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Abstract. The nectarless orchid, Steveniella satyrioides (Spreng.)
Schltr., occurs in the mountain part of the Crimean Peninsu-
la; it is known from 26 localities 10 of which were found dur-
ing the last 50 years. Pollination ecology of the species was
studied in Ayan Natural Landmark (Simferopol District). From
1 to 55 individuals of this species flowered here in different
years; one year there was no flowering plants. The pollination
rate of S. satyrioides varies from 16 % to 79 % and positively
correlates with the density of specialized pollinators — females
of diplopterous wasps of genera Vespula Thomson, 1869, and
Dolichovespula Rohwer, 1916. A probable mechanism of at-
traction of wasps by flowers of S. satyrioides and its evolution
are discussed.

Introduction

The genus Steveniella Schitr. has one species, Steveniella
satyrioides (Spreng.) Schltr., distributed in the Crimean
Mountains, Caucasus, Asia Minor (eastern part) [1—3,
12] and particularly in West Asia, where Steveniella sa-
tyrioides var. iranica Kreutz has been described [19]. Ac-
cording to the molecular phylogenetic data, S. satyrio-
ides (together with the genus Comperia K. Koch) may be
included in the genus Himantoglossum Spreng., under
the name Himantoglossum satyrioides Spreng. [8], but
morphological studies of these taxa suggested this view
to be not advisable [7].

Steveniella satyrioides is distributed sparcely through-
out its area and studied insufficiently. Its pollination
ecology was first described by V.V. Nazarov [20]. Flow-
ers of . satyrioides are visited only by social species of
diplopterous wasps (Hymenoptera, Vespidae); four spe-
cies have been recorded among them until now: Vespula
(Paravespula) germanica (Fabricius, 1793), Vespula (Pa-
ravespula) vulgaris (Linnaeus, 1758), Dolichovespula syl-
vestris (Scopoli, 1763), and Polistes (Polistes) nimpha (Christ,
1791) [6, 9, 11, 20]. The species is nectarless and wasps
are obviously attracted to its flowers by the special food-
deceptive mechanism.
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The purpose of this study was to ascertain the distri-
bution of S. satyrioides in the Crimea and to describe its
growth conditions, population dynamics, pollinators
and pollination effectiveness in one of the discovered
localities.

Materials and methods

Pollination ecology of S. satyrioides was studied in
2004—2011 in Ayan Natural Landmark (vicinity of the
Ayan Reservoir near the village of Perevalnoye, Simfer-
opol District, Crimean Foothills), 44°49°56” N,
34°18°05” E, 470 m above sea level. Each year we count-
ed the number of flowering specimens of S. satyrioides
growing in this territory and estimated the comparative
density of potential pollinators — social wasps of the
family Vespidae. The wasp density was studied by the
itinerary method; we recorded all wasp specimens dis-
covered in the studied area during several hours once a
week in sunny weather. At the end of the blossoming pe-
riod of S. satyrioides we calculated the average density of
wasps per hour.

At the end of the blossoming period we also checked
all the flowers from all plants found in the sample and
recorded 9 conditions of them: «0» — both hemipolli-
naria present, stigma without massulae; «1» — both
hemipollinaria absent, stigma without massulae; «2» —
both hemipollinaria absent, stigma with massulae in
both right and left sides; «3» — only one hemipolli-
narium present, stigma with massulae in both right and
left sides; «4» — both hemipollinaria present, stigma
with massulae in both right and left sides; «5» — only
one hemipollinarium present, stigma without massulae;
«6» — both hemipollinaria absent, stigma with massulae
only in one side; «7» — only one hemipollinarium
present, stigma with massulae only in one side and
«8» — both hemipollinaria present, stigma with massu-
lae only in one side. The first condition, «0» corresponds
to non-visited flowers and conditions «1» and «5» cor-

195



=y
! Cumpepofon

w:

S/

ot ;i.t'l'-h b
““'g '-u-l}:.
g

".,...

