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Abstract Reproductive success of plants may be affected
by interactions with co-flowering species either negatively,
through competition for pollinators, or positively, by means
of a magnet species effect and floral mimicry. In this study,
potential interactions between Iris tuberosa, a rewarding
species, and Ophrys fusca, a sexually deceptive orchid,
were explored in four populations in southern Italy. In each
population plots showing different ratios of the examined
species were arranged in the field, and in each plot the
number of pollinators and fruit set were assessed. In addi-
tion, flower size and floral hydrocarbons produced by the
two species were analysed. Morphological and scent data
pointed out that flower size and aliphatic compounds did
not differ significantly between the two species. Interest-
ingly, both species shared tricosane and 11-nonacosene,
electrophysiologically active compounds in the shared
dominant pollinator Adrena. We have found that fruit pro-
duction and number of pollinators in /. tuberosa varied sig-
nificantly among plots, while percentage of capsules and
number of pollinators of O. fusca captured showed no sig-
nificant differences across plots. These results suggested,
that the presence of O. fusca contributes differentially to
pollinator attraction, and thus, to total reproductive success
of I. tuberosa, according to a different ratio of aggregation.
These findings suggest that I. tuberosa profits from the
greater abundance of insects attracted by the presence of
orchid specimens, and that a sexually deceptive orchid may
be a magnet species in pollination strategy.
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Introduction

Most flowering plants reward their pollinators with pol-
len or nectar as an energetic return, while some of them do
not offer food rewards and therefore show a reproductive
strategy called ‘deceptive pollination’, which is particularly
frequent in the Orchidaceae family (Dodson and Frymire
1961; Jersakova et al. 2006). Indeed, one-third of the orchid
species are able to manipulate food-foraging activities, sex-
ual stimuli, or brood site selections of potential pollinators
by means of their amazing variety of flower signals, such
as colour, shape, size, and fragrance (Jersdkova et al. 2006;
van der Cingel 1995).

Sexual deception of male bees and wasps is one of the
most remarkable mechanisms of pollination, formerly
considered exclusive to the Orchidaceae (Tremblay et al.
2005).

Classical examples are those of the sexually deceptive
Ophrys genus, which shows close morphological and olfac-
tory resemblance of both mimic and model species (Ayasse
et al. 2003; Schiestl 2005). If a conspecific male is deceived
successfully, it will try to mate with the flower’s labellum,
a behaviour termed pseudocopulation. Orchid flowers that
show pseudo-copulation by male insects attract pollinators
not only with floral scent, alkanes and alkenes (Schiestl
et al. 1999), pyrazine (Bohman et al. 2014) or other unu-
sual chemicals (Ayasse et al. 2003), but also with green
receptor-specific contrast between the perianth and the
background (Spaethe et al. 2010). The specific attraction of
only one or very few bee species is thought to guarantee
efficient intra specific pollen transfer (Gaskett 2010) and,
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in this way, pre-pollination reproductive isolation between
taxa in sympatric populations (Scopece et al. 2007) medi-
ated by differences in floral odour (Whitehead and Peakall
2014), although there are well-documented occurrences of
hybrids in hybrid zones (Bellusci et al. 2010; Cortis et al.
2009; Pellegrino et al. 2005).

Recently, sexual deception through pseudocopula-
tion has been reported outside the Ophrys genus in other
orchids, such as Serapias lingua (Vereecken et al. 2012),
and in other angiosperms, including both Gorteria diffusa,
a daisy species from South Africa that attracts male flies
(Ellis and Johnson 2010), and Iris paradoxa (Vereecken
et al. 2012), suggesting that this reproductive strategy
might be more widespread in flowering plants than previ-
ously thought.

Field observations pointed out that Ophrys individu-
als often growing sympatrically with other species (most
of them belong to Iridaceae) show an apparent flower col-
our resemblance to those species. The majority of species
of Iridaceae are pollinated by Hymenoptera (mostly bees)
(Goldblatt and Manning 2006). Floral signals are primarily
perianth pigmentation, complemented by a range of floral
odours in many species, but flower shape and tepal ori-
entation, in particular functional floral symmetry, may be
equally important for some pollinators. The reward to visi-
tors in the majority of Iris species is nectar, but in others
it is pollen; one species offers non-volatile oil (Sapir et al.
2002).

