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Abstract. Sophronitis sincorana and S. pfisteri
(Orchidaceae) are endemic to the campo rupestre
vegetation, northeastern Brazil, occurring sympat-
rically and flowering synchronously. In this work
we studied the reproductive biology of both species
and investigated reproductive barriers between
them. Both species are partially self-compatible,
pollinator dependent, and are pollinated by males
and worker bees of Bombus brevivillus. Pollinaria
are deposited on the anterior portion of the
mesonotum of these insects in S. pfisteri, and on
the scutellum in S. sincorana. The flowers of both
species are deceptive, as they have a dry cuniculus.
Morphological differences in the labellum and the
gynostemium impede inter-specific pollination of S.
pfisteri with pollen from S. sincorana. Very low
fruiting results from inter-specific crosses of S. sin-
corana with pollen from S. pfisteri. Although viable
seeds can be produced from experimental inter-
specific crosses, no natural hybrids were found.
Species integrity appears to be maintained by
additive unidirectional reproductive barriers
between them.

Keywords: Bombus brevivillus; campo rupestre;
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Introduction

A well known characteristic of the family
Orchidaceae is its very high potential for
forming inter-specific hybrids. Production of
artificial hybrids is extremely common, with
hybrids arising from crosses between related
species, species of different genera, or even
between different sub-tribes (Dressler 1981;
Arditti 1992). The occurrence of natural
hybrids in this family is also relatively common
in natural environments, and is well docu-
mented in the literature (Dressler 1993, Tremb-
lay et al. 2005; Cozzolino et al. 2006). However,
the natural coexistence of related species with
the maintenance of species integrity is only
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possible if there are efficient mechanisms in
place that deter inter-specific genetic flow
(Dressler 1981; Levin 2000).

The principal mechanisms of reproductive
isolation in the family Orchidaceae act at the
pre-pollination phase, and involve ecological
or ethological factors (Dodson 1962; van der
Pijl and Dodson 1966; Dressler 1981; Gill
1989; Borba and Semir 1999). Among the
diverse mechanisms described for this family,
the principal mechanical barrier to the transfer
of pollinaria between sympatric species arises
from the differences in floral structure over an
almost limitless range of forms and sizes
(Dodson 1962; Thien and Marcks 1972; Borba
and Semir 1999, 2001). Various visual and
chemical attractors that reduce the sharing of
pollinators between plant species are also
related to the specificity observed in the
flower-pollinator interactions (Gill 1989).

Reproductive inter-incompatibility between
closely related species, although rare, is known
to occur independently in unrelated genera in
Orchidaceae, such as Cryptostylis (Stoutamire
1975), Oncidium (Sanford 1964), Bulbophyllum
(Borba et al. 1999) and Disa (Johnson et al.
1998). Karyotype differences can also act as
efficient post-zygotic reproductive barriers
between closely related species that share the
same pollinators in the subtribe Orchidinae
(Cozzolino et al. 2004).

The Laeliinae (Epidendroideae, Orchida-
ceae) comprises approximately 40 genera and
1450 species distributed throughout the Neo-
tropical zone (Dressler 1993; van den Berg
et al. 2000, 2005). This subtribe contains some
of the most important genera of ornamental
plants, such as Cattleya, Laelia, and Sophro-
nitis. Due to extensive collecting, as well as the
destruction of their native habitats, a number
of species within this group are considered to
be threatened with extinction (IUCN 1996). A
number of different groups of pollinators have
been reported within the Laeliinae, especially
insects within the orders Hymenoptera and
Lepidoptera (Dodson 1962; van der Pijl and
Dodson 1966). The first group is responsible
for pollination in a majority of the genera, and

is a large part responsible for the origin and
diversity of this subtribe. Studies of the phy-
logeny of the subtribe and of pollination in the
putatively less derived genera suggest that
pollination by large bees is the plesimorphic
condition (Matias et al. 1996, van den Berg
et al. 2000; Borba and Braga 2003).