A

Fig. 1. Distribution of Steveniella satyrioides in the Crimea: I — Ayan Natural Landmark, where the species was studied; 2 — points
where the species was collected earlier than 50 years ago (according to herbaria); 3 — points where the species was collected during the
last 50 years (according to herbaria); 4 — points where the species was recorded according to the photos on “Plantarium”; 5 — point

where the species is known only from the article of 1.V. Vankov [1]

respond to the flowers visited once (first flowers visited
by a pollinator in certain site). Other conditions («2»—
«4» and «6»—«8») correspond to the pollinated flowers.
Pollinated flowers without hemipollinaria («2» and «6»)
demonstrate persistent behavior of the pollinator during
the flower visits, and pollinated flowers with both hemi-
pollinaria («4» and «8») indicate that the visits were not
persistent [5].

On the base of the obtained data we counted the rate
of the pollinated flowers and the rate of the flowers vis-
ited by pollinators once. Then we estimated the index of
the flower visit repetition by means of dividing the
amount rate of pollinated flowers by the amount of the
flowers visited once [4, 16]. This index is approximately
equal to the mean number of the flowers visited by a
pollinator after its visit of the first flower.

Distribution of S. satyrioides in the Crimea was stud-
ied on the base of data from 5 herbaria (55 specimens):
National Herbarium of Ukraine, Kiev (KW) — 3 speci-
mens; Herbarium of Nikita Botanical Garden — Na-
tional Science Center, Yalta (YALT) — 33 specimens;
Herbarium of V.I. Vernadsky Tavrida National Univer-
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sity, Simferopol (SIMF) — 4 specimens; Herbarium of
National University of Life and Environmental Sci-
ences of Ukraine, Southern Branch «Crimean Agro-
technological University», Simferopol (CSAU) — 2
specimens, and Herbarium of V.L. Komarov Botanical
Institute, Russian Academy of Sciences, St. Petersburg
(LE) — 13 specimens. We also examined the photos of
this species deposited on the website «Plantarium»
(http://www.plantarium.ru/).

Distribution of Steveniella satyrioides
in the Crimea

The points where S. satyrioides has been recorded in the
Crimea are represented on the map (fig. 1). The species
grows only in the mountain part of the peninsula where
it is known from 26 localities. Among them, there are 16
points where plants of S. satyrioides were recorded more
than 50 years ago; 10 records are made during the last 50
years, including 7 points confirmed by herbarium spec-
imens; 2 points are added on the base of the photos from
«Plantarium», and 1 point (Ayan Natural Landmark) —
according to our investigations. Predomination of all
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Fig. 2. Steveniella satyrioides in Ayan Natural Landmark: a—c¢ — habitat sites; d—e — flowering plants; f— — inflorescences; i — head
of the female of Vespula germanica (Fabricius, 1793) with two hemipollinaria, frontal view
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records of S. satyrioides made more than 50 years ago
makes an impression of decreasing of the species abun-
dance here. More probably there was more intensive
collecting in the first half of the 20" century. Thus, the
changes in the population abundance of S. satyrioides
require further investigations.

Description of the population in Ayan Natural
Landmark

Steveniella satyrioides grows in Ayan Natural Landmark on
the area about 0.75 hectares in 3 localities, each of 100—
200 square meters. In the localities studied, three associa-
tions were revealed: Filipenduleto (vulgaris) — Primuletum
(acaulis) caricosum (michelii) with flowering Orchis purpu-
rea Huds. (coverage — 60—70 %, grass height — 10—
20 cm) (fig. 2, a); Inuleto (asperi) — Galietum (rubioidis)
festucosum (rupicolae) (projective cover — 90—100 %,
grass height — 20—30 cm) (fig. 2, b), and Brachypodieto
(pinnati) — Inuletum (asperi) filipendulosum (vulgaris)
(coverage — 100%, grass height — 15—25 cm) (fig. 2, ¢).

