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Introduction

General Introduction & Thesis Outline

‘I am tempted to give one more instance showing how plants and animals,
most remote in the scale of nature, are bound together by a web of complex relations’.
Charles Darwin, 1859 (1)

Plant—pollinator interactions: the invaluable mutualism

Nine out of ten flowering plants on earth need animals in order to produce seeds (2). This number
alone shows clearly that biotic pollination is one of the key-ecosystem services sustaining global
primary production (3). The mutualistic relationship between plants and pollinators is thought to have
been a major driver of diversification of plants and animals ever since the first higher plants colonized
the land, and especially after the great angiosperm radiation in the Cretaceous, i.e. for the last ca. 65
Myr; Indeed, insects and flowering plants are currently the most diverse groups of living beings (4-
12). The parallel declines of bees and wild insect-pollinated plants in Northern Europe during the 20"
c. (13) imply a high degree of interdependence between these organisms. It is evident that the
preservation and the evolution of terrestrial biodiversity on earth depend to a great extent on the
outcome of plant—pollination (p—p) interactions.

Human life is also directly dependent on pollination. More than 1,500 species of crops rely on biotic
pollination, which has also been shown to improve the production of ca. 70% of the leading food crops
in a global scale (/4). It should be stressed that, especially in temperate non-tropical regions, the yields
of crops depend to a great extent on wild insect pollinators and not to managed honeybees (/5). In
2005 alone, the monetary value of pollination services was estimated at €153 billion, i.e. 9.5% of the
value of the total agricultural production of that year (/6), rendering pollination services a significant
resource for the world’s economy. Apart from supporting the nutrition of the human population on the
planet, pollination is the basic biotic function behind the exquisite floral diversity that has affected
human cultures across the world and eras, and may or may not have a market price: aesthetic
enjoyment, art, architecture, pigments, and aromas (/7-19). Finally, it is the mere philosophical
significance of mutualism, which as a term was not easily adopted by biology both for technical and
for political reasons (/2, 20), that could state nature’s sound paradigm to the ongoing global issues.

At present, overexploitation of species, aggressive agricultural practices, land-use changes, biological
invasions, pollution, and climate change represent, in descending order of magnitude, the main global-
scale threats to biodiversity (27). Given that the majority of these phenomena represent threats also to
p—p interactions worldwide (e.g. 22), intensive research efforts across the world are focusing on
disentangling the dynamics and structure of the p—p interactions, so that prevention, conservation, and
restoration strategies can be effectively designed and implemented (23-27).

The colorful and fragrant floral landscape

Plants are sedentary organisms and their only channels of communication are signals, visual and
olfactory. The outstanding diversity of palettes, shapes and fragrances in flowers is there in order to
allure pollinators to its reproductive parts, in a legitimate or in a deceptive way (28). Visual and
olfactory floral signals are known to interact additively or synergistically (29, 30) in order to affect
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foraging behaviors (37), and promote flower constancy of pollinators (32), which are known to be
important selective agents for both suites of traits (33-35).

Floral color is formed by blends of pigments that belong to three groups of compounds: (i)
anthocyanins, a class of flavonoids, that are widely distributed among plant species and produce a
variety of colorations from orange to blue; (ii) carotenoids, isoprenoid lipophilic compounds that are
distributed in higher plants, algae, fungi, and bacteria, producing yellow-to-red hues; and (iii)
betalains, yellow and purple pigments that occur exclusively in the order Caryophyllales instead of
anthocyanins (36-38). Floral color’s main ecological role is the attraction of pollinators (39-41),
although it has also been connected to thermoregulation (42), and to herbivory (43, 44). Although the
significance of floral color in interspecific interactions has been a long-held hypothesis, floral color in
ecological studies had been mostly parameterized qualitatively, as perceived by the human eye.
Employment of unbiased measurements of color, i.e. either the concentration of pigments in petal
tissue or the reflectance spectrum of the floral surface, only very recently started to be widely
employed. Stimulatingly, this has been accompanied by advances in understanding the sensory
systems of pollinators, a combination that revealed novel insights into visually-mediated interspecific
interactions, as well as into regional floral color diversity patterns (45-52).
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Pollinators Parasite/predator +/-  Attraction/repellence
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Volatile-induced
! b“ yOCH + Herbivore s defense response
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Fig. 1.1. The multiple ecological roles of plants’ volatilome. From Dudareva et al. (59).



Introduction

Plant scents are mixtures of volatile organic compounds (VOCs) with low molecular weight (usually
<300 Da) and low normal boiling point, synthesized and emitted by all plant organs: flowers, green
parts, roots, fruits, and seeds (53-56). They are products of plants’ secondary metabolism, their
majority being classified into three major categories according to their biosynthetic origin: terpenoids,
benzenoids/phenylpropanoids, and fatty acid derivatives (aliphatics) (54). Mosses are known to emit
complex blends of VOCs involved in mutualistic interactions (57) and only Selaginella
moellendorffii’s genome (lycophyte), having emerged 400 Myr before angiosperms, includes 18
terpene synthase genes (58), implying that volatile emissions are tightly associated with plant’s
terrestrial lifestyle ever since land colonization. Indeed, scents represent a key phenotypic element that
variously involves into ecosystem functioning by mediating intra- and interspecific biotic interactions
such as pollination, herbivory, seed dispersal, plant—plant communication, allelopathy, and bacterial
colonization of plant parts, contributing to community dynamics (Fig. 1.1) (59). Moreover, volatile
emissions may represent adaptations to abiotic factors, e.g. providing photoprotection to plant tissues
(60). So far, more than 1,700 floral VOCs have been recorded in 90 families of angiosperms (53).
Compounds emitted by the different floral parts (including pollen and nectar), apart from directly or
indirectly attracting pollinators, they may also: (i) attract herbivores (61); (ii) repel facultative floral
visitors (62); (iii) repel herbivores (63, 64); (iv) participate in tritrophic interactions (65, 66); (v)
interact with flower-dwelling microbes (67); (vi) exhibit antimicrobial activity against phytopathogens
(63, 64, 68).

Beyond the ecological significance of floral emissions (Fig. 1.1), in the context of this thesis I am
furthermore interested in plants’ scents as natural products. The immense chemical diversity revealed
so far (69, 70) reflects the amplitude of biological functions and applications yet to be explored, such
as agricultural practices, pharmaceuticals, food processing, and cosmetics. Indeed, these secondary
metabolites encompass some of most economically important medicinal compounds (77, 72). Thus the
conservation and sustainable exploitation of the plant sources may be beneficial both for the
conservation of interspecific interactions and for the primary sector of the economy, especially in the
countries of the Mediterranean. Large-scale assessments taking into account the spatial distribution of
chemodiversity are very rare (73), even though plant volatile blends as well as single compounds are
natural resources that may show geographically patterned intra-specific variability in well-defined
areas(74, 75). Furthermore, volatile emissions as floral signals may actually be susceptible to pollution
and climate change (76, 77). Thus revisiting published data systematically is essential for the
understanding and preserving plant volatilome and its functions.

Pollination networks and floral traits

Systems and processes representing webs or networks, i.e. entities interconnected by links (Box 1.1),
are all around us and constantly affect our life in various aspects, as do the Internet, media of social
connection, transportation networks, metabolic networks, and food webs. As a fundamental clade of
mathematics, network theory (known as ‘graph theory’ in the mathematical terminology) originated in
the 18" ¢. and was largely developed during the 20" c. (78). It was in the early 20" c. that biology
adopted network theory in order to study complex systems of interspecific interactions, such as the
trophic webs (see 79). Currently, ecological networks are grouped into three main categories: (i) food
webs, (ii) host—parasitoid webs, and (iii) mutualistic webs (80).
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Network analysis of mutualistic interactions is a multi-tool for studying the diversity of interspecific
interactions both in micro- and in macro-ecological scales (81-83). It has revolutionized the study of
pollination that was traditionally viewed in isolated pairwise cases, and allowed a broader perspective
that helped define pollination as a key functional ecosystem service that sustains primary production
and community structure and stability (12). Network analysis of pollination interactions (i) describes
the functional structure of communities (84), (ii) offers a pragmatic view on the plasticity of visitation
patterns (85), (iii) indicates conservation priorities in prospect of global change phenomena and
biological invasions (27, 86), and (iv) can be used for designing the ecological restoration of functional
diversity (87). Pollination networks have been described in numerous communities from the tropics to
the arctic regions (51, 82, 85, 88-90), yet the role of floral traits in configuring visitation patterns in
community assemblies has been addressed in only very few studies so far (Table 1.1).

(ii)

Bipartite (or two-mode) network: The representation of the
interactions between two sets of nodes, e.g. two trophic levels, plants —
animals. Itis usually depicted either as a graph (i, iii) or as an incidence
matrix (ii).

Binary network: A network that (iii)
includes only the presence or
absence of interactions
(qualitative) (iii).

Weighted network: A network i
where each interaction

(link/vertex) has a measured
strength (quantitative) (i, ii).

Module (compartment): A link-dense area, where nodes are more strongly
connected together than with the rest of the network (shaded region in iii).

Node degree: The number of interaction partners of one node, i.e. the
number of links a node has to other nodes. It is a simple measure of the
specialization of nodes.

Connectance: The number of interactions realized as a proportion of all
possible interactions. For example, in (ii) C=0.36.

Node properties: Metrics describing the behavior or the influence of each
node in the network.

Centrality indices: Node properties denoting the positional importance of a
node in the network. If central nodes are removed, networks collapse more
easily compared with randomly selected nodes.

Figure (iii) is from Newman (//0) with modifications.
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Here | am interested particularly in exploring the relationship of floral traits and the visitation patterns
recorded in a natural community-context. During the last twenty years, there has been a vivid debate
regarding the interplay of floral phenotype and the type of pollinator, greatly triggered by the
development of network analysis (91). Employing big datasets (92, 93), as well as theoretical models
(94, 95) revealed that generalization is far more frequent than expected by tight coevolution between
pollinators and plants and by pollination syndromes (4, 96, 97), and that plant—pollinator interactions
show great temporal plasticity (85, 98-100). These findings are quite challenging, given that plant—
pollinator (p—p) coevolution is considered a major driver of floral diversification since the great
angiosperm radiation in the Cretaceous (5, 101). And although it may not be the only driver (see 102),
pollinator-mediated selection of floral color and scent traits is actually happening (33, 103).

Table 1.1. The floral traits found to be related to flower visitation by the main four insect pollinator orders, in
five community studies. For each case, type of vegetation and geographic location is given. We distinguish
between floral color and reflectance because the latter implies measurement with a spectrophotometer, whereas
the former is a human-biased qualitative parameterization (e.g. red, yellow, etc.). See respective references for
the statistical methods used in each case, and for the exact trend of each relationship.

Study community Floral trait Coleoptera Diptera Hymenoptera Lepidoptera
Daphni/Athens, Greece Type of reward* + + +
Phrygana Symmetry + + + +
(92) Color + + + +
Size? + + +
Height? + + + +
Phenology? + + + +
Corolla depth? + + +
Abundance? + +
Rudsviki, Norway Size +
Lowland grassland Phenology +
(111-113) Symmetry + + + +
Shape + + + +
Abundance +
Color + + + +
Finse, Norway Color + + +
Alpine vegetation Shape + + +
(113) Symmetry + + +
Ryghsestra, Norway Color + + + +
Semi-natural meadow Shape + + +
(113) Symmetry + + +
Wiirzburg, Germany Reflectance + + +
Fallow land Size + +
(114) Height + + + +
Corolla depth + + +
Phenology + + + +
Abundance +
Phylogeny + + + +

!Qualitative description (nectar/pollen/no); 2Ordinal variable
In the context of a network, pollinators are expected to filter information received in the floral

landscape they encounter based on what their sophisticated sensory systems perceive, their cognitive
abilities and their innate preferences are (52, 104-107). Recently, floral color has been shown to relate
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to plant generalization in a community (51). Similarly, insect responses to natural floral blends were
found to correlate with visitation patterns (108), and floral scent manipulation has been shown to affect
visitation patterns in two plant species studied simultaneously in a community (109). However, to date
no study has considered the sensory floral stimuli holistically (i.e. visual and olfactory together) in a
comprehensive, natural p—p assembly. This thesis aims at addressing the lack of such empirical
information, in particular whether floral visitation patterns by insects have a sensorial basis or it is all
about opportunism, relatively unaffected by coevolutionary forces.

Thesis Outline

In Chapter 2, published in Chemistry & Biodiversity (115), 1 conducted a review focusing on the
volatile chemodiversity and geographical distribution of aromatic plants in Greece. Specifically, I
combined the published data on plant volatile chemodiversity in the country for the last 25 years into
a geodatabase. This allowed the assessment of the VOC richness and distribution within the 178 plant
taxa studied. Additionally, I explored the chemical properties of the volatilome, evaluated the
acquisition methods frequently used, introduced the chemodiversity maps as a special case of natural
resource maps and discussed their applications in ecological research and in productive activities.

