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Sexually deceptive orchids provide no
reward to their pollinators. Instead,
they mimic the sex pheromone of recep-
tive insect females to attract males which
pollinate the flowers in mating attempts.
Nearly all species of the Mediterranean
orchid genus Ophrys are sexually decep-
tive and pollinated by solitary bees and
wasps. Due to the use of a highly specific
olfactory communication channel most
Ophrys species have, in contrast to food
deceptive or rewarding orchids, an incon-
spicuous greenish perianth and a dark
brownish labellum. However, some spe-
cies possess a bright pink or white peri-
anth, and the functional significant of
such color signals in the orchid-pollinator
communication system is unknown. We
recently showed that the pink perianth of
Ophrys heldreichii increases the perfor-
mance of its bee pollinator, males of the
long-horned bee Eucera (Tetralonia) ber-
landi, to detect the flower at short-range.
At great distances (>30 cm) from the
flower, male search behavior was found
to be olfactory guided and unaffected by
the spectral property of the perianth, i.e.,
chromatic and green receptor-specific
contrast. However, in the near vicinity of
the flower (<30 cm), where spatial vision
is sufficient to detect the flower, search
time only correlated with the green
receptor-specific contrast between the
perianth and the background.

The mimicry of the sex pheromone of a
particular bee or wasp allows Ophrys to
selectively attract its “private” pollina-
tor and thus maximise pollen transfer. In
contrast, a “non-private” color signal may
impose additional costs in terms of pollen
lost by accidentally attracting non-specific
flower visitors and is thus difficult to
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explain in evolutionary terms of selective
benefit. Here, we present evidence that
the presence of an unspecific color signal
in Ophrys is related to the visual perfor-
mance and mate search behavior of the
corresponding pollinator. We also suggest
that the appearance of a color signal has
been independently evolved, at least, twice
within the genus.

The orchid family is one of the largest
of flowering plants with up to 30,000 spe-
cies, of these about 1/3 are pollinated by
deception.! One of the most remarkable
strategies to achieve pollination without
providing any reward to the pollinator
is sexual deception. Sexually deceptive
orchids attract their pollinators by imi-
tating the sex pheromone of receptive
females. The males become attracted to
the female decoy and attempt to copulate
with the labellum of the orchid. During
this “pseudocopulation” the pollinaria
become attached to the male’s body and
are transferred during further visits to
other flowers of the same species.>? Since
the sex pheromone components produced
by the flower attract only males of the tar-
get species, pollen transfer is highly effi-
cient and pollen lost low.

One of the largest taxa of sexually
deceptive orchids is the Mediterranean
genus Ophrys with almost 300 species, of
which nearly all are pollinated by sexual
deception, mainly by males of solitary bees
and wasps.“® The dark brownish label-
lum of the orchids approximately matches
the size of the female’s body and provides
the substrate on which the males copu-
late. Since the males are predominantly
attracted by olfaction, the perianth is usu-
ally inconspicuously green and, at first
glance, indistinguishable from the leaves
or the stem due to its coloration® (Fig.
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Figure I. Two types of perianths in the sexually deceptive orchid genus Ophrys. O. cephalonica
(A) possesses a green perianth which appears similar in colour to the leaves and stem. O. heldreichii
(B), in contrast, shows a conspicuous pink perianth. Males of Eucera (Tetralonia) berlandi (C) have
enlarged eyes and antennae compared to their females and are the pollinators of O. heldreichii.

1A). Interestingly, about one quarter of
the species possess a bright pink or white
perianth, but the functional significance
of this color signal in the flower-pollinator
communication is unknown. Moreover, a
color signal may increase the risk of pollen
lost by attracting non-specific pollinators
and thus, it can be assumed that selec-
tion should favour individuals having an
inconspicuous colouration.

