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Abstract
The reproductive success of the terrestrial deceptive orchid Anacamptis morio was investigated
in the Donau-Auen National Park, Austria. In the season 2017, the fruit set of 399 plants was
analyzed in relation to floral display parameters (e.g. flower numbers, plant heights) and coflowering con- and hetero-specific densities. A central question was, if rare white-flowered
plants increase the reproductive success of common purple-flowered plants. The mean fruit set
of all plants studied was 17.6 %. On average, 3610 seeds per capsule (N = 10) were formed, of
which on average 16.8 % were vital. The fruit set increased with increasing numbers of flowers
per inflorescence. However, at a certain number of flowers per inflorescence or a certain plant
height, the reproductive success no longer increased, on the contrary the fruit set level stagnated
and thereafter decreased. Conspecific densities had a significant negative effect on fruit set as
well as on plant height. From 12 co-flowering taxa three occurred in more than 10 % of all
studied subareas. However, no evidence was found for a facilitation of the deceptive orchid
through rewarding co-flowers. On the contrary, a significant negative effect of Potentilla incana
on the fruit set of A. morio was found. There was no difference in the reproductive success
among purple- and white-flowered plants. Furthermore, I didn´t find evidence, that rare whiteflowered plants had a positive effect on the fruit set of conspecific purple-flowered plants as
has been suggested, previously. My results suggest that neither negative frequency dependent
selection (in favor of rare morphs) nor facilitation of the common morph (through rare white
morphs) took place.
Keywords: Orchis morio, deception, Orchidaceae, flower color polymorphism, magnet species,
Donau-Auen National Park, conspecific densities, fruit set.

Zusammenfassung
Der Reproduktionserfolg, der terrestrischen Nektartäuschorchidee Anacamptis morio wurde im
österreichischen Nationalpark Donau-Auen untersucht. Im Frühjahr 2017 wurde der
Fruchtansatz von 399 Pflanzen in Hinblick auf verschiedene Blütenstand-Parameter (z.B.
Blütenanzahl, Pflanzenhöhe) sowie kon- und heterospezifische Bestandsdichten von möglichen
Attraktionspflanzen untersucht. Insbesondere wurde hierbei der Fruchtansatz von
verschiedenen Blütenfarben-Morphen und ihre potentiellen wechselseitigen Einflüsse
untersucht. Der mittlere Fruchtansatz aller untersuchten Pflanzen lag bei 17.6 %. Im
Durchschnitt wurden 3610 Samen in einer Kapsel (N = 10) gebildet, von diesen waren
durchschnittlich 16.8 % vital. Eine größere Anzahl an Blüten in der Infloreszenz erhöhte den
Fruchtansatz. Allerdings stagnierte ab einer bestimmten Anzahl von Blüten der Fruchtansatz
und nahm bei noch mehr Blüten sogar ab. Durch hohe konspezifische Pflanzendichten konnten
signifikant negative Effekte sowohl auf den Fruchtansatz als auch auf die Pflanzenhöhe
festgestellt werden. Von 12 beobachteten zeitgleich blühenden Taxa kamen drei in mehr als
10% aller untersuchten Flächen vor. Allerdings konnte kein erhöhter Fruchtansatz durch diese
Pflanzen festgestellt werden. Im Gegenteil wurde ein signifikant negativer Effekt von Potentilla
incana auf den Fruchtansatz von A. morio nachgewiesen. Es konnte kein Unterschied im
Fruchtansatz der violett- (dominanter Farbmorph) und weißblühenden Pflanzen festgestellt
werden. Dieses Ergebnis deutet darauf hin, dass weder negative-dichte-abhängige-Selektion
(Bevorzugung des seltenen Morphs) noch eine Begünstigung des dominanten Morphs (durch
den seltenen Morph) stattfindet.
Stichwörter: Orchis morio, Fruchtansatz, Nektartäuschblumen, Orchidaceae, Blütenfarben
Polymorphismus, Magnetarten, Nationalpark Donauauen, Pflanzendichte.
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1 Introduction
The plant family Orchidaceae represents with roughly estimated 25 000 species around the
world a high variability of different flower forms and pollination strategies. In general, there
exist rewarding and non-rewarding (so called deceptive) orchids. Deception, the absence of any
rewards for pollination, is widely common in Orchidaceae with approximately one third, of all
orchid species, aligning to this strategy (Ackerman, 1986).
The reproductive success of orchids is usually reported as fruit set value, which is the ratio of
the number of fruits/flowers per inflorescence. Deceptive orchids have, on average a lower fruit
set level (22.2%), compared to rewarding orchid species (50.8%) worldwide (Neiland and
Wilcock, 1995).
There exist many different deceit strategies in orchids, such as generalized food deception,
Batesian floral mimicry, brood-site imitation, shelter imitation, pseudo-antagonism, rendezvous
attraction and sexual deception (Dafni, 1983a; Paulus, 2005; Jersáková et al., 2006a).
Generalized food deception is the most common deceit strategy and is characteristically for
orchids that flower in early spring, exhibit floral color polymorphism and/or exploit newly
emerged bees and bumblebees (Ackerman, 1986; Jersáková et al., 2006a).
In this study, the reproductive success of the generalized food-deceptive orchid A. morio
(Anacamptis morio) is evaluated.
Until today, the question how and why deception evolved is unanswered. The hypothesis that
high costs of nectar production (resource limitation hypothesis) could have favored nectarless
mutants is weakened by the fact that many orchids are rather pollination-limited than resourcelimited (Dafni, 1983a; Ackerman, 1986; Tremblay et al. 2005; Jersáková et al., 2006a). The
pollination-limitation arises due to the asymmetric relationship between orchids and pollinators,
with the orchid being far more dependent on their pollinators than vice-versa (Nilsson, 1992b).
As already mentioned above, one part of a possible pollination strategy of generalized food
deceptive orchids could be to flower in early spring, when the number of flowering plants,
which supply food for pollinators, is limited. Furthermore, at that time of the year pollinators
are generally naive and unconditioned, which increases the likelihood for deceptive flowers of
being visited (Internicola and Harder, 2012). Emerging in early spring, when only a few food
plants are already available for insects, bumblebees and especially naive bumblebee queens are
often reported as important and effective pollinators of A. morio (Nilsson, 1992; Smithson,
2002; Johnson et al., 2003).
Furthermore, the phenomenon of color polymorphism is discussed to be an advantage strategy
for increasing the reproductive success in food-deceptive orchids.
Some deceptive orchids, like Dactylorhiza sambucina, exhibit a color polymorphism with two
different color morphs (red and yellow). Other deceptive orchids, like Orchis mascula or A.
morio, exhibit a color polymorphism with a dominant regular flower color and a so-called “rare
white” morph. This means that only a few individuals in the population are white (pale,
colorless). Both forms are often termed “color morphs” and are also discussed in the issue of
“color polymorphism”.
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The role and importance of color morphs on the reproductive success in (deceptive) orchids is
not fully understood until today, despite being fiercely debated.
According to Dormont et al. (2009) the reproductive success of the usually purple-colored
Orchis mascula morph was higher when they grew in populations together with the rare white
morph than in pure purple populations. On the other hand, the theory of NFDS (negative
frequency dependent selection) states, that the rare color morph becomes overvisited by
pollinators, what leads to a reproductive advantage for the rare morphs within a population.
Gigord et al. (2001) studied the ratio of yellow and red morphs of the deceptive orchid
Dactylorhiza sambucina in France and found experimentally, that through NFDS this dramatic
flower-color polymorphism could be maintained.
But, regardless the role of color polymorphism on the reproductive success, there are other plant
parameters such as plant height and flower numbers, whose impact on the reproductive success
is important and understood much better. Finally, if we want to understand color polymorphism,
we need to understand the population structure and other plant parameters, which influence
reproduction, first. Kindlmann and Jersáková (2006) showed that the number of flowers per
inflorescence of several orchid species had a significant influence on the reproductive success.
For A. morio, they found that more flowers per inflorescence increases the reproductive success
up to a certain level where it stagnates and becomes then reversed. Also, the conspecific plant
density on a site influences the reproductive success of orchids with intermediate conspecific
densities being the most supportive (Sabat and Ackerman, 1996). Only when we know the
dynamics within a population itself, which is influenced by various abiotic and biotic factors, a
bigger picture of possible evolutionary advantages of different strategies, like deception and/or
color polymorphism, could be fully understood.
Another interesting theory is the so-called “magnet species effect”, which predicates that the
reproductive success of a deceptive orchid is increased by co-flowering nectariferous plants,
through their possibility of increasing local abundance of pollinators (Thomson, 1978; Johnson
et al., 2003). In general, interactions between co-flowering plants are likely and can be positive,
when the co-occurring flowers attract pollinators. But the opposite can happen too, when cooccurring species compete with their non-rewarding counterparts for pollinators and/or the male
fitness of a plant becomes reduced via pollen misplacement (Rathcke, 1983; Muchhala and
Thomson, 2012).
Experimentally, Lammi and Kuitunen (1995) couldn´t find a “magnet species effect” for the
deceptive orchid Dactylorhiza incarnata. But Johnson et al. (2003) criticized the density ratio
of Dactylorhiza incarnata and the co-flowering rewarding Viola flowers used by Lammi and
Kuitunen (1995), because it was roughly equal (0.4-0.5 plants/m2). They argue, that substantial
numbers of nectar plants would be necessary to detect a magnet species effect.
An interesting difference between deceptive and rewarding orchids is the number of seeds in
their fruits (i.e. capsules). Deceptive species have more seeds per capsule, but not larger seeds
or more flowers compared to rewarding species (Sonkoly et al., 2016).
But not only the number of seeds per capsule, as measure of the reproductive success, would
be interesting, also the seeds vitality is important to set the number of seeds per capsules into a
8

general view. A possible difference in seed numbers per capsule between color morphs of A.
morio wasn´t evaluated until now, to the best of our knowledge. This is also the case for the
seed vitality levels of different color morphs.
The attempt of this study is to evaluate different factors, which might influence the reproductive
success of deceptive orchids in general and of A. morio specifically. Besides factors of the floral
display, like flower numbers or plant height, population parameters of density and distance of
conspecifics are evaluated. However, the focus of this work lies on the role of the color
polymorphism in A. morio and its possible impact on the reproductive success. Therefore, the
distinctions between different color morphs were evaluated in detail. Another important topic
of this work is the question of the impact of co-flowering (possibly) magnet plants on the
reproductive success of A. morio. Further, I was interested in differences of viable seeds
between color morphs.
As benchmark for the reproductive success of A. morio fruit set values were used as they are
the most widely used measure (Neiland and Wilcock, 1995).
Following specific research questions are addressed:
a) Are there differences in fruit set, seed numbers and seed vitality among color
morphs in A. morio?
b) What role do flower numbers, flower positions on the inflorescence, plant height
and inflorescence length play for the reproductive success in A. morio?
c) What effect has con- and hetero-specific plant density on the reproductive
success of A. morio?
Since scientific work is always under pressure of time and resources, there needs to be a
research limitation. Therefore, many interesting topics, that also might influence the
reproductive success of A. morio, were excluded. Such topics were, for instance, resource
availability, vegetation density and soil depth, mycorrhiza interactions, or scent and spectral
analyses for the different color morphs. But also without these specific issues, the present study
can help to understand the factors and processes better, which influence the reproductive
success of the food-deceptive orchid A. morio. The more studies about the reproductive success
of deceptive orchid are performed, the easier it will be to understand the underlying processes
and their role and function for the plants. Each scientific study attending these issues act as
piece in the puzzle of understanding, finally, the relevant corresponding evolutionary processes.
Once a day this puzzle will be completed!
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2. Materials and Methods
2.1 Plant species
The Green-winged or Green-veined orchid – Anacamptis morio L. – is a generalized fooddeceptive terrestrial orchid. The geographical range of this Eurasian orchid species reaches
from the British Isles to Iran in the east. In Europe, the species can be found from the
Mediterranean region to the south of Scandinavia (Claessens and Kleynen, 2011). In Austria
this orchid appears in all federal states and its flowering period lasts from late April to the end
of May (Fischer et al., 2008). After blossom and seed set, the above ground plant organs dry
out and disappear completely. In the autumn, early October (occasionally even in late
September) new rosette leaves are built, which persist during winter (Wells et al., 1998). This
kind of orchids type belongs to the so called “wintergreen orchids”. The wintergreen leaves
grow from tuber roots which are infected by a mycorrhiza fungus that supplies the plant with
nutrients. The tubers are replaced each year by new ones. The current tuber functions as food
reserve which is used up during the flowering season (Wells et al., 1998). The mycorrhiza
fungus is vital in the germination process of the orchid seed (Rasmussen, 1995). The mycorrhiza
genera Ceratobasidium spp., and Tulasnella spp., seem to be the most important symbionts.
Other fungi were sporadically detected: i.e. Schizophyllum commune, Stereum hirsutum,
Bjerkandera spp., from the Basidiomycota and Alternaria spp., and Fusarium spp., from the
Ascomycetes (Ercole et al., 2015). Rasmussen (1995) also reports Thanatephorus spp. as
mycorrhiza symbionts.
Anacamptis morio prefers natural dry meadows with oligotrophic soils from lowland to
submontane levels (Procházka and Velísek, 1983). Open soil, a shallow soil body and a low
vegetation density helps the orchid to compete with other plants (Rotter, 2002). Especially high
vegetation density can have a negative effect for the orchid (reduced amount of light transmits
to the rosette leafs leading to a reduction of the photosynthesis). Because of that, regularly
grazing and/or mowing (once or twice a year) is essential for its conservation (Jersáková et al.,
2002).
The inflorescence sits on a single tube-stem, which can get a height of about 30 cm. On average,
there are about 9-12 flowers per inflorescence. There are many different flower colors of A.
morio, with purple-colored plants being the most widespread. Rare white (pale) and pink
morphs exist, though the question if pink represents a separate color morph category, still needs
to be resolved. Flower colors differ from each other in small nuances leading to a large variety
of colors.
Spectral reflectance analyses for A. morio were done by Nilsson (1984) for a “normal” purple,
a dark purple and a white plant with the result that the white-flowered plant had a higher
reflectance (more than 50%) between approximately 410-700 nm. There was a clear peak in the
blue light spectrum for all three tested colors. From 600-700 nm (red and beginning infrared
spectrum) the reflectance increased again to a maximum of 50% reflectance for the normal
purple and the dark purple plants (white-flowered plants had a reflectance of more than 60%).
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When it comes to fragrance A. morio shows a high variable one, which seems too weak to be
detectable by pollinators (Salzmann et al., 2007). Nilsson (1984) found that the distinct
fragrance of A. morio is pleasant to the human nose, chemically it is based on a terpene blend
(Nilsson, 1984; Salzmann et al., 2007).
Jersáková and Kindlmann (1998) demonstrated in their pollination experiments that A. morio
is a non-autogamous but self-compatible orchid species that depends entirely on pollinators for
the reproductive success. Besides of the honeybee and several solitary bees, bumblebees and
especially bumblebee queens are reported to be the most important pollinators of A. morio
(Nilsson, 1984, Smithson, 2002, Claessens and Kleynen, 2011). More than 40 insect species
are proofed pollinators of A. morio. Most of them are bumblebee- and wild bee species, but also
butterflies, one fly and one bug species are reported. A detailed register of all pollinators,
already known before this study, is provided in Appendix 12.
Anacamptis morio often blossom in small cohorts. Research of longevity showed that individual
plants could survive during the 18 years of Wells´ et al. (1998) study, although they must not
be the most frequent flowering plants. Sometimes plants stay vegetative for one or more seasons
to recover from external stress factors. It is also possible that plants that were missed for one or
two years showed up with vegetative leaves in the following season. All in all, individual A.
morio plants have a life time of more than 18 years. The orchid can recover from external stress
factors, like herbivores or climate conditions, by reducing their energy amount through nonflowering (Wells et al., 1998). Anacamptis morio can also reproduce vegetatively, indicated by
small clumps of plants of the same color, color patterns on the labellum, or even the same
number of flowers per plant. However, sexual breeding, which is dependent on pollinators, is
the main source of new plants and essential in the colonization of new habitats (Jersáková et
al., 2002).
2.2 Study area and Sampling
In Austria, about 70 orchid species are reported (Novak, 2010). Presumably 20 of them are
growing in the Donau-Auen National Park (Schebesta, 2007), where the data collection took
place. The Donau-Auen National Park is in the east of Austria in the regions Vienna and Lower
Austria. With around 2300 ha it is even part of the capital (Vienna). The total area of the national
park is about 9300 ha and spreads along the Danube river. It consists primarily of alluvial forests
and wetlands with intermingled meadows which claim 15% of the total territory (Donau-Auen
National Park, 2017). Anacamptis morio flowers on so called “Heißländen” within the national
park. Heißländen are former sand and gravel banks, which were silted up after the postglacial
melt down. Poor in nutrients and without sufficient water connection are Heißländen an ideal
habitat for xeric and oligotrophic specialists like A. morio. This study was done on one
Heißlände with the name “Fuchshäufel”. The, so called, Fuchshäufel is divided into an upper
and lower part. In the upper part, the original structure of the landscape was more derived by
humans, than in the lower part, due to agricultural land use in the past. Data collection took
place only in the lower part of the Fuchshäufel, because in the upper part only a few A. morio
plants were found, thus none of them was a white-colored. The low number of flowering A.
morio plants in the upper part of the Fuchshäufel, might have been caused by mowing, which
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took place last winter (2016/2017). Through this mowing the wintergreen rosettes of A. morio
might have received severe damage. At the lower part of the Fuchshäufel, 15 different patches
were used to collect the data (cf. figure 1). Field work took place between April and June 2017.
In total, 399 plants were studied, separated into three groups of color morphs. The purple
morphs built the largest group (N = 303, what is only a small fraction of all purple-flowering
individuals at the study site), followed by white morphs (N = 73, what are approximately all
white-flowered individuals at the study site) and pink morphs (N = 23, what are approximately
all pink-flowered individuals at the study site). Besides the parameters of number of flowers
and number of capsules which are essential for the fruit set calculation, following parameters
were measured and recorded: flower color, plant height, inflorescence length, distances to the
next flowering white and next flowering purple A. morio plant and densities (quantity) of
conspecific plants and co-flowering taxa within a given research radius. For the boundary of
the research radius, r = 45 cm, a hula hoop was used, which I placed around each individual A.
morio plant for data record. Also, the color of the conspecific A. morio plants, within the
research circle, were recorded.
The book “Exkursionsflora für Österreich, Lichtenstein und Südtriol“ by Fischer et al. (2008)
was used for the identification of plants species. The determination of bumblebees was done
using identification key by Gokcezade et al. (2010).
The climate data is from the university weather station in Raasdorf, which is about eight km air
distance away from the research plot Fuchshäufel.

