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Приводятся данные по составу опылителей, уровню посещения цветков и опыления 
безнектарной орхидеи ремнелепестника козьего (Himantoglossum caprinum). Уровень 
опыления низкий, колеблется в разные годы и в различных пунктах Крыма от 1% до 10%, но 
обычно составляет 5–6 %. Как посетители цветков, способные извлекать поллинарии, 
зарегистрированы 9 видов пчел из семейств Megachilidae (7 видов) и Apidae (2 вида). 
Эффективными опылителями являются пчелы Megachile ericetorum (в основном, самцы). 
Анализируется уровень посещения и опыления цветков в зависимости от плотности пчел и 
их кормовых растений. Обсуждается способ привлечения опылителей на цветки. 
 

Introduction 
Himantoglossum caprinum (M. Bieb.) K. Koch is a rare nectarless terrestrial orchid species 

described from Crimean peninsula (Flora of the USSR, 1935). As the modern conception the areal 
of the species includes Crimea and Caucasus (Golubev, 1996). In Crimea H. caprinum is distributed 
in mountain part of peninsula primary in foothills and south coast slopes. The main habitats of the 
species are light juniper and oak forests, shrubby grasslands and steppe slopes. As a rule 
populations of H. caprinum are not numerous and consist usually of some pieces or several tens 
specimens (Luks, 1978; Kosykh, Golubev, 1983). The species are abundant only on one of the 
known localities – in the steppe and shrubby slopes of Lisya Bay in the vicinities of the Karadag 
Nature Reserve (eastern part of Crimean South Coast). Certain years in this area the population of 
H. caprinum runs to more than thousand generative specimens (Mironova, 2007). 
Flower ecology of H. caprinum is bad-known. In Crimea it were previously studied only phenology 
of the blossoming (Mironova, 2007; Ivanov et al., 2008). The species usually blossoms from the 
last week of May to the middle of the second part of June. Also it is known that the pollination rate 
of the species usually is low (Ivanov et al., 2003). Any reliable data on the pollinators of 
H. caprinum was previously unknown except the notation in the Red Book of Ukraine (2009) that 
the pollinators of this species were bumblebees. In this paper we give the results of our 
investigations of pollinators, rate of flower visits and pollination of the species in different 
conditions in Crimea. 

Material and methods 
We carried our investigations in 2007, 2009 and 2010 years in two localities: Ayan Tract 

(fig. 1a) in the vicinities of Perevalnoye village of Simferopol district (Crimean Foothills) and Lisya 
Bay (fig. 1b). Some additional data were given in previous years (1992–2005) in Ayan Tract and 
two points of Sevastopol district (Maksimova Dacha settlement and Chernaya River). One bee 
specimen with pollinarium of H. caprinum, collected in Krasnolesye village (Simferopol district), 
was found in entomological collection of Vernadskiy Taurida National University. 

In the localities under study we counted the number of blossoming specimens of 
H. caprinum, measured their height above the ground level, counted the number of flowers per 
specimen and measured the distance between blossoming plants. Also we measured the density of 
melittophilic plants flowers (or anthodia in case of composites) by the method of transects (5 
parallel transects 1×20 m). At the same time, the density of bees was counted by sweep net (300–
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900 sweeps). To  find more flower visitors of H. caprinum carrying pollinaria of this species we 
also carried out individual capture of bees on their feed plants flowers. 

 
 
 
 

