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The breeding system in Orchidaceae generates many questions about the selfing potential of its representatives. We
investigated the ability of spontaneous autogamy of four orchid species: Cephalanthera rubra and Neottia ovata
of the Neottieae tribe and Gymnadenia conopsea and Platanthera bifolia of the Orchideae tribe. These species
represent diverse specializations of the gynostemium architecture. The self-compatibility and properties of auto-
gamous seeds were determined in a bagging experiment and seed development analysis. After induced autogamy,
a high level of fruiting (80-100%) was noted in all of the four study species. C. rubra, N. ovata, and G. conopsea
are completely self-compatible, and P. bifolia is suggested to be partially self-compatible. If autogamy occurred,
inbreeding depression and resource limitation on seed development appeared only in the two Orchideae species.
Independent of flower specialization, both Neottieae species and P. bifolia were completely allogamous, whereas

G. conopsea could be facultatively autogamous.
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INTRODUCTION

Orchidaceae represents an interesting plant group,
in which a dramatic radiation began after the
mass extinction event at the Cretaceous/Tertiary
boundary (Ramirez et al., 2007). At least 19,500
orchid species have been classified (Peakall, 2007),
which distinguishes this family as one of the largest
among angiosperms. One of the evolutionary
processes that lead to speciation of this family is
the frequently observed transition to spontaneous
autogamy (Pedersen and Ehlers, 2000; Bateman,
2001; Charlesworth, 2006). Spontaneous self-
pollination is sometimes observed in animal-
pollinated plants when the environment is
subject to changes such as anthropogenic habitat
fragmentation (Barrett and Shore, 1989; Eckert
et al., 2009) or periods of unfavorable climatic
conditions (Liu et al., 2006). This transition has
also been recorded in some plants that have
migrated to new areas outside their previous range
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(Catling, 1990; Etcheverry et al., 2003; Barrett et
al., 2008).

When autogamy resulting from spontaneous
self-pollination takes place, it should guarantee
reproductive assurance in most cases (Kalisz and
Vogler, 2003). Among Orchidaceae, autogamous
flowers are easy to verify due to morphological
changes that eliminate mechanical barriers
between male and female structures of the column
(Pedersen and Ehlers, 2000; Squirrell et al., 2002;
Gale, 2007). Self-pollination may also be caused
by proactive or facilitated floral movements (Liu et
al., 2006; Claessens and Kleynen, 2011), and it is
also sometimes connected with unusual processes
such as cryptic pollen germination (Bonatti et
al., 2006). Such adaptations may be obligatory
and determine spontaneous autogamy as the sole
pollination mechanism. They may take place before
anthesis in cleistogamous flowers, such as Epipactis
microphylla (Bonatti et al., 2006), or during
anthesis in chasmogamous flowers, as in Epipactis
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helleborine subsp. neerlandica (Pedersen and
Ehlers, 2000), Holcoglossum amesianum (Liu et al.,
2006) or Ophrys apifera (Darwin, 1877).

Very often, autogamy is facultative and self-
pollination takes place in the final phase of
flowering, as in Epipactis helleborine var. papillosa
and var. sayekiana (Suetsugu, 2013), Epipactis
palustris (Talalaj and Brzosko, 2008) and Nervilia
nipponica (Gale, 2007). Facultative autogamy may
occur in a number of orchids, but the mechanism
facilitating self-pollination is difficult to determine
(Catling, 1990; Claessens and Kleynen, 2011). In
plants, the possibility of facultative autogamy is
a consequence of a low frequency of pollinators,
and floral traits related to this type of selfing may
change at different times of anthesis. Thus, the
appearance and extent of facultative autogamy
could vary between populations of a given species
or even between years within the same population,
and it may therefore be overlooked (Kalisz et
al., 1999; Claessens and Kleynen, 2011).