Figure 1. Collection patches on the Fuchshäufel – Donau-Auen National Park
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2.3 Laboratory work
In the laboratory seeds of A. morio capsules were analyzed. Due to nature conservation the
number of capsules was limited to N = 10. The harvested fruits were stored in small open glass
tubes, where they could dry at room temperatures.
The dry capsules were weighted and their length and thickness measured. Later, the capsules
were squashed with metal needles so that in every glass tube all seeds of a fruit could be found.
The parts of the pericarp were removed carefully so that finally only seeds where left. The
number of seeds was counted according to Sonkoly et al. (2016), who used a known volume of
glycerin (99.5%) to make a suspension of seeds and then counted 10 × 4 µL under the light
microscope. According to this method, the number of seeds in a capsule becomes assessed
based on the counted seed numbers in the drops and the proportion of the drops to the whole
volume. In my study it was a little bit more complicated, because I also wanted to perform a
vitality analysis with seeds from the same capsule. Therefore, 200 seeds were first separated
from the rest and stored in separate glass tubes for the subsequent vitality analysis. The rest of
the seeds was mixed with 1000 µL glycerin (99.5%). Always before 10 µL were pipetted onto
object slides I stirred them carefully to make a homogenous dispersion. The advantage of highly
viscous glycerin is that the low-density seeds of A. morio needs a longer time to rise to the
surface than in water. In total 10 ×10 µL probes were counted per collected capsule.
In the calculation of the number of seeds per capsules, the 200 seeds, which were excluded for
the vitality analysis, where included again.
The vitality analysis was performed using the tetrazolium method by Van Waes and Debergh
(1986), adopted by Jana Jersáková (verbal message to Andreas Braun, who performed such a
vitality analysis for Dactylorhiza sambucina in 2009).
The tetrazolium method is shortly called TTC analysis, because it uses 2,3,5-triphenyl
tetrazolium chloride (TTC). This method is a color staining method, where vital seeds become
colored reddish.
There are four main steps to perform the TTC-analysis:
- The seeds were put between gauze in slide frames. Then the slide frames were put in a
solution of distilled water, CaCl2O2 (5%) and Tween 80 with the ratio 289:10:1 for 3
hour what is the optimal soaking duration (+SD) for A. morio according to Van Waes
and Debergh (1986). Due to the calcium chloride solution the seeds become disinfected
and more water permeable what supports the staining process.
- Thereafter, the slide frames were rinsed in drinking water and stayed in it for the next
24 hours.
- After that, the slide frames were put into the incubator at 30°C in the solution of
2,3,5-triphenyl tetrazolium chloride and distilled water with the ratio 1:99.
The pH-value of the solution was adjusted at 7. After a reaction time of 24 hours the
slide frames with the seeds were again carefully rinsed in drinking water.
- As a last step the colored seeds were counted under the light microscope, within 24
hours. In my analysis pale or brown-colored seeds were rated as not vital and orangered or red-colored seeds were rated as vital (cf. Braun, 2009).
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2.4 Statistical analysis
The statistical analysis was performed using SPSS (version 24; ©SPSS Inc., 2017).
A Kolmogorov-Smirnov test and a Shapiro-Wilk test for proofing the assumptions of a normal
distribution was performed. For the seed numbers and vitality data set the KolmogorovSmirnov Z test was used, which is recommended for a small sample size (Field, 2016).
Although some of the parameters, i.e. plant height for white morphs, was normally distributed,
many others, like fruit set, weren´t. But in this study the fruit set parameter has a key role and
is part of almost every statistical calculation, because of that, non-parametric tests and
correlations were the most important tools, besides of the independent t-test for group
comparison, which was allowed to perform in the given circumstance (Field, 2016). After
finding a significant correlation, the regression graphic tool was used to find more detailed
information about the corresponding parameters. With the performance of “curve estimation”
it was possible to find the best fitted regression curve for the present data.
The original plan of this Master thesis, in terms of color polymorphism, was to analyze the role
and impact of white-flowered plants on the reproductive success of purple-flowered plants and
vice versa. During field work pink-flowered plants were labeled as such extra, therefore the
idea of testing whether there is a significant difference between purple- and pink-flowered plant
started to rise. The corresponding non-parametric tests (Kruskal Wallis Test) showed
significant divergences between the flower-color morph groups, which are purple, white and
pink. In comparison, an independent t-test was run, which often confirmed the results of group
differences from the non-parametric tests. Since, the results of the non-parametric Kruskal
Wallis test seemed to be in two cases (fruit set white against pink and flower number purple
against white) not reasonable, I decided to report the results from the independent t-test (twosided test) in the results chapter. However, in the Appendices 1 & 2, you can find both test
results, in detail. Based on the new group classification the study became enlarged by testing
three color morph groups against each other instead of two.
The cut off between not important and important co-flowering taxa of A. morio was set to an
occurrence level of 10% of all cases. For these taxa, the interactions with A. morio were
calculated separately with a non-parametric Spearman correlation.
Like the concept of Kropf (2008), who used a margin of r > 0.9 to avoid weighting of
parameters, I decided to use a correlation coefficient of r > 0.8 as a signal of a strong
interdependence between the parameters and an indication that they might describe the same
interaction. In other studies, already a correlation coefficient of 0.63 was used as indication for
a strong interdependence between the parameters (Juillet et al., 2007). However, I decided to
use a higher boundary of r than Juillet et al. (2007), because I wanted to have a reasonable R2
value. In the present study such a strong interdependence was found for the parameters “plant
height” and “inflorescence length” as well as for “fruit set” and “capsules number”. Because of
that, I used “fruit set” and “plant height” instead of “capsules number” and “inflorescence
length”.
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3. Results
3.1 Fruit set, seed set and seed vitality

3.1.1 Climatic conditions within the research season
In the season 2017, A. morio started flowering early, already in the week before Easter (10-16
April 2017). In the week after Easter air temperatures sank down close to 2°-3°C (air
temperatures 2 m above ground, cf. figure 3). The soil temperature stayed wormer and had its
minimum at about 7°C (cf. figure 4). Some plants were damaged by the low temperatures (cf.
figure 2).
In this season A. morio blossomed very long, about five weeks, from mid of April to the end of
May. One possible reason for that could be the cold spell short after Easter. On the temperature
scale, you can see that it took about 10 days (until the end of April) before the temperatures
were at the same level again, when A. morio started flowering (around the 15 April). Thereafter,
the temperatures climbed slowly and reached only by mid of June, with 15°C, a level that was
already exceeded before blossom, at the beginning of April. These moderate temperatures seem
to be responsible for the long flowering period of A. morio in the season 2017.
The soil temperature also shows the cold spell in April. In the first week of May the soil
temperature reached again the level before blossom of about 12°C.
Precipitation during the cold spell was more than 12 mm/m2 (cf. figure 5). Even small snow
showers occurred, but the snow melted away by touching the ground. Later, only small rain
showers occurred with 1-4 mm/m2, on a few days. These small events were, for sure, supportive
for the flowering.

Figure 2. Frost damaged A. morio plants
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Figure 3. Air temperature (C°) during the flowering season of A. morio in 2017

Figure 4. Soil temperature (C°) during the flowering period of A. morio in 2017

Figure 5. Precipitation (mm) during the flowering period of A. morio in 2017
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3.1.2 Fruit set values of Anacamptis morio
In the season 2017, the mean fruit set of all studied plants was 17.6% (SD = 19.3, N = 353) at
the lower “Fuchshäufel”. The smaller N of 353 plants is the result of plant losses, mainly caused
by spittlebugs (original sample size N = 399).
The most dominant flower color of A. morio was purple. Purple-flowered plants showed are
wide range of variation in small nuances concerning the color intensity and/or color
composition. Purple-flowered plants had a mean fruit set of 18.1% (SD = 18.6, N = 271). In
comparison, the mean fruit set of rare white-flowered plants was slightly higher, but not
statistical significant, with 18.4% (SD = 23.3, N = 61). The independent t-test (two-sided test)
didn´t find significant differences between white- and purple-flowered plants in respect to fruit
set (t (330) = -0.120, p = 0.905). In contrast to this result, rare pink-flowered plants had a lower
mean fruit set with 8.9% (SD = 13.3, N = 21) representing a statistically significant difference
(purple and pink: t (290) = 2.934, p = 0.007; white and pink: t (80) = 2.274, p = 0.026). For the
correct interpretation of all results concerning pink-flowered plants it is important to bear in
mind the smaller N of only 23 individuals (for the fruit set only 21 individuals).
Although there are no statistically significant differences in flower numbers among the flowercolor morphs, fruit set differed significantly.
For a first overview means of population parameters are presented in table 1.
Table 1. Means of population parameters

N of fruit set data
Fruit set [%]
Flowers [number]
Capsules [number]
Plant height [cm]
Inflorescence length [cm]
Population density of all coflowering A. morio colors
[number]
Population density of coflowering white A. morio
morphs [number]
Distance to the next flowering
purple A. morio [cm]
Distance to the next flowering
white A. morio [cm]

All
colors
353
17.60
11.06
2.04
16.87
4.29
12.81

Purple color
morphs
271
18.09
11.33
2.14
17.16
4.49
10.07

White color
morphs
61
18.42
10.16
2.02
15.73
3.63
22.05

Pink color
morphs
21
8.96
10.35
0.86
16.50
3.72
19.52

0.52

0.43

0.90

0.39

15.16

15.15

16.10

12.30

111.33

114.56

93.60

125.07
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3.1.3 Capsule numbers
In the population, the mean number of capsules per plant was 2.04, but in most cases no capsule
was built (n = 122; cf. figure 6).
The mean number of capsules per inflorescence of purple-flowered plants was 2.14 and didn´t
significantly differentiate from the mean number of capsules of white-flowered plants, which
was 2.02 (t (330) = 0.355, p = 0.723). Pink-flowered plants had a mean number of 0.86 capsules
per inflorescence, which was significantly lower than that of purple- (t (290) = 4.309, p = 0.000)
and white-flowered plants (t (80) = 2.734, p = 0.008).

Figure 6. Number of capsules per inflorescence counted on
individual plants per flower-color morph group

3.1.4 Seed numbers and seed vitality
The number of capsules analyzed was N = 10. Therefrom five originated from white-flowered
plants, four from purple-flowered plants and one from a pink-flowered plant. After the
subsequent seed vitality analysis only eight capsules contained seeds. In two samples the
containing seeds disappeared during the analysis. From the eight remaining samples, four
originated from purple-flowered plants and four from white-flowered plants.
For a more detailed comparison of the number of seeds from purple- and white-flowered plants
the parameters “number of flowers” and “number of capsules” were used. Neither the
independent sample t-test (two-sided) nor the non-parametric Kruskal-Wallis test did find a
significant difference between purple- and white-flowered plants (see Appendices 1 & 2).
In a next step, it was tested if there exists any difference between purple- and white-flowered
plants with respect to the following parameters: “number of seeds per capsule”, “TSW [g]”,
“TTC not vital [%]” and “TTC vital [%]”. None of these parameters showed a significant
difference between the flower-color morph groups (see Appendices 1 & 2). The single capsule
of one pink-flowered plant analyzed wasn´t statistically compared with the other color morph
groups.
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These results show, that seeds of white-flowered plants are equal to those of purple-flowered
plants in respect to the number of seeds per capsule, TSW and vitality level. In the table 2
important means and measures, for the population on one hand and the color morph groups,
on the other hand, are compiled.
Table 2. Means of seed numbers and seed vitality for Anacamptis morio
Species
Seed numbers and TSW [g]
A. morio
N FS
FLN
FRN
TSW
CSN
SNP¹
[%]
[g]
[M ± SE]
Population 10 44.0
12.6
5.4
0.00107
3610 ± 534 20014

Seed vitality – TTC analysis
N not vital
vital
SNP²
[%]
[%]
8 83.2
16.8
3362

Purple
4 44.0
14.7
6.2
0.00111
4730 ± 685 30593 4 79.2
20.8
6363
morphs
White
5 48.5
10.6
5.2
0.00084
2838 ± 764 14590 4 84.6
15.4
2247
morphs
Pink
1 21.4
14.0
3.0
0.00057
2990 ± 0
8958
morph
FS – fruit set for the A. morio plants, which seeds were analyzed; FLN – average number of flowers per
inflorescence; FRN – average number of fruits per inflorescence; TSW [g] – thousand seed weight (in grams);
CSN – capsules seed number (mean ± SE); Not vital [%] – average percentage of not vital seeds per capsule;
Vital [%] – average percentage of vital seeds per capsule; SNP – seed number per plant, in the study of Sonkoly
et al. (2016) this measure was termed SNS (Seed number per shoot);
SNP¹ = FS*FLN*CSN total
SNP² with vitality levels considered: SNS² = FS*FLN*CSN total*TTC vital

3.2 Floral display parameters and fruit set

3.2.1 Flower numbers
The mean number of flowers per inflorescence was 11.06, but most plants had 12 flowers
(n = 48; cf. figure 7). Purple-flowered plants had a mean of 11.33 flowers per inflorescence.
The mean of white-flowered plants was slightly lower with 10.16 flowers per inflorescence,
what was close to the mean of pink-flowered plants with 10.35.
In respect to flower numbers per inflorescence, no significant difference between the color
morph groups could be found (purple and white: t (330) = 1.533, p = 0.126; purple and pink:
t (290) = 0.769, p = 0.443; white and pink: t (80) = -0.184, p = 0.855).
A significant positive relationship between the number of flowers per inflorescence and fruit
set was found (rs = 0.232, p = 0.01; cf. table 3). In a next step, the best fitted regression curve
was evaluated to find a more detailed answer for the direction of the relationship between the
number of flowers and fruit set levels. The best fitted regression curve was quadratic (y = 1.16x2
-0.026x + 6.37; R2 = 0.013, p = 0.071; cf. figure 8), which was non-significant.
The fitted curve shows the relationship between the number of flowers per inflorescence and
the reproductive success. It seems that after a certain number of flowers per inflorescence the
positive effect of additional flowers slows down and stagnates before it becomes reversed.
The positive correlation between the number of flowers and fruit set is also true for purple(rs = 0.242, p = 0.01) and white-flowered plants (rs = 0.282, p = 0.01) but not for the pinkflowered plants, presumably due to the small N (see Appendix 9).
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Figure 7. Number of flowers per inflorescence
counted on individual plants per flower-color
morph group

Figure 8. Number of flowers per inflorescence and
fruit set

3.2.2 Plant height
The mean plant height was 16.87 cm, which is close to 17 cm, what was the most frequent one
(n = 27; cf. figure 9). Purple-flowered plants were with a mean plant height of 17.2 cm the
highest, followed by pink-flowered plants with 16.5 cm. White-flowered plants were the
smallest with 15.7 cm.
The color morph groups didn´t significantly differentiate on this parameter (purple and white:
t (330) = 1.792, p = 0.074; purple and pink: t (290) = 0.527, p = 0.598; white and pink: t (80) =
-0.558, p = 0.578).