The genus Sophronitis comprises approxi-
mately 40 species distributed throughout South
America. The majority of these species have a
restricted distribution, principally the rupico-
lous species found in the Brazilian states of
MinasGerais andBahia and in the southeastern
and northeastern regions of that country. This
genus was recently expanded with molecular
phylogenic studies (van den Berg and Chase
2000; van den Berg et al. 2000), and currently
comprises species of Sophronitis (s. str.) as well
as some Brazilian species previously included
within Laelia (van den Berg 2005). Chiron and
Castro (2005) have divided the genus Sophro-
nitis in several minor genera, based on mor-
phological affinities. However, in this paper we
are following the classification by van den Berg
(2005), presented in the Genera Orchidacearum
series. Studies of floral biology and pollination
in the genus Sophronitis are limited to observa-
tions of unidentified species of hummingbirds
visiting Sophronitis milleri (van der Pijl and
Dodson 1966), S. coccinea (Manuel et al. 1996),
and S. mantiqueirae (Buzato et al. 2000).

The two species of the genus Sophronitis
examined in the present study have their distri-
bution limited to the campo rupestre vegetation
in the Serra do Sincorá Range, part of the larger
Chapada Diamantina Mountain Range in
northeastern Brazil. Sophronitis sincorana
(Schltr.) Van den Berg and M.W. Chase and
S. pfisteri (Pabst and Senghas) Van den Berg
and M.W. Chase occur sympatrically and
flower synchronously, but apparently do not
produce natural hybrids. We attempted to
discover what mechanisms might be acting to
maintain the genetic integrity of these two taxa,
especially in light of the fact that genetic
barriers are not well developed in this family,
and especially not in this genus. As such, the
present work sought to examine these two
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species more closely in order to describe their
floral biology as well as their pollination and
reproductive systems, and to identify the mech-
anisms involved in their reproductive isolation.

Materials and methods

Study area. The study was carried out in popula-
tions located in the Parque Nacional da Chapada
Diamantina, Bahia state, northeastern Brazil,
located in the Espinhaço Mountain Range. The
exact locations of the populations are being
omitted due to the threat of unauthorized collect-
ing. This mountain range is about 1000 km long
and between 50 and 100 km wide, and comprises a
large number of component mountain chains with
an average altitude of approximately 1000 m. The
Espinhaço Range is delimited on the south side by
the Serra de Ouro Branco (21�25’S) in central
Minas Gerais State, and on the north by the
municipality of Juazeiro (10�00¢S), Bahia state,
where it is called Chapada Diamantina (Giulietti
and Pirani 1988; Giulietti et al. 1997). The Espin-
haço Range is considered the center of origin and
diversity of a number of taxa, with discontinuities
between it, the Andes, the restingas (shoreline
areas) of eastern Brazil, and especially the northern
portion of South America (Giulietti and Pirani
1988; Harley 1988; Giulietti et al. 1997). The
campos rupestres vegetation, typical of areas above
800–900 m, is essentially restricted to the large
Brazilian mountain ranges of Espinhaço, Serra da
Canastra, and Serra Geral (Harley 1988; Giulietti
et al. 1997). An herbaceous layer of monocotyle-
dons predominates in this vegetation type, with
scattered dicotyledonous shrubs and sub-shrubs.
Giulietti and Pirani (1988) have suggested that the
discontinuity between mountain ranges (as well as
between the discontinuous rocky outcrops within
those ranges) has contributed to the great diversity
and high degree of endemism found in the campos
rupestres vegetation. The climate there corresponds
to type Cwa in Köppen’s (1948) classification (high
altitude tropical with mild summers, with a well
defined dry season from May until September, and
a wet season between October and March).

Species. Sophronitis sincorana and S. pfisteri are
endemic to the Serra do Sincorá (Chapada Diaman-
tina, northeastern Brazil), in the municipality of
Mucugê, where they frequently occur in sympatry
and flower in synchrony, from October to January.

The individuals of S. sincorana are rupicolous or
epiphytic herbs, growing on rocks and on Vellozia
(Velloziaceae) species, always near the rocky slopes
of the Serra do Sincorá. They have short inflores-
cences, not rising from a spate, and somewhat large
flowers with lamellae on the lip. In addition to sexual
reproduction, S. sincorana individuals reproduce
vegetatively, forming groups of clones on the rocks.
This species was described in 1917, and remained
almost unknown until 1969, when it was described by
Augusto Ruschi as Cattleya grosvenori, also for the
Chapada Diamantina. According to Withner (1990),
S. sincorana, previously included in Laelia sect.
Hadrolaelia, is a species frequently used for hybrid-
ization in horticulture due to its small, but robust,
habit and its large pink flowers. The restricted
geographic range distribution and over-collection
by orchid enthusiasts have caused this species to be
threatened with extinction.