Before describing facultative autogamy in
operation (sensu Lloyd and Schoen, 1992), we
should make certain that a particular orchid
species is structurally capable of self-pollination
(Catling, 1990). Moreover, to investigate the full
evolutionary potential of this process, studies
covering a geographically wide range of habitats
are needed. Such investigations have very often
been disregarded, and information about breeding
systems of orchids is therefore incomplete.
The information is often obtained from a single
population and is usually based on observations or
suggestions without any empirical data. The same
problem is also connected with the degree of self-
compatibility. Orchids have been considered to be
self-compatible (Tremblay et al., 2005; Claessens
and Kleynen, 2011). However, many of them are
partially self-compatible (Johnson and Nilsson,
1999). This is identified when self-pollination
generates fruits with a significant reduction of the
seed set (Johnson and Nilsson, 1999), but there
are limited literature sources with analysis of the
subject.

Numerous widely distributed orchids from the
North Temperate Zone belong to the Neottieae and
Orchideae tribes (Pridgeon et al., 2001; Pridgeon
et al., 2005). The Neottieae tribe (subfamily
Epidendroideae) is a relatively primitive group.
Primitiveness results from features that include:
1) erect or subincumbent anthers with a flexible
connection to the column base, 2) soft structure
of the pollinia formed by monads and tetrads
of similar structure, 3) a very primitive type of
rostellum (if present), and 4) a unique semi-liquid
character of the viscidium (if present) (Szlachetko,
1995; Pridgeon et al., 2005). The very simple
gynostemium has caused a large amount of the
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morphological variation as an adaptation to local
pollinator availability, which are predominantly
Hymenopterans and Dipterans (Claessens and
Kleynen, 2011). Therefore, multiple transitions
from allogamy to facultative or obligate autogamy
are well known in Neottieae (Squirrell et al., 2002).
A review by Claessens and Kleynen (2011) indicates
that the most important factors that promote
autogamy in this tribe are: 1) pollen fragments
falling onto the stigmatic surface, 2) an ineffective
or absent rostellum, and 3) reduction of the
clinandrium.

The Orchideae tribe (subfamily Orchidoideae)
contains orchids with two or four sectile pollinia,
which are attached by prominent caudicles to one
or two viscidia (Szlachetko, 1995; Pridgeon et
al., 2001). Putatively specialized developments of
the particular characters have been observed in this
tribe: 1) a bilocular anther that is firmly attached
to the rest of the column, 2) a deeply three-lobed
rostellum with mid-lobe erect and lying between
or in front of the anther loculi, and 3) a spurrred,
frequently three-lobed lip (Pridgeon et al., 2001).
Floral features and pollinator observations
indicate that sphingophilous and phalaenophilous
syndromes predominate in this group (Dressler,
1981). Such an adaptation suggests that autogamy
is usually accidental in Orchideae, and it happens
at a late stage of flower development in most
cases because of bending of the caudicles, pollen
fragments, or the entire pollinium falling onto the
stigmatic surface (Claessens and Kleynen, 2011).

Among the 80 species of the Neottieae tribe,
two widely distributed orchid species are Neottia
ovata and Cephalanthera rubra (Pridgeon et
al., 2005). Among the approximately 1800 species
of the Orchideae tribe, two relatively common
taxa are Gymnadenia conopsea and Platanthera
bifolia (Pridgeon et al., 2001). There is a common
view that these species are allogamous (Nilsson,
1983a,b; Nazarov, 1995; Gustafsson, 2000; Brys
et al., 2008), but some reports have described each
of them as being capable of autogamy (Hagerup,
1952; Kugler, 1963; Nilsson, 1981; Meyer et
al., 2007; Claessens et al., 2015), which has
raised the question of possible spontaneous self-
pollination. Furthermore, empirical data describing
self-compatibility are scarce for particular species
(Nilsson, 1981; Nilsson, 1983a,b; Brys et al., 2008;
Boberg and Agren, 2009). Therefore, we evaluated
the potential and limitations of facultative autogamy
in these species. This study is a part of broader
investigations on the breeding system of temperate
orchids in populations located in a continuous
range of their geographical distribution and in
natural habitats characteristic of northeast Poland
(Talataj and Brzosko, 2008). We attempted to
evaluate the self-compatibility of a given species
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with focus on the fruit set and the properties of
seeds from experimentally self-pollinated flowers.
Specifically, we examined whether spontaneous
autogamy may occur facultatively under pollinator
limitation in the study populations.