Number of the flowering plants of S. satyrioides varied
greatly on the studied territory in different years. In 2006 we
did not find any plant, in 2008 there was only 1 plant, and
in other years the number of plants was 12 to 55 (tab. 1).
These data show that the population dynamics of the spe-
cies is not simple and requires continuing monitoring. In
addition, plants of S. satyrioides vary in helmet’s coloration,
from limy green to reddish brown (fig. 2, d—h).

Flower visitors

Four species of the social wasps from the family Vespidae,
subfamily Vespinae was recorded in the territory studied

in 2004—2011; among them, 3 species were recorded as
flower visitors and pollinators of S. satyrioides: V. ger-
manica, V. vulgaris and D. sylvestris. The fourth species,
Vespula (Vespula) rufa (Linnaeus, 1758), has not been re-
corded on the flowers but it is obvious that it also can take
part in the pollination process. The flowering period of
S. satyrioides in Ayan Natural Landmark continues from
the beginning of May to the middle of June [4]. At this
time only «queens» (overwintered females) of the social
wasps can occur [10]. Thus, only females of the listed
species were visiting flowers of S. satyrioides, not workers
as it was reported by V.V. Nazarov [20].

The density of wasp females also varied considerably
in different years (tab. 1). During four seasons (2004,
2006, 2008 and 2011) the populations of wasps were
abundant but in the other four ones (2005, 2007, 2009,
2010) the wasps occurred very rarely. The density of
pollinators does not correlate with the abundance of
flowering plants of .S. satyrioides: in 4 years when wasps
were abundant, the number of orchids could be both
high and very low (tab. 1). Fifty-eight wasp females were
collected: 3 V. germanica, 33 V. vulgaris, 17 V. rufa, and
5 D. sylvestis; among them, 6 specimens were collected
directly on flowers and 52 — in flight. Only 1 female of
V. germanica collected in flight carried the orchid hemi-
pollinaria on its clypeus (fig. 2, i).

Pollination effectiveness

There were 16 % to 79 % pollinated flowers of S. satyri-
oides in different years (tab. 1). According to data from
the table, two pollination effectiveness indexes (rate of
the pollinated flowers and repetition of the flower vis-
its) strongly correlate positively with the density of po-

Table 1. Number of discovered flowering specimens of Steveniella satyrioides,
their pollination effectiveness and the density of wasps in Ayan Natural Landmark in different years

Y £l Nurpber lant £ lNlim}bgr Rate of the flowers | Repetition of flower fth Raﬁz' ted fAver:agle density
ear of flowering plants of plants / flowers visited once, % visits by pollinators of the pollinate: of social wasps per
in the studied area in the sample flowers, % hour
2004 17 17 /172 19.2 4.05 77.8 6.6 2.3
2005 12 12/123 43.9 0.80 35.0 <0.1
2006 0 — — — — 3.0+ 1.1
2007 55 20 /265 30.6 0.53 16.2 <0.1
2008 1 — — — — 0.8+1.2
2009 32 28 /310 37.1 1.13 41.9 <0.1
2010 20 20 /262 29.4 1.04 30.5 <0.1
2011 52 37 /443 26.0 2.37 61.6 1.21+0.6
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Fig. 3. Rate of flowers of Steveniella satyrioides of different conditions visited by pollinators in Ayan Natural Landmark in different

years: a — 2007; b — 2009; ¢ — 2010; d — 2011

tential pollinators — wasp females. The third index
(rate of the flowers visited once) negatively correlates
with the wasp density. These data confirm that the wasp
females are specialized pollinators of S. satyrioides. Ad-
ditional confirmation of this conclusion can be ob-
tained from the diagrams where the rates of flowers
with different conditions are represented (fig. 3). Inde-
pendently of the rate of pollinated flowers, the flowers
with condition «1» predominate among non-pollinated
flowers, and the flowers with condition «2» and «6» —
among pollinated ones. These facts allow to suppose
that the visits of flowers by pollinators were persistent
and tended to the retrieving both hemipollinaria. When
the density of wasps is abundant, most of flowers lose
their hemipollinaria very early. This hypothesis can ex-
plain the fact that most wasps that visited the flowers
left them without hemipollinaria.