 
Fig. 1. Habitat sites, inflorescences and pollinators of Himantoglossum caprinum: a – habitat site in 
Ayan Tract, b – habitat site in Lisya Bay, c, d – inflorescences of Himantoglossum caprinum in 
Lisya Bay, e – male of Megachile ericetorum with pollinaria of Himantoglossum caprinum, frontal 
view, f – female of Megachile ericetorum with pollinaria of Himantoglossum caprinum, lateral 
view. 
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At the end of blossoming terms we checked all flowers in the sample plants and recorded 
four conditions of theirs: non-visited flowers (pollinarium is present, stigma is without massulae), 
flowers visited first time (pollinarium is absent, stigma is without massulae), pollinated flowers 
(stigma with massulae) with pollinarium and pollinated flowers without one. Then we counted the 
rate of pollinated flowers and the rate of flowers visited first time and estimated the index of flower 
visits’ repetition by means of dividing rate of pollinated flowers by rate of flowers visited first time 
(Ivanov, Kholodov, 2003). This index is equal to average number of flowers visited by pollinator 
after a visit of the first one. 
Also we carried out measurements of the main flowers parameters such as length of the spur and 
width of the corolla throat and main parameters of the flower-visiting bees such as length of the 
proboscis and width of head near the center of the clypeus. All measurements were done by the 
ocular scale bar of the binocular MBS-9. 
Plants names are cited according to nomenclature checklist of vascular plants of Ukraine 
(Mosyakin, Fedoronchuk, 1999). Names of bee taxa correspond to the classification of C. D. 
Michener (2007). 

Description of blossoming conditions 
In Lisya Bay the coenopopulation of H. caprinum grew in association Elytrigietum 

(nodosae) festucosa (rupicolae) – teucriosum (chamaedrytis) with projective cover from 60% to 
90%. Number of blossoming specimens in the studied site varied from 25 to more than 100 in 
different years. Height of the plants varied from 27 to 78 cm (48.6±4.8 in average, n=31, p=0.05). 
Number of flowers per plant was from 8 to 59 (27.5±2.9 in average, n=52, p=0.05) (fig. 1c, d). 
Seventeen species of melittophilic plants were blossoming in the studied site simultaneously with 
H. caprinum. Among them the most abundant were the following: Teucrium chamaedrys L. (9.8–
82.7 flowers/m2), Inula germanica L. (1.9–17.4 flowers/m2) and Bupleurum rotundifolium L. (1.7–
25.2 flowers/m2). Orchid specimens grew diffusely with 37.4±6.6 cm (n=85, p=0.05) average 
distance of one another. In the studied site it were registered 32 bees species belonged to families of 
Megachilidae (18 species), Apidae (12 species) and Halictidae (2 species). 

In Ayan Tract the coenopopulation of H. caprinum grew in association Inulieto (asperae) – 
Filipenduletum (vulgaris) caricetum with projective cover from 95% to 100%. Number of 
blossoming specimens in the studied site varied from 12 to 65. Height of the plants was nearly just 
like in Lisya Bay – from 29 to 80 cm (47.6±4.2 in average, n=29, p=0.05). But in the same time 
inflorescences were significant sparser: number of flowers per plant was from 5 to 30 (16.3±1.7 in 
average, n=59, p=0.05). In this site 23 species of melittophilic plants were blossoming 
simultaneously with H. caprinum. The most abundant species were following: Galium rubioides L. 
(155.6–480.0 flowers/m2), Dorycnium herbaceum Vill. (32.9–1,960.0 flowers/m2) and Melilotus 
officinalis (L.) Pall. (17.0–334.0 flowers/m2). Plants of H. caprinum grew here sparser than in Lisya 
Bay: average distance between specimens was 91.6±21.2 cm (n=61, p=0.05). Twenty eight species 
of bees were recorded in the studied site, among them 6 species belonged to Megachilidae, 7 – to 
Apidae, 8 – to Halictidae, 4 – to Andrenidae, 2 – to Colletidae and 1 – to Melittidae. 

Pollinators and pollinaria attaching 
All recorded specimens of flower-visitors of H. caprinum belonged to long-tongued bees 

(table 1): 7 species of the family Megachilidae (first 14 specimens) and 2 species of the family 
Apidae. Only Megachile ericetorum bees (6 specimens) carried 3 and 4 pollinaria per specimen (2 
in one case), two specimens of two species carried 2 pollinaria each and other 8 specimens of 6 
species carried 1 pollinaria each or only viscidia remained from one. Flower visiting was observed 
only in one case with female of Megachile parietina (not included in the table). The bee flew up to 
an inflorescence with some hovering and slightly rapider landed to one of the flowers. Then she had 
inserted her proboscis into the spur and flew out. The pollinarium did not been retrieved because it 
had been already retrieved by a previous visitor of this flower. 