MATERIALS AND METHODS

STUDIED SPECIES

Cephalanthera rubra (L.) RicH. is a fairly
shade-tolerant forest herb (Summerhayes,
1951; Vakhrameeva et al., 2008) that is widely
distributed in Europe and a significant part of Asia
(Vakhrameeva et al., 2008). Flowers of C. rubra
are large and rose-colored, with a complete lack
of scent and nectar, thus attracting pollinators
by deceit (Nilsson, 1983b). Effective pollination
depends on solitary bees, particularly Chelostoma
spp. (Nilsson, 1983b; Nazarov and Ivanov, 1990;
Newman et al., 2007) and weevil species Miarus
campanulae (Claessens et al., 2015), whose
behavior is strictly associated with Campanula
flowers. The perianth of C. rubra mimics the visual
spectral range of Campanula petals, and it peaks
in anthesis before Campanula (Nilsson, 1983b).
Neottia ovata (L.) BLOFF ET FINGERH. (formerly
Listera ovata) is usually a shade-tolerant, long-
lived forest herb. The general distribution area of
the species covers all of Europe and reaches the
south-western part of eastern Siberia (Kotilinek et
al., 2015). Flowers are yellow-green with a large
amount of nectar and sweet scent until the end
of anthesis (Percival, 1961; Nilsson, 1981). These
attractants are very effective and stimulate an
extremely large number of insects from various
pollinator groups. Nilsson observed 283 species
in Swedish populations (Nilsson, 1981). However,
the flowers of N. ovata are highly specialized to
comparatively unspecialized anthophilous insects,
such as Ichneumonidae (Nilsson, 1981).
Gymnadenia conopsea (L.) R. BRr. is a peren-
nial species with a wide range that occurs in both
well-lit open meadows and significantly shaded
sites. The species is distributed throughout Europe
and a considerable part of Asia (Vakhrameeva et
al., 2008). Different cytotypes of G. conopsea
often form mixed-ploidy populations (Marhold et
al., 2005; Jersakova et al., 2010; Stark et al., 2011).
The population that we have studied comprises only
diploids (Travnic¢ek et al., 2012). Flowers are small
and pinkish or reddish lilac with a large amount of
nectar in the narrow spur and a weak vanilla-like
scent emitted during the day and night (Stpiczynska
and Matusiewicz, 2001; Marhold et al., 2005; Bell
et al., 2009). Generally, the flowers of G. conopsea
are adapted to diverse Lepidopterans, but nocturnal
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moths are the most effective pollen vectors (Voth,
2000; Meyer et al., 2007).

Platanthera bifolia (L.) RicH. is a long-
lived species that occurs in a variety of forest
and meadow habitats. In Europe, the species
is distributed from Norway to the Balkans, and
it has been found in a significant portion of Asia
(Vakhrameeva et al., 2008). Each flower on the
inflorescence is intensely white with a slender
nectariferous spur, and a fragrance is emitted
periodically in the evening (Maad and Nilsson,
2004; Boberg and Agren, 2009). These attractants
stimulate the feeding behavior of nocturnal
Lepidoptera, particularly Sphingidae and Noctuidae
(Nilsson, 1983a).

STUDY SITES

Field work was carried out in the north-eastern
part of Poland in the Biebrza river valley, which is
known as the largest complex of swamps in Europe.
The study populations comprise one population of
C. rubra and one population of G. conopsea (both
species are represented by single populations
in the study area) as well as two populations of
N. ovata and two of P, bifolia. The populations are
situated on three mineral islands: Zabudnik (ZAB),
Oparzelisko (OPA), and Pogorzaly (POG), which
are elevated at approximately 1 m above the peat
level (Tab. 1). OPA lies adjacent to POG, and both
are located about 4 km apart from ZAB. These
mineral islands differ in history, shape (Zurek,
1991), and vegetation cover (Tab. 1). In spite of
the close proximity of these islands, they show
differences in time of flowering and fruiting, as well
as in pollinator communities and activity (Brzosko,
2002; Tatalaj and Brzosko, 2008).