Each year from 1/5 to 1/3 of the plants were wound
by the spider’s web of Dictyna arundinacea (Linnaeus,
1758) (Aranei, Dictynidae). These plants had low pol-
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lination rate and have not been included in the analysis
of pollination effectiveness.

Thus, females of the social wasps of the family Vespi-
dae, subfamily Vespinae are effective and obviously the
only possible pollinators of S. satyrioides in our area.
The main determinant of the pollination effectiveness
of the species is wasp abundance, which greatly varies in
different years but in general is not very low as compared
to specialized pollinators of other orchids because of
high ecological flexibility of these wasps and synan-
thropic character of most species.

Discussion

Wasps of the family Vespidae are not usual pollinators of
orchids (especially nectarless ones). Among their six
subfamilies, Eumeninae (potter wasps), Polistinae (pa-
per wasps) and Vespinae (hornets and yellowjackets) are
most common in the Northern Hemisphere. Potter
wasps of the genus Fumenes Laterille, 1802 were record-
ed as the specialized pollinators of nectar-rewarding
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species Epipactis palustris (L.) Crantz (section Arthro-
chilium Irmisch) [21]. Yellowjackets (the genera Vespula
Thomson, 1869 and Dolichovespula Rohwer, 1916) were
recorded as specialized pollinators of nectar-rewarding
species of the genus Epipactis Zinn, section Epipactis
[17, 18] and nectar-rewarding orchid Coelogyne fimbri-
ata Lindl. [15]. Only one known nectarless orchid, except
S. satyrioides, Dendrobium sinense Tang & E'T. Wang, is
pollinated by a wasp of the family Vespidae, the hornet
species Vespa bicolor Fabricius, 1787 [14]. Flowers of
these orchids attract the hornet foragers by the imita-
tion of the scent of their preys — honeybee workers
(Apis mellifera Linnaeus, 1758 and Apis cerana Fabrici-
us, 1793). However, imitation of the scent of wasp preys
also occurs in nectar-rewarding species, Epipactis hel-
leborine (L.) Crantz [13]. All listed species are pollinat-
ed by the wasp workers, thus the pollination of S. satyri-
oides by overwintered females of the wasps is unique
among all wasp-pollinating orchids.

The wasp females are very effective pollinators of
S. satyrioides: this species has significantly higher repro-
ductive success values in comparison to other orchids
studied in the Crimea [20]. So, the low number of wasp-
pollinating species in orchids is not provided by mor-
phology or behaviour of these insects but by other fac-
tors, probably connected with their abundance in cer-
tain ecosystems. Only social species of wasps are abun-
dant in the forest landscapes but the terms of their mass
flight usually fall on July — September [10] when most
species of orchids have already finished their flowering.
The flowering terms of S. satyrioides fall on May—June
[4] and its pollination by wasps is possible only via the
overwintered females, which are not abundant in com-
parison with the workers flying later.

The wasps that visit the flowers of S. satyrioides dem-
onstrate an aggressive food behaviour which is expressed
by scratching of the inner surface of the spur [20]. We
can suppose that the most possible factor of the wasp
attraction is the specific scent that is similar to wasp
preys: flies or honeybees. Wasp-pollinating syndrome
could have evolved via nectar attraction confirmed by
scent mimicry (like in E. helleborine) with loosing nec-
tar reward in the consequence (like in D. sinense). Pol-
lination by wasp females (not by workers) evolved via
the early period of S. satyrioides flowering in contrast to
D. sinense, which grows in significantly more wet cli-
mate and therefore can blossom later, when wasp work-
ers are already abundant. It is also interesting, that like
S. satyrioides, Himantoglossum caprinum (M. Bieb.)
Spreng. is also pollinated by a few closely related species
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of insects, in this case by bees of the genus Megachile
Latreille, 1802 (Hymenoptera, Megachilidae) [16]. We
can suppose that it also have a special olfactory attract-
ant which can attract only several morphologically and
ethologically suitable pollinators.