Generally pollinaria of H. caprinum was attached to the bees on the center part of the 
clypeus or near the frontal-clypeal suture, seldom on the front (fig. 1e, f; fig. 2c, d). Pollinaria 
attached to the apical margin of the clypeus recorded in Anthidium loti and in both specimens of 
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Megachile pilicrus. To retrieve the pollinarium a bee must touch the bursicula with frontal surface 
of the head. The bursicula cover the viscidium located closely above the stigma (fig. 2a, b). If 
pollinarium were attached to the clypeal margin, massulae will not touch the stigma after 
reconfiguration of pollinarium. Instead of this they will touch a throat surface near the spur orifice. 
Thus A. loti and M. pilicrus are not able to pollinate flowers of H. caprinum. All other species are 
theoretically able to pollinate the orchid but pollinaria with spent massulae recorded only in 
M. ericetorum. Males of this species have perfect morphological compliance with H. caprinum 
flowers. They have proboscises with 4.3–7.4 mm long (6.10±0.30 mm in average, n=29, p=0.05) 
and heads with 2.3–3.9 mm wide (3.02±0.12 mm in average, n=29, p=0.05). Orchid flowers have 
spurs with 6.5–11.4 mm long (9.09±0.36 in average, n=35, p=0.05) and corolla throats with 2.4–3.7 
 
 
 

 
Fig. 2. Flowers of Himantoglossum caprinum and location of pollinaria on bees heads: a – lateral 
view of the dissected flower, b – frontal view of the flower, c – lateral view of Anthidium 
cingulatum male head with pollinaria, d – frontal view of Megachile ericetorum female head with 
pollinaria. All scale bars – 1 mm. 
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Table 1. List of collected bee specimens with pollinaria of Himantoglossum caprinum 
 

No. Species Sex 

Number of 
pollinaria 
(including 
with spent 
massulae) 

Locality, 
year 

1 Anthidium (Anthidium) cingulatum Latreille, 
1809 male 2 Lisya Bay, 

2007 

2 Anthidium (Anthidium) loti Perris, 1852 male 1 Lisya Bay, 
2007 

3 Coelioxys (Allocoelioxys) caudata Spinola, 
1838 male 1 Lisya Bay, 

2007 

4 Megachile (Chalicodoma) parietina 
(Geoffroy, 1785) female only 

viscidium 
Lisya Bay, 
2007 

5 Megachile (Chalicodoma) parietina 
(Geoffroy, 1785) female only 

viscidium 
Lisya Bay, 
2007 

6 Megachile (Chalicodoma) lefebvrei 
Lepeletier, 1841 male 1 Maksimova 

Dacha, 1992 

7 Megachile (Pseudomegachile) ericetorum 
Lepeletier, 1841 female 3 (2) Lisya Bay, 

2007 

8 Megachile (Pseudomegachile) ericetorum 
Lepeletier, 1841 male 2 (2) Lisya Bay, 

2007 

9 Megachile (Pseudomegachile) ericetorum 
Lepeletier, 1841 male 3 (3) Lisya Bay, 

2007 

10 Megachile (Pseudomegachile) ericetorum 
Lepeletier, 1841 male 4 (3) Lisya Bay, 

2007 

11 Megachile (Pseudomegachile) ericetorum 
Lepeletier, 1841 male 3 Lisya Bay, 

2007 

12 Megachile (Pseudomegachile) ericetorum 
Lepeletier, 1841 male 4 (2) Lisya Bay, 

2009 

13 Megachile (Megachile) pilicrus Morawitz, 
1877 male 1 Lisya Bay, 

2009 

14 Megachile (Megachile) pilicrus Morawitz, 
1877 male 1 Lisya Bay, 

2009 

15 Eucera (Syngalonia) tricincta Erichson, 1835 male 2 Maksimova 
Dacha, 1992 

16 Eucera (Eucera) nigra Lepeletier, 1841 male 1 Krasnolesye, 
1975 

 
mm long (2.99±0.11 in average, n=35, p=0.05). Thus width ot the head varies in the same diapason 
with the corolla throat and the proboscis is significantly shortly than the spur. 