Figure 9. Plant height of A. morio counted on
individual plants per flower-color morph group

Figure 10. Plant height of A. morio and
fruit set

Between the plant height and fruit set a significant positive correlation was found (rs = 0.436,
p = 0.01). The best fitted regression curve was cubic (y = -0.996x3 + 0.160x2 -0.003x + 5.267;
R2 = 0.138, p = 0.000; cf. figure 10).
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Table 3 Correlation matrix for all studied Anacamptis morio plants

Parameters

Plant traits
FN
CN

PH

IL

FS

0.232**

0.964**

0.436**

0.393**

-0.142**

-0.105*

0.430**

0.581**

0.666**

-0.020

0.529**

0.520**
0.841**

FN
CN
PH
IL
PD all
PD white morphs

Population structure
PD all
PD
white
morphs

NFP

NFW

Co-flowers
SN
P.
incana

0.010

0.065

-0.021

-0.088

-0.136*

E.
cyparissias

O.
kochii

-0.126*

0.079

0.047

0.105*

0.036

-0.112*

-0.004

-0.113*

0.005

-0.121*

0.058

0.033

-0.141**

-0.182**

-0.057

-0.122*

-0.022

0.016

-0.111*

-0.184**

-0.014

-0.021

-0.076

-0.053

0.468**

0.054

0.150**

-0.117*

-0.202**

0.040

-0.002

0.108*

0.022

0.484**

0.406**

0.471**

-0.031

-0.007

NFP
NFW
SN
P. incana
E. cyparissias

0.238**

FS = fruit set; FN = flower numbers; CN = capsules numbers; PH = plant height; IL = inflorescence length; PD = Population density; NFP = next flowering purple A. morio plant;
NFW = next flowering white A. morio plant; SN = Species number; * sig. at the 0.05 level; ** sig. at the 0.01 level
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Smaller plants had a lower fruit set. When the plant height became taller the fruit set increased.
The rate of the increasing fruit set by becoming taller slowed down and stagnated (at a plant
height of about 26-29 cm) before the effect reversed and the fruit set decreased again. It seems,
that there is a maximum plant height beyond no further increase of the reproductive success
takes place.

3.2.3 Inflorescence length
The mean inflorescence length was 4.29 cm and most plants had an inflorescence length of 4
cm (n = 95). Purple-flowered plants had the longest mean inflorescence length with 4.49 cm,
followed by pink-flowered plants with 3.72 cm. White-flowered plants had the shortest mean
inflorescence length with only 3.63 cm. Since the parameters “plant height” and “inflorescence
length” are strongly correlated, both parameters compared show a consistent picture: the higher
the plant, the longer the inflorescence. Purple-flowered plants had the highest plants with the
longest inflorescences length, followed by pink- and white-flowered plants.
For the parameter inflorescence length, significant differences among some color morph groups
were found (purple and white: t (330) = 2.613, p = 0.009; purple and pink: t (290) = 2.333, p =
0.026), but there was no significant difference between white- and pink-flowered plants (t (80)
= -0.168, p = 0.840).
Between the inflorescence length and fruit set a significant positive correlation was found (rs =
0.393, p = 0.000). The best fitted regression curve, like for plant height, was cubic (y = 0.791x3
+ 0.572x2 -0.044x + 5.384; R2 = 0.088, p = 0.000; cf. figure 11).
The longer the inflorescence, the higher the number of flowers on the inflorescence, and the
higher the reproductive success. At a length of about 9-10 cm the curve stagnates, thereafter it
declines. This result stands in line with the result between plant height and fruit set.

Figure 11. Inflorescence length of A. morio and fruit set
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3.2.4 Capsule positions within the inflorescence
In this study, the position of the capsules on the inflorescence were studied on A. morio plants
with at least one capsule built (N = 228). Together with the information of the number of flowers
per position it is possible to set these parameters in relation to each other. The average
percentage of capsule formation (fruit set) per flower position on the inflorescence is displayed
in figure 12.

Figure 12. Mean fruit set per flower position on the inflorescence

Flowers in lower positions became pollinated more often and had the highest fruit set of nearly
40%. The higher the flower position on the inflorescence the lower the capsule formation,
respectively the fruit set. This effect of a declining capsule formation continues up to the 15th
flower position (fruit set less than 10%), thereafter it gets reversed. From the 15th to the 19th
flower position the capsule formation increases again, up to a fruit set of almost 30%. Then, the
capsule formation declines rapidly. From the 21th up to the 28th flower position no capsule
formation was recorded, leading to a fruit set of zero.
3.3 Con- and hetero-specific densities and fruit set

3.3.1 Conspecific population structure

3.3.1.1 Conspecific density
Regarding the population structure, the mean density of conspecific A. morio plants within the
research circle (r = 45 cm) was 12.81 individuals and the most frequent number was 4 (n = 34;
cf. figure 13). This suggests, that there is a wide range in the number of conspecific A. morio
plants. High density patches are followed by intermediate abundance or patches with low
density.
For the parameter “population density of all conspecific A. morio plants” a significant
difference between purple- and white flowered plants were found (t (374) = -5.201, p = 0.000),
but not between the other color morph groups (purple and pink: t (324) = -1.922, p = 0.067;
white and pink: t (94) = 0.530, p = 0.597).
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Figure 13. Number of conspecific A. morio plants distributed across the three flower-color groups

White-flowered plants had a mean density of 22.05 conspecific A. morio plants, followed by
pink-flowered plants with 19.52. Purple-flowered plants had the fewest conspecifics with a
mean of 10.07. The mean number of conspecific white-flowering A. morio plants in the research
circle was 0.52 but in most cases no white-flowered A. morio plant was found (n = 279; cf.
figure 14). This result reflects the rarity of white-flowered plants in the population.

Figure 14. Number of conspecific white-flowering A. morio plants distributed across the three
flower-color groups

The parameter of “population density of conspecific white A. morio plants” showed significant
differences between some color morph groups (purple and white: t (374) = -3.673, p = 0.000;
white and pink: t (94) = 2.245, p = 0.027), but not between purple- and pink-flowered plants (t
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(324) = 0.210, p = 0.834). The significant differences exist, because white-flowered plants had
a higher mean of co-flowering each other, with 0.9 (almost one individual), than purpleflowered plants (M = 0.43) or pink-flowered plants (M = 0.39).
All in all, white- and pink-flowered plants tended to grow in higher density patches of
conspecifics, whereas purple-flowered plants preferred lower densities. And, white-flowered
plants tended to accompany each other more often. The percentage of white-flowered plants,
which are accompanied by two to four other white-flowered plants is with 26% the highest,
compared to purple-flowered plants (10.9%) or pink-flowered plants (8.6%).
Between the density of conspecific A. morio plants and fruit set a significant negative
correlation was found (rs = -0.142, p = 0.01). The best fitted regression curve was quadratic (y
= -0.349x2 + 0.003x + 18.948; R2 = 0.025, p = 0.006; cf. figure 15).
Likewise, for purple-flowered plants a significant negative correlation between the density of
conspecific A. morio and fruit set was found (rs = -0.122, p = 0.05), but not for white- or pinkflowered plants (see Appendices 8 & 9).
Between the density of conspecific white-flowering A. morio plants and fruit set a significant
negative correlation was found (rs = -0.105, p = 0.05). The best fitted regression curve was
quadratic (y = -6.722x2 + 2.267x + 16.455; R2 = 0.015, p = 0.015; cf. figure 16). This result
suggests, that patches without white-flowered plants result in a higher fruit set, compared to
patches of one or two conspecific white-flowering plants.
For purple-flowered plants, a significant negative correlation between the density of conspecific
white-flowering A. morio plants and fruit set was found (rs = -0.125, p = 0.05). For pinkflowered plants this was not the case (see Appendix 9). For white-flowered plants no significant
correlation between their density to each other (density of conspecific white-flowering A. morio
plants) and fruit set was found (see Appendix 8).

Figure 15. Fruit set depending on the density
of conspecific A. morio plants

Figure 16. Fruit set depending on the density
of conspecific white-flowering A. morio plants
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Between the plant height and the density of conspecific A. morio plants a significant negative
correlation was found (rs = -0.141, p = 0.01). The best fitted regression curve was quadratic (y
= -0.088x2 + 0.001x + 17.713; R2 = 0.019, p = 0.031; cf. figure 17).
This means, that a negative relationship between the number of conspecific A. morio plants and
the plant height exists. It is likely, that such a negative effect of conspecific densities is caused
by ecological pressures (conspecific competition for resources, e.g. nutrients).

Figure 17. Relationship between plant height and
the number of conspecific A. morio plants

Figure 18. Relationship between plant height and
the number of conspecific white A. morio plants

Furthermore, a significant negative correlation between the plant height and the density of
conspecific white-flowering A. morio plants, was found (rs = -0.182, p = 0.01). The best fitted
regression curve was quadratic (y = -3.419x2 + 0.931x + 17.595; R2 = 0.019, p = 0.031; cf.
figure 18).
Purple-flowered plants showed a significant negative correlation between the plant height and
the number of conspecific white-flowering plants (rs = -0.166, p = 0.01) just as pink-flowered
plants (rs = -0.548, p = 0.05). The correlation for white-flowered plants wasn´t significant (rs =
-0.062, p = 0.634).

3.3.1.2 Color morph distance
Besides the densities of conspecific A. morio plants, the distance to the next purple-flowering
and the next white-flowering A. morio plants were measured, as alternative parameters for the
population structure. The distances to pink-flowered plants weren´t analyzed, because of the
small N.
The mean distance to the next purple-flowering plant was 15.16 cm, which is, of course, much
closer than the mean distance to the next rare white-flowered plant which was 111.33 cm. Most
plants grew 4 cm away from the next purple-flowering A. morio plant (n = 33). Whereas the
next white-flowering plant mostly grew more than 3 m away (n = 46).
Regarding the parameters of distance to the next purple-flowering or the next white-flowering
A. morio plant, no significant differences among the color morph groups could be found (see
Appendix 2). White-flowering plants had the longest distance to the next purple-flowering
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plants with, on average 16.10 cm, followed by purple-flowering plants themselves with, on
average 15.15 cm and pink-flowered plants with, on average 12.30 cm.
In comparison with the distance to the next white-flowering plant, pink-flowered plants were
furthermost away with, on average 125.07 cm, followed by purple-flowered plants with, on
average 114.56 cm. The distance between white-flowered plants were, on average, 93.60 cm.
All in all, the distances of individuals of one color morph group (e.g. purple-flowered plants)
to each other were closer, than to a foreign color morph (e.g. white-flowered plants).
Between the parameters “next conspecific purple-flowering plant”, or “next conspecific whiteflowering plant”, and “fruit set”, no significant correlations could be found (rs = 0.010, p =
0.848; rs = 0.065, p = 0.225; see also table 3). The same was the case for the color morph groups
(see Appendices 7-9).
This result suggests, that the conspecific density of a patch is more relevant for the fruit set than
the distance to the next conspecific. Thus, distances weren´t an appropriate measure to detect
the influence of one color morph on the fruit set of another one.

3.3.2 Co-flowering potential magnet plants and Anacamptis morio

3.3.2.1 Number of co-flowering taxa and the fruit set of Anacamptis morio
Besides A. morio, 12 different co-flowering taxa were found. In the table 4 all species are listed
together with information about their ecological preferences, pollinator attractiveness (e.g.
reward offered), and abundance.
In 95.7% of all cases at least one another conspecific individual is co-flowering within the
studied circle r = 45 cm and in 4% of all cases one foreign taxa alone is co-flowering one A.
morio plant within this circle. This means that in 99.7% of of all cases at least one co-flowering
plant were found in the studied circle. Considering this fact, it might be more interesting to see
the percentage of two or more co-flowering taxa. In 40.1% of all cases two co-flowering taxa
were found and in 83.2% there were two or more co-flowering taxa within the research circle.
However, on average, 2.4 co-flowering taxa accompanied A. morio (SD = 0.97, N = 399). The
maximum of counted taxa accompanying A. morio was five (cf. figure 19).

Figure 19. Number of co-flowering taxa of A. morio
(without conspecifics) in the studied circle of 45 cm
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Table 4. Co-flowering taxa of Anacamptis morio at the “Fuchshäufel”

Species

Flowercolor

Reward

Max.
abundance

Mean (SD)
abundance

Potentilla incana1
Euphorbia cyparissias2
Ornithogalum kochii2
Euphorbia seguieriana2
Myosotis spp.1

yellow
yellow
white
yellow
light blue
light-deep
blue
white
blue-purple
white
purple
blue-violet

Yes
Yes
Yes
Yes
Yes

60¹
38²
96²
40²
50¹

7.36 (± 10.16)
2.99 (± 7.18)
7.72 (± 19.55)
0.98 (± 4.46)
0.77 (± 4.23)

Coflowering
[%]
62.4
29.6
21.3
7
6.5

Yes

8²

0.18 (± 0.82)

6

Yes
Yes
Yes
No
Yes

40¹
40²
10¹
1²
30¹

0.67 (± 3.31)
0.55 (± 3.70)
0.11 (± 0.85)
0.02 (± 0.12)
0.15 (± 2.12)

5.8
3.5
2
1.5
0.5

yellow

Yes

5²

0.01 (± 0.25)

0.3

Veronica prostrata2
Saxifraga tridactylites2
Polygala comosa2
Cerastium spp.1
Orchis militaris2
Veronica arvensis1
Taraxacum laevigatum
agg.2
1

= measured cm²; 2 = measured in number of inflorescences; the “percentage of co-flowering” means e.g. in

62.4% of all cases (N = 399) Potentilla incana was observed as co-flower, this would be 249 individual A.
morio plants were accompanied by this species in this example;
Possible species of the genus Myosotis are: M. arvensis, M. ramosissima and M. stricta
Possible species of the genus Cerastium are: C. glutinosum, C. holosteoides, C. pumilum and C. semidecandrum

Between the number of co-flowering taxa and fruit set no significant differences among the
color morph groups were found (see Appendices 1 & 2).
The correlation between the number of taxa and fruit set wasn´t significant (rs = -0.021, p =
0.690). This result suggests, that there is neither a positive nor a negative interaction between
the fruit set levels of A. morio plants and the number of co-flowering taxa.

3.3.2.2 Individual co-flower species and fruit set of Anacamptis morio
From the 12 co-flowering taxa only four species appeared in more than 10% of all cases.
Besides of A. morio itself, these species were: Potentilla incana (Rosaceae), Euphorbia
cyparissias (Euphorbiaceae) and Ornithogalum kochii (Hyacinthaceae).
No significant differences between the color morph groups were found regarding the dominant
co-flowering species P. incana, E. cyparissias and O. kochii (see Appendices 1 & 2). This
means, that the population structure of the different color morphs with the dominant coflowering species (P. incana, E. cyparissias and O. kochii) was similar. However, basically
color morphs can react differently upon their surrounding co-flowers, because colors attract
pollinators differently. Therefore, the corresponding correlations were also performed, for the
different color morph groups, separately.
In the following section, each of these dominant co-flowering species is discussed in detail. At
the same time, the pollinator spectrum of these flowers is evaluated and compared with the
pollinators of A. morio.
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Potentilla incana – Sand Cinquefoil
Potentilla incana (syn. P. arenaria, P. cinerea) is the most important co-flowering plant, which
was be found in 62.4% of all cases. Co-flowering P. incana was found in the research circle (r
= 45 cm) with, on average 7.36 cm2 (SD = ±10.16 cm2). As maximum 60 cm² were measured
(almost the total area of the research circle). Table 5 also shows the results for the color morph
groups separately.
Table 5. Potentilla incana and the color morphs of Anacamptis morio

A. morio

Co-flowering
P. incana [%]

Mean (SD) area of
co-flowering
P. incana

Max. area of
co-flowering
P. incana

[cm²]

[cm²]

N

Population

62.4

7.36 (± 10.16)

60

399

Purple

55.1

7.06 (±10.03)

60

303

White

54.8

7.57 (±10.18)

40

73

Pink

65.2

10.65 (±11.62)

45

23

A significant negative correlation between the fruit set of A. morio and the occurrence of P.
incana was found (rs = -0.126, p = 0.05). The best fitted regression curve was linear (y = 0.270x + 17.484; R2 = 0.019, p = 0.006; cf. figure 20).
From the color morph groups, only white-flowered plants had a significant negative correlation
between their fruit set and the occurrence (area) of P. incana (rs = -0.281, p = 0.05). For the
correlations of purple- and pink-flowered plants see Appendices 7 & 9.