In the research described in Chapter 3, 1 directed my attention to the floral sensory stimuli of 41 insect-
pollinated plants in a natural phryganic community, and investigated the hypothesis of floral
phenotypic integration between scent and color. This question is based on the existing knowledge that
pigments and VOCs share metabolic pathways, implying possible adaptive advantages by the
covariation of multiple traits; moreover, this question has been further enhanced by the evidence
provided by sporadic intraspecific investigations on color—scent covariation, although by employing
mostly human-biased qualitative parameterization of floral color. Having measured floral reflectance
using a spectrometer, and having collected floral scent with dynamic-headspace sampling in vivo and
in situ, 1 claim this study to be the first assessment of floral color and scent at a community level.

After exploring the floral phenotype in the community, I assess the role of floral sensory diversity in
structuring the plant—pollinator (p—p) network, in Chapter 4. Specifically, I focus on the plants in the
community, and explore the hypothesis that floral sensory stimuli (i.e. color and scent), which are
known to mediate pairwise interspecific interactions, associate with the plants’ influence in the p—p
network of the community. This research is based on the long-standing debate between the ecological
and the evolutionary specialization of pollination mutualisms and their significance for the structure
and stability of pollination networks. Moreover, it represents the first community-wide assessment of
floral traits and p—p visitation patterns. Finally, I introduce a novel approach for network data
compilation in order to calculate species’ specialization, and reinvent the concept of plant apparency
applied in this Chapter analysis.

Lastly, in Chapter 5, 1 construct and analyze the bipartite network of insects and volatile organic
compounds compiled by the plant—pollinator visitation data and the plants’ floral scent blends collected
in the study community. The scope of this research is to introduce a network-based approach in the
investigation of the fundamental relationship of plant chemical signals and arthropod behavior,
focusing directly on chemical compounds. By employing simple metrics and calculating the
modularity of the insect—VOC network, I describe and discuss interesting association patterns between
insect groups and VOC classes.
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CHAPTER TWO

Plant volatilome in Greece: a review on the
properties, prospects, and chemogeography

Chapter published:
A. Kantsa, S. Sotiropoulou, M. Vaitis, T. Petanidou, Plant Volatilome in Greece: a Review on the Properties,
Prospects, and Chemogeography. Chemistry & Biodiversity 12, 1466-1480 (2015).

Abstract. — Knowing plant volatile chemodiversity and its distribution is essential in order to study biological
processes, to estimate plants’ value in use, and to establish sustainable exploitation practices. Yet, attempts to
collect and assess data on scent diversity and properties in well-defined geographical areas are rare. Here, we
developed a geo-referenced database of the plant volatilome in Greece by consolidating the results included in
116 research papers published in the last 25 years. The dataset compiled includes 999 volatile organic
compounds distributed into 178 plant taxa, 59 genera and 19 families. Distillation is the acquisition method
almost exclusively used, whereas headspace techniques that would allow the study of subtle ecological
processes are generally lacking. Sesquiterpenes show the greatest richness of compounds, followed by
monoterpenes and aliphatics. We assess the volatility of the compounds using the normal boiling point (nBP)
as its reverse indicator, and we present the volatility spectra of the blends of the genera studied. Mean nBPs
vary among genera, with maximal differences as wide as 118.4 °C. Finally, we feature basic chemodiversity
maps for three aromatic plants, and discuss their importance and prospects as a special case of natural resources
maps.
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Plant volatilome in Greece: a review on the properties, prospects,
and chemogeography

Introduction

The volatilome i.e. the volatile chemodiversity (/) is one of the plants’ outstanding traits that has
influenced modern civilization: throughout the world and ever since the prehistoric times, plant scents
have been widely used to flavor, cure, charm, and sanctify (2-4). Yet, beyond the human perspective,
scents have always shaped ecosystem functioning by mediating intra- and interspecific biotic
interactions as semiochemicals (i.e. pollination, herbivory, plant communication, bacterial
colonization of plant parts) and by contributing to community dynamics by regulating the behavior of
plants, animals, and microbes (5-8).

By the mid-19" century advances in chemistry enabled the investigation and isolation of the first VOCs
(4, 9). Ever since, the progress in analytical technology and genomics has established various methods
(10-12) and boosted research on volatile secondary metabolites. The immense chemical diversity
revealed so far (/3-14) reflects the amplitude of biological functions and applications yet to be
explored, such as ecological interactions, agricultural practices, pharmaceuticals, food processing, and
cosmetics. Plant VOCs bioprospecting supports both the primary production and the industrial sector
of many countries; some of the most economically important medicinal compounds or their precursors
are included among these secondary metabolites (7, /5). Recently, the EU exports of essential oils (i.e.
the complex mixtures of volatiles acquired with distillation of plant parts) have experienced growth
that reached €840 million in 2012 (/6).

During the last 20 years, databases of volatile secondary metabolites have been developed, providing
a great amount of information on the chemistry of the compounds and their scent qualities (/4, 17-20).
Yet, large-scale assessments taking into account the spatial distribution of scent chemodiversity are
very rare (/8), even though plant volatile blends as well as single compounds can be considered natural
resources that may show geographically patterned intra-specific variability in well-defined areas (see
21, 22-25). Therefore, revisiting published data systematically may provide a tool for better exploring
the geography of the volatilome and its chemical properties, both for the study of biological processes
and for primary production.

Since the time of Hippocrates (c. 460-375 BC) and Pedanius Dioscorides (c. 40-90 AD) to the
wandering folk physicians of Epirus (26), Greece conveys a long ethnopharmacological tradition,
which is largely based upon the use of aromatic plants that thrive across the country in a wide range
of habitats. This tradition has been naturally sustained by the high local plant diversity (viz. 6,600
species and subspecies) (27), which in its turn is associated with a complex landscape consisting of
numerous mountainous and insular systems —viz. 109 out of the 255 habitat types encountered in the
European Union according to the Habitats Directive 92/43/EEC (28). This combination of a rich
aromatic flora and a wide variety of habitats remains largely unexplored and represents a promising
potential for both ecological and natural product research, rendering Greece a fine case study to start
from. Despite the fact that the country stands among the exporting countries of essential oil in the EU
(16), cultivation of medicinal and aromatic plants represents still a developing sector: in 2013, it
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occupied ca. 2,200ha (Ministry of Rural Development, pers. comm.) corresponding to 0.04% of the
total cultivated land in the country.

In this Chapter we review the body of the volatilome research literature in Greece published during
the last three decades, which we transform into a geo-referenced database (geodatabase hereafter) that
we use as a tool in order to address the following: (i) assess the compositions of the blends of the plant
species sampled, (ii) record and discuss the methods used for plant samplings and the extraction of the
scents, and revisit their role in supporting current research trends, (iii) explore, for the first time, the
volatility of the compounds as a physicochemical property of the blends among the plant studied, (iv)
display the geographical distribution of the aroma-research in the country, as well as (v) introduce the
basic concept of chemodiversity maps that reveal the geographical distribution and variation of the
blends. To our knowledge, this is the first attempt to explore the distribution of plant volatilome on a
country-wide scale.

Materials and Methods

Literature review and data compilation
Our research has been restricted to those studies including plant material that was collected in Greece,

either from the wild or from cultivations. A detailed search in the peer-reviewed literature for the years
1970-2013 was carried out using the online bibliographic sources SCOPUS® and Web of Knowledge®.
The information tracked in each publication is shown in Fig. 2.S3. Geographical information was
obtained with the highest possible accuracy. When the researchers did not provide coordinates for the
sampling sites, we used points in the center of the minimal possible defined area described in the text.
In cases where the exact locality was not available, we did not assign geographical coordinates. The
Latin names of the plant taxa have been kept as in the original published papers, whereas plant family
nomenclature follows the classification of the Angiosperm Phylogeny Group (75). We also recorded
the methods of sampling and chemical analysis, which vary according to different research approaches
(10-12). Because the chemical composition of the scent varies between different plant parts and tissues,
we refined our results by distinguishing the volatile blends of different plant parts acquired from the
same species, whenever this information was available. The technical details of the database
development is described in Fig. 2.S3.

Chemical synonyms
In order to ensure that the variability in chemical names used among the publications inserted does not

result in duplicate records, the final checklist of VOCs was corrected for synonyms using the NIST
Chemistry WebBook database (http://webbook.nist.gov/chemistry/). Nomenclature follows IUPAC,
nevertheless, trivial compound names that are widely used both in research and commercially are

primarily featured. Isomers have been kept as originally identified in the source papers.

Measure of volatility
The boiling point of a substance varies inversely to its volatility, thus we introduce the normal boiling

point (nBP), i.e. the boiling point at an atmospheric pressure of 760 mmHg, as a ‘reverse indicator’ of
a VOC’s volatility. Data on the normal boiling points of the VOCs correspond to the predicted values
of the PhysChem module of the ACD/Labs Percepta Predictors, available in the ChemSpider database
of the Royal Society of Chemistry (http://www.chemspider.com/).
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Results and Discussion

Statistics
Presence/absence matrices of the VOCs in each collection site were used for the non-metric

multidimensional scaling (NMDS), in order to depict variation in VOC composition among collection
sites. Contours of elevation and latitude were fitted on the NMDS plots by using the function ‘ordisurf’
of the vegan package in R. This function fits a smooth response surface of the explanatory variable on
the ordination plot using a generalized additive model and is advantageous because it is not restricted
to linear variation of the explanatory variables across the ordination space (76). All analyses were
performed in R version 3.0.2 (77).

Study plants
In total, 116 papers published during the period 1988-2013 have been extracted from the bibliographic

search. The volatile profiles, acquired almost exclusively with distillation, were recovered for 178
plant taxa (species and subspecies) classified into 59 genera and 19 families (Table 2.S1). All cases
represent native taxa that may grow spontaneously in Greece, except of (i) Citrus aurantium subsp.
bergamia, Pinus attenuata, P. canariensis, P. pinaster, and P. radiata, which represent cultivated
plants, and (ii) Conyza spp., a genus of American origin with spontaneous occurrences throughout the
country (27). More than half of the plant taxa studied belong to Lamiaceae as well as the majority of
the Greek endemics included in the dataset, viz. 26 out of 38 taxa. Plants of this family thrive in the
spring and summer landscapes of the Mediterranean Basin, and comprise some of the most popular
aromatic plant genera for food, pharmacy and cosmetic research worldwide. The most popular plants
for volatile research in Greece are spearmint (Mentha spicata) and oregano (Origanum vulgare subsp.
hirtum), each of them studied in six different research papers (Table 2.S1).

Plant parts sampled
Data compilation showed that the wide majority of the researchers used the terms “aerial parts” or

“stems” in order to describe the material used for analysis, without differentiating plant parts (Table
2.S1). Volatiles from inflorescences were isolated and analyzed independently from the green parts
only in 13 taxa. Seeds were sampled only for Ocimum basilicum, roots for the three Paeonia spp.,
Centaurea orphanidea subsp. thessala, and Valeriana dioscoridis, and fruits for Ferula communis
subsp. communis, Citrus aurantium subsp. bergamia, and Pistacia vera. The consistent distinction
among plant parts would be advantageous in order to focus on the functional/ecological roles of plant
volatilome, and is strongly recommended for future research. For example, floral volatiles are
important for the reproduction of insect-pollinated plants, among which some of the most widely
consumed crops in a global scale (29, 30); fruit volatiles have implications to crop quality (3/), they
mediate interspecific interactions (32, 33), as do root volatiles too (34, 35) and become critical factors
for pest management approaches. The scarcity of plant part/organ distinctions in sampling
methodologies has been expected since the majority of researches in Greece are ultimately interested
in the bulk processing of plant material on industrial scale (mostly for essential oil production): Thus
far, the majority of research on plant volatiles in the country concerns agronomic and pharmaceutical
questions and hypotheses mainly about (i) the discovery of new compounds, (ii) the identification of
plants as new resources of natural compounds, and (iii) the testing of antimicrobial properties of VOCs
(e.g. 36-38). Among the research that is not directly related to industrial applications, chemotaxonomy
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is the major topic (e.g. ref. 39), whereas ecological research with focus to the functional roles of VOCs
(40-41) is much less frequent (for an overview, browse publications in Table 2.S1).

Chemodiversity
In total, 999 VOCs have been identified in the blends of the 178 taxa studied, i.e. 58.1% of the known

scent compounds of flowers acquired by headspace techniques (/4). We should highlight the fact that
the dataset has been corrected for compound synonyms, in order to facilitate comparisons. The per
species chemodiversity ranges from eight to 162 VOCs (mean = SD: 48.4+£29.0, N=174) (Fig. 2.1),
trace compounds included. Plants with complex blends consisting of more than 100 VOCs in total, in
descending order, are: Cistus salviifolius, Achillea millefolium, Stachys swainsonii subsp. swainsonii,
Anthemis chia, Stachys swainsonii subsp. argolica, Achillea abrotanoides, and Cistus parviflorus. The
families Cistaceae, Asteraceae, and Hypericaceae show the highest mean per taxon VOC richness.
Among the main chemical classes of the volatilome, sesquiterpenes show the highest diversity of
VOCs (29.1% of the total), followed by monoterpenes (25.0%), aliphatics (21.8%), benzenoids
(10.4%), diterpenes (7.2%), and other terpenoids (2.9%).
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Fig. 2.1. Distribution of the number of VOCs identified per plant taxon in Greece. Trace compounds as
originally identified are included in the sums.