Iris (subfamily Iridoideae), with more than 260 species,
the largest and most widespread genus of the family, has
received very little empirical attention. Early studies in Iris
pollination showed that species were visited by large and
small Apoids, in particular honeybees, bumblebees, and
solitary bees (Imbert et al. 2014). Each outer tepal and its
opposed petaloid style crest functions as a bilabiate polli-
nation unit, and thus it appears to a bee as a single gullet
flower. Bumblebees and perhaps other bees large enough
to force apart the tepal from the opposed style branch then
climb down the ‘gullet’ to reach nectar held below the
bases of the tepals.

While reproductive fitness of food-deceptive orchids
(Anacamptis, Dactylorhiza and Orchis) may be affected
also by different types of interactions with co-flowering
rewarding species (Pellegrino et al. 2008; Peter and John-
son 2008), we have no evidence that reproductive success
of sexually deceptive orchids (Ophrys) is affected by the
presence of co-flowering plants that may elicit positive or
negative reactions of pollinator behaviour. Pollinators rep-
resent an important intermediary by which different plant
species can influence each other’s reproductive fitness. Co-
flowering species could facilitate pollination of proximate
or intermingled sexually deceptive orchids, which could
benefit from the greater abundance of insects attracted by
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the rewarding ‘magnet species’ (Pellegrino et al. 2008;
Thompson 1978). At the same time, many studies have
shown that some rewardless orchids increase reproductive
fitness when their flower colour, shape, and odour resem-
ble those of a co-blooming rewarding plant (Gumbert and
Kunze 2001; Internicola et al. 2007; Johnson et al. 2003;
Pellegrino et al. 2008), a phenomenon called ‘non-model
mimicry’ (Dafni 1984).

The aim of the present study is to explore potential inter-
actions occurring in a natural community between O. fusca
and the abundant co-flowering species I. tuberosa. For field
experiments, we arranged within the populations experi-
mental plots containing different ratios of the two species.
Our goals were to verify the following questions: (1) does
aggregation between a rewardless orchid and a rewarding
species increase the reproductive success of orchid? and/
or (2) increase the reproductive success of 1. tuberosa? (3)
Is reproductive success associated with differences/simi-
larities in floral morphology or floral scent of the exam-
ined taxa? (4) Is it possible to distinguish between potential
facilitative and/or competitive interactions? (5) Are these
interactions linked to the ratios of Ophrys—Iris within natu-
ral populations?

Materials and methods
Study species

Ophrys fusca link is a perennial herb that forms a basal
rosette in late autumn and a single few-flowered inflores-
cence that usually bears 2—6 flowers in late winter until
early summer. It is a widespread rewardless orchid, occur-
ring mainly in the western Mediterranean region and in
northern Africa (Delforge 2005).

The O. fusca labellum (brownish) has one central lobe
flanked by two lateral lobes (Fig. 1a). The central lobe can
be divided along its length into three main regions: basal
(near the stigmatic cavity), median, and apical. Many spe-
cies of the O. fusca group are pollinated by male Andrena
bees (i.e. A. nigroaenea and A. flavipes) (Stokl et al. 2005).