Figure 20 Fruit set of A. morio and abundance of co-flowering P. incana

Between the plant height of A. morio and the occurrence of P. incana a significant negative
correlation was found (rs = -0.122, p = 0.05). The best fitted regression curve was linear (y = 0.084x +17.463; R2 = 0.020, p = 0.007; cf. figure 21).

29

And between the plant density of all conspecific A. morio plants and P. incana a significant
positive correlation was found (rs = 0.150, p = 0.01). The best fitted curve was cubic (y =
0.399x3 + 0.013x2 + (-0.001x) + 9.933; R2 = 0.059, p = 0.000; cf. figure 22).

Figure 21. Plant height of A. morio and abundance
of co-flowering P. incana

Figure 22. Number of conspecific A. morio plants
and abundance of P. incana

To set the results of these correlations into an overall picture it is important to know which
pollinators visit P. incana and A. morio respectively. Karl Fritsch (1928) made some
observations from pollinators of P. incana in Styria. He found following visitors: female bees
of Halictus albipes, Pompilus spp., Meligethes bidentatus (2x), Anthonomus rubi (2x),
Cheilosia spp. Eristalis arbustorum females and Anthomyia spp.
Andrena potentillae bees are pollinators of P. incana and has been reported from different
localities in Lower Austria, Burgenland and Vienna (Wiesbauer, 2017). However, there is no
reported observation for Andrena potentillae for the Donau-Auen National Park (Holzner et al.,
2004). This bee species is thought to be oligolectic on Rosaceae (Potentilla, Fragaria),
therefore visitations on A. morio are unlikely and none was observed.
Andrena tarsata is another oligolectic wild bee feeding on Potentilla spp. (Scheuchl and
Willner, 2016). Once more, visitations from Andrena tarsata on A. morio are unlikely, because
the bee is oligolectic and there exists a difference in the flowering season of A. morio (April –
end of May) and the flight season of the wild bee (June – August). However, there is also no
reported observation of Andrena tarsata for the Donau-Auen National Park (Holzner et al.,
2004). For Vienna observations are reported (Scheuchl and Willner, 2016).
None of the observed insects (bumblebees and butterflies) were found on P. incana (more
information in the respective chapters 3.4.1 – 3.4.2).

Euphorbia cyparissias – Cypress spurge
Euphorbia cyparissias is co-flowering A. morio in 29.6% of all cases and is the second most
important co-flower. On average 2.99 (almost three, SD = ± 7.18) inflorescences of E.
cyparissias are co-flowering A. morio within the research circle of 45 cm. As maximum 38
inflorescences of E. cyparissias were measured. In the table 6 also the results for the color
morph groups are compiled.
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However, no significant correlations between the fruit set of A. morio and the occurrence of E.
cyparissias was found. These results were also true for the individual color morph groups
(population: rs = 0.079, p = 0.139; purple-flowered plants: rs = 0.093, p = 0.126; white-flowered
plants: rs = -0.054, p = 0.682; pink-flowered plants: rs = 0.306, p = 0.178; see also table 3 and
Appendices 7-9).
Table 6. Euphorbia cyparissias and the color morphs of Anacamptis morio

A. morio

Co-flowering
E. cyparissias
[%]

Mean (SD) number
co-flowering
E. cyparissias

Max. number
co-flowering
E. cyparissias

[inflorescences]

[inflorescences]

N

Population

29.6

2.99 (± 7.18)

38

399

Purple

30.0

2.87 (± 6.68)

38

303

White

31.5

4.00 (± 9.62)

38

73

Pink

17.4

1.43 (± 3.55)

11

23

Following pollinators of E. cyparissias are reported by Fritsch (1928): Pompilus spp., Polistes
gallicus females and Cheilosia spp.
Despite that, ants are reported pollinators of E. cyparissias (Schürch et al., 2000). Interestingly
ants were also observed crawling in the flowers of white-flowered A. morio plants. Furthermore,
it was possible to observe one Bombus lapidarius bumblebee queen switching between E.
cyparissias and A. morio.

Ornithogalum kochii – Star of Bethlehem
Ornithogalum kochii is co-flowering A. morio in 21.3% of all cases. This third most important
co-flower accompanied A. morio with, on average 7.72 flowers (SD = ± 19.55). As maximum
96 O. kochii flowers were measured within the research circle of 45 cm. The results for the
color morph groups are compiled in table 7.
Table 7. Ornithogalum kochii and the color morphs of Anacamptis morio

A. morio

Co-flowering
O. kochii

Mean (SD) number coflowering O. kochii

[%]

[inflorescences]

Max. number
co-flowering
O. kochii

N
[inflorescences]

[inflorescences]

Population

21.3

7.72 (± 19.55)

96

399

Purple

22.1

8.04 (± 20.12)

96

303

White

19.2

7.62 (± 19.55)

78

73

Pink

17.4

3.74 (± 9.57)

86
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Likewise, to E. cyparissias, for O. kochii no significant correlations between the occurrence of
this co-flowering species and the fruit set of A. morio could be found. This result was true for
all studied plants as well as for the different color morph groups (population: rs = 0.047, p =
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0.374; purple-flowered plants: rs = 0.030, p = 0.627; white-flowered plants: rs = 0.049, p =
0.707; pink-flowered plants: rs = 0.288, p = 0.205; see also table 3 and Appendices 7-9).
Regarding the pollinator spectrum of O. kochii the following reports could be found: Andrena
saxonica an oligolectic wild bee species feeding on Ornithogalum spp., was for the first time
recorded in Vienna by Zettel et al. (2002) for different locations. But there is no proof for
Andrena saxonica in the Donau-Auen National Park (Holzner et al., 2004). However, it is
unlikely that there are visitations of this wild bee on A. morio, since the bee is oligolectic.
Furthermore, the following bee species are reported to collect pollen on O. kochii: Apis
mellifera, Andrena fulvata, Andrena labiate, Halictus kessleri, Lasioglossum albipes,
Lasioglossum interruptum, Lasioglossum laevigatum. In addition, the following wild bees are
reported to collect nectar on O. kochii: Halictus maculatus, Ceratina cucurbitina, Osmia
rufohirta and Nomada integra (Westrich, 2010).
None of the observed insects (bumblebees and butterflies) were found on E. cyparissias (more
information in the respective chapters 3.4.1 – 3.4.2).
3.4 Field observations between insects and Anacamptis morio

3.4.1 Bombus – bumblebees

Bombus terrestris – Buff-tailed bumblebee
It was possible to record a flower visit sequence of a Bombus terrestris queen on A. morio.
Bombus terrestris visited three different purple-flowered A. morio plants in a row. On the first
plant one flower was visited, on the second plant three flowers and on the third plant two
flowers. The visited flowers tended to be in lower positions on the inflorescences. The end of
the visiting sequence was marked by the bumblebee leaving in a high bow. This observation
demonstrates that the B. terrestris queen kept on visiting purple-flowered A. morio plants
despite being not rewarded.

Bombus lapidarius – Red-tailed bumblebee
Two flower visit sequences of Bombus lapidarius queens were observed. In table 8. one visit
sequence is denoted.
Excitingly, it was possible to record a visiting sequence that contains a white-flowered A. morio
plant and one of the most important co-flowering plants E. cyparissias. This flower visit
sequence indicates that after several disappointing visits of purple-flowered A. morio plants,
the B. lapidarius queen changed her searching habit and visited one white-flowered A. morio
plant, where she was disappointed too. Then, the bumblebee queen returned to visit a purpleflowered A. morio plant where she again became disappointed. Finally, she switched to the
yellow-flowering nectarferious E. cyparissias. The bumblebee queen preferred lower flower
positions on the inflorescences.
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Table 8. Flower visit sequence of a Bombus lapidarius queen

Visited plants

Flower color

A. morio
A. morio
A. morio
A. morio
A. morio
A. morio
A. morio
E. cyparissias

Purple
Purple
Purple
Purple
Purple
White
Purple
Yellow

Flower position from the
bottom of the
inflorescence
1
2
1
1
3
2
2
-

For the second flower visit sequence of B. lapidarius, the visiting time on each flower was
recorded (see table 9). In this visiting sequence five purple-flowered A. morio plants were
visited, before the bumblebee queen disappeared. The visiting time on each flower was between
three and fifteen seconds and the visited flower positions reached from lower to mid-positions
on the inflorescences.
Table 9. Flower visit sequence of a Bombus lapidarius queen and visitation time

Visited plants, all purple
morphs
A. morio
A. morio
A. morio
A. morio
A. morio

Flower positions from the
bottom of the inflorescence
2
4
3
4
5

Visiting time on each flower
[seconds]
7
5
15
4
3

Interestingly, in both sequences the B. lapidarius queens visited only one A. morio flower per
plant. However, it was not possible to detect pollinia on the bumblebees, due to lack of time
during the recording.

3.4.2 Lepidoptera – butterflies

Antitype chi – Grey Chi
The relationship between Antitype chi and A. morio is disadvantageous for the orchid, which is
used as host plant for the caterpillar (cf. figure 23).
Antitype chi caterpillars caused no total loss of the inflorescence in the observed cases. Feeding
traces on single flowers, or parts of flowers, leaded to a severe damage, but didn´t inhibit the
reproductive process (cf. figure 24). One possible reason therefore is that the caterpillars move
between several A. morio plants. Moreover, there were only a few caterpillars at the study site
in this season. Even though the reproductive system wasn´t destroyed totally by the caterpillar,
the observed plant (case no. 155 in the statistics), wasn´t successfully pollinated (cf. figure 24).
Caterpillars were only observed in two cases, both times on purple-flowered A. morio plants.
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Figure 23. Caterpillar of Antitype chi on A. morio

Figure 24. Damage caused by Antitype chi on the flowers of A. morio

Erynnis tages – Dingy Skipper
A relationship between Erynnis tages and A. morio has not been described yet. The butterfly
was observed visiting several A. morio plants in a row, probably while searching for nectar.
At the time of these observations, only a few flowering plants were available in the dry
meadows of the national park. This could be one reason, why E. tages was so ambitious in
visiting A. morio flowers. At the end of these disappointing visits the butterfly was finally
rewarded by Veronica prostrata, which blossom close to the ground given a maximum height
of 15 cm, exactly the preferred searching zone of this butterfly (Ebert, 1993). It was possible to
observe several visitations of E. tages on V. prostrata. In the figure 25 the proboscis is visible,
while the butterfly was soaking nectar from a V. prostrata flower. Veronica prostrata is coflowering A. morio in about 6% of all cases studied.
In general, it´s not much known about the nectar flowers of this butterfly. Noticeable is that the
butterfly likes to stay near the ground. Nectar feeding E. tages butterflies are reported from
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following plants: Medicago falcata, Echium vulgare, Taraxacum spp., Ajuga chamaepitys and
Ajuga reptans. The butterfly was also reported soaking on soil and a dead rain worm (Ebert,
1993; Weidemann, 1995).
Unfortunately, it was not possible to take a photo of E. tages visiting A. morio flowers,
because the respective visits were very short. Therefore, it stays unclear which kind of
relationship between the butterfly and A. morio exist.

Figure 25. Erynnis tages on Veronica prostrata

3.4.3 Aphrophoridae – Hemiptera – Spittlebug larva
In 2017, spittlebug larvae were the most frequently observed predators on A. morio at my study
site in the Donau-Auen National Park. Usually one larva sat at the base of the inflorescence
between the stem and the first flower (cf. figure 26 A next page). In rare cases, up to three larvae
were found on one inflorescence. The sap-sucking of the spittlebugs caused a visible weakening
of the orchid plant, which resulted in the trailing of the inflorescence. After some days, the
whole inflorescence fell off. From 399 studied plants 41 were lost due to spittlebug larvae. In
most cases purple-flowered A. morio plants were affected (32), followed by white-flowered
plants (7) and pink-flowered plants (2). Sometimes the first flower could survive the spittlebug
attack and even more seldom up to a maximum of four flowers could persist and develop
normally (cf. figure 26 G and H).
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Figure 26. Spittlebug larvae on the flowers of A. morio
A – sap-sucking of the larvae; B – spittlebug larvae; C and D – weakening and trailing of the inflorescence;
E and F – lost inflorescences; G and H – sometimes a few flowers survive the spittlebug attack.
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4. Discussion
4.1 Fruit set, seed numbers and vitality levels

4.1.1 Characteristics of the study season
Wintergreen orchid species, like A. morio are thought to be less affected by summer drought,
because no vegetative leaves are present at that time. Therefore, the flowering performance, is
assumed to be more affected through the temperature and the rainfall during winter and spring
(Wells et al., 1998). Furthermore, high temperatures prior to flowering, were found to have
positive effects for A. morio, by promoting the development of the inflorescence through a
higher photosynthesis rate (Hornemann et al., 2012).
In 2017, the long flowering season of A. morio was a result of relatively moderate temperatures
with intermingled rain showers in sufficient intensities. The rain water entry supported onward
growth of the plants (plant height and inflorescence length), even weeks after the begin of
blossom. In the long-term study of Wells et al. (1998) about the flowering dynamics of A.
morio, tall inflorescences were associated with wet springs. Influence of climate on A. morio is
also reported by Jersáková et al. (2002) who found that extreme draught during the flowering
season resulted in the loss of leaves for vegetative plants (plants that did not flower in the
respective season). In another study that considered climate factors like precipitation and their
impact on fruit set, no consistent patterns between draught years and fruit set was found for two
of three studied orchid species. However, due to draught the number of flowering individuals
dropped to approximately half at each location what made a substantial decline in the seed
numbers per population, but not to the fruit set level itself (Vojtkó et al., 2015).
Despite, the presumably important role of (winter and spring) climate conditions, the flowering
of orchids is strongly dependent on the energy amount stored in their tuber roots during the last
season. The ability to flower, of Ophrys apifera, like A. morio a tubular root building orchid, is
related to the number of leaves which individual plants have (Wells and Cox, 1989). The annual
replacement of the tuber roots depends on the photosynthesis active leaves. If the energy level
of an orchid tuber root is too small, it is likely that the orchid will stay vegetative in the next
flowering season. Correspondingly Wells et al. (1998) reported that A. morio plants with the
largest number of leaves and the broadest rosettes had the highest number of flowers per
inflorescence.

4.1.2 Fruit set of Anacamptis morio
Fruit set levels in A. morio reach from 4.7% in Sweden to 54.4% on East Aegean Islands
(Nilsson, 1984; R. & A. Wielinga in Claessens and Kleynen, 2011; see also Appendix 10). All
in all, it was possible to find 39 fruit set studies for A. morio for ten European countries,
spanning from Portugal to Sweden and from the British Islands, the Pannonian Region in
Central Europe to the East Aegean Islands. The earliest research on fruit set levels in A. morio
was done by Nilsson (1984) in Sweden, starting in the late 1970s.
To the best of my knowledge, there is no other study of the fruit set difference among color
morphs in this species. Further, there is no information available about the flower colors of the
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existing fruit set analyses in the existing studies. But there is a good case to believe that
predominantly the common morph (purple-flowered plants) was studied, previously.
In 2017, the fruit set of A. morio in the Donau-Auen National Park was with 17.6% less than
half of the maximal reported fruit set of 54.5% on the East Aegean Islands (R. & A. Wielinga
in Claessens and Kleynen, 2011). The natural population of A. morio at the lower “Fuchshäufel”
consists of several thousands of orchids, which grow in a suitable habitat and the climate
condition within the studied season seemed to be ideal for the flowering of A. morio.
Nevertheless, the fruit set was comparable low. One reason for such a low fruit set could be the
lack of pollinators (i.e. bumblebees and wild bees). The interest in decreasing insect numbers
started only recently, with studies like that of Hallmann et al. (2017) about alarming news of
decreasing insect numbers in Germany. However, since this study didn´t review the pollinator
abundance at the study site, it is unclear, if the lack of pollinators, especially of bumblebees,
were the ultimate cause of the relatively low fruit set level or not. However, during field work
I couldn´t observe many (see chapter 3.4).
The difference of the fruit set levels of purple- and white-flowered A. morio plants wasn´t
statistically significant. However, between pink-flowered plants and purple- or white-flowered
plants a statistically significant difference of fruit set levels could be found. To explain this
difference, further research would be needed. One possible reason could be that pink-flowered
plants might represent less fertile hybrids between purple- and white-flowering plants, but such
a statement is highly speculative.