HAND POLLINATION EXPERIMENTS

From 2007 to 2008, induced and spontaneous
autogamy experiments were performed in each
population using standard protocols for plants
(Dafni, 1992). However, the spontaneous autogamy
experiment was extended to the period of 2009 to
2010 to revise controversial data for N. ovata in
one population (Tab. 2). In both the induced and
autonomous experiments, inflorescences were
covered by a nylon mesh bag from the bud stage
until the end of anthesis to exclude pollinators.
For a particular treatment, five inflorescences
were selected each year in each population.
Unfortunately, many of them were damaged by
moose, which reduced the number of inflorescences
in the final analysis (Tab. 2).

The result of within-flower self-pollination
was tested by hand self-pollination. During the
bagging experiment, we used all the flowers
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TABLE 1. Descriptions of sites.

. . Geographical
Pop. Species Plant community coordinates
ZAB1 N. ovata Fragment of oak-linden-hornbeam forest (Tilio-Carpinetum) and shrub 53°17'56" N
P, bifolia patches with dominance of Rhamnus cathartica and Frangula alnus. 22°35'09" E
Open area with tufted grasses and sedges at the border between mineral 53°29'81" N
ZAB2 G. conopsea elevation and peat bog. 22°57'86" E
e Fertile type of oak-linden-hornbeam forest (Tilio-Carpinetum) 53°18'24" N
POG F byjolia with high density of shrubs. 22°31'11"E
OPAl N. ovata Herb layer typical of hornbeam forest with Mercurialis perennis 53°18'30" N
’ as the dominant species; the stand built of birch trees. 22°32'11"E
OPA2 C. rubra Open area with dominance of grasses and the border of large aggregation of 53°18'41" N
’ Corylus avellana and Tilia cordata. 22°32'12"E
TABLE 2. Fruit set following bagging experiment.
Neottieae
Cephalanthera rubra Neottia ovata
Induced Spontaneous Induced Spontaneous
year autogamy autogamy year autogamy autogamy
OPA2 OPA2 ZAB1 OPAl ZAB1 OPAl
3/21 3/29 2/22 2/33 3/93 1/8
2007 90.0 + 17.32 0 = 0.00 2007 78.5 + 16.26 80.0 + 28.28 0 +0.00 0 + 0.00
92008 3/13 2/11 2008 1/29 3/86 2/55 4/99
80.0 + 20.00 0 = 0.00 24.1 + 0.00 70.3 = 29.50 0 +0.00 10.7 + 12.42
5/161
2009 h h 0.7 = 1.65 h
6/168
2010 h h 0 + 0.00 h
Orchideae
Gymnadenia conopsea Platanthera bifolia
Induced Spontaneous Induced Spontaneous
year autogamy autogamy year autogamy autogamy
ZAB2 ZAB2 ZAB1 POG ZAB1 POG
2/93 4/48 3/46 1/22
2007 h 9.4 +2.96 2007 100.0 = 0.00 100.0 = 0.00 - 0 = 0.00
9008 2/52 4/171 2008 1/20 2/33 3/38 3/58
100.0 = 0.00 19.0 + 12.96 100.0 = 0.00 91.0 + 2.82 0 +0.00 0 + 0.00

N/n - examined inflorescences/flowers; mean value of fruit set (calculated per inflorescence) in % (in bold) +SD.
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on the inflorescence as the most appropriate
method (Tremblay et al., 2005). The possibility
of spontaneous autogamy was checked on flowers
without any treatment. As the plants in the
particular experiment started fruiting, the mature
and strongly swollen capsules were counted. If
the shape or size of the fruit was abnormal, we
collected it to check whether seeds were formed.
We accepted capsules that contained any number
of seeds. Fruit set was correlated with the position
on the inflorescence (bottom, middle and upper)
to account for resource limitations on reproductive
success, which is commonly discussed for orchids
(Tremblay et al., 2005).