Iris tuberosa L. is an iridacean species native to Medi-
terranean regions (southern Europe, the Balkans, and
Northern Africa) (Mathew 1987). In Italy, it mainly occurs
in central and in southern regions where it grows in dry,
usually rocky places, in olive groves, and amongst hedges
(Pignatti 1982). Flowers of I. tuberosa are hermaphroditic
and trimerous, thus consisting of two whorls of petal-like
members (an outer and an inner series of tepals), with three
stamens inserted opposite the outer tepals, and an infe-
rior ovary of three united carpels sharing a common style
(Fig. 1b). Information regarding its sexual reproduction
is rather scarce. The plant needs an appropriate pollinator
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Fig. 1 Illustration of floral
morphology of Ophrys fusca (a)
and Iris tuberosa (b)

visiting the flower to gather the nectar located at the base of
the tepals, as observed by Arcangeli (1895), who identified
the hymenopteran Xylocopa violacea as a pollinator of 1.
tuberosa flowers, since self-pollination is unlikely to occur
due to the location of the anthers below the stigma lobes.
Previous studies in Italy showed that I. tuberosa was pol-
linated exclusively by hymenopteran species of five genera:
Andrena, Anthophora, Colletes, Lasioglossum, and Xylo-
copa (Pellegrino 2014).

Study site and experimental design

Experiments were conducted during the spring of 2013
at four sites in Pollino National Park (Calabria, south-
ern Italy), where populations of O. fusca and I. tuberosa
grow sympatrically. The O. fusca plants were, on average,
numerically twice those of I. tuberosa plants. The area cov-
ers ~700 ha and consists of calcareous, dry grasslands (Fes-
tuco-Brometalia); Spartium junceum L., Cytisus sessilifo-
lius L., and Cistus incanus L. are the frequent shrubs and
Festuca circummediterranea Patzke, Bromus erectus Huds.
and Dactylis glomerata L. are the dominant herbs. Ophrys
fusca and I. tuberosa grow over the entire area, form-
ing populations of a few to thousands of individuals. We
selected four populations, each of which is separated from
a neighbouring population by at least 1 km.

To verify the effects of different combinations of the two
examined species on reproductive success and pollinator
attraction, we created two experimental designs. In the first
experiment, we selected nine circles (plots) of 5 m diam-
eter in each population. In each plot the selected plants of
O. fusca and/or I. tuberosa were excavated and temporar-
ily potted. Removed plants were returned to their original
positions at the end of the experiments. Each circle con-
tained a total of 60 plants of different O. fuscal/l. tuberosa
ratios, one circle with only one species, and other circles
with different ratio (1:1, 1:2, 1:5, and 1:9) of examined

1 60 Op\ /60 Op
0lIr 0lIr
1:0
) 54 Op\ /60 Op | (50 Op\/60 Op'| (40 Op\ /60 Op
61Ir 61Ir 10Ir / 12 1Ir OIr / 301Ir
9:1 10:1 5:1 2:1
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30Ir / 60 Ir
1:1
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401r / 60 Ir 0lIr / 60Ir 54Ir/ 60 Ir
1:2 1:5 1:9 1:10
5 0 Op 0Op
60 Ir 60 Ir
0:1

Fig. 2 Scheme of the experimental design. 18 circular plots (5 m
diameter) were subjected to different treatments by excavating and
temporarily potting the selected plants of O. fusca and/or I. tuberosa
to create different species ratios (1:1, 1:2, 1:5, and 1:10). 9 plots
(black circles) contained a total of 60 plants (O. fusca + I. tuberosa)
and 9 plots (grey circles) kept the number of plants of one species
constant. Rows (1-5) represent the variation of O. fuscall. tuberosa
ratio

species (Fig. 2). In the second experiment, because popula-
tion size of each species also may be important, as shown
in numerous plant species (Phillips et al. 2014), we selected
nine other plots where we kept the number of plants of one
species the same (60 plants) and then altered the number of
individuals of the other to obtain different ratios (1:1, 1:2,
1:5, and 1:10) of the examined species (Fig. 2). Hereafter,
the ratios 1:9 and 1:10 are both treated as 1:10. To avoid
plants in a circle influencing pollinator attraction and fruit
production of neighbouring circles, we selected plots such
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that each was separated from a neighbouring plot by at least
15 m. Moreover, individuals of the few other co-flowering
herbaceous species (Ranunculus sp. and Bellis sylvestris)
growing in the plots, which could affect pollination of the
two focal species, were removed.