4.1.3 Seed numbers and seed vitality
Despite of small differences among the color morph groups, no statistically significant
difference could be found between purple- and white-flowered A. morio plants with respect to
seed numbers per capsule, TSW, and vitality levels.
The mean number of seeds per A. morio capsule from various studies is presented in table 10.
My results, especially for purple-flowered plants (M = 4730, N = 4) are very close to Jersáková
and Kindlmann (1998) with, on average, 4770 seeds per capsule. The numbers of seeds in
white-flowered plants (N = 5) were lower with, on average, 2838. The one analyzed capsule of
a pink-flowered plant showed with, on average, 2990 seeds a similar low number like whiteflowered plants. Due to the lower seed numbers per capsule for the pink- and white-flowered
plants the numbers of seed for the whole sample (N = 10) is lower than the results of Jersáková
and Kindlmann (1998) and Sonkoly et al. (2016). However, the number of seeds per capsules
in Jersáková and Kindlmann (1998) varied from 550 to 12270 seeds per capsule, and my results
are well in this range.
The mean TSW of the 10 analyzed capsules was 0.00107 g what is comparable with the TSW
of Sonkoly et al. (2016) for A. morio, which was 0.0010 g. Purple-flowered plants had the
heaviest seeds with 0.00111 g, followed by white-flowered plants 0.00084 g and the single
pink-flowered plant was the lightest with only 0.00057 g. The difference in the TSW between
purple- and white-flowered plants wasn´t statistically significant.
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Similar to my results for A. morio, Koivisto et al. (2002) couldn´t find a significant difference
in the seed weight between dark-flowered and pale-flowered Dactylorhiza maculata morphs.
Table 10. Mean number of seeds per Anacamptis morio capsule

Mean number of seeds N
per capsule ± SE

Country

Reference

>4000

1

Great Britain

Salisbury, 1942

4770 ± 1856 (SD)

123

Czech
Republic

Jersáková and
Kindlmann, 1998

4978 ± 521

20

Hungary

Sonkoly et al. 2016

3610 ± 534

10

Austria

This study

Austria

This study

Austria

This study

Austria

This study

4730 ± 685
2838 ± 764
2990 ± 0

4 (purple-flowered
plants)
5 (white-flowered
plants)
1 (pink-flowered
plants)

The seed vitality level of A. morio was 16.8% (N = 8). Purple-flowered plants had a higher seed
vitality with 20.8% (N = 4) compared to white-flowered plants with 15.4% (N = 4).
To the best of my knowledge there is no study about seed vitality levels for different color
morphs of A. morio. There is only one study about the deceptive orchid Dactylorhiza sambucina
and the percentage of seed vitality among cross-combinations of color morphs (Groiß et al.,
2017). They found no difference in seed vitality for all four tested combinations of purple- and
yellow-flowering plants. However, since I didn´t study pollen carryover it is unclear to what
extent the tested vitality levels of the capsules derived from such crossings.
The SNP1 (Seed number per plant; see table 2) were calculated one time equally to Sonkoly et
al. (2016) and the other time with the addition of seed vitality levels (SNP2; see table 2). With
on average 20014 estimated seeds per plant my result is close to the result of Neiland (1994)
with, on average, 20748 seeds. The result of Sonkoly et al. (2016) with, on average, 22926
seeds per plant is a little bit higher than my result and the result of Neiland (1994). However, I
found that on average two capsules per A. morio plant were developed. This result is again close
to the result of Neiland (1994) with, on average, 2.5 capsules. In the study of Sonkoly et al.
(2016) on average 4.6 capsules per plant were developed.
The analyzed number of seeds per plant for the different flower-color morphs showed that
purple-flowered plants had the highest number with, on average, 30593 seeds, followed by
white-flowered plants with, on average, 14590 seeds. The one analyzed pink-flowered plant
had the fewest seeds per plant with, on average, 8958.
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Even more interesting than the total number of seeds per plant is the number of vital seeds per
plant (SNP2) which was, on average, 3362. Again, purple-flowered plants had the highest
number with, on average, 6363 vital seeds per plant, followed by white-flowered plants with,
on average 2247. The SNP2 for the one pink-flowered plant was zero, because no vital seeds
were found (in the one analyzed capsule). However, since the origin of the pollen in the
analyzed capsules is unknown, it is not possible to explain the differences of the number of
seeds per capsule and/or seed vitality levels (in further consequence the SNP2 measure) for the
different color morphs.
In summary, capsules of purple-flowered plants are heavier, have more seeds and the highest
seed vitality level (20.8%). Capsules of white-flowered plants weight less, have fewer seeds
and a lower seed vitality level (15.4%). The one analyzed capsule of a pink-flowered plant
weighed less than purple- or white-flowered plants, but number of seeds in the capsule was
comparable to white-flowered plants. However, the seeds of the pink-flowered plant weren´t
vital.
4.2 Floral display and fruit set

4.2.1 Influences of flower numbers and plant height
Anacamptis morio was characterized by, on average, 11 flowers per inflorescence. This result
is identical to Nilsson (1984) for an A. morio population in Sweden and close to Kindlmann
and Jersáková (2006) for an A. morio population in the Netherlands. However, most studies
report on average nine flowers (see Appendix 10). The lowest numbers of flower per
inflorescence were reported by Wells et al. (1998) in the United Kingdom, spanning from 3.9
in 1985 to 6.2 in 1995.
There exists no other study, which analyzed the difference in flower numbers for color morphs.
I found that purple-flowered plants tended to have slightly more flowers, on average 11,
compared to white- or pink-flowered plants with, on average 10. However, this difference was
not statistically significant.
The fitted regression curve showed that at a certain level of flowers per inflorescence the fruit
set doesn´t increase further. More than 15-20 flowers per inflorescence weren´t supportive to
further increase the reproductive success of A. morio. In contrast, the fruit set value decreased
at such high flower numbers. Nilsson (1984) found a similar, non-linear result for A. morio in
Sweden. In his research, fruit set also increased with the number of flowers per inflorescence.
The maximum fruit set was reached at 9 flowers per inflorescence, thereafter the fruit set (and
the respective fitted curve) decreased.
Kindlmann and Jersáková (2006) found a similar result for A. morio in one of two studied Czech
populations. In their study, the fruit set degreased after reaching a maximum at about 15 flowers
per inflorescence. However, in my study, the stagnation and later reversion of the fruit set took
place at a larger number of flowers per inflorescence (about 20). In the other studied Czech
population of Kindlmann and Jersáková (2006) the number of flowers per inflorescence didn´t
have any effect on fruit set levels.
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The plant height and the length of the inflorescence seem to be dependent on climatic
conditions, like precipitation as already mentioned earlier. Wells et al. (1998) found, that the
plant height (“height of the inflorescences” in their study) of the studied A. morio plants varied
considerably from 7.5 cm in 1978 to 20.7 cm in 1994. In wet springs, the plant became taller.
However, most studies reported a plant height of about 16-20 cm (see Appendix 10). My result
of an averaged plant height of 16.87 cm is well in this range and my value is exactly the same
as reported by Smithson (2002).
Between the flower-color morphs no significant difference were found. However, purpleflowered plants tended to be the highest with, on average, 17.2 cm, followed by pink-flowered
plants with, on average, 16.5 cm. White-flowered plants were the shortest with, on average,
15.7 cm.
Between the plant height and fruit set a significant positive correlation was found (rs = 0.43; p
= 0.01). Jersáková and Kindlmann (1998) also found a positive correlation between plant height
and fruit set (r = 0.28; p = 0.001; N = 551). However, my fitted regression line showed, that the
fruit set increased with the plant height up to a certain plant height of about 26-29 cm where it
stagnated. Thereafter, the curve declined. This means that higher plants weren´t longer
beneficial for the reproductive success.
There exists only one other study analyzing the inflorescence length. Jersáková and Kindlmann
(1998) studied the inflorescence length in two Czech A. morio populations. In the Zábrdí
population the mean inflorescence length was 5.9 cm and in the Horní Záblatí population the
mean inflorescence length was 4.9 cm. Especially the result of the Horní Záblatí population is
close to my result of a mean inflorescence length of 4.3 cm (see Appendix 10). Purple-flowered
plants had, on average, a longer inflorescence (4.5 cm) than white- or pink-flowered plants (3.63.7 cm). This difference was statistically significant.
Equally to plant height, I found a significant positive correlation between the inflorescence
length and fruit set (rs = 0.393; p = 0.01). In Jersáková and Kindlmann (1998) the performed
correlation between the inflorescence length and fruit set was also positive (rs = 0.22; p = 0.001;
N = 551). Thus, the performance of the fitted regression curve, for the inflorescence length,
done in this study, looked very similar to the fitted curve of the plant height, as expected given
the strong correlation between plant height and inflorescence length.
Both, purple- as well as white-flowered plants had a significant positive correlation between
flower numbers per inflorescence, plant height (or inflorescence length) and the fruit set. This
means, that the fruit set of these color morphs was influenced by the same floral display
parameters and that there is no other (possibly) controversy reproduction strategy among them
(see also Appendices 8 & 9).
Nilsson (1992a) studied the relation of plant gender and floral display for A. morio. He
concluded that small-display individuals tend to be neuter or unisexual, mostly male. The larger
the floral display, the inflorescence length and the plant height the more likely it is that the plant
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is hermaphroditic functionally. In other words, small plants act as pollen donor (male function)
whereas large plants with a flower rich inflorescence act as pollen receiver (female function).
This would mean that smaller A. morio plants have a lower fruit set compared with taller plants.
My results support this, since smaller plants had a lower fruit set than taller plants. This result
was also true, for purple- and white-flowered plants, respectively (see Appendices 8 & 9).
Nilsson (1992a) also made a demographic tracking experiment of A. morio plants in terms of
flower numbers and age of the plant. He found that first flowering plants typically had a display
of 6-7 flowers. In later years the plants successively produced larger displays. In respect of the
functional sex gender, this would mean, that plants start their sexual career as neuter or male
and sequentially become more hermaphrodite (Nilsson, 1992a cit. Nilsson, unpublished data).

4.2.2 Capsule formation and positions within the inflorescence
On average two capsules per plant were built. There was no difference in the capsule formation
between purple- and white-flowered plants (2). However, pink-flowered plants had fewer
capsules per plant (<1), this was significantly different from purple- and white-flowering plants.
The inflorescences start to flower at the bottom. Therefore, the lowest flowers are open to be
pollinated earlier as well as in a time of the year with little competition of other co-flowering
plants. Such a “remote” habitat (time and space) is thought to lead to the common pattern in
deceptive orchids of setting fruit in only in the lower-most flower positions of the inflorescence,
what reflects pollinator visitations at the beginning of the season when insects are inexperienced
and not yet drawn away by co-flowering nectar-producing plants (Delpino, 1874 cited by
Johnson et al., 2003). Moreover, the so-called “remote habitat hypothesis” is in contradiction
with the magnet species hypothesis and postulates an advantage for the reproduction of
deceptive orchids in a remote habitat due to lack of interspecific competition. However, it
should be kept in mind, that the habit of many pollinators, especially bumblebees is to start their
flower-visit from the bottom (Proctor et al., 1996). Because of that, a higher fruit set level
(capsule formation) of the lower-most positions on the inflorescence is also explainable,
independently of the remote habitat hypothesis.
In my research I found that lower flower positions on the inflorescence get a higher fruit set
compared to upper flower positions. But at a certain point the constant decrease of the fruit set
at upper flower positions becomes reversed. Between the 15th to the 19th flower position the
fruit set level increased again. Thereafter the fruit set decreased dramatically. The apical flowers
didn´t set any fruits.
Vogel (1993) studied the capsule formation on the inflorescence of Dactylorhiza sambucina
and found that lower flower positions on the inflorescence set more fruits than upper flower
positions. In Vogels study the capsule formation wasn´t set in relation with the frequency of the
respective flower position, but this would be necessary to obtain expressive results: each A.
morio inflorescence has a first flower, but not every has a twelfth or a twentieth flower.
Therefore, the likelihood of the capsule formation per position on the inflorescence should be
answered relative to the flower numbers studied per flower position. Because of that I compared
the number of flowers at a given position with the number of capsules built in the same position.
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Nevertheless, my results show, that lower flower positions became visited more often, leading
to a higher capsules formation.
Vallius (2000) studied the distribution of capsules on the inflorescence of Dactylorhiza
maculata. She found, in one of three study years, a significant difference in the fruit set among
flower positions on the inflorescence. Flowers in the middle of the inflorescence had a higher
fruit set compared to lower or upper flowers. Such a phenomenon, that occurs only in some
years could have been caused by varying climatic conditions in different flowering seasons.
But, unfortunately, Vallius (2000) studied each year a different location, what means, that also
other factors could have played a role. Interestingly, I found exactly the opposite to Vallius
results with lower and upper positions (but not the upper most) having a higher percentage of
capsules formation than parts in the middle. I suggest, that due to the long flowering season of
A. morio the early and later opening flowers were preferred. The early flowers in lower
positions became pollinated possibly by bumblebee queens in early spring, whereas the
pollination of upper flowers could have been caused by newly emerging naïve insects (i.e.
bumblebee workers).
There is also one other study for A. morio, which addressed capsules formation in different
flower positions and their respective fruit set levels. Equally to my results Nilsson (1984) found
that lower flower positions set more fruits and therefore gain a higher reproductive success
(fruit set) than upper flower positions. Thereby, Nilsson (1984) also calculated the relative
frequency of flowers and fruits produced in the respective position on the inflorescence. Nilsson
(1984) concluded that A. morio plants that produce more than a certain number of flowers per
inflorescence (ca. 10 flowers) will gain no advantage in the successful production of offspring.
Interestingly Nilsson´s suggestion of ca. 10 flowers is my average of flowers per plant (at least
for white- and pink-flowered plants). Anyway, according to my results such a possibly limit
needs to be at higher flower numbers (between 15-20), since the reproductive success starts to
decline only thereafter (cf. figure 8). Besides that, the results of Nilsson (1984) and this study,
show the same relationship.
4.3 Con- and hetero-specific plant densities and fruit set

4.3.1 Influences of conspecific density
Rathckes´ (1983) facilitation-competition model states: first, in patches with low floral density
an increase of the number of flowers serves the pollination process in further consequence the
reproductive success, because of a higher attractiveness for pollinators. Second, in patches with
already high densities a negative effect between conspecific flowers is likely, because of
competition. In addition to that, there is a difference between the attraction possibility of a
rewarding and a non-rewarding (deceptive) plant species.
I found evidence that an increasing conspecific plant density leads to a lower fruit set, i.e. a
lower reproductive success. Both, increasing densities of all conspecific A. morio plants, as well
as, increasing densities of conspecific white-flowering A. morio plants showed a significant
negative correlation with the fruit set. This means, that the flower color of A. morio doesn´t
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play a role with respect to intraspecific competition due to high plant densities. Rare whiteflowered plants didn´t attract more pollinators. Neither the reproductive success of themselves,
nor of conspecific purple-flowered plants could be enhanced. This result stands in contrast to
the findings of Dormont et al. (2009) who found that white-flowered Orchis mascula plants
enhanced the fruit set of conspecific purple-flowered plants. Thus, in the present study I
couldn´t find an influence of the distance to the next white-flowering plant and the fruit set level
of surrounding purple-flowered plants like in the study by Dormont et al. (2009): there the fruit
set of purple-flowered plants was higher in closer proximity to a rare white morph. Furthermore,
within the present study, the influence of the population structure on the fruit set level was
described best with conspecific density parameters instead of (conspecific) distances.
Purple-flowered plants grew in lower density patches with fewer conspecific white-flowered
plants. In patches of increasing conspecific plant densities (independent of their flower colors)
as well as in patches of increasing conspecific white-flowering plant densities significant
negative correlations for the fruit set were found (see Appendix 7). White-flowered plants
tended to grow in higher densities to each other on one hand and to A. morio plants independent
of their color on the other hand. The corresponding correlations (fruit set and densities) for
white-flowered plants weren´t significant (see Appendix 8). This suggests, that higher
conspecific plant densities doesn´t influence the fruit set level of white-flowered plants.
Pink-flowered plants grew in similar high conspecific plant densities like white-flowered
plants, but the mean of conspecific white-flowered plants was equally low as for purpleflowered plants. This significantly differentiated both morph groups (purple and pink) from
white-flowered plants. However, there were no significant correlations between the fruit set of
pink-flowered plants and conspecific plant densities (see Appendix 9).
Another important result are the correlations between plant densities and the plant height.
Increasing numbers of conspecifics reduced the plant height. This is a typical signal of
intraspecific competition for resources. However, as already mentioned earlier, smaller plants
had a lower fruit set, due to their lower attractiveness for pollinators. This suggests, that the
negative effect on the fruit set, caused in higher plant density patches could be a result of smaller
plant heights in such dense patches. Then, the lower fruit set in high conspecific plant densities
would rather be caused by intraspecific competition for resources, instead of intraspecific
competition for pollinators.
But how can these results of conspecific densities be interpreted in comparison to other orchid
species? For the epiphytic tree-orchid species Tolumnia variegate the abundance of conspecific
flowers on a tree had a significant effect on their fruit set. The probability of setting fruit was
higher in trees with 300 and 500 conspecific flowers than in those with less than 100 or more
than 700 flowers (Sabat and Ackerman, 1996). This result means, that patches with low
densities struggle to attract pollinators and that patches with high densities tend to be
unsuccessful, because of conspecific competition.
Firmage and Cole (1988) studied Calopogon tuberosus a nectarless terrestrial American orchid,
growing in swamps. They found that flowers on plants which grew solo or in clumps of more
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than nine conspecifics had a significantly lower probability of setting fruits than those that grew
on plants in clumps of 2-8 conspecifics. This example of a terrestrial orchid shows, equally to
the example of the tree-orchid species, that intermediate conspecific densities have a positive
impact on the fruit set level.
No influence between conspecific plant densities and the reproductive success was reported by
Juillet et al. (2007) for the deceptive European terrestrial orchid Traunsteinera globosa.
However, the authors suggest, that this could be due to the late flowering pattern (late June) and
the fact that by that time of the season the orchid usually flowers in dense patches of other coflowering plants.
In contrast to these findings, there is also evidence for a negative effect of a high population
density on the reproductive success. Alexandersson and Ågren (1996) evaluated the European
deceptive terrestrial orchid Calypso bulbosa and found that an increasing population density
decreased pollen removal in one of three study years. Calypso bulbosa blossom, like A. morio,
in early spring (end of May in North Sweden). This example shows, that another terrestrial
orchid was also negatively affected in their reproductive success due to intraspecific
competition.