Compound classes
Terpenoids (monoterpenes, sesquiterpenes, diterpenes, and other terpenoids) are known to be the most

ubiquitous volatile secondary metabolites in plants (/4, 42). Indeed, in our dataset terpenoids are
among the most frequently encountered VOCs among the different plant genera and families (Table
2.1), and they prevail in the blends of the majority of the families as well (Fig. 2.2). Terpenoids in our
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dataset include also 76 diterpenoids and three triterpenoids. Diterpenoids have been reported as very
rare in floral scent profiles acquired exclusively with headspace techniques, due to their low volatility
that challenges their adsorption and further detection (/4). Triterpenoids are not considered among
VOC:s, although they are detectable with GC/MS; instead, they are well known constituents of plants’
cuticle waxes (43). In our dataset, diterpenoids appear in eight families and seven orders and are
particularly abundant in the blends of Cistaceae (Fig. 2.2). It should be noticed that the majority of
terpenoids in our dataset represent oxygenated compounds (N=445), among which 146 are oxygenated
sesquiterpenes; the latter appear with very low frequency in floral scents acquired with headspace
methods, mainly due to their low volatility (42). Terpenoids have numerous and versatile
pharmaceutical, agronomic and ecological properties: they exhibit anti-inflammatory properties (7),
they are used as food additives for flavor and preservation (1, 4); they induce resistance against fungal
and bacterial pathogens (I, 44); they mediate interspecific interactions (/, 44); they are involved in
allelopathy and the regulation of soil properties in the Mediterranean shrublands, and they affect the
flammability of the vegetation (44-46).

Table 2.1. VOCs detected in more than half of the plant taxa studied. For each VOC, number of occurrences in
families is also given.

vOC n. of taxa n. of families = Chemical properties
caryophyllene 121 15 Sesquiterpene hydrocarbon
a-terpineol 105 15 Monoterpene alcohol
a-pinene 101 12 Monoterpene hydrocarbon
y-terpinene 101 13 Monoterpene hydrocarbon
4-terpineol 100 13 Monoterpene alcohol
humulene 99 13 Sesquiterpene hydrocarbon
limonene 98 12 Monoterpene hydrocarbon
o-cadinene 98 12 Sesquiterpene hydrocarbon
[S-pinene 97 11 Monoterpene hydrocarbon
myrcene 92 11 Monoterpene hydrocarbon
linalool 90 16 Monoterpene alcohol
o-terpinolene 90 11 Monoterpene hydrocarbon

Aliphatics make the second most abundant chemical class, prevailing in six families (Fig. 2.2). This
class includes some ecologically most important compounds, both for pollination and for herbivory.
A good example are the orchids, which are known to emit almost exclusively alkanes and alkenes as
key signaling compounds for scent mimicry and specialized pollination systems (see ref. 47).
Furthermore, aliphatics comprise the six-carbon green-leaf VOCs, which play important roles in the
regulation of herbivory and parasites, and all the subsequent agronomic applications (6, 48, 49).
Aliphatics contain numerous VOCs of high boiling point and molecular weight (Fig. 2.S1). Benzenoids
prevail only in the blends of the roots of three Paeonia spp. (50). These compounds comprise known
attractants to visitors when emitted by flowers (e.g. 57), but as root VOCs, they are mainly known to
be involved in allelopathy (52). Nitrogen- and sulfur-containing compounds are very rare in our dataset
(0.4% of the VOC list) and occur only in Asteraceae. Due to their high volatility, these compounds
can be missed from chemical analysis but we are confident for their actual rarity because the families
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are known to emit them in abundance (/4) are underrepresented in our dataset; their scarcity also
makes sense both ecologically and biogeographically, as these compounds are tightly linked to
particular interspecific interactions that are relatively infrequent or even absent in the NE
Mediterranean region studied (e.g. pollination by nocturnal hawk moths or bats) and therefore are not
readily expected here (53, 54).

To our knowledge, volatility has not been systematically assessed as a plant scent’s property. The
size and extent of our dataset allow for the exploration of volatility in the scents of the Greek flora.
The lowest mean normal boiling point (nBP hereafter) is reported for Scrophulariaceae (197.5 °C)
where low-nBP aliphatics prevail, and the highest mean nBP has been found in Euphorbiaceae (315.9
°C) and Cistaceae (294.5 °C) where high-nBP aliphatics and high-nBP terpenoids prevail
correspondingly. We introduce the volatility spectra of the plant genera of the dataset, as the
distributions of the nBPs of the VOCs of the blends, in Supplementary Material 2. Among the volatility
spectra of the genera, Pistacia (175 °C), Verbascum (197.5 °C), and Coridothymus (202.4 °C) show the
lowest mean nBPs, whereas Herniaria (294 °C), Cistus (294.9 °C), and Euphorbia (315.9 °C) show the
highest mean nBPs (Fig. 2.S1). It has been recently shown that warming alters plant emissions, a
phenomenon that apart from physiology and transcriptional regulation processes could be explained
by the fact that changes of the environmental conditions directly affect the physicochemical properties
of the emitted compounds (see 55-57).
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Fig. 2.2. Heat map of the distribution of the chemical classes of the VOCs among the families studied (*: family
represented in the dataset by one taxon). Abundance of classes is scaled for easier comparison.
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Further investigation of the volatility of scent bouquets as an adaptation of plant species to the ambient
conditions of their natural habitats, could offer novel implications on plant ecophysiology, especially
in prospect of the global change phenomena affecting interspecific interactions and the crop production
worldwide (58). Getting to know the volatility of the VOCs in the blends of plant species may be used
in order to explore and determine: (i) the optimal cultivation conditions in terms of temperature and
humidity, (ii) the most efficient extraction method for large-scale industrial applications when
maximum yields of particular compounds are required, and (iii) the correct schemes when transferring
or establishing cultivations in areas of various climatic conditions and atmospheric pressures (e.g.
altitudinal changes), so as to ensure both high emissions and sustainable agricultural practices. Future
research approaches may address the abovementioned issues, and investigate the contributions of the
physicochemical and the genetic regulation processes of the scent compounds in response to different
ambient conditions.

Methods for future needs
Research questions and hypotheses indicate the adequate extraction methodology to be followed. Our

results show that essential oils may contain amounts of the abovementioned ‘heavy’ compounds
(>280-300Da) of low volatility (i.e. oxygenated sesquiterpenes, long-chained fatty acid derivatives,
diterpenoids), which apparently remain even ‘post-mortem’ in the osmophores, the glandular
trichomes and their secretions, and can be detected with chemical analysis. At the same time,
distillation, in contrast to headspace sampling, is a drastic process most often applied on dried (dead)
plant tissues, hence what has been produced and emitted in vivo and in situ by the intact plant will not
be included in its distillate unless it has survived in the dried material. The raised number of VOCs of
high molecular weight and low volatility acquired with distillation methods, and their abundance in
certain families in our dataset are meaningful for exploring the less-volatile borders of the plant
volatilome. However, the study of VOC-mediated ecological processes undoubtedly requires data
acquired in vivo (preferably also in situ), so as to capture even the low and subtle plant emissions of
the highly volatile small molecules, which may represent biotic signals for inter- (or intra-)specific
interactions, such as the abovementioned 6-C green leaf VOCs. In vivo sampling is also advantageous
in order to capture in full range the real-time emission rates of a plant’s scent when the circadian
rhythms of the volatile emissions (59) are to be taken into consideration. Apart from the ecological
processes, chemotaxonomic approaches may consider all the above in order to detect meaningful
differences among plants and proceed to taxonomic inferences. In Greece and the Mediterranean
countries in general, headspace sampling has only been sporadically applied thus far compared to the
high rates of essential oil analyses (see refs. 47, 55, 60).

The geography of aroma-research in Greece
The geodataset compiled includes 245 collection sites located all over Greece within a latitudinal range

from 35° 0' to 41° 15'N and a longitudinal range from 19° 50' to 27° 50' (Fig. 2.S2). Mainland sites
comprise 35 mountains, among which Mt. Parnassus (central Greece) is the most investigated in terms
of analyzed plant species number. Data also cover a wide altitudinal range, with plant collections
extending from the sea level up to 2,114 m.a.s.l. (Mt. Oeta, central Greece). Apart from the mainland,
collection sites are located on 21 islands, most of them on Crete. In terms of plant taxa studied, Crete
and the area around Athens are the research hotspots of the country (Fig. 2.S2). Central and southern
Greece have been more preferred by researchers, as the majority of plant taxa have been collected
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there, while the NE and western parts of the country still remain largely unexplored. It should be noted
that the wide majority of samplings that participate in our database refer to wild populations.
Researchers do not usually provide information on the habitat they collected the plant material from,
although this information could be useful for large-scale comparisons (see ref. 27). The majority of the
taxa studied in multiple localities belong to Lamiaceae and include one Greek endemic (Nepeta
argolica subsp. argolica) (Table 2.2). In general, Lamiaceae prevail in the volatilome research across
the Mediterranean region, almost exclusively regarding the multiple properties and applications of
their essential oils in agriculture, food chemistry and pharmacy (6/-63). However, we should highlight
that again there is a pronounced lack of headspace data sampled in vivo (see ref. /4), and ecological
research on scent mediated interspecific interactions involving these plants is rare (64), although (i) in
terms of volatile emissions they can be characterized as ‘cornucopias’ and (ii) they are known to
interact with a particularly high number of pollinating insects, especially bees, sustaining the functional
diversity of the Mediterranean ecosystems (65).

Table 2.2. The most widely studied plants for aroma research in Greece. We show taxa that have been sampled
from at least four sites.

Asteraceae Achillea millefolium
Asteraceae Anthemis chia

Family Plant name n. of sites
Lamiaceae Origanum vulgare subsp. hirtum 31
Cistaceae Cistus salviifolius 15
Lamiaceae Mentha spicata 9
Cistaceae Cistus parviflorus 9
Lamiaceae Origanum onites 9
Lamiaceae Nepeta argolica subsp. argolica 8
Lamiaceae Salvia pomifera subsp. pomifera 6
Lamiaceae Melissa officinalis 5
4
4
4

Lamiaceae Mentha x villoso-nervata

Chemodiversity maps: case studies and prospects
Oregano (Origanum vulgare subsp. hirtum) is a plant with a wide geographical and altitudinal range

of study sites, sampled in 35 localities across the country (Table 2.2) and in numerous altitudinal
intervals from the sea level up to 1,500 m.a.s.1. The high frequency of samplings reflects the popularity
of O. vulgare, which has been recently shown as the most preferred for herbal beverages across Europe
(66); in addition, it is one of the two single Origanum taxa included in the European Pharmacopoeia
(67). The plant contains big amounts of VOCs involved in pharmaceutical discoveries (e.g. carvacrol)
(1, 4), representing a significant commercial value. In the context of the analyses in the present Thesis,
we use oregano as a model case. The compilation of the literature data offers the possibility of
constructing chemodiversity maps, where spatial distribution of the chemical properties of the
volatilome can be visualized, and geographical patterns of variability can be assessed. A
chemodiversity map of oregano’s volatilome in Greece based on the proportion of each chemical class
in the blends is presented in Fig. 2.3. Geo-referenced material was compiled from five research papers
for which complete datasets of the VOC composition of the plant are provided. Collection sites expand
all over the country, including seven islands of the Aegean archipelago. For scent acquisition,
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distillation was used apart from one case where the plant’s oil glands on the leaves were sampled with
solid-phase micro-extraction (SPME), a static headspace technique (68). Monoterpenes are most
abundant, while sesquiterpenes are present in all but one blends. Benzenoids are very rare and were
detected only in three cases, whereas their presence cannot be related to sampling method, as they
occur both in distillation and SPME samplings.

Aliphatics (mainly 1-octen-3-ol and 3-octanol) are absent only from four collection sites. In the case
of oregano, elevation is not a predictor (deviance explained: 2.7%), while latitude explains better the
variation of VOC chemodiversity in the sites studied in Greece (deviance explained: 51.1%). Thus,
this first large-scale attempt to evaluate chemodiversity of the oregano blend is constant in terms of
presence/absence of VOCs along the elevation, but shows some degree of variation from the north to
the south of the country. These results should not neglect the fact that chemical analyses were
performed in five different experiments; yet, they represent a tool for orientation to productive
activities and research plans.

