inclusions, we view the presence or absence of 
plastoglobuli as a crude measure of some aspect 
of fragrance production. The main difficulty in 
assessing this character is in proving the ab- 
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Fig. 17. Representative tree resulting from analysis in which character 12 was weighted (see discussion in text). 
Taxa indicated by specific epithet (or name of species complex); characters as in Tables 1, 2, and text. 

sence of plastoglobuli. Plastoglobuli may be 
produced infrequently in the amyloplasts of 
cells where we report no production. Thus, our 
data may represent relative production rather 
than absolute production. 

Other floral characters-Visual cues are ap- 
parently unimportant in the pollination system 
of Stanhopea (Dodson and Frymire), so the 
massing of flowers for visual display may like- 
wise be considered unimportant. However, the 
possession of inflorescences with numerous vs. 

few flowers may enhance the long-range at- 
traction of pollinators through increased fra- 
grance production. Species of Stanhopea in our 
greenhouse generally produced flowers in pairs 
or in clusters of five or more. We divided the 
species into those that produce three or fewer 
flowers per inflorescence and those that pro- 
duce four or more per inflorescence. The an- 
cestral state in Sievekingia seems to be the pro- 
duction of a large number of flowers leading 
to a reduction in floral number in ancestral 
stanhopeas. The more elaborate pouch in 

Fig. 18. Strict consensus tree of 84 equally parsimonious 24-step cladograms discovered in above-mentioned analysis. 
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"primitive" stanhopeas probably increases 
their capacity for fragrance production over 
that in Sievekingia. After these events, selec- 
tive pressure seems to have favored the de- 
velopment of more elaborate osmophores and, 
in some species, decreased floral number. 

One of the most obvious advances from the 
ancestral stanhopeas is the development of a 
homed mesochile and an articulated epichile. 
This relates to the "slide-fall" mechanism by 
which Stanhopea is pollinated (Pohl, 1927). A 
euglossine bee enters the flower from either 
side landing on the labellum. In the course of 
collecting fragrance (there is no food reward), 
the bee apparently becomes disoriented by the 
fragrance and falls out of the flower between 
the epichile of the labellum and the tip of the 
column where the pollinia are located. The 
pollinia are attached to the bee by a sticky pad, 
the viscidium, as the bee exits the flower. The 
stigma, located just behind the anther, be- 
comes receptive to the pollen after the pollinia 
are removed so that a second visit by a bee 
carrying pollinia may result in pollination as 
the second bee falls through the flower leaving 
its pollinia on the sticky stigma. 

The development of mesochile horns estab- 
lished a mechanism to ensure that bees would 
fall straight from the fragrance-producing re- 
gion of the hypochile, and past the pollinia and 
stigma, not out to one side, thus missing the 
pollination target. The articulated epichile, 
which is associated with mesochile horns (hy- 
pochile horns in S. tricornis), acts as a spring 
between the epichile and column tip. That dis- 
tance is critical to effective pollination. A spring 
mechanism allows a great degree of tolerable 
variation in both the size of the individual 
pollinator and the distance between the epi- 
chile and column tip while still maintaining a 
high success rate in effective pollination. 

The reflexed petals, of course, are an inte- 
grated part of "slide-fall" pollination. Stan- 
hopea tricornis and Sievekingia species, with 
their petals directed forward, preclude entry 
into the flower from the side. Instead, the pol- 
linator must enter from the front and back out 
of the flower the way it came in. Stanhopea 
tricornis has horns arising from the hypochile 
to guide a falling bee. The distance between 
the column tip and the epichile is still critical 
to pollination, but the bee need not fall from 
the flower. 

The shape of the hypochile (rectangular or 
globose) and the number of apiculations or 
lobes on the epichile are arcane characters as 
far as present data are concerned. Interestingly, 
there is a strong correlation in Stanhopea be- 
tween hypochile shape and whether the cells 

of the osmophore are bilayered or homoge- 
neous. The globose hypochile in conjunction 
with mesochile horns is always associated with 
a bilayered osmophore, and a rectangular hy- 
pochile is associated with a homogeneous os- 
mophore in every specimen examined except 
S. vasquezii. Curiously, S. vasquezii is the only 
member of the "oculata" complex of species 
that has a smooth osmophore surface. The sig- 
nificance of these observations remains ob- 
scure. 

Correlation between the various characters 
discussed above and specific pollinators was 
attempted without success. Too little is known 
about the pollination of specific species of 
Stanhopea (Williams, 1983) to derive mean- 
ingful correlations. Dressler (1981) has de- 
scribed general associations in Stanhopea be- 
tween pollinator size and flower size. 