4.3.2 Hetero-specific plant densities
Twelve co-flowering taxa of A. morio were reported for the study site Fuchshäufel. All of them
were typical dry meadow species. Interestingly, the number of co-flowering taxa didn´t
influence the fruit set of A. morio; thus, probable relationships will likely be species-specific.
Furthermore, there was no difference among the color morph groups in the quantities of the
three most frequently co-flowering species, Potentilla incana, Euphorbia cyparissias, and
Ornithogalum kochii. This suggests, that there is no difference or preference of one color morph
to grow in closer proximity (or a greater distance) to a specific co-flowering taxon.
The pollen removal as a measure of reproductive success, of the in northern Sweden flowering
deceptive orchid Calypso bulbosa was positively related with the density of co-flowering Salix
caprea plants in one of three research years (Alexandersson and Ågren, 1996). In the study of
Alexandersson and Ågren (1996) fruit set was analyzed to, but the respective results weren´t
statistically significant. Dafni (1983b) found, that the more nectar-bearing species (Asphodelus
microcarpus, Bellevalia flexuosa, Salvia fructicosa) co-flowered Orchis caspia, the higher the
fruit set of the deceptive orchid was. These examples show, that co-flowering rewarding species
enhanced the reproductive success of two different orchid species as proposed by the magnet
species theory (Dafni, 1983b; Alexandersson and Ågren, 1996).
In contrast, Lammi and Kuitunen (1995) who experimentally studied the deceptive orchid
Dactylorhiza incarnata didn´t find an evidence of facilitation through Viola flowers.
Furthermore, in absence of Viola flowers the reproductive success of the orchid increased, what
they named “remote-habitat” effect.
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In the study of Juillet et al. (2007) significant interactions with two co-flowering magnet species
were found. The density of one of them, Geranium sylvaticum had a negative effect on the
reproductive success of the deceptive orchid Traunsteinera globosa, while the other co-flower
species, Trifolium pratense had a positive effect. In general, the density of Geranium sylvaticum
was low and the plant co-flowered the orchid in only a view cases (mean ± SD: 1.065% ±
3.041%). In contrast to that, Trifolium pratense co-flowered Traunsteinera globosa in more
cases (12.757% ± 10.805%) and the density was positively linked to the reproductive success
of the orchid. However, the question if Traunsteinera globosa uses “plant-mimicry” isn´t
clarified entirely (Jersáková et al., 2016). Because of that, the comparison with a “general food
deceptive” orchid, like A. morio, is discussable.
In my study P. incana was with 62.4% of all cases, the most important co-flowering species of
A. morio. But the density of P. incana had a significant negative effect on the reproductive
success of A. morio. This was true for all studied plants as well as for white-flowered plants,
separately. Since the flower color is an important visual signal for pollinators it is possible that
there are differences between color morphs and their response to co-flowering (magnet) species.
In Lammi and Kuitunens study (1995) co-flowering purple-red Violas (similar color as the
orchid) had a more negative effect on the fruit set of Dactylorhiza incarnata than other Viola
colors. Therefore, it is conceivable, that one color morph could have a positive or neutral
relationship to a co-flowering potential magnet species, whereas the visitation rates of another
color morph decreases due to competition. But at the same time, if this would be true, and a
color morph always gets a higher reproductive success due to a co-flowering magnet species,
then it would not explain the maintenance of color polymorphism. This means, that there needs
to be other factors involved in the maintenance of color polymorphisms.
Moreover, P. incana, had a significant negative effect on the plant height of the surrounding A.
morio plants. The higher the densities of P. incana the lower the plant height of A. morio. This
correlation was significant negative for all studied plants as well as for white-flowered plants,
separately. Considering these results, it might be, that P. incana had an indirect negative effect
on the fruit set of A. morio, because A. morio plants, which grew in higher P. incana densities
were smaller and in further consequence more unattractive for pollinators.
For the other two important co-flowering species E. cyparissias and O. kochii no significant
correlations were found. This means, that these co-flowering species had neither a positive nor
a negative effect on the fruit set of A. morio plants.
In addition to that, no interactions between dedicated pollinator species of the most important
co-flowering plants and A. morio were found. One reason therefore was that many wild bee
species were oligolectic on the co-flowering plant families, what makes them unlikely to play
an important role in the pollination of A. morio. However, this result indicates, that a possibly
facilitation occurs only, if both plants (rewarding magnet species and deceptive species) share
pollinators.
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Also, important in the issue “facilitation” versus “competition” is the geographical scale
studied. In the experimental study of Johnson et al. (2003) the influence of potential magnet
flowers on the reproductive success of A. morio was evaluated. They found a positive effect of
the co-flowering species Geum rivale and Allium schoenoprasum on the reproductive success
of A. morio. In their study the reproductive success was quantified by pollen removal, pollen
receipt and overall visitation rate. Translocated A. morio plants performed better in these
aspects, but the findings couldn’t be related with the density of nectar plants in the 1 m2 patches.
At a larger patch scale (100 m2) a positive connection between the visitation rate to the orchid
and the nectar plant density could be found. Their study showed, that the facilitation effect for
A. morio is positively correlated with magnet plant densities in the local habitat (100 m2) and
at larger habitats scales, like meadows (~1 ha), but not on the microhabitat scale (1 m2). The
research circle studied in the present study was with less than 1 m2 clearly on the microhabitat
scale. I found a significant negative effect between the density of P. incana and the fruit set of
A. morio. Thereby, it was not tested, whether on a larger scale (100 m2 or ~ 1 ha) this negative
effect of P. incana in high density patches would become reversed to a neutral or even
facilitating effect, similar to the findings of Johnson et al. (2003). However, all these studies on
facilitation versus competition showed, that different geographical scales and flower densities
seem to play a role, further research on this topic should consider that.
Altogether my results show that there wasn´t a magnet species effect (at least on the
microhabitat scale) detectable for A. morio and the three most important co-flowering species
(P. incana, E. cyparissias and O. kochii) at the study site lower Fuchshäufel in the Donau-Auen
National Park.
The importance of plant densities also shows the following example: a low density of a
rewarding species Taraxacum officinale (Asteraceae and invasive in the Chilean Andes)
positively affected the pollination success of two other native Asteraceae species (Hypochaeris
thrincioides and Perezia carthamoides). When the density of Taraxacum officinale increased,
facilitation shifted to competition leading to both a reduced pollinator visitation and a reduced
reproductive success of the focal species (Muñoz and Cavieres, 2008).
The importance of pollinator abundance shows the following example: under low pollinator
abundance an increase in interspecific flower densities decreases the visitation of the focal
species, sending a weaker signal for pollinators (Ye et al., 2014). In the study of Ye et al. (2014)
co-flowering Potentilla reptans var. sericophylla plants only enhanced the fruit set of Lotus
corniculatus (another rewarding species) when pollinators were abundant. The authors
therefore suggest that besides a possible plant density threshold (Rathcke, 1983) also a
pollinator abundance threshold might exist. According to this hypothesis, facilitation occurs
only beyond such a threshold of pollinator abundance (and competition occurs below such a
threshold).
I suppose, that the combination of both, the densities of the flowering plants as well as pollinator
abundance might be causal for the determination between facilitation or competition. The
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equilibrium of such a pollinators and plant density dependent threshold is supposed to be
species-to-species dependent and specific.
There are two main reasons that contradict the magnet species effect as a general advantageous
strategy for the reproductive success in deceptive orchids. First, if the magnet species effect
would always act positively, then many deceptive orchids wouldn´t have to flower very early
in spring. Second, if the magnet species effect would always act positively, then it seems
illogical that deceptive orchids often grow in “remote” vegetation types with only a few other
co-flowering species (Lammi and Kuitunen, 1995). Therefore, if the magnet species effect
would be a general advantage for deceptive orchids, then these deceptive orchids wouldn´t act
as they act today!
For that reason, and the fact that there exists controversial evidence in the literature, I want to
conclude, that a potential “magnet species effect” is
-

very species-to-species dependent
density and habitat dependent
climate conditions and seasonal fluctuations dependent
dependent on pollinator abundance
and that it might, nevertheless, play a role in the evolution of plant-mimicry systems
and/or color polymorphism

4.4 Field observations between insects and Anacamptis morio

4.4.1 Bumblebees and pollination
Bumblebees, and especially bumblebee queens are often reported to be the most important
pollinators for A. morio (Nilsson, 1984; Nilsson, 1992; Smithson, 2002; Jersáková et al., 2002;
Johnson et al., 2003). In the Czech Republic the most important pollinator species for A. morio
were B. terrestris and B. lapidarius (Jersáková et al., 2002). These two bumblebee species were
also the only ones I could observe visiting A. morio flowers at my study site in the Donau-Auen
National Park.
Behavioral experiments between color morphs and bumblebees showed, that rare morphs were
preferred when flowers were deceptive (in rewarding flowers, the common morph was
preferred). Furthermore, the disappointment by visiting empty flowers increased the probability
of switching to a different color morph (Smithson and Macnair, 1997).
In this study only one switch of a B. lapidarius queen between A. morio color morphs was
observed. After the unsuccessful visit of five purple-flowered A. morio plants the bumblebee
queen visited a white-flowered plant, but being disappointed there too, the bumblebee queen
returned to another purple-flowered plant. The study of Smithson and Macnair (1997) suggests
a higher visitation rate of rare morphs in deceptive orchids, resulting in a higher reproductive
success of the rare morph (NFDS). In my study of a natural population of A. morio I couldn´t
find supporting evidence for this theory, since there was no statistical significant difference in
the fruit set of purple- and white-flowered plants. Switching between color morphs occurs but
a higher visitation rate for the “rare morph” was not detectable.
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Koivisto et al. (2002) found that darker inflorescences of the deceptive orchid Dactylorhiza
maculata, where visited more often by bumblebees. However, other flower visitors (than
bumblebees) showed no “preference” between purple or pale color morphs. Furthermore,
bumblebees and other pollinators were equally effective in terms of pollinia removal; thus, there
was no difference in the pollinia removed between color morphs. Likewise, there was no
difference in the fruit set between the two color-morph variants of Dactylorhiza maculata
(Koivisto et al., 2002). However, it would be important to know the ratio of the purple and
“pale” color-morph variants in the study of Koivisto et al. (2002). The frequency of a color
morph within a population influences the visitation frequency of a given color morph. During
my research I found that bumblebee queens visited more often purple-flowered A. morio plants,
but given the higher frequency of this flower-color morph within the population I can´t say that
bumblebees “preferred” purple-flowered instead of white-flowered plants!
In England, Dafni (1983a) observed Bombus lucorum queens visiting only one flower per
inflorescence of A. morio and departing afterwards from the orchid patch or switching to a coflowering rewarding species like Taraxacum officinale. Thus, they stayed only a few seconds
(2-6 sec.). In my observations, B. lapidarius queens stayed between 3-15 seconds in one A.
morio flower and departing from the orchid patch or switching to a rewarding co-flower was
observed seldom. In contrast, B. lapidarius queens continued to visit A. morio despite being not
rewarded. In general, the bumblebee species preferred lower to middle positions on the
inflorescence and consequentially visited only one flower per plant, before departing to another
A. morio plant. These results stand in line with Johnson et al. (2003) who found that B.
lapidarius queens already carrying pollinia were more likely to visit A. morio again, than those
which did not carry pollinia.
The bending time of A. morio pollinia, on the pollinator, is about 30 seconds, see Appendix 11
(Johnson and Nilsson, 1999; Claessens and Kleynen, 2011). This would mean, that in the
observed flower-visiting sequence of a B. lapidarius queen, the pollinia from the first A. morio
plant would have had enough time to became deposited (on the fourth or fifth plant). Not
considered was the time the bumblebee queen needed to fly from one A. morio plant to the next
one. Therefore, the deposition of pollinia could have happened already earlier, i.e. the third
plant, where the bumblebee stayed quite long (15 seconds). However, geitonogamous
pollination seems to be excluded by the bending time and the pollinator behavior observed (cf.
Johnson and Nilsson, 1999; but see also Kropf and Renner, 2008).
Bombus terrestris queens preferred visiting lower flower positions on the inflorescence and in
contrast to B. lapidarius queens, which consequentially visited only one flower per plant, up to
three flowers per plant were visited. However, there is also another study by Nilsson (1984)
who found B. lapidarius queens visiting several flowers per A. morio plant.
The differences in the visiting behavior between B. lapidarius, B. terrestris, B. lucorum (Dafni,
1983a) signals that each pollinator species has an individual habit what could lead to different
results regarding color morph preference (switching), fruit set distribution on the inflorescence
(preferred visiting locations) and co-flower interactions (strict switching of B. lucorum).
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4.4.2 Caterpillars and Butterflies
The feeding of Antitype chi caterpillars on A. morio was already described by Vöth (1999). In
the present study it was possible to proof his findings.
Although, only a few cases of feeding caterpillars could be reported at my study site
“Fuchshäufel” in the Donau-Auen National Park, at another study site, “Lange Lacke” in the
Neusiedlersee-Seewinkel National Park (Austria), a more severe damage on A. morio plants,
caused by A. chi caterpillars, was found in the same season, spring 2017 (Filipovic, unpublished
data). This comparison shows that the pressure caused by caterpillars are very dependent on
local habitat conditions and/or the local abundance of A. chi butterflies.
At my study site all A. chi caterpillar observations were exclusively made on purple-flowering
plants. This might be due to the preference of A. chi butterflies of purple plant-colors for
oviposition.
In general, the interaction between Erynnis tages and A. morio could be facilitating, neutral or
even disadvantageous for the orchid. The latter case is unlikely, because the known feeding
plants of the caterpillars (Coronilla varia, Lotus corniculatus, Lotus uliginosus and Hippocrepis
comosa) are all Fabaceae (Bellmann, 2009; Weidemann, 1995).
However, to determine a facilitating relationship for A. morio it would be necessary to report a
pollinia transportation caused by E. tages butterflies. During this work, this was not possible.