In Lisya Bay, 2007 we recorded some flowers of H. caprinum with operated spurs. Probably 
they was not been operated by recorded flower visitors but by bumblebee Bombus argillaceus 
(Scopoli, 1763) or by three species of Xylocopa, which were very abundant in this territory. 

Pollination effectiveness 
The data on pollinated and visited flowers rate in different bees’ density and bees’ forage 

flowers density were summarized in table 2. The rate of pollinated flowers was low and varied from 
slightly more than 2% to more than 10%. In other years and in other studied localities we obtained 
the similar data. In Ayan Tract the rate of pollinated flowers was 1.4 (in 2005) and 3.6% (in 2008). 
In Maksimova Dacha it was 0.6% (in 1993), 3.4% (in 1995), 5.5% (in 1992) and 6.8% (in 2000). In 
Chernaya River the rate of pollinated flowers in only studied year (1993) was 6.5%. 
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Table 2. Pollination effectiveness of Himantoglossum caprinum in two localities of Crimea 
 

Year 

Number 
of 

flower 
plants 

Melittophilic 
plants flower 
dendity on 1 

m2 

Bees 
density on 

1 m2 
(including 

long-
tongued) 

Number 
of plants 
(flowers) 

in 
sample 

Rate of 
flowers 
visited 

first 
time, %

Repetition 
of flower 

visits 

Rate of 
pollinated 
flowers, 

% 

Lisya Bay 

2007 85 18.4 0.57 
(0.56) 12 (412) 25.7 0.28 7.3 

2009 102 106.2 0.15 
(0.13) 28 (653) 16.3 0.23 3.8 

2010 25 96.2 0.02 
(0.01) 10 (256) 4.7 0.50 2.3 

Ayan Tract 

2007 20 625.2 0.53 
(0.18) 14 (128) 14.7 0.42 6.1 

2009 65 446.5 0.34 
(0.19) 12 (130) 10.2 0.56 5.7 

2010 27 2,729.7 0.45 
(0.27) 10 (189) 9.5 1.11 10.6 

 
The rate of pollinated flowers in two localities individually correlates with the density of 

bees, especially long-tongued (table 2). In Lisya Bay the highest rate of pollinated flowers was in 
2007 when the highest density of long-tongued bees had been registered. Also that year it was 
recorded the highest rate of flowers visited first time. The high rate of such flowers indicates an 
abundance of non-specialized flower visitors which can retrieve pollinaria but can not pollinate 
flowers, or visit flowers only once (low repetition of flower visits). Also the high rate of flowers 
visited first time corresponds with the very low flower density of bees forage plants. In two other 
years the density of flowers was higher and the density of bees was lower, thus the rates of visited 
and pollinated flowers were lower too. In Ayan Tract the density of flowers was far higher than in 
Lisya Bay but the density of long-tongued bees was comparable. Thus the rates of visited and 
pollinated flowers were comparable too. The high repetition of flower visits (especially in 2010) 
suggests that among long-tongued bees inhabited in this locality the specialized pollinator 
(M. ericetorum) predominated. 

Discussion 
Among all species of orchids the mellitophilic pollination syndrome is the most widespread 

(Cherevchenko et al., 2010). The bees are attracted to the flowers by nectar or pseudopollen 
rewards; by generalize imitation of food sources; by imitation of food sources confirmed with floral 
mimicry; by giving a places for sleeping; by imitation of bee females (sexual-deception) and by 
imitation of bee males (pseudoantagonism). The generalized imitation of food sources is the most 
widespread among melittophilic orchids’ species. Flowers of these species have not any visible 
similarity with flowers of rewarding sympatric species. Generalized food-deceptive orchids get 
effective pollination when they blossom in segregation from other plant species with nectar reward. 
It is achieved by the phenological separation between orchids and rewarding plants: the former 
usually flower earlier than the latter (Ivanov et al., 2008; Pellissier et al., 2010). H. caprinum has no 
similarity with flowers of rewarding species (Ivanov et al., 2003) but in Ayan Tract it begin flower 
a month later after the first generalized food-deceptive species (e.g. Orchis simia Lam.) and 
blossom amidst the higher density of rewarding species. Also it has the lowest rate of pollinated 
flowers while other six species of orchids with this attractive mechanism have one about 35–60% 
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(Ivanov et al., 2008). Thus H. caprinum adapt to existence with low pollination rate which is 
provided by some peculiar mechanisms of attraction the pollinators. 