Sophronitis pfisteri is the only species belonging
to the complex included previously in the section
Parviflorae of Laelia with pink flowers in the
Chapada Diamantina (Withner 1990). At lower
elevations there is a different species, S. bahiensis
(Schltr.) Van den Berg and M.W. Chase, that also
belongs to section Parviflorae, but it has either
yellow or orange flowers and a different flowering
time. Sophronitis pfisteri grows on rocks, mainly in
small cracks where organic material accumulates. It
is distributed along the rocky slopes of the Serra do
Sincorá, extending to inner parts of the mountain
range, above 1200 m. The individuals have inflo-
rescences longer than the leaves, arising from a
sheath, with flowers somewhat smaller than those
of S. sincorana and with the mid lobe of the lip bent
backward. Sophronitis pfisteri is rarely used for
hybridization in horticulture, but is very orna-
mental and is frequently collected in the study area.
Sophronitis sincorana and S. pfisteri were trans-
ferred to the genera Hadrolaelia and Hoffmannseg-
ella, respectively, by Castro and Chiron (2002), a
position followed by some orchidologists and most
orchid growers, but not adopted by us.

Reproductive biology. The behaviour of pollin-
ators visiting Sophronitis sincorana was investigated
fromNovember 19 to 23, 2002, and fromNovember
18 to 24, 2003, for a total of 170 hours of
observations. Observations on S. pfisteri were
carried out from November 18 to 24, 2003, for a
total of 90 hours of observations. Observations
were carried out between 06:00 and 18:00 h for both
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species. In order to check for the possible removal
of pollinaria outside of the direct observation
period, flowers were marked at the end of the day
and examined early the next morning. Floral
visitors were collected on the flowers and later
identified by specialists for each group. The pres-
ence of nectaries was checked by dissecting the
flowers. Osmophores were identified by staining
with neutral red (Vogel 1990). The presence of
pigments that absorb in the ultraviolet spectrum
was tested by staining in an ammonium hydroxide
atmosphere (Scogin et al. 1977). The number of
fruits that developed in open pollination was
determined by direct counting of swollen ovaries
until fruit dehiscence. Both pollinaria removal from
anthers and deposition on stigmas were counted
from withered flowers collected randomly in S.
sincorana population, and used as an estimation of
pollinator visit and pollination frequencies, respec-
tively. The number of pollinaria of S. pfisteri that
was removed or deposited was not evaluated due to
the small number of individuals and flowers avail-
able, and to the fact that many of these plants were
used in experiments on reproductive biology.

Breeding system for both species was deter-
mined through experimental pollinations (self- and
cross-pollinations; 15 flowers for each treatment and
each species). Floral buds (n = 15) were bagged to
exclude pollinators in tests of spontaneous self-
pollination and agamospermy. Interspecific com-
patibility was evaluated through bidirectional cross-
ings, using 15 flowers of each species receiving pollen
from the other species. Approximately 400–600
seeds per fruit were scored for viability (presence
of a well-developed embryo), as described by Borba
et al. (2001). Results were analyzed using one-way
ANOVA with further Tukey multiple comparisons
of means, using BioEstat 3.0 software (Ayres et al.
2003). Additional pollinations were carried out and
the flowers were fixed in 50%FAA six, 10, 16, 24, 32
and 165 days after these experimental pollinations.
The column (gynostemium) of those flowers were
softened in 10NNaOH at 60 �C for 70 min., washed
in distilled water and then stained with aniline blue,
squashed and observed by epifluorescence micros-
copy (modified fromMartin 1959) to examine pollen
tube growth and ovule/seed morphology.