SEED QUANTITY AND QUALITY

Strongly swollen, fresh, undeformed and undamaged
fruits were collected just before opening from
suitable inflorescences exposed to hand pollination
in 2007 for C. rubra, N. ovata, and P bifolia, and
in 2008 for G. conopsea. The fruit position on the
inflorescence was also recorded. The total number
of all seeds removed from the capsule was counted
using paper divided into narrow triangles on a Petri
dish. Seeds were classified as properly formed or
defective based on the embryo shape, color, and
abortion of ovules (Goodwillie and Knight, 2006).
The seed number and quality (across populations
and years) were correlated with the position on the
inflorescence (bottom, middle and upper) to account
for resource limitation.

RESULTS

INDUCED AUTOGAMY

High levels of fruit set were noted in the populations
of the four orchid species as a result of induced
self-pollination with pollen taken from the same
flower (Tab. 2). The value of fruiting was 100% in
G. conopsea and 98.2% in P bifolia (the highest),
and 69.0% in N. ovata (the lowest). In C. rubra,
85.0% of self-pollinated flowers developed into
fruits. In P bifolia, almost every flower except for
three individuals was successfully fertilized after
artificial auto-pollination in each year and site. The
most variable results were observed for N. ovata
during both years and within both populations
(Tab. 2). The highest fruit set per inflorescence
(100%) was recorded twice in this species on
individuals in the OPA1l population in 2007 and
2008. The lowest fruit set per inflorescence was
noted in 2008 in the ZAB1 and OPA1 populations
(24% and 41%, respectively). For all the species,
the fruit set was independent of the flower position
on the inflorescence (Spearman’s rank correlation,
P > 0.05).
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SPONTANEOUS AUTOGAMY

Only in the population of G. conopsea, fruits were
recorded on each of the bagged inflorescences. In
total, 31 fruits were developed from 171 flowers
of G. conopsea. The fruiting level reached 29.3%
and 31.4% on two inflorescences. On the remaining
inflorescences, the fruit set was 5.0%, 7.3%, 10.9%,
and 10.9%. In the populations of C. rubra and
P bifolia, no capsule developed due to spontaneous
self-pollination (Tab. 2). Fruits probably resulting
from spontaneously self-pollinated flowers were
recorded in both populations of N. ovata on
3 inflorescences and 10 flowers, which represent
14% of all the plants and 1.7% of all the flowers
examined in this experiment (Tab. 2). However,
thrip larvae were found during microscopic
observation of autogamous fresh flowers and fruits
(Fig. 1).

SEED QUANTITY AND QUALITY
AFTER INDUCED AUTOGAMY

Among the studied orchids, all seeds were normally
developed only in C. rubra. The highest frequency
of incorrectly formed seeds (almost 14%) was
documented in G. conopsea. In N. ovata and
P bifolia, the mean percentage of abnormal seeds
per capsule did not exceed 3%, but in P bifolia, the
percentage was more variable between the analyzed
fruits (Tab. 3). In both representatives of the
Neottieae tribe, seed production was independent
of fruit position on the inflorescence (Spearman’s
rank correlation, P > 0.05). In P bifolia, there
was a significantly reduced number of seeds in
the capsule (R = -0.43, P < 0.001) and of seeds
with a well-developed embryo from the bottom up
(R = -0.42, P < 0.001). Similarly, in G. conopsea,
capsules that were higher situated contained
a significantly larger number of incorrectly formed
seeds in comparison to capsules at lower positions
on the inflorescence (R = 0.37, P < 0.05).