Megachilids are seldom recorded as the effective pollinators of nectarless orchids. In Europe 
the bees of this family (oligolectic species of the genus Chelostoma) were recorded only as the 
effective pollinators of red helleborine (Cephalanthera rubra (L.) Rich.) which had mimicry with 
the bees forage flowers of the genus Campanula (Nilsson, 1983; Nazarov, Ivanov, 1990). 
H. caprinum is the second species pollinating by megachilids, and like in C. rubra it is pollinating 
by one or few closed species. Predominance of the males in flower visitors may suggest an idea that 
flowers of the species are sexual-deceptive. But presence of a few females, several pollinaria with 
spent massulae in female of M. ericetorum and observed behavior of M. parietina are the evidences 
of a food-deception. This deception is generalized, without floral mimicry and flower visitors are 
mostly polylectic. 

Concrete factors which attract on the flowers mostly megachilids (especially M. ericetorum) 
and not other bees are unknown. Probably it can be a special olfactory attractant which is 
efficacious only to megachilids. This hypothesis is not such unreal because food-deceptive species 
of the closely related genus Steveniella apparently emit attractant which is efficacious only to 
diplopterous wasps, especially of the subfamily Vespinae (Nazarov, 1995). Specific olfactory 
attractants for vespids are also recorded in rewarding species, broad-leaved helleborine (Epipactis 
helleborine (L.) Crantz) (Brodmann et al., 2008). Among non-orchid rewarding plants water betony 
(Scrophularia umbrosa Dumort.) attracts on its flowers different vespids but some species (mostly 
males of theirs) are attracted strongly and become “sluggish” after many repeated visits (Fateryga et 
al., 2006). The males and the female of M. ericetorum also demonstrate persistently repeated visits 
of H. caprinum flowers: all of theirs carried several pollinaria and the most of them had spent 
massulae. One case with the male without spent massulae on his three pollinaria suggests that he 
had visited three flowers in such a short time before the reconfiguration of the pollinaria happened. 
So H. caprinum adapt to bee pollination and most probably emit a special olfactory attractant for 
megachilids, especially for some morphologically suitable species, e.g. M. ericetorum. 
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The results of the morphological and histological studies of Dactylorhiza maculata s.l. seedlings 
after prolonged cultivation in vitro, and also, after transferring into the natural conditions are 
discussed. It is shown that in some individuals, cultivated 2 - 3 years in in vitro culture, is formed 
stem-root tuberoid, it is formed from the apical bud of plant. The monopodial type of the shoot 
growth continues in the plants after it transferring from the culture in vitro into the natural 
conditions in first year, and also in some of them and to 2, 3 and 4 years of development under the 
natural conditions. 

 
Значительная часть представителей семейства Orchidaceae относится к редким и 

исчезающим растениям. Из 136 видов орхидных, произрастающих на территории нашей 
страны (Черепанов, 1996), в последнее издание Красной Книги РФ (2008) включены 66 видов 
из 30 родов, около 110 видов охраняются в регионах (Варлыгина, 2007). Одним из способов 
сохранения редких видов является получение большого числа растений в культуре in vitro и 
их реинтродукция на территории Ботанических садов и в природные растительные 
сообщества. В настоящее время известны примеры проведения такой работы для некоторых 
видов орхидных, однако они немногочисленны,  и  сведения о результатах таких работ очень 
ограничены (Batygina, Makoveychuk, 1994, Steward, 1998, Ramsay, Steward, 1998,  Ramsay, 
Dixon, 2003, Batygina, Bragina, 2007). Для более эффективного развития работ по 
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