Results

Flower morphology. Sophronitis sincorana and
S. pfisteri have similar overall flower morphol-

ogy, but differ mainly in size of the flower parts
and number of flowers (Table 1, Fig. 1A–C).
The inflorescences of S. sincorana have a short
peduncle (up to 100 mm), bearing one or
occasionally two or three open flowers at one
time. Sophronitis pfisteri has long peduncle (up
to 300 mm) with five to 10 flowers, but with only
twoor three of themopened at one time. Flowers
of both species have patent, oblong-lanceolate,
and magenta petals and sepals. The lip is
trilobed, the disc (median-central region of the
lip) is white with five keels and the lateral lobes
envelop the gynostemium. The terminal lobe is
wide and has crispedmargins. InS. sincorana it is
straight, while in S. pfisteri it is reflexed. Both
species have a tubular cavity originating from
adnation of the lip base to the column (cunicu-
lus), but this varies greatly in length between the
two species. This cavity is similar to a nectar
cavity, although nectar production was not
observed at any time during the day.

Osmophores were observed in both species
in the disc (a position that coincides with keels)
and on the lateral lobes of the lip, which
externally covers the column. The odor is
sweet and weak, and appears to be similar in
the two species examined. It is emitted between
8:00 and 14:00 h, but is most intense between
10:00 and 12:00 h, as perceived by the authors.
Exposure to ammonium hydroxide indicated
that the mid region of the lip in both species
absorbs ultraviolet light.

Floral visitors. Sophronitis sincorana and
S. pfisteri are visited and pollinated by bees of
the family Apidae – workers and males of
Bombus (Fervidobombus) brevivillus Franklin,
1913. These insects are of medium size (ca.
1.0 cm�0.5 cm) and rapid flight, with gener-
alist habits of pollen and nectar collecting, and
are the most bees most frequently observed in
the study area.

All visitations of Bombus brevivillus ob-
served to the flowers of Sophronitis sincorana
and S. pfisteri occurred between 11:00 and
13:00 h, and visits were very rare. Only two
visits were observed in S. sincorana, and four
in S. pfisteri, pollinarium removal occurring in
all of them. The bees visited the flowers rapidly
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(ca. three seconds), and then flied away from
the plant for long distances. No sequential
visits to either flowers of the same or the other
species were observed. For both species, the
bees rapidly approached the flowers and used
the terminal lobe of the labellum as a landing
platform, holding on to the edges of the petal
with their first two pairs of legs.

Sophronitis sincorana has relatively large
flowers, so that the weight of the bee does not
bend the labellum and the insect must force its
way into the floral tube formed by the label-
lum. The bee fully enters the chamber formed
by the floral parts but, not finding nectar
inside, will then backup, taking with it the
pollinarium that has been attached to its
scutellum (Figs. 1D, 2B).

Sophronitis pfisteri has smaller flowers, so
the weight of the bee will bend the labellum
downward, exposing part of the gynostemium
and partially opens the cavity formed by the
lateral lobes and the gynostemium. The visiting
bee then forces its head and part of its thorax

between the gynostemium and the labellum to
further open the cavity. Then it inserts its glossa
into the cavity in an attempt to collect nectar
(Fig. 2A). When the insect withdraws from the
floral chamber it lifts the anther cap and releases
the pollinarium, which adheres to the anterior
portion of its mesonotum (Fig. 1D).

Pollinaria removal from Sophronitis sincor-
ana was 32.2%, while pollinaria deposition on
the stigma was 9.8% (n = 153 flowers). Fruit
formation under natural conditions was
approximately 4%.

Mating systems. Fruits were not formed by
spontaneous self-pollination or by apomixis in
either S. sincorana or S. pfisteri. The fruits of S.
sincorana mature approximately five months
after pollination, while the fruits of S. pfisteri
mature approximately three months after pol-
lination. Both species demonstrated low fruit
formation rates when self-pollinated in com-
parison with intra-specific cross-pollinations
(Table 2). The fruits formed by self-pollination
also demonstrated a very low percentage of

Table 1. Comparative flower morphology of Sophronitis sincorana and S. pfisteri at Chapada Diamantina,
Northeastern Brazil. Values presented as mean ± standard deviation (minimum-maximum)

Character S. sincorana (n=12) S. pfisteri (n=10)

Peduncle (length) 75� 14:7 (50–100) mm 44� 11:9 (300–600) mm
Flower colour Sepals and petals magenta,

lip magenta with white disc
Sepals and petals magenta,
lip magenta with white disc

Number of flowers 1–3 5–12
Sepal shape Oblanceolate Lanceolate
Dorsal sepal size 50� 8:3 (34–65) � 15� 1:1