DISCUSSION

INDUCED AUTOGAMY

Our results show that each of the analyzed orchid
species is self-compatible. Although many authors
report this information, empirical estimations are
scarce. In the case of C. rubra, we did not find
any other information on the subject apart from
our own results. However, self-compatibility was
reported by Pedersen et al. (2009) in the related
Cephalanthera exigua (72.7% fruiting from 11
artificially self-pollinated flowers) and by Chung
et al. (2004) for Cephalanthera longibracteata
(without any empirical data). For N. ovata, the
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Fig. 1. Thrip larva (Thysanoptera) on Neottia ovata gyn-
ostemium. S - stigma, T - thrip.

high fruiting level noted after induced autogamy
confirms the results after experimental pollination
in Sweden (100% fruiting from 27 flowers) (Nilsson,
1981) and Belgium (> 97.5% fruiting level, without
information on how many flowers were hand-
pollinated) (Brys et al., 2008). Self-compatibility
in this species was also reported for populations
located in Germany (Miiller, 1868) and the Czech
Republic (Prochazka and Velisek, 1983), also
without any quantitative data.

The very high fruiting level that we noted
regularly after induced autogamy in P bifolia
corroborates our previous results (Brzosko et
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al., 2009), as well as findings from Swedish
populations reporting 100% fruit set from 27 hand-
pollinated flowers (Nilsson, 1983a) and almost
complete self-pollination in 41 individuals (Boberg
and Agren, 2009). All hand-self-pollinated flowers
of G. conopsea that were successfully developed
into mature fruits in populations from the Biebrza
valley clearly correspond with the information
about the self-compatible system in this species
from Sweden (Gustafsson, 2000), Switzerland
(Huber et al., 2005), the Czech Republic (Jersakova
et al.,, 2010), and Norway (Sletvold and Agren,
2011). Nevertheless, no quantitative results were
previously given.

Differences in the level of fruiting obtained for
particular species may be associated with different
flower longevity. Flowers of C. rubra and N. ovata
remain receptive for shorter periods than those of
G. conopsea and P, bifolia (Darwin, 1877; Vallius et
al., 2006; Claessens and Kleynen, 2011). Therefore,
there is a greater probability of pollinating unreceptive
flowers in the first two species than in the last two.
Additionally, we also paid attention to the sensitivity
to habitat conditions for N. ovata, which had the most
variable fruit set. In both populations of this species,
we observed aborted buds at different positions on
the inflorescence. Flower bud abortion in Epipactis
helleborine has been linked to drought conditions
(Light and MacConaill, 1994). Insufficient moisture
at a critical time (very often in the previous year) has
been found to have negative effects on the flowering
and reproductive success of a number of terrestrial
orchids, including N. ovata (Inghe and Tamm, 1988).

Given all the possible causes of variation in
reproductive success at different geographical
sites, the number and quality of autogamous seeds
that we found for C. rubra and N. ovata indicate
very low levels of post-pollination mortality and
complete self-compatibility of these species.

TABLE 3. Seed number and quality of fruits after induced autogamy.

No. of all seed sets

Percentage of deformed embryos

species ~ —
N, N, x SD Range X SD Range

Neottieae
C. rubra 3 18 4532.3 2905.38 341-8482 0.0 - -
N. ovata 4 20 838.8 421.54 218-1774 1.2 1.30 0.0-4.1
Orchideae
P bifolia 5 66 1401.7 819.28 138-3784 2.6 8.43 0.0-56.5
G. conopsea 2 38 1826.2 331.62 905-2613 13.7 22.24 0.1-90.2

p

N_-number of examined inflorescences, Nf— number of examined fruits.
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Because deceptive pollination is strongly pollen
limited, the mean seed number per capsule after
hand pollination in C. rubra was higher than that
reported after natural pollination (3224 seeds per
fruit) (Nazarov, 1995). Conversely, the average seed
number and range in N. ovata were the same as
those noted from natural Ukrainian populations
(x = 825) (Vakhrameeva et al., 2008). In Nilsson’s
experiment performed on this species (Nilsson,
1981), the number and size of embryos after
induced autogamy were also only slightly reduced,
compared to the result of outcrossings. Because
induced autogamy did not affect fertilized ovules
developing in C. rubra at all and decreased only
the quality of sporadic seed number in N. ovata,
we suggest that early-stage inbreeding depression
could be unimportant in both species.