4.4.3 Spittlebug larvae
At the study site “Fuchshäufel” in the Donau-Auen National Park, spittlebugs were the most
frequently observed herbivores on A. morio.
To the best of my knowledge there exist no scientific study about the role of spittlebugs as
herbivores (predator) in natural dry meadows and/or of terrestrial orchids. While, the negative
impact of spittlebugs for cultural grasslands and pastures is already known and well-studied
(Valério et al., 2001).
The issue of color polymorphism is also debated being a result of non-pollinator selection traits.
Strauss and Whittall (2006) reviewed the influences of biotic non-pollinator agents on the
selection of floral traits. In general, biological pressure agents can be herbivores, such as
caterpillars of butterflies, grazing animals, etc. Spittlebugs can act as such a non-pollinator
agent (Valério et al., 2001).
I found that 41 of the 399 studied A. morio plants were affected by spittlebugs. On purpleflowered A. morio plants 32 spittlebug larvae were found (78% of all found spittlebug larvae).
In white-flowered plants 7 larvae (17%) and in pink-flowered plants 2 larvae (5%). However,
since the morph ratio of purple-flowered morphs, within the A. morio population at the study
site, is several 100% higher than the ratios of white- or pink-flowered plants it can´t be said that
the spittlebugs “preferred” a flower-color morph.
Within this study, observations concerning spittlebugs were just a side effect. To conclude with
this issue, it is also necessary to outline, that a loss of 10.3%, which is caused by spittlebugs on
A. morio, is in the normal range of “loss” of adult plants not reproducing in a single year due to
external factors.
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4.5 Color polymorphism: role and impact on fruit set in Anacamptis morio
Dormont et al. (2009) found that the reproductive success of purple-flowered Orchis mascula
plants was higher when they grew in mixed populations with so-called “rare white morphs”
(27.22%) or white lures (26.35%) as in pure purple-flowered Orchis mascula populations
(6.16%). At the same time, the “rare white morphs” were less successful and had a lower fruit
set level (6.67%). They propose, that white-flowered plants (rare white morphs) enhance the
reproductive success of conspecific purple-flowered plants as a general strategy of this species.
Here, I neither found a higher reproductive success (fruit set) for the rare white-flowered plants,
what contradicts the NFDS hypothesis, nor a lower reproductive success, what contradicts the
hypothesis of Dormont et al. (2009). The fruit set result of rare pink-flowered plants, showed
that their reproductive success is more limited, what strongly contradicts the NFDS hypothesis
but not the hypothesis of Dormont et al. (2009). But, more studies would be needed to determine
the role of pink-flowered plants within the population, since it is unclear if they should be
treated as a separate color morph group or not!
However, there exist, several other studies that found empirical contradictions to the NFDS
hypothesis (Kropf and Renner, 2005; Pellegrino et al., 2005; Jersáková et al., 2006b; Smithson
et al., 2007; Groiß et al., 2017). One possible explanation opposing the NFDS hypothesis is due
to pollinators behavior. It was observed that pollinators predominantly stick to the flower colors
first encountered, even though the visited orchid is non-rewarding (Groiß et al., 2017). A more
common color morph, within a given population, has a higher chance to be encountered first
by a pollinator, than a rare morph, at least if discrimination by pollinators isn´t so strong.
According to this, pollinators continue to visit the first encountered color morph what might
lead to the continued dominance of this color morph in the population.
Gigord et al. (2001) found an equilibrium morph ratio of 2/3 yellow-flowering to 1/3 purpleflowering plants in Dactylorhiza sambucina. Kropf and Kriechbaum (2009) showed that such
a morph ratio can change between years and/or populations, although the same pollinators were
available, and that there need to be other factors (like the dormancy of plants) that are involved
in the maintenance of color-(di-)morphism in Dactylorhiza sambucina.
An interesting study by Pellegrino et al. (2005) about color polymorphism in Dactylorhiza
sambucina compared the reproductive success for two color morphs. At their study site the
common morph was yellow-flowering and the rare morph red. They found a higher pollen
removal for the common but a higher fruit set for the rare morph. Thus, a higher proportion of
the common yellow-flowered morph within the studied populations led to a higher reproductive
success of the total population. This means, that a higher number of the rare morphs (red) didn´t
have any advantage for the overall fruit set of the population. In other words, there was no
reproductive advantage, in terms of higher fruit set, caused by the occurrence of rare red
morphs. This study shows, that rare morphs (red) can have a higher fruit set level, than common
morphs what strengthen the NFDS hypothesis, but at the same time leads an increasing ratio of
rare morphs to a reduction of the overall fruit set (of the population). However, it would be
interesting to know, if this is also the case in A. morio populations!
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Another challenge that play a role in the building of a possibly color-morph-equilibria is the
longevity of singular plants on one hand and the unknown time delay caused by seeds or
protocorms, waiting in the soil, on the other hand. Another aspect discussed is the influence on
morph frequency caused by local pollinator color-fidelity to the flower colors of co-flowering
(rewarding) plants. As greenhouse experiments have shown, bumblebees preferred
Dactylorhiza sambucina color morphs that resembled the color of previously visited rewarding
flowers (Gigord et al., 2002). Because of such factors, the building of an equilibrium is
complicated and a pendular movement of different color morph ratios around a possible
equilibrium is more likely to be found (Gigord et al., 2001; Kropf and Kriechbaum, 2009).
As already mentioned previously, the color of a rewarding co-flowering species (e.g. Violas
sp.) can influence the reproductive success of color morphs differently, like for Dactylorhiza
incarnata (Lammi and Kuitunen, 1995). In my study this was also the case, because, whiteflowered A. morio plants had a significant negative relationship with increasing numbers of coflowering P. incana. The reproductive success of purple- and pink-flowered plants had only a
negative tendency given increasing densities of P. incana, but the corresponding correlations
weren´t significant (see Appendices 7 & 9).
Another theory for the maintenance of color polymorphism is a difference in fertility among
color morphs (Jersáková et al., 2006b). My results couldn´t validate this theory, as I couldn´t
find any significant differences among seed parameters (seed weight, number of seeds per
capsule, or vitality level of seeds) for the tested capsules of purple- and white-flowered plants.
Thus, the fruit set level between purple- and white-flowered plants were equally high with no
significant difference among them. However, my results are obtained after open pollination, i.e.
pollen sources are unknown. Therefore, I can´t say if specific crossings (within or across color
morphs) did influence my results.
Different color morphs don’t have necessarily different odors. In the sexual deceptive orchid
Ophrys arachnitiformis the behaviorally active odor compounds were identical in the two
perianth color morphs green and white (Vereecken and Schiestl, 2009). In another study two
different odors were found for three different color morphs of the Réunion Island tropical orchid
Calanthe sylvatica (Delle-Vedove et al., 2011). Once more, these results raise new issues,
because a possibly odor difference among A. morio color morphs wasn´t investigated so far.
There are many more theories that try to explain the maintenance of color polymorphism, e.g.
innate versus learned color preferences of bees, nutrient supply, climate factors or predation
avoidance. However, in the study of Jersáková et al. (2015) no correlation was found between
different morph ratios of Dactylorhiza sambucina across Europe and soil properties (pH,
calcium content), population density, or altitude above sea level. In African Protea repens
(Proteaceae) the pink morph frequency increased with elevation or seed predation intensity
(Carlson and Holsinger, 2015). For A. morio such research, in special of soil properties and
nutrient supply and their influence on color polymorphism wasn´t investigated by now. The
importance of climate factors (draught stress), predation avoidance or altitude above sea level,
scent and spectral analyses, would also need further investigation.
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Because of all these different, partly contradictory results in relation to color polymorphism I
conclude, that color polymorphism might be caused, influenced and maintained by the
following factors
-

pollinator preferences for certain flower colors (color-fidelity) and pollinator behavior,
e.g. avoidance learning, innate behavior
exploitation of facilitation due to co-flowering (rewarding) species and competition
avoidance due to co-flowering (rewarding) species
predation avoidance
climate factors (draught stress avoidance), may be in combination with elevation
nutrient supply
mutation
maintenance of a general (genetic) variety within a species, to retain a response capacity
to master catastrophic events or a changing environment

5. Outlook
In the discussion of color polymorphism there are important issues which would need further
research. Especially the question if pink-flowered plants in A. morio should be treated as an
own color morph group needs to be clarified. For such a clarification I recommend
spectrometric analyses, flower odor analyses and research answering the question whether
pink-flowered plants are the result of hybridization (e.g. between white- and purple-flowered
plants). Furthermore, the role of different mycorrhiza symbionts and/or nutrients on flowercolor polymorphisms would be an interesting question for further research.
The hetero-specific density analysis within this study was performed on a microhabitat scale
(<1m2) according to Johnson et al. (2003). Since, they found a positive effect of co-flowering
magnet species only on larger habitat scales (100m2 and meadows of abut ~1 ha) it would be
interesting to see, if there would be additional results for A. morio and the co-flowering taxa at
the study site with such an extended study design.
Alarming news of declining insect numbers, as reported by Hallmann et al. (2017) could have
a severe effect on the reproductive success of primarily “pollinator-limited” deceptive orchids.
From more than 40 reported (possible) pollinators of A. morio only two bumblebee species (B.
lapidarius and B. terrestris) were found at the study site in the Donau-Auen National Park in
2017. Studies about declining insect numbers are crucial, since pollination plays an important
role in any conservational attempt.
I want to conclude with a plea for the continuance of the grazing management on the
“Heißländen” in the Donau-Auen National Park. As the studies of Jersáková et al. (2002) about
population dynamics in the Czech A. morio populations and Rotter (2002) about scrub
encroachment in the national park have shown, are orchids, and in special A. morio, weak
competitors in increasing vegetation and litter densities.
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I – XII Appendices
Appendix 1. Kruskal-Wallis test for color morph group differences

Parameters

Purple against white

Purple against pink

White against pink

Fruit set [%]

H (332) = 0.206, p = 0.650

H (292) = 5.100, p= 0.024*

H (82) = 3.174, p = 0.075

Flowers [no.]

H (376) = 4.900, p = 0.027*

H (326) = 1.008, p = 0.315

H (96) = 0.171, p = 0.679

Capsules [no.]

H (332) = 0.398, p = 0.528

H (292) = 6.160, p = 0.013*

H (82) = 3.948, p = 0.047*

Plant height [cm]

H (338) = 2.651, p = 0.103

H (298) = 0.271, p = 0.603

H (82) = 0.277, p = 0.599

Inflorescence length [cm]

H (373) = 9.532, p = 0.002**

H (325) = 2.441, p = 0.118

H (94) = 0.246, p = 0.620

H (376) = 32.421, p = 0.000***

H (326) = 3.912, p = 0.048*

H (96) = 1.694, p = 0.193

H (376) = 24.322, p = 0.000***

H (326) = 0.008, p = 0.930

H (96) = 5.739, p = 0.017*

H (376) = 0.371, p = 0.542

H (326) = 0.471, p = 0.492

H (96) = 0.054, p = 0.817

H (376) = 7.740, p = 0.005**

H (326) = 0.090, p = 0.764

H (96) = 3.379, p = 0.066

Species richness [no.]

H (376) = 0.939, p = 0.330

H (326) = 0.194, p = 0.659

H (96) = 0.886, p = 0.347

Potentilla incana [cm2]

H (376) = 0.047, p = 0.828

H (326) = 2.418, p = 0.120

H (96) = 1.353, p = 0.245

Population density coflowering A. morio [cm]
Population density coflowering white A. morio [cm]
Distance next flowering purple
A. morio [cm]
Distance next flowering white
A. morio [cm]
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Parameters
Euphorbia cyparissias
[inflorescences]
Ornithogalum kochii [flower
heads]
Flower number (framework
parameter seed data set)
Capsules number (framework
parameter seed data set)
Number of seeds per capsule
[no.]

Purple against white

Purple against pink

White against pink

H (376) = 0.067, p = 0.796

H (326) = 1.449, p = 0.229

H (96) = 1.674, p = 0.196

H (376) = 0.253, p = 0.615

H (326) = 0.368, p = 0.544

H (96) = 0.099, p = 0.753

H¹ (9) = 1.268, p = 0.260
H¹ (9) = 0.244, p = 0.621
H¹ (9) = 0.894, p = 0.400

TSW [g]

H¹ (9) = 0.820, p = 0.512

Not vital seeds [%]

H¹ (8) = 0.354, p = 1.000

Vital seeds [%]

H¹ (8) = 0.354, p = 1.000

Ho = there is no significant difference between the groups (i.e. purple against white) for the tested factor (i.e. fruit set); P-values represent the two-sided
asymptotic significance level; * sig. (0.05); ** sig. (0.01); *** sig. (0.00); ¹ Kolmogorov-Smirnov test (two-sided) was used due to small sample size;
When not marked extra the Kruskal-Wallis test was performed.
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Appendix 2. Independent t-test for color morph group differences

Parameters

Purple against white

Purple against pink

White against pink

Fruit set [%]

t (330) = -0.120, p = 0.905

Flowers [no.]

t (330) = 1.533, p = 0.126

t (290) = 2.934, p = 0.007**
M (pp) = 18%; M (p) = 8.9%
t (290) = 0.769, p = 0.443

t (80) = 2.274, p = 0.026*
M (w) = 18.4%; M (p) = 8.9%
t (80) = -0.184, p = 0.855

Capsules [no.]

t (330) = 0.355, p = 0.723

Plant height [cm]

t (330) = 1.792, p = 0.074

t (290) = 4.309, p = 0.000***
M (pp) = 2.14; M (p) = 0.86
t (290) = 0.527, p = 0.598

t (80) = 2.734, p = 0.008**
M (w) = 2.02; M (p) = 0.86
t (80) = -0.558, p = 0.578

Inflorescence length [cm]

t (330) = 2.613, p = 0.009**
M (pp) = 4.5; M (w) = 3.74
t (374) = -5.201, p = 0.000***
M (pp) = 10.07; M (w) = 22.05
t (374) = -3.673, p = 0.000***
M (pp) = 0.43; M (w) = 0.90
t (374) = -0.331, p = 0.741

t (290) = 2.333, p = 0.026*
M (pp) = 4.5; M (p) = 3.81
t (324) = -1.922, p = 0.067
M (pp) = 10.07; M (p) = 19.52
t (324) = 0.210, p = 0.834

t (80) = -0.168, p = 0.840

Population density co-flowering
A. morio [no.]
Population density co-flowering
white A. morio [no.]
Distance next flowering purple
A. morio [cm]
Distance next flowering white A. t (374) = 1.656, p = 0.098
morio [cm]
Species richness [no.]
t (374) = 1.136, p = 0.257

t (94) = 0.530, p = 0.597

t (324) = 0.774, p = 0.440

t (94) = 2.245, p = 0.027*
M (w) = 0.90; M (p) = 0.39
t (94) = 0.497, p = 0.620

t (324) = -0.508, p = 0.611

t (94) = -1.215, p = 0.228

t (324) = -0.560, p = 0.576

t (94) = -1.189, p = 0.238

Potentilla incana [cm2]

t (374) = -0.387, p = 0.699

t (324) = -1.636, p = 0.103

t (94) = -1.224, p = 0.224

Euphorbia cyparissias
[inflorescences]

t (374) = -0.948, p = 0.345

t (324) = 1.019, p = 0.309

t (94) = 1.903, p = 0.060
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Parameters

Purple against white

Purple against pink

White against pink

Ornithogalum kochii [flower
heads]
Flower number (framework
parameter seed data set)
Capsules number (framework
parameter seed data set)
Number of seeds per capsule
[no.]
TSW [g]

t (374) = 0.163, p = 0.870

t (324) = 1.866, p = 0.070

t (94) = 0.915, p = 0.363

Not vital seeds [%]

t (6) = 0.206, p = 0.844

Vital seeds [%]

t (6) = -0.206, p = 0.844

t (7) = 4.150, p = 0.204
t (7) = 1.050, p = 0.639
t (6) = 1.444, p = 0.199
t (6) = 0.134, p = 0.898

M = mean; pp = purple; w = white; p = pink; Ho = there is no significant difference between the groups (i.e. purple against white) for the tested factor (i.e. fruit set);
P-values represent the two-sided asymptotic significance level; * sig. (0.05); ** sig. (0.01); *** sig. (0.00)
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Appendix 3. Overview of (mean) values of all parameters analyzed for all studied plants

Parameters
Fruit set [%]
Flowers [number]
Capsules [number]
Plant height [cm]
Inflorescence length [cm]
Population density of all coflowering A. morio colors
[number]
Population density of coflowering white A. morio
morphs [number]
Distance to the next flowering
purple A. morio [cm]
Distance to the next flowering
white A. morio [cm]

Mean (±SD)
17.60 (± 19.28)
11.06 (± 3.95)
2.04 (± 2.35)
16.87 (± 5.66)
4.29 (± 2.01)
12.81 (± 14.91)