(12–19) mm
18:5� 0:97 (17–20) � 4:95� 0:3 (4–6) mm

Lateral sepals size 50� 8:4 (34–65) � 14:3� 1:84
(10–18) mm

17� 1:8 (15–20) � 4:96� 0:34 (4–6) mm

Petal shape Oblanceolate Lanceolate
Petal size 51� 8:5 (34–66) � 27:7� 4:5

(19–36) mm
18:6� 1:35 (17–20) � 5:05� 0:44 (4–6) mm

Lip margin Undulate to crispate Crispate
Lip size 46:5� 6:7 (34–57) � 38:7� 7:5

(20–50) mm
14:6� 2:8 (11–18) � 10:5� 0:53 (10–11) mm

Lip base 21:3� 4:8 (11–30) mm 11:4� 1:26 (10–13) mm
Lip terminal lobe 20:7� 5 (11–32) mm 6:4� 1:35 (5–8) mm
Column size 22:9� 4:6 (19–32) � 11:2� 5:8

(5–18),
4:9� 0:89 (4–7) mm thick

9:6� 1:17 (8–11) � 4:9� 1:2 (3–6),
4:0� 0:67 (3–5) mm thick

Cuniculus 12� 3 (7–19) mm 9:3� 1:3 (8–12) mm
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seeds with developed embryos, and significant
differences in their average embryonic viability
were measured by the Tukey test (for S.
sincorana q= 7.95, p< 0.01, and for S. pfisteri
q = 13.85, p < 0.01) (Table 2). The spontane-
ous abortion of fruits was high in experimental
self-pollination in both S. sincorana (53.4%)
and S. pfisteri (66.7%).

Fruit production rates using S. pfisteri as
the female parent were similar for both inter-
specific and intra-specific crosses although
the percentage of viable seeds was signifi-
cantly lower for the former (Table 2). Using
S. sincorana as the female parent resulted in
considerably fewer fruits for inter-specific than
for intra-specific crosses. The percentage of

viable seeds was also less when S. sincorana
was the female parent. No significant differ-
ences were observed between the average levels
of viable seeds resulting from reciprocal inter-
specific crosses.

Epifluorescence microscopic analysis
revealed small morphological differences be-
tween the pollen tubes of the species studied.
The pollen tubes of S. sincorana were thicker
than those of S. pfisteri, although similar pollen
tube growth inside the stigmatic chamber was
observed in both species under all experimental
treatments. The pollen tubes were thin-walled,
with regular and directional growth, without
any apparent thickenings along the stylar
canal. The pollen tubes reached the end of the

Fig. 1. A, B Sophronitis sincorana. C Flower of S. pfisteri.D Bombus brevivillus with pollinarium of S. sincorana
(left) and S. pfisteri (right) adhered to the scutellum and mesonotum, respectively. Scale bars = 5 (B), 2 (C) and
0.5 (D) cm
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stigmatic cavity after six days of growth,
having grown approximately two millimeters
in the interior of the chamber of S. pfisteri and
approximately four millimeters in the interior
of the chamber of S. sincorana. After approx-
imately 16 days, the pollen tubes in S. sincor-
ana had passed through the entire stylar canal
and had reached the ovary, where the ovules
were still immature. Pollen tubes in S. pfisteri
reached the ovary after 24 days. After 32 days
the pollen tubes were observed around the
placenta, although the ovules were still imma-
ture at this time. At this phase the walls of the
pollen tubes in self-pollinated flowers began to
show irregular and sinuous growth. In fruits of
165 days it was possible to observe penetration
of the ovules, but an intense thickening gave
the pollen tubes a wrinkled appearance in cases
of self-pollination.

In the inter-specific crosses using S. sincor-
ana as the female parent, the pollen tubes
began to demonstrate irregular and sinuous
growth near the placenta after 32 days. Seeds
were visible in the interior of the fruits after

165 days, and the pollen tubes that remained
had a slightly wrinkled aspect due to intense
thickening.