Cladistics -The cladogram presented in Fig. 
17 (based on floral morphology as well as ul- 
trastructural and micromorphological features 
of the osmophore) is representative of most of 
the discovered trees, and supports the tradi- 
tional (i.e., evolutionary taxonomic) classifi- 
cation proposed by Dodson and Frymire. In 
their evolutionary tree, Stanhopea ecornuta and 
S. pulla are positioned at the base of the genus, 
and the species with horns on the labellum 
form a monophyletic group (except for S. tri- 
cornis). Within the group possessing mesochile 
horns, a close connection is seen between S. 
insignis, S. martiana, and S. tigrina, on one 
hand, and S. wardii and S. oculata, on the 
other. Our cladograms, in large part, support 
these evolutionary hypotheses. Dodson and 
Frymire's "insignis" complex may be mono- 
phyletic (although placement of S. tigrina is 
problematic), and the members of their "ocu- 
lata" complex form either a monophyletic 
group (Fig. 17, supported by ten trees) or a 
paraphyletic group (supported by four trees, 
not shown) in our analysis. The strict consensus 
tree (Fig. 18) indicates the branching points 
supported by all discovered cladograms. It is 
evident that all trees support the monophyly 
of Stanhopea, as well as the distinctly basal 
position of S. ecornuta and S. pulla relative to 
the monophyletic group of species with artic- 
ulated epichiles and horns. This broad agree- 
ment is perhaps to be expected, since both our 
cladograms and Dodson and Frymire's evo- 
lutionary tree employed many of the same flo- 
ral characters, and both assumed that Siev- 
ekingia is the ancestor of Stanhopea. However, 
it is noteworthy that several ultrastructural/ 
micromorphological characters, e.g., osmop- 
hore surface texture (smooth vs. rugose/papil- 
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lose), osmophore indumentum (presence vs. 
absence of unicellular trichomes), osmophore 
tissue differentiation (homogeneous vs. bilay- 
ered), and cytoplasmic lipid inclusions, are 
useful in discerning phylogenetic relationships 
and support groupings established on floral 
morphological features (Fig. 17). 

A significant difference between the clado- 
grams presented here (Figs. 17, 18) and Dodson 
and Frymire's tree is seen in the position of 
Stanhopea tricornis. Dodson and Frymire 
placed this species in an isolated position and 
derived it from ancestors similar to Sievekingia 
trolli Mansf. Thus, they hypothesized that its 
articulated epichile and labellum horns origi- 
nated independently from those of the other 
species of Stanhopea. This evolutionary hy- 
pothesis would make the genus Stanhopea a 
polyphyletic evolutionary grade. One could 
even argue that the positioning of the labellum 
horns on the hypochile (instead of the meso- 
chile) in S. tricornis may indicate that the horns 
of this species are not homologous with those 
of other species of Stanhopea, although their 
structure is very similar. However, in their dis- 
cussion they suggest an alternative hypothesis, 
that "S. tricornis may have been derived as a 
result of hybridization between Sievekingia 
trollii or a similar form and some Stanhopea 
sympatric in distribution" (Dodson and Fry- 
mire). They suggest Stanhopea bucephalus 
Lindley as a possible parent and state that "if 
chance pollination of Stanhopea bucephalus by 
the Sievekingia should occur the resulting in- 
termediate hybrid might well be visited by a 
pollinator not utilized by either parental spe- 
cies and thereby be stabilized as a species." If 
this hypothesis is accepted, then Dodson and 
Frymire's evolutionary tree can be viewed as 
supporting the monophyly of Stanhopea. 

Our cladograms support their second hy- 
pothesis, i.e., the view that S. tricornis is of 
hybrid ancestry. Stanhopea tricornis has been 
consistently placed among those species of 
Stanhopea with an articulated epichile and a 
homed labellum. This placement is strength- 
ened by the fact that S. tricornis shows a bi- 
layered osmophore. However, the species ex- 
hibits a reversal from reflexed to erect petals, 
a characteristic of Sievekingia, and shows other 
similarities with Sievekingia not included in 
our analysis but discussed by Dodson and Fry- 
mire. 

The consistent linking of S. tricornis with 
the species of Stanhopea possessing articulated 
epichiles is not surprising; one would expect it 
to join with the parent possessing the most 
apomorphic characters. Hypothesizing a hy- 
brid ancestry for S. tricornis (i.e., between a 

species of the articulated epichile clade and 
Sievekingia) would provide an explanation of 
the reversal to erect petals seen in this species. 

Positioning of the labellum horns on the hy- 
pochile in S. tricornis may relate to the inter- 
play among the divergent developmental path- 
ways of the labellum in the parental species. 
Additional biosystematic investigations are 
clearly needed to clarify this situation, but at 
present we prefer the hypothesis that S. tri- 
cornis is of hybrid ancestry. Such a hypothesis 
is much more parsimonious than one that de- 
rives this species as a separate lineage (evolving 
Stanhopea-like features in parallel). 
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