Reproductive success

For each plot, produced fruits were assessed and the per-
centage of flowers that set fruits determined. The effects of
our treatments on the reproductive success of each species
across plots and populations were evaluated by analysis of
variance (ANOVA) with the SPSS software package. The
significance of correlation between fruit set of O. fusca and
its different aggregation with I. tuberosa, and viceversa,
was tested with bivariate analysis using SAS (SAS insti-
tute, Inc., 1988).

Flower-visiting insects

Sampling of flower-visiting insects was restricted to
5-6 days for each site, leaving at least 4-day gaps between
sampling days, at each site in order to minimise any nega-
tive impact on the local insect fauna and to minimise nega-
tive effects on fruit set. The sites were visited alternately
between 0800 and 1800 h by four observers. The insect
visitations were recorded during the peak flowering sea-
son, from 2 March to 16 April 2013, for a total of 60 h for
each population and for each plot, covering the entire spe-
cies phenology. Pollinators found on 1. fuberosa or O. fusca
flowers were captured with a handnet. The insects were
then preserved in ethyl acetate for later identification. The
species of each specimen were then identified using the
taxonomic keys from Schmid-Egger and Scheuchl (1997).

Morphometricanalysis

Flowers of 10 individuals of O. fusca and I. tuberosa in
each selected natural population were collected. Floral
traits were measured to the nearest 1 mm using a digital
calliper. For O. fusca flowers, we measured labellum length
and median region width; for I. tuberosa flowers, we meas-
ured length and width of the outer brownish tepals. Ranges,
means, and standard deviations were estimated for each
trait using DataDesk 7 software (Velleman 2012). Differ-
ences in flower morphology between species were analysed
by ANOVA, and pairwise contrasts were tested at o = 0.05.

Scent analysis
Floral hydrocarbons produced by the two species were ana-

lysed for plants from all populations. For each population
the labellum (O. fusca) and the outer tepal (I. tuberosa) of
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10 un-pollinated flowers were placed in a 2 mL glass vial
and rinsed in 500 pL hexane (Merck Uvasol) for 2 min
and gently shaken. Before chemical analyses, the samples
were concentrated to 70 pL, and 1 ng octadecane (C18)
was added to each sample as internal standard. One micro-
litre of each sample was injected splitless at 50 °C (1 min)
into a gas chromatograph (GC, HP 6890), followed by
opening the split valve and programming the temperature
to increase to 310 °C at a rate of 10 °C/min. The GC was
equipped with a DB-5 column (30 m and 0.32 mm); helium
was used as carrier gas. Relative amounts of alkanes and
alkenes were calculated separately. The relative amount
of each odour compound was calculated as the proportion
of total alkene and alkane amounts with a chain length
between 18 and 30 carbons. To reduce the number of vari-
ables, principle component analysis (PCA) was used for
the analysis of interspecies floral scent variation based on
scaled relative amount of hydrocarbons. The differences for
each individual compound and total hydrocarbons between
species and across different populations within species
were analysed by ANOVA using SPSS 7.5 (SPSS 1997).

Results
Reproductive success

There were no significant differences in fruit production
between plots where we kept either the number of plants
of one species the same or the total number of plants (O.
fusca + I. tuberosa) the same, suggesting that there are no
effects of population size on reproductive success but the
presence of O. fusca contributed differentially to total fruit
set of I tuberosa in respect to different ratio of aggregation.

Analysis of fitness measurements between species, con-
sidering the species-pure plots only, showed that reproduc-
tive success of sexually deceptive O. fusca was signifi-
cantly higher (almost triple) than that of I. fuberosa (mean
fruit set: 30.3 vs 10.5 %).

The percentage of total capsules of O. fusca detected
in all 72 plots ranged from 25.7 % (O. fusca:l. tuberosa
ratio of 1:2) to 30.3 % (O. fusca:l. tuberosa ratio of 1:0),
with no significant differences found by ANOVA across
plots (F;¢; = 0.783, P = 0.66) and across populations
(F347=10.653, P = 0.54).