Two chemodiversity maps are presented for the genera Hypericum (St. John’s worts) and Mentha
(mints) (Fig. 2.4). A wide array of biological activities have been attributed to essential oils obtained
from these two genera and still there seems to be a long distance for pharmacological research to cover;
European Pharmacopoeia contains only two mint (M. X piperita and M. canadensis) and only one
Hypericum species (H. perforatum) (67). Four out of the 43 Hypericum taxa of Greece are presented
herewith. Regardless the number of samples, this case is an example of minimal bias considering
sampling and chemical analysis because all VOC data, apart those from the southernmost site (Fig.
2.4), have been obtained in the same experiment (69). Terpenoids (mainly sesquiterpenes) are most
abundant in the blends followed by aliphatics (e.g. nonane, 3-methyl-nonane), as expected (70). The
graphic representation of the proportions of the chemical classes in the blends suggests that one
population of H. perfoliatum in N Greece displays a high number of aliphatic compounds, varying
from the chemodiversity pattern observed among the species analyzed. Data for the mints show that
monoterpenes is the most compound-rich and proportionally abundant chemical class; M. spicata
(spearmint) and M. piperita (peppermint) show consistently higher numbers of sesquiterpenes than the
other taxa studied, in almost all collection sites. Benzenoids have only been detected in one population
of spearmint in N Greece, with eugenol and E-methyl-cinnamate being most abundant. Given the fact
that the genus Mentha has been the subject of chemotaxonomic studies for the identification of inter-
and intra-specific chemotypes (see ref. 71), we suggest that spatial analysis may prove useful in order
to elucidate the geographical distribution of these chemotypes and their potential biogeographic
significance. The above highlight the need to conduct comparable analyses, preferably over large
geographical areas, in order to account for the equilibrium between phenotypic plasticity and genetic
variability of the plant volatile chemodiversity, and its ecological implications. A number of studies
already satisfy this and provide important data on the volatilome of some plant genera in Greece (37,
72-74), acquired with distillation of dry plant parts.
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chemodiversity map of the volatilome of Origanum vulgare subsp. hirtum in Greece. For each collection site the proportions of the chemical classes in the
blends is shown.
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In this Chapter, we have combined the published data on plant volatile chemodiversity in Greece for
the last 25 years into a geodatabase. We present and assess the VOC richness and distribution within
the 178 plant taxa (59 genera) studied, and we explore the chemical properties of the volatilome. Given
that distillation techniques are most widely used by researchers in Greece and the Mediterranean
region, we strongly encourage the use of in vivo applicable headspace scent sampling techniques in
the Mediterranean in order to boost ecological research as well; thus far, industrial production purposes
seem to have driven the exclusive application of distillation for the extraction of essential oils. For the
first time, the volatility spectra of the blends of the 59 genera studied are presented; in this context, we
suggest that the systematic record of this physicochemical property of the scent should have useful
applications, especially in prospect of global change phenomena. Chemodiversity maps should be
regarded as a special case of natural resources maps with multiple implications: mapping and
monitoring is a first step towards chemotaxonomy, sustainable utilization, and cultivation designs of
the local plant diversity, and towards the limitation of dubious bioprospecting practices. The extension
of the current geodataset in other areas of the Mediterranean Basin and beyond by collecting and
assessing the volatilome richness and properties over large geographical areas is certainly challenging.
Nevertheless, the prospect of chemodiversity geodatabases as tools not only for basic research and the
study of metabolomics on a large spatial scale, but also to support different sustainable productive
activities, 1s promising.

References

1 M. E. Maffei, J. Gertsch and G. Appendino, Natural Product Reports 2011, 28, 1359.

2 C. Classen, D. Howes and A. Synnott, ‘Aroma: The cultural history of smell’, Routledge London, 1994.
3 H. Saul, M. Madella, A. Fischer, A. Glykou, S. Hartz and O. E. Craig, PloS ONE 2013, 8, ¢70583.

4 S. Burt, Int J Food Microbiol 2004, 94, 223.

5 R. Junker and D. Tholl, Journal of Chemical Ecology 2013, 39, 810.

6 R. R. Kariyat, K. E. Mauck, C. M. De Moraes, A. G. Stephenson and M. C. Mescher, Ecology Letters

2012, /5, 301.

7 M. C. Mescher and C. M. De Moraes, Journal of Experimental Botany 2015, 66, 425.

8 R. A. Raguso, A. A. Agrawal, A. E. Douglas, G. Jander, A. Kessler, K. Poveda and J. S. Thaler, Ecology
2014, 906, 617.

9 K.-H. Kubeczka, in ‘History and sources of essential oil research’, Eds. K. H. C. Baser and G.

Buchbauer, CRC Press, Boca Raton, FL, 2010.

10 E. E. Stashenko and J. R. Martinez, Journal of Separation Science 2008, 31, 2022.

11 N. Dudareva, F. Negre, D. A. Nagegowda and I. Orlova, Critical Reviews in Plant Sciences 2006, 25,
417

12 R. Kaiser, Chemistry & Biodiversity 2004, 1, 13.

13 E. Breitmaier, ‘Terpenes: Flavors, Fragrances, Pharmaca, Pheromones’, Wiley-VCH, Weinheim, 2006.

14 J. T. Knudsen, R. Eriksson, J. Gershenzon and B. Stahl, Botanical Review 2006, 72, 1.

15 I. Raskin, D. M. Ribnicky, S. Komarnytsky, N. Ilic, A. Poulev, N. Borisjuk, A. Brinker, D. A. Moreno,
C. Ripoll, N. Yakoby, J. M. O’Neal, T. Cornwell, I. Pastor and B. Fridlender, Trends in Biotechnology
2002, 20, 522.

16 Eurostat, in ‘Prodcom — Statistics by product’, 2014.

17 M. Dunkel, U. Schmidt, S. Struck, L. Berger, B. Gruening, J. Hossbach, 1. S. Jaeger, U. Effmert, B.
Piechulla, R. Eriksson, J. Knudsen and R. Preissner, Nucleic Acids Res 2009, 37, D291.

18 J. G. S. Maia and E. H. A. Andrade, Quimica Nova 2009, 32, 595.

19 A. M. El-Sayed, in ‘The Pherobase: Database of Pheromones and Semiochemicals’, 2014.

37



20

21
22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37
38

39
40

41
42

43

44
45
46
47
48

49

Plant volatilome in Greece

F. Ntie-Kang, D. Zofou, S. B. Babiaka, R. Meudom, M. Scharfe, L. L. Lifongo, J. A. Mbah, L. M. a.
Mbaze, W. Sippl and S. M. N. Efange, PloS ONE 2013, 8, e78085.

R. Karousou, D. N. Koureas and S. Kokkini, Phytochemistry 2005, 66, 2668.

M. Chartier, L. Pélozuelo, B. Buatois, J.-M. Bessi¢re and M. Gibernau, Functional Ecology 2013, 27,
1367.

M. Sun, K. Gross and F. P. Schiestl, Annals of Botany 2014, 113, 289.

E. Hanlidou, R. Karousou and D. Lazari, Chemistry & Biodiversity 2014, 11, 1205.

T. Page, 1. Southwell, M. Russell, H. Tate, J. Tungon, C. Sam, G. Dickinson, K. Robson and R. R. B.
Leakey, Chemistry & Biodiversity 2010, 7, 1990.

D. Vokou, K. Katradi and S. Kokkini, Journal of Ethnopharmacology 1993, 39, 187.

P. Dimopoulos, T. Raus, E. Bergmeier, T. Constantinidis, G. Iatrou, S. Kokkini, A. Strid and D.
Tzanoudakis, ‘Vascular plants of Greece: An annotated checklist’, Botanic Garden and Botanical
Museum Berlin-Dahlem; Hellenic Botanical Society, Berlin; Athens, 2013.

Council of the European Communities, in ‘Council Directive 92/43/EEC of 21 May 1992 on the
conservation of natural habitats and of wild fauna and flora’, Official Journal L 206, 1992.

R. A. Raguso, Annual Review of Ecology Evolution and Systematics 2008, 39, 549.

N. Gallai, J.-M. Salles, J. Settele and B. E. Vaissiére, Ecological Economics 2009, 68, 810.

J. L. Rambla, Y. M. Tikunov, A. J. Monforte, A. G. Bovy and A. Granell, Journal of Experimental
Botany 2014, 65, 4613.

C. Linn, J. L. Feder, S. Nojima, H. R. Dambroski, S. H. Berlocher and W. Roelofs, Proceedings of the
National Academy of Sciences of the United States of America 2003, 100, 11490.

R. Hodgkison, M. Ayasse, C. Haberlein, S. Schulz, A. Zubaid, W. A. W. Mustapha, T. H. Kunz and E.
K. V. Kalko, Functional Ecology 2013, 27, 1075-1084.

N. C. Lawo, G. J. F. Weingart, R. Schuhmacher and A. Forneck, Plant Physiology and Biochemistry
2011, 49, 1059.

M. Erb, M. Huber, C. A. M. Robert, A. P. Ferrieri, R. A. R. Machado and C. C. M. Arce, in 'Chapter
Two - The Role of Plant Primary and Secondary Metabolites in Root-Herbivore Behaviour, Nutrition
and Physiology', Eds. I. H. Scott N. Johnson and C. J. T. Ted, Academic Press, 2013.

A. Koutsaviti, I. Bazos, M. Milenkovic, M. Pavlovi¢-Drobac and O. Tzakou, Records of Natural
Products 2013, 7, 6.

H. D. Skaltsa, C. Demetzos, D. Lazari and M. Sokovic, Phytochemistry 2003, 64, 743.

N. Chorianopoulos, E. Kalpoutzakis, N. Aligiannis, S. Mitaku, G. J. Nychas and S. A. Haroutounian,
Journal of Agricultural and Food Chemistry 2004, 52, 8261.

E. Hanlidou, R. Karousou and D. Lazari, Chemistry & Biodiversity 2012, 9, 1559.

K. Karamanoli, G. Thalassinos, D. Karpouzas, A. M. Bosabalidis, D. Vokou and H. I. Constantinidou,
Journal of Chemical Ecology 2012, 38, 476.

D. Vokou and N. S. Margaris, Acta Oecologica-Oecologia Plantarum 1986, 7, 157.

J. Knudsen and J. Gershenzon, in 'The chemical diversity of floral scent', Eds. N. Dudareva and E.
Pichersky, CRC Press, Boca Raton, 2006.

R. Jetter, in 'Examination of the processes involved in the emission of scent volatiles

from flowers', Eds. N. Dudareva and E. Pichersky, CRC Press, Boca Raton, 2006.

J. Gershenzon and N. Dudareva, Nature Chemical Biology 2007, 3, 408.

D. Vokou, Allelopathy Journal 2007, 19, 119.

D. Vokou and N. S. Margaris, Pedobiologia 1988, 31, 413.

F. P. Schiestl and S. Cozzolino, Bmc Evolutionary Biology 2008, 8, 27.

A. Scala, S. Allmann, R. Mirabella, M. A. Haring and R. C. Schuurink, International Journal of
Molecular Sciences 2013, 14, 17781.

C. M. De Moraes, W. J. Lewis, P. W. Pare, H. T. Alborn and J. H. Tumlinson, Nature 1998, 393, 570.

38



50
51
52
53
54
55
56

57

58

59

60

61

62
63

64

65
66

67
68

69
70
71
72
73

74
75

76
77

Plant volatilome in Greece

V. Papandreou, P. Magiatis, 1. Chinou, E. Kalpoutzakis, A. L. Skaltsounis and A. Tsarbopoulos, Journal
of Ethnopharmacology 2002, 81, 101.

S. Dotterl, A. Jurgens, K. Seifert, T. Laube, B. Weissbecker and S. Schutz, New Phytologist 2006, 169,
707.

Inderjit, Botanical Review 1996, 62, 186.

S. Pettersson, F. Ervik and J. T. Knudsen, Biological Journal of the Linnean Society 2004, 82, 161.

J. T. Knudsen and L. Tollsten, Botanical Journal of the Linnean Society 1993, 113, 263.

G. Farré-Armengol, 1. Filella, J. Llusia, U. Niinemets and J. Pefiuelas, Global Change Biology 2014,
20, 3660.

M. Sagae, N. Oyama-Okubo, T. Ando, E. Marchesi and M. Nakayama, Bioscience, Biotechnology, and
Biochemistry 2008, 72, 110.

M. A. Ibrahim, M. Mienpai, V. Hassinen, S. Kontunen-Soppela, L. Malec, M. Rousi, L. Pietikdinen,
A. Tervahauta, S. Kérenlampi, J. K. Holopainen and E. J. Oksanen, Journal of Experimental Botany
2010, 61, 1583.

A. Sentis, F. Ramon-Portugal, J. Brodeur and J.-L. Hemptinne, Global Change Biology 2015, doi:
10.1111/gcb.12932.

R. A. Raguso, R. A. Levin, S. E. Foose, M. W. Holmberg and L. A. McDade, Phytochemistry 2003, 63,
265.

C. Condurso, A. Verzera, S. Ragusa, G. Tripodi and G. Dima, Journal of Essential Oil Research 2013,
25,239.

L. G. Angelini, G. Carpanese, P. L. Cioni, I. Morelli, M. Macchia and G. Flamini, Journal of
Agricultural and Food Chemistry 2003, 51, 6158.