Interestingly, we detected post-pollination
selection in seed development for both Orchideae
species. Unexpectedly, we noted a reduction by
several times in the selfed seed set of P bifolia,
compared to natural populations reported from
different regions and types of plant communities
in Russia and Ukraine (the mean seed number
per capsule varied from 3666 and 3971 to 5384)
(Vakhrameeva et al., 2008). Similarly, in Swedish
populations, Nilsson (1983a) recorded a 56.2%
occurrence of indistinct embryos of a smaller size
after induced autogamy, which has been connected
with unfertilized ovules (Levin, 1989; Goodwillie
and Knight, 2006). Such a significant lack of
fertilized ovules suggests pre-zygotic selection and
partial self-compatibility. This was also noted for
Platanthera chlorantha (Nilsson, 1983a) or Orchis
mascula (Nilsson, 1983c).

In the case of G. conopsea, the mean seed
number per capsule was the same as that in
naturally developed fruits in the ZAB2 population
observed in 2013 (Talalaj and Skierczynski, 2015).
A similar level of 2044 seeds was also obtained
after natural pollination by Salisbury (1942) and
1675 seeds by Vakhrameeva et al. (2008). However,
in this species, we observed post-zygotic selection
based on the color and shape of the fertilizing
embryo. Although we did not compare seeds
between self- and cross-pollination, significant
inbreeding depression in selfed seeds was detected
in the populations of G. conopsea from the Czech
Republic (Jersakova et al., 2010) and Switzerland
(Huber et al., 2005). Resource limitation was also
visible in both representatives of Orchideae, as the
number of incorrectly formed seeds significantly
increased from the bottom up on the inflorescence.
It seems that resource limitation could magnify the
expression of inbreeding depression in the higher
flowers of both species from Orchideae (Dudash,
1990; Hayes et al., 2005; Goodwillie and Knight,
2006).

57

SPONTANEOUS AUTOGAMY

Besides the opportunity of autogamy in each of the
studied orchids, spontaneous autogamy was noted
only in N. ovata and G. conopsea. Hooker (1854)
and Kugler (1963) considered the possibility of
spontaneous autogamy in N. ovata. They supposed
that if the pollinia become dry, a few tetrads may
crumble away from the pollen mass and contact
the stigma. Hooker (1854) also emphasized the
role of glandular secretion in this self-pollination
mechanism. However, even though the pollinia
became compressed in older flowers, Claessens
and Kleynen (2011) point out the role of the median
anther wall and clinandrium in late autogamy
prevention. A lack of spontaneous autogamy was
also reported in natural populations of N. ovata
(Hildebrand, 1863; Prochazka and Velisek, 1983)
and after a small bagging experiment (Brys et
al., 2008).

We associated fruits observed under the net bag
with the presence of thrip larvae (Thysanoptera),
which we found on N. ovata flowers (Fig. 1). Despite
the presence of the net bag, these insects can easily
get in, which was also reported by Annand (1926).
The role of thrips in the pollination of various plant
species is well known (Annadurai and Velayudhan,
1986). Many thrips spend most of their entire
adult and larval life in flowers. Although they
are small (0.75 to 1.50 mm in length), they often
occur in large numbers and may be are capable of
carrying considerable amounts of pollen (Annand,
1926). Thrips are very infrequent pollen vectors
from the anther with friable pollen to the stigma
of N. ovata (Darwin, 1877; Nilsson, 1981). The
thrip Taeniothrips picipes also infested most of
the experimental flowers in Swedish populations
(Nilsson, 1981).

G. conopsea is wusually described as
a pollinator-dependent orchid species. A lack of
spontaneous autogamy was reported in populations
from Sweden (Gustafsson, 2000), Switzerland
(Huber et al., 2005), the Czech Republic (Jersakova
et al., 2010), and Norway (Sletvold and Agren,
2011). However, these papers gave no information
about the number of pollinated flowers and
inflorescences. By contrast, Campbell (1999) found
in Britain that autogamy in this species is rare, and
Meyer et al. (2007) reported a 36% of the fruit set
after exclusion from pollinators in Germany. These
results support our findings and indicate that
G. conopsea could be a facultatively autogamous
species, although the intensity of such a process in
this orchid varies between sites.