Conversely, mean values of fruit production in 1. tuber-
osa of experimental plots varied significantly (F; ¢; = 7.057,
P <0.01) from 5.7 % (O. fusca:l. tuberosa ratio of 10:1) to
19.0 % (O. fusca:l. tuberosa ratio of 1:1) (Fig. 3), while no
significant differences have been found across populations
(Fs67 = 0.813, P = 0.62). The highest fitness values were
obtained in plots in which the O. fusca:l. tuberosa ratio
were 2:1 and 1:1, respectively. An intermediate level of fruit
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Fig. 3 Fruit set (mean value &+ se; N = 4) of O. fusca (white circle)
and 1. tuberosa (black square) for each of the 9 species ratios

set (12.0-13.4 %) in I. tuberosa has been observed in treated
plots with O. fusca:I. tuberosa ratio corresponding to 1:2,
1:5 and 1:10. The lowest values of fruit set (5.7-7.0 %) of
1. tuberosa were detected in two plots where the O. fusca:l.
tuberosa ratios were 5:1 and 10:1. In plots with 1. tuberosa
plants only, an intermediate value of fruit set (10.5 %) was
recorded (Fig. 3). Moreover, bivariate analysis showed the
absence of linear regression between the percentage of fruits
and the ratio of aggregation of the two species.

Flower-visiting insects

Field observations pointed out that O. fusca had an almost
doubled success of pollinator attraction compared to
1. tuberosa. Indeed, totals of 685 and 288 insects were
observed on O. fusca and I. tuberosa flowers, respectively.
All O. fusca pollinators belong to Andrena sp., while seven
species were recognised as effective pollinators of 1. tuber-
osa, all pertaining to hymenopteran insects of three gen-
era (Andrena, Lasioglossum and Xylocopa). Among them,
Andrena was the dominant genus, accounting for >87 % of
L. tuberosa pollinators (Fig. 4), and 221 out of 288 insects
(77 %) were male. There were no significant differences
between the populations regarding the number of pollina-
tors (F; ; = 1.37, P = 0.15).

The number of pollinators of O. fusca captured in
all 72 plots ranged from 78 (O. fusca:l.tuberosa ratio
of 1:0) to 97 (O. fusca:l.tuberosa ratio of 2:1) (Fig. 5),
with no significant differences found by ANOVA across
plots (F;45; = 0.684, P = 0.68) and across populations
(F36; = 0.783, P = 0.66). Conversely, significant dif-
ferences in terms of number of pollinators of I. fuberosa
were found across experimental plots. Indeed, the high-
est number of pollinators (118) was obtained in plots in
which the O. fusca:l. tuberosa ratio was 1:1, and inter-
mediate numbers of pollinators (49-54) were observed
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Fig. 4 Pollinator species in four populations (gray scale bars)
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Fig. 5 Number of pollinators (mean value £ se; N = 4) of O. fusca
(white circle) and L. tuberosa (black square) for each of the 9 species
ratios

in treated plots where the O. fusca:l. tuberosa ratios were
1:2 and 2:1. The remaining plots showed the lowest num-
bers (10-15) of pollinators (Fig. 5). It is evident that the
presence of O. fusca contributes differentially to pollina-
tor behaviour of I. fuberosa according to different ratios
of aggregation.

Morphometric data

Morphologically, the labellum of O. fusca and the outer
tepals of I tuberosa are quite similar. Indeed, ANOVA
showed no significant differences in flower morphology
of the two species (F; = 0.324, P = 0.33). The label-
lum length of O. fusca was recorded as 9-20 mm (mean
14.8 £ 0.62) and the labellum width ranged from 5 to
11 mm (mean 8.2 £ 0.33). The tepal length of 1. tuberosa
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ranged from 12 to 20 mm (mean 16.0 £ 0.75) and the
width from 7 to 13 mm (mean 8.7 £ 0.46) (Fig. 6).