Thus, S. satyrioides is a highly specialized orchid spe-
cies in respect of its pollination ecology. The measures
intended for its conservation must also include conser-
vation of its pollinators; however, the actual situation
with them in the Crimea gives no reason for concern.
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EKOJIOTIS 3ATTMJIEHHS
STEVENIELLA SATYRIOIDES (SPRENG.) SCHLTR.
(ORCHIDACEAE) B YPOUMILI ASTH (KPVIM)

BesHekrapHa opxinest Steveniella satyrioides (Spreng.) Schitr. mo-
mupeHa B KpuMy B Mexax TipcbKoi YaCTUHU MiBOCTPOBA Ta Bilmo-
Ma 3 26 jtokaireTiB, 10 3 IKMX IpeacTaBIeHO 3HAXiIKaMM, 3po0iie-
HUMHU B ocTaHHi 50 pokiB. BuBYeHO eKoJIoriio 3anuieHHs BUay B
ypouuii AsiH (CimbepononbebKuii p-H). Y pi3Hi poKU TYT LBLIO
Bix 1 mo 55 eK3eMILISIpiB 1aHOTO BUIY, B OMUH i3 POKiB — >KOMIEH.
PiBenb 3anuneHHs S. satyrioides konuBaeTbes Bi 16 1o 79 % i mo-
3UTHBHO KOPEJIIOE 3i MILUTBHICTIO CTeIiali30BaHUX 3aIMIIOBAYiB —
CaMOK CKJIaT4acTOKpMINX oc pomiB Vespula Thomson, 1869 i Do-
lichovespula Rohwer, 1916. OGroBopro€ThCsl MOXIIMBUI MEXaHI3M
3aJIydeHHsI OC Ha KBiTKM Ta 1OTO €BOJIOLiiHE CTAHOBJIEHHSI.

Kawuoei caoea: Steveniella satyrioides, nowupenus, 3a-
nunents, 3anunrosaui, Vespidae, Kpum.
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2 TaBpUYECKUIA HALIMOHAJIbHBI YHUBEPCUTET UMEHU
B.U. Bepnanckoro, r. Cumdepomnoib, YkparHa

9DKOJIOT M1 OTbUIEHUS
STEVENIELLA SATYRIOIDES (SPRENG.) SCHLTR.
(ORCHIDACEAE) B YPOUULLE ASTH (KPbIM)

besHekrapHas opxunes Steveniella satyrioides (Spreng.) Schitr.
pacnpoctpaHeHa B KpbiMy B npeaenax ropHOi 4acTv MOJIyoCTPO-
Ba M U3BECTHA U3 26 JIoKanTeToB, 10 13 KOTOPBIX MpPeNCTaBICHbI
Haxomkamu, ciefaHHbIMU B riocsienHue S0 jer. MzydeHa sKoo-
sl onblIeHUsT BUIa B ypouuiie AsH (CumdeponoabeKuii p-H).
B pasnbie ronbl 3nech 1Beao oT 1 A0 55 3K3eMIUISIpOB JaHHOTO
BU/A, B ONIMH IO — HU OIWH. YPOBEeHb ONbLICHUs S. satyrioides
Kose6etcst ot 16 10 79 % 1 MONIOXUTETbHO KOPPETUPYET C TUIOT-
HOCTBIO CHEMATM3UPOBAHHBIX OMBUIUTENIE — CaMOK CKJlamya-
TOKPBUIBIX 0C poaoB Vespula Thomson, 1869 u Dolichovespula
Rohwer, 1916. O6cysknaercst BOBMOXKHbBIN MEXaHU3M TpUBJIeYUe-
HMSI OC Ha 1IBETKH Y €T0 3BOJIIOLIMOHHOE CTAHOBJIEHUE.

Kawueeswvie caoea: Steveniella satyrioides, pacnpocmpanenue,
onvlieHue, onviaumenu, Vespidae, Kpoim.
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