To verify the mechanism and time of
spontaneous autogamy in this species, we carried
out further research in three populations from
northeast Poland in 2013 (Tatalaj and Skierczynski,
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2015). Using a bagging experiment, we noted the
stages of the anther thecae and the positions of
the pollinaria at five phenological stages of the
flower. We found that spontaneous autogamy
in G. conopsea is accidental. Self-pollination
may occur in flowers at each position on the
inflorescence and at various flowering stages except
for the beginning of anthesis. This phenomenon
is caused by the bending of the caudicle and
massulae disintegration, which is preceded by the
gradual opening of the anther chamber (Talataj and
Skierczynski, 2015).

Our previous findings are reaffirmed by
the complete lack of fruit set in the deceptive
and mimicking flowers of C. rubra that were
experimentally untouched (Brzosko and
Wréblewska, 2003). The lack of fruits due to
the apparent lack of natural insect pollinators
over 10 years in the British Isles (Newman et
al., 2007) also confirms that this species depends
completely on an insect vector for successful
pollination. Nazarov (1995) and Scacchi et al.
(1991) describe this species as allogamous and
“a perfect outbreeder”, respectively. However,
because of the lack of rostellum, Hagerup (1952)
considered spontaneous autogamy to be likely. On
the other hand, Claessens et al. (2015) observed
that autogamy in C. rubra may be caused by strong
rainfall, when pollinia are soaked with water and
dropped onto the stigma. The scenario of frequent
selfing is ruled out by the low natural fruiting
level of this species at various geographical sites
and its variability (from O to 30%) with respect to
the presence or absence of bellflowers (Nilsson,
1983b; Prochazka and Velisek, 1983; Tuulik,
1998; Brzosko and Wréblewska, 2003). The almost
complete absence of spontaneous autogamy and
the low, but variable fruit set (from 1 to 30%) in
communities without and with a model species
were also observed for the deceptive and mimicking
Cephalanthera longifolia (Dafni and Ivri, 1981).
Such a low level of fruit set fits the scale of fruit
set reported in the allogamous, nectarless, and
temperate orchids (Neiland and Wilcock., 1998;
Tremblay et al., 2005).

The lack of spontaneous autogamy observed
for P bifolia rejects the opposite result, which was
noticed in 2001 in the ZAB population (Brzosko,
2003). Experimental studies performed during
the six subsequent years in three populations on
19 ramets and 295 flowers (Brzosko et al., 2009)
confirm that P bifolia is an allogamous species.
Similarly, no fruit was produced without vector-
mediated pollination on 92 flowers in Swedish
populations (Nilsson, 1983a). We feel that fruit
set under untouched net bags could be the result
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of a very small insect, as observed in N. ovata.
There is a broad range of insects that feed and
breed on orchids, including Platanthera (Light
and MacConaill, 2011). Their larval form could
pollinate the host flower or even induce pseudo-
fruit formation, as in outcrossing Eulophia species
(Peter and Johnson, 2009). Importantly, weather
and habitat conditions influence the activity
of these insects (Light and MacConaill, 2011),
which could be the reason for the single events
of capsule formation in P bifolia without external
pollinators.

CONCLUSION

Information about the breeding system, especially
the possibility of autogamy, is usually considered
essential in the majority of papers on orchid
biology, ecology, evolution, genetics, phylogeny, and
conservation. However, a transition from allogamy
to autogamy, even at the population and individual
level, is well known in Orchidaceae. Because such
a transition is more probable within species from
some Orchidaceae groups (e.g., the Neottieae
tribe) than other more specialized groups (e.g.,
the Orchideae tribe), speculations about possible
spontaneous self-pollination dominate for these
representatives. In terms of self-compatibility
(complete in C. rubra, N. ovata, and G. conopsea,
and probably partial in P bifolia), our results have
shown that spontaneous autogamy is possible in
only one Orchideae representative, G. conopsea. If
selfing occurs, inbreeding depression and resource
limitation manifesting at the seed level are revealed
in only the Orchideae species.
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