Floral aliphatic compounds

In all flower extracts of selected species, we detected
n-alkanes (saturated hydrocarbons) and n-alkenes (unsatu-
rated hydrocarbons) of chain lengths of 21-29. ANOVA
showed no significant differences in total amounts of ali-
phatic compounds between species (F; ; = 0.425, P = 0.42)
and across populations within species (F;; = 0.611,
P = 0.53). Among the alkanes, both species showed high
percentages of tricosane, pentacosane and heptacosane
(Fig. 7a). In particular, tricosane (C23) represented more
than 50 % of total alkanes in O. fusca and L. tuberosa while
the percentages of pentacosane and heptacosane ranged
from 15 to 25 %. Moreover, among the alkenes there was
a high proportion (50-55 %) of 11-nonacosene in both spe-
cies. The other two alkenes (11-heptacosene and 9-hepta-
cosene) reached percentages of about 10-15 % (Fig. 7b).
The remaining occurred in traces rarely exceeding 5 %.
Quantitative analyses of relative amounts of alkanes and
alkenes showed that aliphatic compounds did not differ
significantly between the two species. The reduction of
all the detected compounds with PCA produced 10 PCA
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Fig. 7 Relative amounts of a alkenes and b alkanes in the floral odor
of Ophrys fusca (n = 38) and Iris tuberosa (n = 39)

factors explaining 81.6 % of the total variance. A canoni-
cal discrimination analysis, with the first two discriminant
functions explaining 100 % of the variance (discriminant
function 1: eigenvalue = 1.08, v2 = 103.53, P < 0.001;
discriminant function 2: eigenvalue = 0.36, v2 = 30.84,
P < 0.001), revealed that the floral odour bouquets did not
differ significantly between the two species, showing a con-
tiguous and overlapping group (data not shown).

Discussion

Our study reports two unusual results: O. fusca has an
almost doubled success of pollinator attraction and fruit
production, and a facilitating effect of sexually deceptive
orchid for Iris exists. Indeed, the information presented
here is sufficient to point out the possibility that the coex-
istence of I. tfuberosa with the rewardless sexually decep-
tive O. fusca is advantageous for pollinator attraction and
fruit production of Iris through two main interactions (i.e.,
the magnet species effect and the floral mimicry). These
findings suggest that positive interactions among co-occur-
ring species are more frequent than previously assumed
(Johnson et al. 2003), and, for the first time, that a sexually
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deceptive orchid may be a magnet species in a pollination
strategy. Iris tuberosa is benefiting from the greater abun-
dance of insects attracted by the presence of O. fusca speci-
mens, while O. fusca pollination is not affected by the pres-
ence of I. tuberosa. If a plant is a mimic of another one, it
is clear that it will receive more pollinator visits in the pres-
ence of the model plant. These findings are in accordance
with the observations that insects tend to visit flowers with
corolla colours similar to those they have visited previously
(Evans and Raine 2014; Gigord et al. 2002; Renner 2006).
Indeed, morphological observations pointed out that both
examined species exhibit similar flowers in terms of flo-
ral size (Fig. 6) and colour (analysis of colour reflectance,
Pellegrino unpublish data). These morphological charac-
teristics may provide a stimulus to insects approaching the
flower, reinforced by the effect of the odour that acts as the
primary attraction factor in orchid sexual deception (Schi-
estl et al. 2003, 2004). Iris tuberosa imitates O. fusca flow-
ers in shape, colour and, most importantly, scent. In flower
extracts of 1. tuberosa, we found 35 hydrocarbons, which
can be found also in labella extracts of O. fusca. Not only
does I. tuberosa have the same alkanes and alkenes as O.
fusca, but, in particular, it shares with Ophrys the electro-
physiologically active compounds tricosane and 11-nona-
cosene (Fig. 7), which effectively play a role in pollinator
attraction (Ayasse et al. 2003; Stokl et al. 2008). In this
way, pollinators are attracted to the Iris flowers by olfac-
tory signals.