V. Rozman, I. Kalinovic and Z. Korunic, Journal of Stored Products Research 2007, 43, 349.

B. Bozin, N. Mimica-Dukic, N. Simin and G. Anackov, Journal of Agricultural and Food Chemistry
2006, 54, 1822.

D. Patricelli, F. Barbero, V. La Morgia, L. P. Casacci, M. Witek, E. Balletto and S. Bonelli, Animal
Behaviour 2011, 82, 791.

T. Petanidou and D. Vokou, American Journal of Botany 1993, 80, 892.

R. Soukand, C. L. Quave, A. Pieroni, M. Pardo-de-Santayana, J. Tardio, R. Kalle, L. Luczaj, L.
Svanberg, V. Kolosova, L. Aceituno-Mata, G. Menendez-Baceta, . Kolodziejska-Degorska, E.
Piroznikow, R. Petkevicius, A. Hajdari and B. Mustafa, Journal of Ethnobiology and Ethnomedicine
2013, 9.

Council of Europe, 'European Pharmacopoeia 5.0', Council of Europe, Strasbourg, 2005.

C. B. Johnson, A. Kazantzis, M. Skoula, U. Mitteregger and J. Novak, Phytochemical Analysis 2004,
15,286.

M. Pavlovi¢, O. Tzakou, P. V. Petrakis and M. Couladis, Flavour and Fragrance Journal 2006, 21, 84.
A. Guedes, G. Franklin and M. Fernandes-Ferreira, Phytochemistry Reviews 2012, 11, 127.

N. Mimica-Dukic and B. Bozin, Current Pharmaceutical Design 2008, 14, 3141.

D. Pitarokili, T. Constantinidis, C. Saitanis and O. Tzakou, Chemistry & Biodiversity 2014, 11, 593.
V. Saroglou, N. Dorizas, Z. Kypriotakis and H. D. Skaltsa, Journal of Chromatography A 2006, 1104,
313.

D. Vokou, S. Kokkini and J. M. Bessiere, Biochemical Systematics and Ecology 1993, 21, 287.

B. Bremer, K. Bremer, M. W. Chase, M. F. Fay, J. L. Reveal, D. E. Soltis, P. S. Soltis, P. F. Stevens,
A. A. Anderberg, M. J. Moore, R. G. Olmstead, P. J. Rudall, K. J. Sytsma, D. C. Tank, K. Wurdack, J.
Q. Y. Xiang, S. Zmarzty and A. P. Grp, Botanical Journal of the Linnean Society 2009, 161, 105.

P. Dixon, Journal of Vegetation Science 2003, 14, 927.

R Development Core Team, R: A language and environment for statistical computing, R Foundation
for Statistical Computing, Vienna, Austria, 2013.

39



page intentionally left blank



CHAPTER THREE

Smells like purple: floral color and scent are
integrated in a community context

Abstract. — The reproduction of flowering plants comes at the price of synthesizing sophisticated blends of
volatile compounds and pigments, principally serving to attract pollinators. The shared biosynthetic pathways
and the evolutionary history of these compounds imply a potential phenotypic integration between floral color
and scent, sustained by ecological advantages. In a natural Mediterranean scrubland community, we sampled
the floral volatile profiles and reflectance spectra of 41 insect-pollinated plants. We find that scent covaries with
color according to the visual systems of bees and swallowtail butterflies, and that both traits vary with the
presence of nectar. Similar volatile composition may even predict the reflectance spectra. We suggest that this
coordinated exploitation of insects’ sensory abilities by plants represents the modern expression of ancient
relationships between plant metabolism and ancestral insect visual and olfactory physiology. An integrated
assessment of floral color and scent is important in community studies of pollination ecology.
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Color—scent phenotypic integration

Smells like purple: floral color and scent are integrated in a
community context

Introduction

The angiosperms have evolved both a dazzling palette of floral colors and a rich bouquet of floral
scents which, collectively, mediate pollinator attraction by directly stimulating animals’ sensory
systems. The basic metabolism behind this phenotypic eclecticism originated long before insect-
pollinated flowers, both for pigments (1-2) and for volatile organic compounds (VOCs) (3-4). Natural
selection linked these routes in flowering plants, resulting in the multimodal signals of modern flowers
(5-6). Indeed, floral pigments and volatiles share pleiotropic networks of genes via complex
biosynthetic pathways (7).

Ecologically, interactions between types of floral signal shape foraging behaviors (6), promote flower
constancy (8-9), and render pollinators important selective agents for both suites of traits (10-11).
Given the leading role of floral phenotype to plant fitness and the maintenance of species boundaries,
it is reasonable to assume that selection favors phenotypic integration between visual and olfactory
channels. We see two main advantages in color—scent covariation vs. a random variation of the two
traits: first, reducing the risk of behavioral maladaptation (12), and second, mitigating the
unpredictable ecophysiological costs of producing the relevant secondary metabolites. Although
intraspecific studies show that color—scent covariation does occur (9, 13-14), this has never been
explored concurrently in more than two plant species (15).

Here we conduct the first community-wide interspecific investigation of the association between floral
color and scent. In a low scrubland (phrygana) on Lesvos Island, Greece (Fig. 3.S1) we: sampled the
floral VOCs and reflectance spectra of 41 spring-flowering insect-pollinated plants (Fig. 3.1 and Table
3.51), constructed the plant—volatilome bipartite network for the community, and tested (i) the effect
of floral reflectance on the composition of the VOC blends using multivariate generalized linear
models, (ii) the relationship between colorimetric and chemical properties in each plant (Table 3.S2)
using phylogenetically informed generalized least squares models (pGLS), and (iii) the relationship of
chemical and spectral pattern similarity. For these analyses, apart from employing independent spectral
properties (viz. brightness, chroma, and hue), we calculated the colorimetric properties of the spectra
as perceived by bees (viz. saturation: rnex, and hue: 6rex) (16) (Fig. 3.S2 and Table 3.S2), and by
swallowtail butterflies (viz. saturation: ret, and hue: Otet, tet) (17) (Fig. 3.S3 and Table 3.S2). Bees are
highly diverse and abundant pollinators in the Mediterranean (18) and floral color in angiosperms
strongly matches their trichromatic visual system worldwide (19-20); yet, we additionally aimed at
testing our hypothesis with reference to a tetrachromatic visual system occurring in alternative
pollinators. Moreover, we used the scores of a two-axis NMDS ordination of the raw spectral data,
which were interpreted according to the spectral and colorimetric properties (Fig. 3.S4). Finally, we
investigated how color or scent relate to the presence of nectar, the main reward offered to pollinators,
using the above-mentioned methodology.
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Materials and Methods

Study site and plants
Sampling took place in a coastal thermo-Mediterranean sclerophyllous community (East

Mediterranean low scrub, a.k.a. phrygana) in Aghios Stefanos, Lesvos Island, Greece (39° 18°.00N,
26° 23°.40E; what3words geocode reviewers.gladness.hesitantly). The most dominant flowering plants
of the community are Erica manipuliflora (heath), Lavandula stoechas (French lavender), and Cistus
creticus (pink rock-rose) Sarcopoterium spinosum (thorny burnet), with sporadic presence of Quercus
coccifera (kermes oak), Pistacia lentiscus (lentisc), and Olea europaea (wild olive tree) (Fig. 3.51).
The climate is Mediterranean (Koppen—Geiger classification: Csa) with hot dry summers and mild
winters (January—July mean temperature difference: 17.1 °C).

The 41 insect-pollinated plants in the study community (Table 3.51) belong to 14 families and are all
native, comprising 16 steno-Mediterranean taxa and 25 of wider Mediterranean or Eurasiatic origin
(39-40). None of the plants has an exclusively nocturnal anthesis. All plants were scored for nectar
presence/absence with field observations and by using published data (41-42).

Floral scent sampling and analysis
Scent collections were carried out in vivo and in situ, except for Blackstonia perfoliata, which was

sampled in vivo in the lab one hour after the plant was collected in the field, and transferred in a pot.
All collections were performed once during the peak of the flowering period of a species, on days with
clear and calm weather, and at the peak of the pollinator's activity (9am-1pm). Scents were collected
from April to July 2012, except for Cistus creticus and Teucrium divaricatum from which scents were
collected in May-June 201 1. During the sessions, the mean ambient temperature (£SD) was 25.7 + 1.4
°C, and the mean ambient humidity (+SD) was 55.5 + 2.8 %, measured on the spot.

We performed dynamic headspace sampling (43-44) using a PAS-500 personal air sampler (Supelco,
Bellefonte, PA, USA) set at 200 mL min™! flow rate. Only apparently herbivore-free, healthy-looking
fresh inflorescences were selected and enclosed in PET oven roasting bags with thickness of 12 um
(SANITAS, Sarantis Group, Maroussi, Greece) 10 min prior to sampling. The bagged inflorescences
were lightly covered with aluminum foil for shading against sunlight.

Adsorbent traps contained 10 mg of Porapak® Q (80/100 mesh, Supelco), packed between two plugs
of silane-treated glass wool (Supelco) in a borosilicate glass Pasteur pipette (¢ 7 mm). Collection
period was 90 min for the strongly-scented plants (e.g. Lavandula stoechas, Prasium majus, Teucrium
divaricatum), and 300 min for the remaining, as shorter samplings were found insufficient for
capturing the volatile profiles of the less-aromatic plants. During each sampling session two ambient
samples were additionally collected. Samples from green plant parts were collected when possible, in
order to detect compounds of vegetative origin. However, this was not always feasible due to the small
size of some plants (e.g. Anagallis arvensis, Sedum confertiflorum), that would require damaging the
plant. Besides, we fundamentally aimed at trapping all the compounds emitted naturally by the
inflorescence that includes green parts (bracts, calyx), which significantly contribute (especially in
Lamiaceae, Apiaceae etc.) to the strong chemosensory environment of pollinators in the Mediterranean
shrublands (45).
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Right after scent collection and yet on the spot, the adsorbent traps were eluted with 300 pL of a 10:1
solution of hexane (puriss. p.a. — Merck, Hohenbrunn, Germany) and acetone (CHROMASOLV® for
HPLC — Sigma-Aldrich, Bellefonte, PA, USA), recommended by Kaiser (46) to optimize elution of a
full spectrum of polar to non-polar volatiles. The eluates were stored in a freezer (-20 °C) until chemical
analysis. Before analysis, the scent samples were concentrated down to 50 mL with gaseous Nz, and 1
ng of toluene (Fluka, Bellefonte, PA, USA) was added as an internal standard in order to estimate
emission rates (ER) in toluene equivalents per fresh mass of plant tissue. For the ER calculation we
used the formula in Svensson et al. (47), modified for the plant mass, as follows (VOC: volatile organic
compound):

peak area of VOC.
peak area of toluerlle) X amount of toluene (ng)
fresh biomass sampled (g)

hours of sampling

0

Emission rate = X concentrated volume (uL)

ER of a compound is expressed in ng (compound, in toluene equivalents) g* (biomass) h™*. For each
plant sampled, the average ER for each compound from the different samples (table S1) was calculated.

All analyses were performed on an Agilent 7890A/5975C GC/MS system (Agilent Technologies, Palo
Alto, CA, USA) using splitless injections at 240 °C on a polar GC column (Agilent J&W DB-WAX,
length 30 m, @ 0.25 mm, film thickness 0.25 pm) and He as a carrier gas with a flow rate of 1 mL min
. The GC oven was held initially at 40 °C for 3 min and the temperature was increased at 10 °C min
to 250 °C for 5 min. The two eluents (hexane and acetone) were tested for contaminants using the same
method; apart from some other traces, diacetone alcohol (CAS: 123-42-2) was the only abundant
contaminant.

We used Agilent MSD Productivity ChemStation software v.E.02.01 (Agilent Technologies) to
retrieve the GC/MS data and AMDIS v.2.62 software for peak deconvolution combined with NIST 05
Mass Spectral Library v.2.0d (NIST Mass Spectrometry Data Center, Gaithersburg, MD, USA) to
identify VOCs. Kovats retention index was calculated for all the VOCs after analysis of an authentic
alkane mix (C10-C40; Sigma-Aldrich) in the abovementioned chromatographic conditions. Published
data on mass spectra and retention times were additionally used. Whenever possible, (Table 3.S8) we
compared VOC retention times and mass spectra to those of authentic standards.