Discussion

Our current knowledge of the phylogeny of the
genus Sophronitis (sensu van den Berg and
Chase 2000, van den Berg 2005) and its
pollination mechanisms suggest that it repre-
sents a more inclusive phylogenetic grouping
composed of species probably pollinated by
hummingbirds within a more diverse group of
species pollinated by bees (van der Pijl and
Dodson 1966, van den Berg et al. 2000).
However, this is probably the first paper that
presents real data on reproductive biology of
any species in the genus. Sophronitis sincorana
and S. pfisteri demonstrate a type of pollina-
tion widely distributed within the family
Orchidaceae known as ‘‘gullet flower’’ (Dress-
ler 1981), which apparently evolved a number
of times within the family (van der Pijl and
Dodson 1966, Thien and Marcks 1972, Smidt

Fig. 2. Flowers of Sophronitis pfisteri A and S. sincorana B in longitudinal section with Bombus brevivillus inside
the chamber formed by the lip lateral lobes and the column inserting its tongue into the cuniculus trying to
collect nectar. Scale bar = 0.5 cm
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et al. 2006). The labellum, column, and
sometimes the petals of ‘‘gullet flowers’’ form
a chamber into which the pollinator must
insert its body when seeking possible floral
rewards, and the pollinarium adheres to the
dorsal region of the bee when it leaves the
flower. In the present study, we observed small
variations of this mechanism related to the size
of the floral parts, in which S. sincorana has
larger flowers and a labellum too large to be
bent downward by the pollinator’s weight
only; in S. pfisteri the labellum is bent by the
animal’s weight, opening the floral chamber.

The low frequency of pollinaria deposition
and fruiting in S. sincorana is commonly
observed in other orchid species that use the
deceptive mechanism of attracting pollinators,
seen in the two species studied, as well as other
species of Laeliinae (Janzen et al. 1980;
Montalvo and Ackerman 1987; Borba and
Semir 1998, 2001; Borba and Braga 2003;
Smidt et al. 2006). The low visitation frequency
in natural populations is compensated by
a high degree of allogamy (Nilsson 1992;
Tremblay 1992; Cozzolino and Widmer 2005;
Tremblay et al. 2005; Jerkásová et al. 2006).

Although the genus Bombus demonstrates
low diversity in Neotropical regions – having
only one subgenus Fervidobombus, with
approximately 20 species (Cameron and Wil-
liams 2003) – the members of this group are
important pollinators of the Orchidaceae
there. Numerous studies have identified these
bees as being the principal pollinators of
species of Cleistes, Pseudolaelia, Cattleya,
Sophronitis, Pelexia, Sobralia, Oncidium, and

Odontoglossum, genera that demonstrate a
wide variety of pollination mechanisms, colors
and odors, and that inhabit diverse ecosystems
such as the Atlantic Coastal Forest, altitudinal
forests, and campo rupestre vegetation (van der
Pijl and Dodson 1966; Singer and Sazima
1999; Borba and Braga 2003; Pansarin 2003,
Smidt et al. 2006).

Self-incompatibility and complete self-
compatibility represent two extremes in plant
reproduction, with gradations being more
common (Bawa 1974; Schemske and Lande
1985). The two species of Sophronitis studied
here can be considered partially self-compati-
ble, for although the pollen tubes of both
species show slight abnormalities in self-polli-
nation regimes, fruits are formed with seeds
containing embryos, although only in small
numbers. Systems of self-incompatibility
have been described in only a few species of
Orchidaceae (e.g. Dafni and Calder 1987;
Borba et al. 2001), with details similar to those
described for homomorphic gametophytic self-
incompatibility occurring in the stylar canal of
other angiosperms (Richards 1997). Thicken-
ing of the pollen tubes when these penetrate
the ovary was observed in S. sincorana and S.
pfisteri, as was also described in Bulbophyllum
weddellii by Borba et al. (1999). However, self-
incompatibility has been reported only in a few
cases for other species of Laeliinae (Matias et
al. 1996; Borba and Braga 2003). This partial
self-incompatibility associated with pollination
mechanism by deceiving is probably responsi-
ble for the maintenance of the high levels of
genetic and morphological variability observed

Table 2. Fruit set and average seed viability per fruit in experimental crosses of Sophronitis sincorana and
S. pfisteri at Chapada Diamantina, Northeastern Brazil. Sample size in parentheses

Treatment S. sincorana S. pfisteri

Fruit set % Seed viability % Fruit set % Seed viability %

Not manipulated 0 (n = 15) – 0 (n = 15) –
Selfing 46.6 (n = 15) 8:5� 4:3 (n = 7)1 33.3 (n = 15) 9:3� 7:5 (n = 5)2

Crossing 80 (n = 15) 47:3� 17:8 (n = 12)1 60 (n = 15) 73:5� 13:4 (n = 9)2

Interspecific 26.6 (n = 15) 26:0� 19:7 (n = 4) 53.3 (n = 15) 47:6� 21:0 (n = 8)

Significantly different means by Tukey test (1 q = 7.95, p<0:01; 2 q = 13.85, p<0:01)
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in populations of S. sincorana (Borba et al. in
press).