These findings are, to the best of our knowledge, the first
conclusive reports of floral mimicry in the family Iridaceae.
Data on the mechanism of mimicry are largely available for
orchids, especially for food-deceptive orchids. Food-decep-
tive species attract pollinators by imitation of floral signals
typical of rewarding plant species (Jersakova et al. 2006).
Two types of mimicry are generally recognised among
deceptive orchids. The first is Batesian mimicry, consist-
ing of a ‘mimic’ that imitates signals of a ‘model’, and an
‘operator’ that responds to them (Dafni 1984). An alterna-
tive form of deception is described as ‘generalized food
deception’ (Jersdkova et al. 2006; Steiner 1998), where a
particular model species is lacking and relies upon the
perceptual exploitation of pollinators. A few examples of
Batesian mimicry are well documented, such as Anacamp-
tis israelitica (Dafni and Ivri 1981), Cephalanthera rubra
(Nilsson 1983), Disa pulchra (Johnson 2000), and their
respective models, in which similarities in colour between
model and mimic have been reported. The I. tuberosa pol-
lination strategy cannot be defined as Batesian mimicry
or ‘generalised food deception’, because the model plant
does not offer a reward to pollinators. We can define the
I. tuberosa pollination strategy ‘mimicry of a sexually
deceptive species’. In this case, the Iris flowers mimic O.
fusca labella which mimic female insect mating signals.

A situation of double deception occurs: first, the orchids
deceive pollinators, then the same insects are deceived by
Iris flowers, mainly by olfactory cues.

Interactions among plants that are mediated by pol-
linators can range from competitive to facilitative, in
which plant species interfere by enhancing or diminish-
ing one another’s ability to attract sufficient pollinators,
respectively (Geber and Moeller 2006). In this respect, the
maximum levels of numbers of pollinators and reproduc-
tive success of 1. tuberosa were recorded in treated plots
where O. fusca specimens co-occurred, suggesting a ben-
efit that might be explained by invoking the magnet spe-
cies effect (Thompson 1978) due to the higher density and
greater attractiveness of the orchid. On the contrary, the
lowest level of fitness of 1. tuberosa in plots in which there
were more O. fusca specimens than 1. tuberosa (ratio of O.
fusca:l. tuberosa of 10:1 or 5:1, Fig. 3) exclude the mag-
net species effects. In the latter case, the lowest Iris plant
density could fail to attract sufficient pollinators (Moeller
and Geber 2005), suggesting that pollinator saturation may
be common. Moreover, an intermediate level of number
of pollinators and fruit set in 1. tuberosa was observed in
treated plots where there were few O. fusca specimens
(ratio of O. fusca:l. tuberosa of 1:5 or 1:10, Figs. 3, 5).
These results point out that 1. tuberosa showed a complex-
ity of these interspecific interactions among plants. Indeed,
in some cases, fitness of I. tuberosa may be affected by
facilitative effects but, in other cases, by competition for
attraction of pollinators.

Clearly, the direction of interactions (e.g., facilitation
or competition) was ratio dependent. In this system, equal
density of model and mimic species seems to be important
for mediating positive interactions for pollination, while
excessive differences in density of model and mimic plants
seem to create competition for pollinators.

Conclusion

Our experiments showed that positive interactions among
co-occurring species occur not only when an unreward-
ing species grows sympatrically with a rewarding species
but also when a rewarding species lives in the presence of
sexually deceptive species. In the first relationship, the nec-
tariferous species has a greater attractive force of pollina-
tors (classic example of magnet effect). In our case, for the
first time, it is evident that sexual deception can outperform
even reward-based systems in terms of promotion of pol-
linator attraction.

We suggest that 1. tuberosa adopts a complex mix of
pollination strategy and magnet species effect and could
represent a helpful model for studying the transition
between different pollination strategies, which remains
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to be investigated further. Indeed, we can speculate that I.
tuberosa could represent a transitional step from reward-
ing pollination to sexual deception (Vereecken et al. 2012).
Indeed, in the case of orchid sexual deception, it has been
demonstrated that pollinators were rewarded originally by
food (Kullenberg and Bergstrom 1976) and that scent was
present already before the loss of a reward (Schiestl et al.
1999).
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