Floral reflectance sampling
To acquire the reflectance spectra of the insect-pollinated flowers of the community we used a portable

Jaz spectrometer equipped with a Premium 600 um reflectance probe (Ocean Optics Inc., Dunedin,
FL, USA). Measurements were taken from the petals or floral units (e.g. umbels) collected from
different individuals; in the case of rare plants we collected as many floral units as available (Table
3.51). We separately measured each of the differently colored areas present on a floral unit (e.g. the
yellow tubular and white ligulate florets in Anthemis heads), but we included in the analysis only the
spectrum of the color of the largest area (Table 3.S1). For Prasium majus we used spectra extracted
from the Floral Reflectance Database (FReD) (48). All spectral measurements were performed in 2014.
Spectral data were processed with the R package pavo v.0.5-1 (49).
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Calculation of colorimetric and spectral properties
We aimed at testing for the covariation of scent and color by parameterizing the latter in three different

ways. The first two sets of parameters include the colorimetric properties that match the visual systems
of pollinating insects, whereas the third one includes the spectral properties that are independent of the
vision of any animal (Table 3.S2). More specifically:

1. Because bees are the major pollinators in the Mediterranean communities (including Lesvos
Island) in terms of efficiency and/or abundance (18, 50-52), we calculated the loci of the plants
in the hexagonal color space of Hymenoptera (16) using standard photoreceptor, illumination
and adaptation parameters previously used for international comparison of flower spectral data
(19-20). The polar expression of these coordinates (rmex and Onex) represent two important and
biologically relevant colorimetric properties of the spectra as perceived by bees: The radiant
(rnex) is the saturation of the color and the angle (bnex) is the hue (see ref. 20). The topography
of the hexagon loci of the plants in our community, which is presented in Fig. 3.52, shows a
similar pattern with several plant assemblies across the world (19-20). We wish to emphasize
here that the trichromatic vision of the Hymenoptera (in UV, blue, and green) is directly derived
from an ancient basal visual system in insects that originates long before the emergence of
flowering plants and of pollinators (30, 53).

2. We also employed a model according to a tetrachromatic visual system (sensitive in UV, blue,
green, and red) that corresponds to the vision of the swallowtail butterfly Papilio xuthus
(Papilionidae) (17). The genus Papilio is present in the study community (See Table 4.S2). The
great variability of visual systems in butterflies (21, 54) has not yet allowed for the development
of an accurate generalized visual model, like in bees. However, we use this model to test for
floral-scent covariation according to an alternative visual system occurring in pollinating
insects. The polar expression of the loci in the tetrahedral color space representing saturation
(reet), and the two angles of hue (otet, Owet) (55) in the swallowtail vision, were calculated using
function ‘tcs’ in the the R package pavo v.0.5-1 (49). Figure 3.S3 displays the 3D topography
of the tetrahedron loci of the plants in the study community.

3. Finally, we calculated three spectral properties independent of any pollinator’s vision, viz.
brightness, hue, and chroma by applying the function ‘summary.rspec’ of the R package pavo
v.0.5-1 (49). In the function’s output encoding, brightness corresponds to variable B2, hue to
H4, and chroma to S5. Brightness (achromatic property) is the average reflectance over all
wavelengths and represents the amount of light reflected by the floral surface. Hue and chroma
(chromatic properties) were calculated according to the segment classification method (56).
Chroma (aka saturation) corresponds to spectral purity and it is defined as “a measure of how
much grey and white light is mixed in with the ‘pure’ focal colour” (57). Hue represents the
primary color, as expressed by the clockwise angle measured in the color space between the
focal spectrum and a spectrum with reflectance only in the red segment (56).

Modeling visual systems of animals is a challenging task owing to the great variability in photoreceptor
sensitivity across animal species (34). In the present study, we chose to apply only visual models
supported by robust empirical data and realistic assumptions on the psychophysics of obligatory flower
foraging insects, in order to avoid inflation of type I errors and the risk of dubious generalizations.
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Furthermore, in order to summarize the information contained in the raw spectral data and simplify
their dimensionality, we performed a NMDS ordination in two axes (Manhattan distance, stress =
0.119). We then interpreted each NMDS axis by applying Pearson correlation tests of the axes scores
and the above-mentioned colorimetric or spectral properties. In total, we found nine significant
correlations, among which we considered effective only those with the highest coefficients (r > 0.70)
(fig. S4). Thus, NMDSL axis is negatively correlated with chroma (r = -0.91, p<0.0001, two-tailed)
(fig. S4A), and with ret (r = -0.80, p<0.0001, two-tailed) (Fig. 3.541), whereas NMDS2 is negatively
correlated with rnex (r = -0.78, p<0.0001, two-tailed) (Fig. 3.S4D). Moreover, we found that saturation
as calculated for the swallowtails (rtt) and saturation calculated with the segment classification method
(chroma) are highly correlated (r = 0.93, p<0.0001, two-tailed).

Plant phylogeny and phylogenetic signal of traits
Plant phylogeny follows APG Il (58) and it was built with the online software Phylomatic v.3 (tree

R20120829) (59). We used the ‘bladj’ algorithm in the software Phylocom v.4.2 (60) in order to adjust
branch lengths of the phylogeny so as to correspond to evolutionary divergence time between clades
using the most recently updated node ages (61). The pairwise phylogenetic distance matrix of the plant
assembly was calculated using the function ‘cophenetic.phylo’ in the R package ape v.3.5 (62).

In order to account for phylogenetic non-independence and its statistical implications (63), we first
calculated the phylogenetic signal of all traits involved in the analysis, following four approaches
according to the type of the focal variable (Table 3.S9): (i) For multidimensional data we calculated
dissimilarity matrices and tested them for correlation with the phylogenetic distance matrix of the
community using Mantel tests in the R package vegan v.2.4.0 (64). Manhattan distance was used for
the raw spectral data, for hexagon loci, and for the NMDS axes scores. Jaccard distance was used for
presence/absence data. (ii) For continuous variables we calculated Blomberg’s K* (65) as one of the
currently most efficient metrics for detecting phylogenetic signal in continuous traits (66). Blomberg’s
K* was computed with function ‘phyloSignal’ in the R package phylosignal v.1.1 (67). (iii) For nectar,
we computed the D statistic for binary traits, which is based on the sum of the sister-clade differences
of the trait in the phylogeny (68), with the function ‘phylo.D’ in the R package caper v.0.5.2 (69). (iv)
For module ID we used the algorithm ‘phylo.signal.disc’ for discrete traits implemented in R,
developed by Enrico Rezende (see ref. 70 for detailed description and example).

Statistics
Multispecies volatilome datasets require special statistical handling owing to the interdependence of

VOCs, which is naturally expected due to shared metabolic processes leading to their production (see
ref. 71). Therefore, in order to test the effect of color or nectar to the distribution of the VOCs among
the plants of the community, we selected a model-based method designed for compositional data. We
employed Multivariate Generalized Linear Models (MGLMs), used for the first time in a bipartite
network of plants and metabolites. In practice, MGLMs fit a separate generalized linear model to each
VOC of the network, using a common n-dimensional set of explanatory variables and a resampling-
based hypothesis testing (72).

In order to test the relationship between floral color or nectar and the qualitative composition of the
scents in the community, i.e. the binary network of VOCs, we built a series of MGLMs with a binomial
family (link “cloglog”) using the function ‘manyglm’ in the R package mvabund (72). The statistical
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significance of the fitted models was assessed with ANOVA (likelihood ratio tests) using 999 bootstrap
iterations via PIT-trap residual resampling, a method which shows low rates of type | errors (73) and
in our case yielded the most conservative results. Univariate tests were then performed in order to
determine which response variables (VOCs) showed significant effects. The multidimensional
response variable was either the binary matrix of the full VOC network (41x351) or one of its subsets
that included the VOCs belonging to one of the four major VOC classes, which represent different
pathways of plant metabolism (76): Aliphatics (95 VOCs); benzenoids and phenylpropanoids (51
VOCs); monoterpenes (68 VOCs); and sesquiterpenes (56 VOCS). This discrimination would allow us
to test if the distribution of the VOCs of a specific metabolic route would be associated with the floral
color at a community level.

For each of the above-mentioned response variables, we built five sets of MGLMs, each set with the
following explanatory variables:

1. The presence/absence of nectar in the flowers.

2. The floral color loci of the plants in the hexagon space of bee vision, expressed as polar
coordinates (rnex, bnex). These two variables represent two different colorimetric properties
(saturation and hue), but they are both needed in order to describe the exact color as perceived
by Hymenoptera (20). Therefore, it is biologically meaningful to test their effects both
separately and in combination. Based on the Akaike Information Criterion (AIC), we selected
the following three separate formulae: y ~ rnex, Y ~ Ohex, and Y ~ rnex:6nex, for the five response
variables (total binary network and its four subsets).

3. The floral color loci of the plants in the tetrahedron space of the swallowtail vision, expressed
as polar coordinates (ret, @tet, Otet). Again, these three variables represent hue and saturation for
swallowtails, however they are all needed in order to describe the exact color as perceived in
this visual system. Thus we applied four separate formulae: y ~ ret, Y ~ @tet, ¥ ~ I'tet, ¥ ~ Otet, and
y ~ Otet: Qtet: I'tet.

4. The two NMDS axes of the raw spectral data. The two axes were tested separately (y ~ NMDS1
and y ~ NMDS2). Based on AIC we did include models of the additive effect (y ~
NMDS1+NMDS2). The interaction term of the two axes, apart from the fact that it would be
biologically uninterpretable, did not show any significant effect to scent composition when
tested in bivariate MGLMs (y ~ NMDS1:NMDS2).

5. The independent spectral properties (brightness, chroma and hue). For each property, we tested
both the separate effects and their interaction term against the response variables.

All the above-mentioned floral colorimetric and spectral variables were also tested for association with
the chemical properties of the blends (Table 3.S2), i.e. (i) the proportional representation of each VOC
class in the total emission rates, (ii) the proportional representation of each VOC class in the sum of
VOCs of each plant, and (iii) the specialization of the plants in the volatilome network of the
community, as described by three species-level metrics: The d’ specialization index (75) calculated in
the R package bipartite v. 2.06 (76), the among-module connectivity ¢, and the within-module
connectivity z (77). The latter two represent coordinates in the network topography and their
combination is used for assigning roles to the nodes, which reflect their generalist/specialist behavior
(77). For their calculation, we used NetCarto software, which implements a Simulated Annealing (SA)
algorithm in order to assess the modularity of a binary bipartite network (78). Note that the plant-VOC
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network of the study community is significantly modular (modularity M = 0.44). For testing all these
associations we applied phylogenetically corrected generalized least squares models (79) with A branch
length transformations, using the ‘pgls’ function in the R package caper v.0.5.2 (69). Proportional
response variables were arcsine-transformed before fitting the models. For all models, we compared
the AIC values with those of the null model (y~1) in order to avoid inflation of type | errors.

To detect the spectral patterns associated with different VOC classes among the plants of the
community, we followed two approaches. First, we explored the spectral similarity of the plants
included in the modules of the plant-volatilome network. In order to chemically characterize the
modules yielded by the SA algorithm (Fig. 3.S6), we applied a Pearson y? conditional independence
test (Fig. 3.S7) with the function ‘mosaic’ in the R package vcd v.1.4-1 (80-81). This process revealed
the statistically significant positive and negative associations of the four main VOC classes with the
modules. High proportional participation in one module in respect to the others (block width in Fig.
3.57) combined with statistical significance, allowed us to identify the positive associations for
aliphatics (Module 6), benzenoids/phenylpropanoids (Module 2), and sesquiterpenes (Modules 3 and
4) (fig. S6-S7). Monoterpenes are almost uniformly distributed among the modules, suggesting no
clear relationship with any module, so we excluded them from the spectral similarity analysis.

The second approach regards the exploration of the relationship between the realized chemical
phenotype of the flowers and their reflectance spectra. To explore this, we distinguished four groups
of plants according to the VOC class prevailing in the sum of the floral ER, we calculated the mean
pairwise Manhattan distance of the floral spectra in each group and compared them with a Kruskal—
Wallis rank sum test. The groups of plants with significantly lower dissimilarities than the other groups
would indicate spectral patterns associated with high emissions in the respective chemical groups.

In order to chromatically characterize the modules of the plant—-\VOC network, i.e. to test if any floral
colorimetric or spectral property explain the distribution of plants among the modules, we applied
phylogenetically informed ANOVA (82) of the each colorimetric or spectral property against the trait
‘Module ID’ by using function ‘aov.phylo’ in the R package geiger v.2.0.6 (83).

Unless stated otherwise, statistics were performed in R v. 3.3.0 (84).
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Table 3.1 The effect of floral color or nectar on the distribution of VOCs within the community. Effects are tested in the total plant—volatilome
network and its four subsets containing the VOCs of each one of the major chemical classes. The results of 70 separate multivariate generalized
linear models are shown. Significance was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling.