Min – Max
0 – 100
2 – 28
0 – 12
3 – 33
1 – 11
0 – 71

N
353
399
353
359
396
399

0.52 (± 0.93)

0–4

399

15.16 (± 21.66)

1 – 301

399

111.33 (± 98.00)

1 – 301

399

Appendix 4. Overview of (mean) values of all parameters analyzed for purple morphs

Parameters
Fruit set [%]
Flowers [number]
Capsules [number]
Plant height [cm]
Inflorescence length [cm]
Population density of all coflowering A. morio colors
[number]
Population density of coflowering white A. morio
morphs [number]
Distance to the next flowering
purple A. morio [cm]
Distance to the next flowering
white A. morio [cm]

Mean (±SD)
18.09 (± 18.58)
11.33 (± 4.09)
2.14 (± 2.33)
17.16 (± 5.70)
4.49 (± 2.08)
10.07 (± 11.71)

Min – Max
0 – 90
3 – 28
0 – 12
5 – 33
1 – 11
0 – 58

N
271
303
271
277
302
303

0.43 (± 0.91)

0–4

303

15.15 (± 17.31)

1 – 136

303

114.56 (± 94.34)

1 – 301

303
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Appendix 5. Overview of (mean) values of all parameters analyzed for white morphs

Parameters
Fruit set [%]
Flowers [number]
Capsules [number]
Plant height [cm]
Inflorescence length [cm]
Population density of all coflowering A. morio colors
[number]
Population density of coflowering white A. morio
morphs [number]
Distance to the next flowering
purple A. morio [cm]
Distance to the next flowering
white A. morio [cm]

Mean (±SD)
18.42 (± 23.29)
10.16 (± 3.45)
2.02 (± 2.61)
15.73 (± 5.63)
3.63 (± 1.74)
22.05 (± 18.82)

Min – Max
0 – 100
2 – 19
0 – 11
3 – 29
1–9
0 – 71

N
61
73
61
61
71
73

0.90 (± 1.00)

0–3

73

16.10 (± 35.99)

1 – 301

73

93.60 (± 107.75)

1 – 301

73

Appendix 6. Overview of (mean) values of all parameters analyzed for pink morphs

Parameters
Fruit set [%]
Flowers [number]
Capsules [number]
Plant height [cm]
Inflorescence length [cm]
Population density of all coflowering A. morio colors
[number]
Population density of coflowering white A. morio
morphs [number]
Distance to the next flowering
purple A. morio [cm]
Distance to the next flowering
white A. morio [cm]

Mean (±SD)
8.96 (± 13.28)
10.35 (± 3.15)
0.86 (± 1.19)
16.50 (± 4.88)
3.72 (± 1.26)
19.52 (± 23.35)

Min – Max
0 – 50
5 – 16
0–4
9 – 24
2–7
2 – 70

N
21
23
21
21
23
23

0.39 (± 0.78)

0–3

23

12.30 (± 11.15)

1 – 34

23

125.07 (± 110.32)

3 – 301

23
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Appendix 7. Correlation matrix for purple-flowered Anacamptis morio plants

Parameters

Plant traits
FN
CN

PH

IL

FS

0.242**

0.956**

0.408**

0.400**

-0.122*

-0.125*

0.459**

0.567**

0.664**

0.090

0.507**

0.540**
0.850**

FN
CN
PH
IL
PD all
PD white
morphs

Population structure
PD all
PD
white
morphs

NFP

NFW

Co-flowers
SN
P.
incana

0.007

0.109

-0.018

-0.065

0.093

0.030

-0.048

0.085

0.051

-0.102

-0.076

-0.094

-0.122*

0.002

-0.062

0.070

-0.001

-0.069

-0.166**

-0.081

-0.096

-0.019

-0.048

-0.033

-0.151**

-0.007

0.022

-0.060

-0.091

0.451**

0.077

0.083

-0.176**

-0.194**

0.022

-0.018

0.037

-0.031

0.485**

0.382**

0.454**

E.
O.
cyparissias kochii

NFP
NFW
SN

FS = fruit set; FN = flower number; CN = capsules number; PH = plant height; IL = inflorescence length; PD = population density; NFP = next flowering purple A. morio plant;
NFW = next flowering white A. morio plant; SN= species number; * sig. at the 0.05 level; ** sig. at the 0.01 level

72

Appendix 8. Correlation matrix for white-flowered Anacamptis morio plants

Parameters

Plant traits
FN
CN

PH

FS

0.283*

0.973**
0.449**

FN
CN
PH
IL
PD all
PD white
morphs

IL

Population structure
PD all
PD white NFP
morphs

NFW

Co-flowers
SN
P.
incana

0.637**

0.393**

-0.176

-0.065

-0.031

-0.056

0.671**

0.660**

-0.215

-0.137

0.729**

0.495**

-0.225

0.835**

E.
cyparissias

O.
kochii

-0.281*

-0.054

0.049

0.179

-0.034

-0.192

0.277*

-0.096

-0.010

-0.268*

-0.100

0.096

-0.190

-0.062

0.049

-0.193

-0.093

0.247

-0.053

-0.186

-0.100

-0.179

-0.265*

0.093

0.204

0.061

0.369**

0.127

-0.307**

0.243*

-0.065

0.469**

0.327**

0.553**

0.480**

0.520**

-0.011

NFP
NFW
SN

FS = fruit set; FN = flower number; CN = capsules number; PH = plant height; IL = inflorescence length; PD = population density; NFP = next flowering purple A. morio plant;
NFW = next flowering white A. morio plant; SN= species number: * sig. at the 0.05 level; ** sig. at the 0.01 level
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Appendix 9. Correlation matrix for pink-flowered Anacamptis morio plants

Parameters

Plant traits
FN
CN

FS

-0.063

FN
CN
PH
IL
PD all
PD white
morphs

PH

IL

Population structure
PD all
PD white NFP
morphs

0.982**

0.091

0.135

-0.297

-0.212

0.059

0.424

0.621**

-0.258

-0.144

0.080

0.231

-0.034

0.094

0.203

0.268

-0.349

-0.244

0.205

-0.172

0.347

0.348

0.786**

-0.410

-0.548*

-0.195

-0.162

0.281

0.201

-0.492*

-0.206

-0.052

0.001

0.267

0.000

0.712**

-0.123

0.210

-0.362

-0.089

-0.052

0.442*

-0.268

-0.268

0.300

0.565**

0.565**

-0.050

NFW

Co-flowers
SN
P.
incana

E.
cyparissias

O.
kochii

-0.015

0.137

-0.197

0.306

0.288

NFP
NFW
SN

FS = fruit set; FN = flower number; CN = capsules number; PH = plant height; IL = inflorescence length; PD = population density; NFP = next flowering purple A. morio plant;
NFW = next flowering white A. morio plant; SN= species number; * sig. at the 0.05 level; ** sig. at the 0.01 level
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Appendix 10. Mean fruit set and floral parameters of Anacamptis morio across Europe

Fruit set
[%]
4.7
15.4
19.4
29.4
23.4
12.1
13.0
31.1
42.2
27.8
27.0
35.5
27.3
38.0
32.1
29.5
26.3
44.4
44.4
42.9
34.0
35.7

Flowers
No.
12.5
10.5
9.6
7.6
8.9
9.0
9.4
-

Plant height
[cm]
19.3
23.2
-

Inflorescence
length [cm]
4.9
5.9
-

N

Region-Locality

171
43
20
39
15
34
42
27
154
551
-

Sweden
Sweden
Sweden
Sweden
Sweden
Austria-Sparbach
Austria-Mödling
Portugal-Bensafrim
Portugal-Monchique
Scotland
Germany-Öschingen
Germany-Owingen
Czech-Horní Záblatí
Czech-Zábrdí
Czech-Horní Záblatí
Czech-Zábrdí
Czech-Javornik
Czech-Horní Záblatí
Czech-Zábrdí
Czech-Javornik
Czech-Zábrdí
Czech-Javornik

Study
season
1976
1977
1979
1981
1982
1986
1991
1991
1992
1996
1996
1997
1997
1998
1998
1998
1999
1999
1999
2000
2000

12.2

10.7

8-20

-

202

Holland-Sirjansland

2000

22.6
50.9

-

-

-

-

Holland-Renesse
Holland-Wijlre

2000
2000

References
Nilsson, 1984
Nilsson, 1984
Nilsson, 1984
Nilsson, 1984
Nilsson, 1984
W. Vöth in Claessens and Kleynen, 2011
Vöth, 1987
Neiland, 1994
Neiland, 1994
Neiland, 1994
Baumann in Sebald et al., 1998
Baumann in Sebald et al., 1998
Jersáková and Kindlmann, 1998
Jersáková and Kindlmann, 1998
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
Kindlmann and Jersáková, 2006; J. Jersáková in
Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
J. Jersáková in Claessens and Kleynen, 2011
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Fruit set
[%]
29.1

Flowers
No.
-

Plant height
[cm]
-

Inflorescence
length [cm]
-

N

Region-Locality

References

Czech-Zábrdí

Study
season
2001

-

54.4

-

-

-

-

East Aegean Islands

2004

R. & A. Wielinga in Claessens and Kleynen, 2011

49.3

-

-

-

-

23.3

-

-

-

-

GermanyBlankenheim
Holland-Dijkwater

2004

F. Opitz in Claessens and Kleynen, 2011

2004

R. Wielinga in Claessens and Kleynen, 2011
J. Claessens and J. Kleynen in Claessens and Kleynen,
2011
J. Claessens and J. Kleynen in Claessens and Kleynen,
2011
J. Claessens and J. Kleynen in Claessens and Kleynen,
2011
J. Claessens and J. Kleynen in Claessens and Kleynen,
2011

20.1

-

-

-

-

France-Barbières

2006

26.5

-

-

-

-

Holland-Wijlre

2006

33.7

-

-

-

-

France-Véronnes

2006

17.9

-

-

-

-

France-Barbières

2007

18.2

-

-

-

-

Holland-Wijlre

2007

43.5

-

-

-

-

France-Beaufort-surGervanne

2007

40.4

-

-

-

-

Holland-Wijlre

2009

41.0

9.0

-

-

444

Germany

2009

J. Claessens and J. Kleynen in Claessens and Kleynen,
2011
J. Claessens and J. Kleynen in Claessens and Kleynen,
2011
Hornemann et al., 2012

49.6

9.3

-

-

20

Hungary

2009-2010

Sonkoly et al., 2016

44.6

-

-

-

-

Holland-Wijlre

2010

17.6

11.0

16.87

4.3

353

Austria-Lobau

2017

J. Jersáková in Claessens and Kleynen, 2011

H. Jussen in Claessens and Kleynen, 2011

J. Claessens and J. Kleynen in Claessens and Kleynen,
2011
This study
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Fruit set
[%]

Flowers
No.

Plant height
[cm]

Inflorescence
length [cm]

-

5.0

12.71

-

9.4

8.9
(pink)
18.1
(purple)
18.4
(white)

N

Region-Locality

Study
season

References

-

5542;
6023

United Kingdom

1978-1995

Wells et al., 1998

16.874

-

122

France

1999-2000

Smithson, 2002

8.8-9.4

-

-

-

Sweden

2001

Johnson et al., 2003

10.3

16.5

3.7

21

Austria-Lobau

2017

This study

11.3

17.2

4.5

271

Austria-Lobau

2017

This study

10.1

15.7

3.6

61

Austria-Lobau

2017

This study

= In Wells et al. (1998) the plant height is referred to as “height of the inflorescence”; 2 = sample size for number of flowers; 3 = sample size for plant height; 4 = in Smithson (2002) the plant
height is referred to as “inflorescence height”

1
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Appendix 11. Pollinia bending times for Anacamptis morio

Bending time
M ± SD [seconds]
30.0
31.8 ± 3.6
30.1 ± 3.3
22.1 ± 4.3

N

Reference

25
20
10
20

Johnson and Nilsson, 1999
Claessens and Kleynen, 2011
Claessens and Kleynen, 2011
Claessens and Kleynen, 2011

Appendix 12. (Possible) pollinators of Anacamptis morio

Pollinators

Insect order

Apis mellifera L.

Hymenoptera – honey bee

Bombus agrorum Fabr.
Bombus confuses Schenck

Hymenoptera – bumblebee
Hymenoptera – bumblebee

Bombus humilis Illinger

Hymenoptera – bumblebee

Bombus hortorum L.

Hymenoptera – bumblebee

Bombus lapidarius L.

Hymenoptera – bumblebee

Bombus lucorum L.
Bombus muscorum L.

Hymenoptera – bumblebee
Hymenoptera – bumblebee

Bombus pascuorum L.

Hymenoptera – bumblebee

Bombus pratorum L.
Bombus ruderatus Fabr.
Bombus ruderarius Müller

Hymenoptera – bumblebee
Hymenoptera – bumblebee
Hymenoptera – bumblebee

Bombus sylvarum L.

Hymenoptera – bumblebee

Bombus terrestris L.

Hymenoptera – bumblebee

Bombus vestalis Geoff.

Hymenoptera – bumblebee

Bombus rupestris Fabr.
(Apathus rupestris Fabr.)

Hymenoptera – bumblebee

Bombus sylvestris Lepeletier
Bombus zonatus Smith
Bombus wurfleinii Gerstäcker

Hymenoptera – bumblebee
Hymenoptera – bumblebee
Hymenoptera – bumblebee

Reference
Darwin, 1877; Müller, 1873;
Vöth, 1987; Vöth, 1999;
Cozzolino et al., 2005
Vöth, 1987
Müller, 1873
Cozzolino et al., 2005; Paulus,
2011
Müller, 1873; Smithson, 2002;
Cozzolino et al., 2005
Müller, 1873; Nilsson, 1984;
Johnson and Nilsson 1999;
Vöth, 1999; Smithson, 2002;
Johnson et al., 2003;
Cozzolino et al., 2005,
Vöth, 1987; Smithson, 2002
Darwin, 1877
Vöth, 1999; Smithson, 2002;
Schiestl, 2005
Müller, 1873; Smithson, 2002
Cozzolino et al., 2005
Nilsson, 1984
Müller, 1873; Nilsson, 1984;
Cozzolino et al., 2005
Smithson, 2002; Cozzolino et
al., 2005; Paulus, 2011
Cozzolino et al., 2005
Godfery, 1918; Cozzolino et
al., 2005; AHO SachsenAnhalt, 2011
Cozzolino et al., 2005
Paulus, 2011
Smithson, 2002
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Pollinators
Habropoda tarsata Spinola
Habropoda zonata Dufour &
Perris
Andrena albopunctata Rossi
Andrena ovatula Kirby

Insect order
Hymenoptera – bumblebee

Reference
Paulus, 2011

Hymenoptera – bumblebee

Paulus, 2011

Hymenoptera – wild bee
Hymenoptera – wild bee

Anthophora acervorum L.

Hymenoptera – wild bee

Eucera longicornis L.
Eucera hungarica Friese
Halictus patellatus Morawitz
Lasioglossum xanthopus Kirby
Osmia bicornis L. (Osmia
rufa)
Osmia bicolor Schrank
Osmia leaiana Kirby
Osmia aurulenta Panzer
Andrena curvungula
Andrena helvola
Anthocharis euphenoides
Staudinger
Cucullia santonici Hübner
Hada plebeja L.
Zygaena lonicerae Scheven
Pontia daplidice L.
Hadena luteocincta Rambur
Cantharis obscura L.
Bellardia agilis Meigen

Hymenoptera – wild bee
Hymenoptera – wild bee
Hymenoptera – wild bee
Hymenoptera – wild bee

Hymenoptera – wild bee
Hymenoptera – wild bee
Hymenoptera – wild bee
Hymenoptera – wild bee
Hymenoptera – wild bee

Cozzolino et al., 2005
Cozzolino et al., 2005
Evans (1934) in Claessens and
Kleynen, 2011
Darwin, 1877
Cozzolino et al., 2005
Cozzolino et al., 2005
Cozzolino et al., 2005
Müller, 1873; Darwin, 1877;
Cozzolino et al., 2005
Nilsson, 1984
Nilsson, 1984
Nilsson, 1984
Godfery (1933) in Vöth, 1999
Nilsson, 1984

Lepidoptera – butterfly

Barile et al., 2006

Lepidoptera – butterfly
Lepidoptera – butterfly
Lepidoptera – butterfly
Lepidoptera – butterfly
Lepidoptera – butterfly
Coleoptera – bug
Diptera – fly

Barile et al., 2006
Barile et al., 2006
Barile et al., 2006
Barile et al., 2006
Barile et al., 2006
Nilsson, 1984
Nilsson, 1984

Hymenoptera – wild bee
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