The levels of inbreeding depression ob-
served in the two species of Sophronitis was
characterized by high levels of spontaneous
fruit abortions in self-pollinated flowers and by
high embryo mortality in the flowers that
developed fruits to maturity. These are com-
mon symptoms of inbreeding depression (Steb-
bins 1974; Schemske and Lande 1985). In spite
of this, the populations of S. sincorana exam-
ined demonstrated high levels of selfing (Borba
et al. in press). This is a common pattern seen
within the Orchidaceae, with many reports of
low levels of seed formation with viable
embryos after self-pollination in non-related
groups such as Spiranthes (Catling 1982),
Acianthera (Borba et al. 2001), and Laeliinae,
including genera such as Sophronitis (Stort and
Galdino 1984), Constantia (Matias et al. 1996),
Pseudolaelia (Borba and Braga 2003), and
Cattleya (Smidt et al. 2006).

Although the family Orchidaceae is widely
known for its hybridization under experimen-
tal (Arditti 1992) as well as natural conditions
(e.g. Borba and Semir 1998; Cozzolino et al.
2006), the synchrony of flowering events and
the sharing of pollinators between the two
Sophronitis species did not result in hybrid
formation. Many authors have pointed to
pre-pollination barriers, especially differences
in flower morphology and pollinator behav-
ior, as the principal factors responsible for the
isolation of closely related species in orchids
(e.g. Dodson 1962; van der Pijl and Dodson
1966; Thien and Marcks 1972; Gill 1989;
Dressler 1981; Steiner et al. 1994; Borba and
Semir 1999, 2001). The differences in the
length of the gynostemium and the size of the
floral parts in S. sincorana and S. pfisteri
insure that the pollinaria will be placed on
different parts of the pollinator’s body, mak-
ing the transfer of inter-specific pollen less
likely – and this probably represents one of
the principal reproductive barriers between
these two species. We suggest this partial
barrier prevents the deposition of pollen from
S. sincorana onto S. pfisteri because of the

more distal placement of the pollinaria of S.
sincorana on the scutellum of the bee and the
short gynostemium of S. pfisteri. However,
pollen deposition is apparently not avoided in
the inverse direction, due to the long gyno-
stemium found in S. sincorana. Unidirectional
morphological barriers were also described in
sympatric species of Bulbophyllum (Borba and
Semir 1999).

Our study also detected a partial inter-
incompatibility that acts through the abnormal
development of the pollen tubes in the interior
of the ovaries, thus constituting a complemen-
tary post-pollination mechanism of reproduc-
tive isolation in these two species. This barrier
apparently acts most strongly in the opposite
direction from the morphological floral barrier
discussed earlier, resulting in less fruiting and
lower seed viability when pollen of S. pfisteri is
transferred to S. sincorana. Karyotype differ-
ences usually act as efficient post-zygotic
reproductive barrier, and it has been cited
between closely related species that share the
same pollinators in the subtribe Orchidinae
(Cozzolino et al. 2004). Unfortunately, chro-
mosome numbers are apparently not known
for these Sophronitis species.

Thus, due to successive partial barriers, a
system of filters is erected that prevents hybrid-
ization between these two closely related spe-
cies. Additional post-fertilization barriers may
exist, however, related to low seed viability and
to the adaptation and reproductive success of
the hybrids, that would further help to main-
tain species integrity, as seen in some species of
Bulbophyllum (Borba and Semir 1998, 1999;
Borba et al. 1999; Silva et al. 1999) and
other groups of orchids (Johnson et al. 1998;
Cozzolino et al. 2006).

The authors thank the staff of the Parque
Municipal de Mucugê - Projeto Sempre-Viva for
support during field work, and Cássio van den
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ciências biológicas e médicas. Sociedade Civil
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