Recently, we investigated the role of the
colored perianth in the flower-pollinator
communication system of Ophrys heldre-
ichii and its pollinator, the long-horned
bee Eucera (1etralonia) berlandi (Fig. 1B
and C).”® The approach flights of males
towards intact orchid flowers, towards
flowers in which we removed the original
perianth, and in which we substituted the
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perianth with an artificial one of a par-
ticular color were filmed in the field and
subsequently analyzed frame by frame.
A bee-specific color model’ was applied
to calculate the color contrast between
the flower and the background. In addi-
tion to color information, bees also use an
achromatic visual channel which relies on
information from green-sensitive photo-
receptors for detection of flowers at small
angular sizes." At distances greater than
30 c¢m, male search time correlated only
with wind speed and not with the spectral
properties of the perianth. This indicates
that the males use olfaction to navigate.
However, at close range (<30 c¢m), where
the flower subtends an angle of at least
5° search time correlated only with the
green receptor-specific contrast between
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perianth and background. The data thus
suggest that males deploy different sen-
sory modalities during the course of an
approach. Olfaction is used to orientate
from a distance; however, in the near
vicinity, where spatial vision is sufficient
to detect the flower, males’ approach is
only visually guided.

Our results indicate that lowers which
possess a colored perianth receive on aver-
age more visits due to an increased detect-
ability which finally may lead to a higher
pollination rate. Further, they also suggest
that in a mixed population comprising
plants which possess colored and green
perianths, the proportion of individuals
with colored perianths will spread over
time due to a higher reproductive success.

However, if this depicted scenario is
true, why should not at least all bee-pol-
linated Ophrys species possess a colored
perianth? We hypothesise that a color
signal occurs only in such species where
the advantage of an increased detectabil-
ity outweighs the cost of potential pollen
lost due to the attraction of unspecific visi-
tors. E. berlandi belongs to the Eucerini,
a group of bees which shows a distinct
sensory sexual dimorphism. Males have
enlarged eyes and antennae, and during
mate search they rely heavily on vision."
In a search of the literature, we discovered
that 83% (33 out of 40) of all Ophrys
species, in which the known pollinator
belongs to the Eucerini, possess a colored
perianth (Fig. 2). In contrast, only 9% (6
out of 70) of the species that are pollinated
by Andrena males show a color floral sig-
nal (Fig. 2). Males from the latter genus
constitute the largest group of Ophrys
pollinators; in contrast to Eucerini, they
usually lack a distinct sexual dimorphism
of the sensory system, and vision seems to
play only a minor role compared to olfac-
tion during mate search and detection."

To obtain additional evidence for our
hypothesis, future research in two direc-
tions is necessary. First, a reliable phylog-
eny needs to be established, e.g., one based
on recently suggested nuclear genes which
provide sufficient variation among Ophrys
species.'? Then, the presence/absence of a
colored perianth can be plotted as a char-
acter onto the phylogenetic tree and the
origin(s) of the color signal within the
genus inferred. Evidence already indicates
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Figure 2. Frequency of Ophrys species which possess a green (green column) and a pink or
white (pink column) perianth and are pollinated by Andrena (A) and Eucerini (B) males.

that it is evolved independently in differ-
ent groups. For instance, Ophrys heldreichii
and O. tenthredinifera possess both a pink
perianth and are pollinated by Eucerini
males (E. berlandi and E. nigrilabris,
respectively).” However, the first spe-
cies belongs to the O. holoserica-oestrifera
group, whereas the latter is more related
to the O. bombyliflora group, which are
only very distantly related to each other
but more closely related to species which
possess a green perianth.'

Second, the relative increase of repro-
ductive success caused by the color signal
should be quantified for both flower types,
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those possessing a colored and those a
green perianth. This can be performed by
manipulating the perianth in the field and
counting fruit production at the end of the
flowering season.”

Insum, the interaction between Ophrys
flowers and their pollinators is a promising
system to help us better understand the
evolution of color signals in entomophil-
ous plants and also allow to test current
theoretical models on the evolution of flo-
ral deception, for instance the sensory trap
and the sensory exploitation models.'®
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