Total network Aliphatics Benzenoids Monoterpenes Sesquiterpenes

Df Dev. p-value | Df Dev. p-value | Df Dev. p-value | Df Dev. p-value | Df Dev. p-value
Thex 1 604.1 0029 1 2624 0.006 | 1 31.0 0.614 | 1 71.8 0295 1 857 0.145
Ohex 1 416.1 0239 1 870 0519 1 558 0372 | 1 59.6 0.550 | 1 103.8 0.118
Phex:Ohex 1 679.0 0.007 | 1 1122 0.187 | 1 624 0314 1 63.8 0390 | 1 250.1 0.001
NMDSI 1 8519 0.003| 1 1533 0.094| 1 432 0458 | 1 107.0 0.074| 1 2824 0.001
NMDS2 1 540.1 0.040 | 1 211.6 0.024 | 1 342 0.593 1 78.4 0250 1 613 0.317
Ttet 1 466.6 0.062 | 1 1576 0.068 | 1 16.9 0.810 | 1 118.5 0.024| 1 615 0.217
Qret 1 574.6 0.023| 1 1633 0.078 | 1  58.6 0.293 1 119.9 0.038| 1 928 0.154
Otet 1 4754 0.110| 1 859 0479 1 622 0218 | 1 100.7 0.112 | 1 1129 0.073
Pret: Qret: Oret 1 361.0 0.137 1 79.0 0280 1 655 0.120 | 1 74.4 0.188| 1 532 0.232
Chroma 1 461.0 0.092| 1 81.8 0462 | 1 1219 0.042 | 1 76.2 0.136 | 1  70.7 0.215
Brightness 1 561.1 0.045| 1 2312 0.015| 1 470 0472 | 1 114.9 0.058| 1  66.5 0.329
Hue 1 416.1 0239 1 87.0 0519 | 1 558 0372 1 51.5 0376 | 1 103.8 0.118
Chr:Bri:Hue 1 543.0 0.031 1 129.6 0.158| 1 839 0.122 | 1 66.4 0378 1 93.0 0.131
Nectar 1 4672 0032 1 2118 0.003| 1 373 0.588 | 1 74.0 0.211 1 528 0.389
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Results and Discussion

Bee vision explains the substantial structure in the plant-volatilome network (Tables 3.1 and 3.S4-
3.55). Specifically, VOC distribution is associated with saturation as perceived by bees, (rmex and
NMDS2) and with the interaction term rnex:0nex. Swallowtail vision also relates to VOC distribution
among the plants through ¢tt, and NMDSL. In the four sub-networks including the major VOC classes
(Table 3.1), bee vision relates to the distributions of aliphatics and sesquiterpenes, and swallowtail
vision is associated with the distributions of monoterpenes and sesquiterpenes (the latter via NMDS1,
Fig. 3.54). The spectral properties are mainly linked to benzenoids and aliphatics. Overall, 171 VOCs
(out of the 351) show significant effects against at least one colorimetric or spectral property (Tables
3.53-3.54).

Bee and swallowtail colorimetric properties interact variously with the chemical properties in the floral
phenotype (Fig. 3.2 and Table 3.S6). Swallowtail vision relates to the percentage of benzenoids in the
total emissions, and to the percentages of aliphatics and monoterpenes in the sum of VOCs. Terpenoid
emissions show the strongest association with bee vision (Fig. 3.2, Table 3.S6). Hue for bees (Onex) is
a source of variation both for monoterpenes and sesquiterpenes. The latter are also positively
associated with color saturation for bees (rnex), and negatively associated with color saturation for
swallowtails (via NMDS1), i.e. flowers with higher sesquiterpene emissions exhibit higher color purity
for bees and lower color purity for swallowtail butterflies. Sesquiterpenes, a highly diverse class in
Mediterranean plants (21), are considered among the most attractive terpenoids to obligate floral
visitors and least repellent to facultative ones (22-23), as well as pheromones both for bees (24) and
swallowtails (25). Thus their connection to both visual systems may imply a diverse inter-signal
functionality.

The species—volatilome network was composed of seven link-dense areas (modules), each including
plants that share emitted VOCs and, presumably, biosynthetic processes responsible for floral display.
Plants in modules vary chromatically only according to hue (phylogenetic ANOVA, Fe31 = 2.67%;
Table 3.S7). Furthermore, the spectra of the plants included in the “aliphatics” module (#6 in Figs.
3.56-3.S7) are significantly more similar in comparison to the other two chemically characterized
modules (Kruskal-Wallis, y*(2)=6.26*; Figs. 3.3A-B and 3.S8B). This module includes all community
members whose flowers are reddish to the human eye and offer only pollen (Papaver argemone,
Anemone coronaria) or nothing edible (Serapias cordigera, S. vomeracea) to pollinators. Analogously,
grouping plants according to the predominant VOC class in their realized emissions reveals that the
reflectance spectra in the group where sesquiterpenes predominate (Cistus creticus, Centaurium
pulchellum, and Teucrium divaricatum) are almost identical (Fig. 3.3C), perceived as pink-purple by
the human eye. These spectra show significantly lower interspecific dissimilarity compared with the
other three groups (Kruskal-Wallis, y?(3)=15.41***; Figs. 3.3D, Fig. 3.S8A).
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Fig. 3.1. The chemical and visual floral phenotype of the insect-pollinated plants in the study community. (A) Plant phylogenetic relationships. (B) The plant—
volatilome network. Compounds are arranged according to the major chemical class. Filled stars denote presence of nectar. Unidentified compounds are not
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wavelength range.
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In the study community, nectar presence relates to floral color as perceived by pollinators, implying a
coordinated sensory exploitation by plants based on the pollinator’s visual abilities (26-28). Nectar-
producing plants display significantly different hue as perceived by swallowtails (@tet) (F1,39=8.75**;
Table 3.S6), and significantly higher color saturation as perceived by bees (rnex: F1,39=13.10***;
NMDS2: F1.39=16.63***; Table 3.S6). This result explains innate preferences of bees for stimuli of
higher spectral purity (26). In the hexagonal bee color space, almost all non-nectariferous plants cluster
near the achromatic center (Fig. 3.S2), suggesting low apparency to bees. In this context, the above-
mentioned red nectarless flowers associated with aliphatics (Module #6) offer an interesting insight:
all are almost achromatic, i.e. visually non-attractive to bees (Fig. 3.S2; 26). Aliphatic compounds,
instead, are the most frequent VOCs in our community (Fig. 3.1), and their distribution among the
plants is linked to bee vision (Table 3.1). At the same time, they are a vital part of bees’ life history,
e.g. as sex pheromones (29). Thus some red flowers may compensate for their visual
inconspicuousness by exploiting bees’ olfaction in a quasi-deceptive way.

Nectar relates to the qualitative VOC distribution among the plants in the community (Tables 3.1 and
3.54), specifically that of aliphatic compounds (Tables 3.1 and 3.S5). Also, nectariferous plants are
more chemically generalist, showing higher among-module connectivity in the volatilome network
(pGLS, F1,39=7.85**; Fig. 3.S5). However, no VOC class was found to quantitatively associate with
nectar presence. The weaker relationship of nectar with floral scent in the community, as compared
with color, could be attributed to a trade-off of display functions between visual and olfactory display
functions, given the highly dynamic and multimodal nature of the volatile emissions, counter to the
fairly constant chromatic signals.

Overall, our data provide evidence for phenotypic integration between floral scent and color that
substantiates our initial hypothesis. Importantly, we find that floral volatile emissions are tuned to the
visual systems of pollinators, which is directly linked to the evolution of sensory exploitation of insects
by plants. Trichromatic vision in bees is phylogenetically conserved and existed before the great
angiosperm radiation in the Cretaceous (30). Likewise, both pigment and VOC metabolism preceded
insect pollination (1-4). Therefore, given the evolutionarily opportune availability of the basic sensory
and metabolic requirements, the covariation of floral scent and color as perceived by bees represents,
in fact, the current expression of ancient relationships between plant secondary metabolism and the
ancestral insect sensory systems, first hypothesized by Pellmyr and Thien in 1986 (31).

Although butterflies are less abundant than bees as floral visitors in phrygana (32), we find that the
tetrachromatic vision of swallowtails relates to floral scent, suggesting that this more recent visual
system may also be a driver of floral diversity. Temperate Old World butterflies are strongly associated
with floral benzenoids and aliphatics (33), the latter also serving as pheromones for some Papilionidae
(25). Our results support this relationship, but the variability of visual systems in Lepidoptera (34)
probably constrains a reliable generalization at a taxonomic level higher than the genus Papilio.

Interestingly, we find that monoterpenes are almost uniformly distributed among the volatilome
network modules (Fig. 3.57), such that they do not characterize any module. Their ubiquity maybe
suggests a more general role of these compounds in the community. Although monoterpenes have been
linked to pollinator attraction (22, 33) and relate to bee vision (Fig. 3.2, Table 3.S6), they are generally
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Fig. 3.2. Significant relationships between chemical and colorimetric or spectral properties in the floral
phenotypes of the study community. Results were acquired with phylogenetically informed GLS. Plots show
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Alip: Aliphatics; Benz: Benzenoids; Mono: Monoterpenes; Sesq: Sesquiterpenes. %Class ER: proportion of the
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*%<0.010).
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Fig. 3.3. Floral spectral patterns associated with VOC classes. (A) Spectra of the plants included in Module #6
of the plant—volatilome network, which has been characterized as the “aliphatics module” (Fig. 3.S6-3.S7) (B)
Mean pairwise Manhattan distance of the spectra in each of the chemically characterized modules (Aliphatics:
Module #6; Benzenoids/phenylpropanoids: Module #2; Sesquiterpenes: Modules #3-4, Fig. 3.56-3.57). (C)
Spectra of the plants in the emissions of which sesquiterpenes prevail. (D) Mean pairwise Manhattan distance
of the spectra in each group of plants distinguished according to the chemical class prevailing in their emissions.
Insets display the average spectrum of the module/group + SD. Line colors encoded according to the RGB
model. Al: Aliphatics, Be: Benzenoids/phenylpropanoids, Mo: Monoterpenes, Se: Sesquiterpenes (*p<0.05,
*#%p<0.001, Kruskal-Wallis rank sum test).

considered deterrent compounds, both in plants and in animals (35-36), thus their primary functional
role in floral scent may, on average, be defensive (23).

Further findings, still challenging to evaluate, include the association of floral brightness, hue or
chroma with scent (Tables 3.1 and 3.S6, Fig. 3.2). The role of these spectral properties in plant
reproductive fitness has rarely been explored (37-38), largely in the absence of data on the respective
psychophysical responses of pollinators and other floral visitors.
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Floral complexity certainly entails more than color and scent. However, their integration as adapted to
pollinators’ visual systems (i) reveals a plant community-context finely tuned to insect sensory
systems, (ii) underscores the fundamental relationship between bees and flowering plants in the
Mediterranean, (iii) may serve as a primer for future investigations of the evolution of interspecific
interactions, and (iv) indicates that both visual and olfactory floral signals should be considered
together to better understand the assembly rules of communities.
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CHAPTER FOUR

Floral sensory landscapes and the structure
of pollination networks

Abstract. — Pollination networks represent a most comprehensive method currently used to describe plant—
pollinator interactions, to predict community resilience in case of disturbance, and to design restoration
schemes. Although immense progress has been made in order to understand network structure and linkage rules,
the role of floral sensory stimuli has never been holistically assessed in a community context. Yet, a
sophisticated interplay of visual and olfactory signals of the sessile plants and the complex sensory systems of
pollinators is anticipated. Here, we analyze the pollination network of a phryganic community by using
methodological innovations, and we ask whether floral sensory stimuli associate with the substantial structure
of the network, the centrality of plants, and the visitation patterns exhibited by the different pollinator groups.
We find that both network cohesiveness and plant niche overlap relate to sensory stimuli. We also attempt a
functional hypothesis of long-distance attraction of pollinators in Mediterranean scrublands, and we corroborate
the fundamental functional connection of bees and floral cues in this ecosystem. Sensory diversity emerges as
an important component of functional diversity that could help designate influential plants in the community
and be used in targeted restoration practices for maintaining network dynamics.

59



Pollination network and floral sensory stimuli

Floral sensory landscapes and the structure of pollination networks

Introduction

Network analysis of mutualistic interactions constitutes a multi-tool for the study of biodiversity both
at micro- and macro-ecological scales (1-3). This mathematical method greatly helped upgrade
pollination from a phenomenon traditionally studied in isolated species pairs, substantiating the
Darwinian paradigm (4-6), to a key functional ecosystem service that sustains primary production and
the stability of communities (see ref. 7, for an excellent historical overview). By constituting a data-
intensive method, network analysis of pollination interactions (i) describes the functional structure of
communities (8), (ii) offers a pragmatic view on the plasticity of visitation patterns (9), (iii) indicates
conservation priorities in prospect of global change phenomena and biological invasions (10, 11), and
(iv) can be used for designing schemes for the ecological restoration of functional diversity (12, 13).

Even though the structure of pollination networks has been described in numerous communities from
the tropics to the Arctic Circle (2, 9, 14-17), the role of floral trait suites in configuring visitation
patterns has been thus far addressed in very few studies (Chapter 1, Table 1.1). On the other hand,
during the last twenty years, there has been a vivid debate regarding the interplay of floral phenotype
and the suiting pollinator types, greatly triggered by the development of network analysis (18): the
assessment of big datasets revealed that generalization is more frequent than expected by tight
coevolution between pollinators and plants, and by pollination syndromes (19, 20); long-term
observations of pollination networks showed that they are characterized by a great temporal plasticity
of plant—pollinator (p—p) interactions (9, 21-23), implying that short-term sampling (which is generally
the rule) should lead to a false estimation of species’ ecological specialization (24); pollination
syndromes (5) failed to be verified in a global-scale meta-analysis (25); theoretical models have
inferred that linkage rules in mutualistic networks may be explained mostly by phenology and/or
abundance of species (26, 27); opportunistic foraging behaviors of insects have been justified under
particular environmental conditions of extreme seasonality, as for example in the Mediterranean,
where the short-living solitary bees, the most abundant and diverse pollinators in the region (28, 29),
are too limited in time to complete life cycle and provide for their brood (9, 30).

This crescendo of indications against the expected tight pairwise, phenotypically complementary
relationships, largely contributed towards a pragmatic assessment of community interactions.
Nonetheless, we know that some degree of phenotypic complementarity is essential in order for
mutualistic interactions to exist, exemplified by the simple matching between tongue size and corolla
depth (31), to the more sophisticated interplay of sensory stimuli involving innate preferences and
cognitive abilities of pollinators (32-35). Coevolutionary forces have also been shown to be compatible
with the asymmetric structure of mutualistic networks, i.e. nestedness (occurring when the interactions
of specialist species are a subset of the interactions of more generalist ones, ref. 36). Besides, p—p
coevolution is considered a major driver of floral diversification since the great angiosperm radiation
in the Cretaceous (37, 38); and although it may not be the only driver (see ref. 39), pollinator-mediated
selection of floral color and scent traits is actually happening (40-43). In Chapter 3, we show that floral
color and scent of the insect-pollinated plants in the community covary, implying as sensory
exploitation of pollinators originating in ancient interspecific interactions; so we may inevitably ask
the question if this community-wide phenotypic integration exists in vain, as a coevolutionary relic, or
if it actually relates to visitation patterns.
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In the context of a network, pollinators are expected to filter information received in the floral
landscape they encounter (‘information filtering’, cf. ref. 44) based on what their sensory systems
perceive, their cognitive abilities, and their innate preferences (45). For example, we know that in
pollination networks, the “rich-get-richer” phenomenon occurs when new incoming nodes (e.g.
insects) choose highly-connected existing nodes (e.g. plants) to interact with (21), enhancing the nested
pattern of interactions (46). Recently, color matching of temporally overlapping flowers and insect
vision was shown to relate to plant generalization in one community (17). Similarly, insect responses
to natural floral blends were found to correlate with visitation patterns (47), and floral scent
manipulation was shown to affect visitation patterns in two plant species studied simultaneously in a
community (48). However to date, since no study has considered the sensory floral stimuli holistically
(i.e. visual and olfactory together) in a comprehensive natural p—p assemblage, the questions remain:
Does preferential attachment of nodes in the network (49, 50) (and, by extension, nestedness) have a
sensorial basis, implying the function of coevolutionary forces? Is it because the most generalist plants
mostly show high floral abundances (51, 52) thus are easily available and noticeable to foraging
insects? Or maybe is it a combination of both? For answering these questions, two things are required:
(1) a comprehensive dataset on the natural history of the plants of the community, including unbiased
parameterizations of floral scent (collected in vivo) and color, and (ii) disentangling plants’
specialization in the p—p network co-considering flowering phenology and abundance.

Species’ flowering phenology is the first factor filtering interactions, thus affecting the structure of
pollination networks (9, 18, 21, 50, 53-55). The reason is obvious: if two species are not simultaneously
present in a community, their interaction is simply impossible. Consequently, by using a pollination
network of the entire flowering/sampling season (in fact, the °‘static’ network) to estimate
specialization or centrality of species (see Box 1.1 in Chapter 1), we consider putative interactions that
are actually not possible in time, therefore we inflate species’ specialization rates (56). Given that most
species in a community tend to have short flowering phenophases (9, 21), this overestimation could
seriously affect the results. Recent studies have addressed this issue and suggested the partition of the
total network into smaller regular time-sequential networks (14, 15). However, even daily resolved
network studies that finely describe the fluctuating behavior of species throughout the
flowering/sampling season, inevitably make use of the ‘static’ version of plants’ specialization and
centrality (14), because this data aggregation provides the total number of links for each species.

In order to overcome the specialization bias caused by temporal data aggregation, we introduce a new
approach in network data pooling, the ‘phenonet’, which expresses the dynamic nature of p—p networks
by partitioning the total cumulative network into (smaller) networks, as many as the interacting species
in the community. A phenonet is a snapshot of the entire community p—p network, encompassing only
the interaction spectrum occurring within each species’ phenophase. The approach is based on the
simple facts that (i) plants do not compete with the sum of species occurring in an entire flowering
period (the version of the ‘static’ network), but only with their co-flowering plants, as much as (ii) they
cannot interact with all pollinators encountered during the entire flowering/sampling period but,
mutatis mutandi, only with those with overlapping phenophases. Thus, the actual ecological
specialization and network centrality of plants may vary according to time and depending on the
qualities/behavior of the available co-existing species.
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Here, we employ the plants’ phenonets, assembled in order to study the role of floral sensory
landscapes in the structural roles of plants in the p—p network. In practice, we retrieve all p—p
interactions recorded in the community during the flowering phenophase of each focal plant, including
all interactions recorded between its co-flowering plants with the available insects. So, for each plant,
node properties correspond to the network operating only during this plant’s phenophase. The main
advantage of this approach is that it respects and reflects the dynamic nature of the interactions history
in a community; thus it allows to account for phenology, which is the major factor that renders
interactions possible, and to assign most pragmatic, time-corrected values to all node properties of the
species.

Next, we attempt to resolve the role of floral abundance that also has been shown a principal factor
determining interaction patterns and the structure of networks (16, 17, 53, 57, 58) (and Table 4.1). By
adopting a functional approach, we consider floral abundance not as a distinct plant trait, but as the
abundance of phenotypic traits, either visual or olfactory that jointly form the floral sensory landscape
in the study area. For this, we adopt the term ‘apparency’ from chemical defense ecology. Apparency
was first introduced in the context of the “Plant Apparency Hypothesis” (PAH) by Feeny (59, 60),
according to which, apparent and unapparent plants display different chemical defense patterns against
herbivores, exactly because they differ in their detectability by the latter. Here, we have adapted the
term in order to describe the multiple ways that a plant can have noticeable flowers in the community
during its flowering phenophase. We distinguish between physical (further discerned as to height and
surface area) and olfactory floral apparency. In practice, floral apparency expresses how much a floral
trait of a given species is above or below the median value of the trait in the community snapshot
which concurs with its flowering phenophase.

Given all the above, in this Chapter we attempt to disentangle the relative importance of the factors
related to floral visitation in a natural Mediterranean scrub community. We present the first analysis
of the role of floral sensory landscape as shaped by the olfactory and visual floral stimuli, in the
structure of the p—p network, focusing on the functional properties of plants. We employ the above-
mentioned new methodological approaches, and we ask (i) whether plants’ centrality and
generalization associate with their floral phenotype, (ii) whether floral phenotype in plants predicts
visitation rate by the different insect groups, and (iii) which phenotypic elements shape the structure
of the entire p—p network.

Materials and Methods

Study area

Sampling was carried out in a coastal thermo-Mediterranean sclerophyllous community (East
Mediterranean low scrub, a.k.a. phrygana) in Aghios Stefanos, Lesvos Island, Greece (39° 18°.00N,
26° 23’.40E; what3words geocode reviewers.gladness.hesitantly). The most dominant flowering
plants of the community are Lavandula stoechas (French lavender), Cistus creticus (pink rock-rose)
Sarcopoterium spinosum (thorny burnet), and the autumn-flowering Erica manipuliflora (heath) with
sporadic presence of Quercus coccifera (kermes oak), Pistacia lentiscus (lentisc), and Olea europaea
(wild olive tree) (cf. Chapter 3, Fig. 3.51). The climate is Mediterranean with hot dry summers and
mild winters (January—July mean temperature difference: 17.1 °C).
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Floral visitation observations

Samplings were conducted during the spring flowering periods (April-July) in two successive years
(2011-2012). The repetition of observations was important in order to account, to the fullest possible
extent, for the above-mentioned high temporal plasticity of species and interactions (see 23). We
haphazardly established six permanent observation plots with dimensions 3x25=75 m? in the study
area. During every sampling period, one observer (Aphrodite Kantsa) visited the study site in 10 day-
intervals and recorded all plant—insect interactions in each plot during three 15 min diurnal sessions
(quarters), from 9am to 3pm. During each quarter, the observer moved at a steady pace within the plot,
recorded interactions, and collected insect specimens with a hand net when taxonomic identification
was not possible on site. The latter has been mainly the case because of the high pollinator diversity in
the wider area that only recently has been systematically assessed (61, 62); consequently, and in order
to reduce undersampling of interactions, unknown insects were collected only after they completed
their foraging activity within the limits of the plot. An interaction was recorded only when the insect
touched the reproductive organs of the flower visited for more than two seconds. In both sampling
seasons, 46.7 h were spent in visitation observations and samplings (23.2 h in 2011 and 23.5 h in 2012).
Time spent for handling the collected insect specimens was not included in the observation quarter.
Following a convention in this type of studies, hereafter, we use the terms ‘pollinator’ and ‘floral
visitor’ interchangeably for insects, as do we with ‘pollination’ and ‘visitation’ network.

On every sampling day, all open flower units of the insect-pollinate plants were counted in the
observation plots. We defined as flower units (i) all inflorescences (e.g. compact spikes, heads, dense
umbels), where the distance between individual flowers was so short as to allow small insects to walk
on the surface of the inflorescence instead of flying for moving to the next source of reward (see 63)
or (ii) the individual flowers that either grow solitarily or in inflorescences less compact than described
above. Flower density was calculated as flower units per m?, by dividing the total number of units
counted in all censuses by the total area observed (250 m?).

Phenonets of plants and node properties

The phenophase of a given plant species is defined as the time period between the observation days of
the first and the last flowering individuals in the community (Julian day numbers; Table 4.S1). Because
we have two years of observations, phenophases consist of the average first and the average last days
of flowering for every plant, except for Geranium robertianum and Heliotropium europaeum that were
present in the community only the second year. Accordingly, the phenophase of an insect is defined as
the time period between the first and the last day it was recorded in the community irrespective whether
its activity went beyond the time limits of the study. For those insects occurring only in one year, we
used the original Julian day numbers (Table 4.S2).

In order to construct the phenonet for a given plant species in the community, we extracted all other
taxa that were present in the community (‘in flower’ for plants, and ‘active’ for insects) during its
flowering phenophase. Next, we assembled the realized interactions within the phenophase
(accumulated for the two years of sampling) into 41 new networks (Table 4.S3). In this way, all node
properties attributed to each focal plant correspond to the values obtained from the analysis performed
for this plant’s phenonet. This rationale makes use of the dynamic nature of the interaction networks,
and it assigns pragmatic roles to the members of the community by taking into account the phenology
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of each species and the facts that (i) not all insects are active during the flowering period of a plant,
and (ii) not all plants are flowering during an insect’s activity. Phenonet data aggregation inevitably
assumes that species, even though not observed in one year, may be present in both years. This
compromise is necessary in order to acquire the widest possible floral niches of foraging insects;
besides, it sorts the phenologically overlapping, thus possibly interacting species within the flowering
season.

Currently, there are numerous species-level network properties that describe node behavior. We did
not intend to perform an exhaustive analysis of comparisons. Instead, we have selected three major
node properties that describe the centrality and generalization of plants in the phenonets, all calculated
with the R package bipartite v. 2.06 (64):

1. Normalized degree, i.e. the number of interacting partners of a species as a proportion of the
maximum possible number of partners in the phenonet. This is the simplest index for the nodes
in one network that indicates their level of generalization (65).

2. Betweenness centrality (BC). It is a direct measure of the connectivity of a node, proportional
to the number of all possible paths connecting all pairs of nodes passing through the focal node.
It is computed using the binary unipartite networks of the two trophic levels. High BC values
indicate species that are important for the cohesiveness of the network (65-67).

3. Closeness centrality (CC). It is considered the most ‘natural’ measure of centrality that reflects
the mean distance of a node to other nodes (66). It is computed using the binary unipartite
networks of the two trophic levels. Higher CC values indicate plants having more pollinators
shared with other plants. It thus reflects how close one plant is to the other co-flowering plants
via shared pollinators (68).

In addition to the above, we calculated the functional role of every plant in the phenonets it participates
(i.e. network hub, module hub, connector, or peripheral; cf. ref. 8), by computing the among-module
connectivity ¢, and the within-module connectivity z, which are the coordinates in the functional
network topography. For their calculation, we used the NetCarto software, which implements a
Simulated Annealing algorithm in order to assess the modularity of a binary bipartite network (69).
Note that three plants that received no insect visits (Centaurium pulchellum, Geranium robertianum,
and Papaver argemone) and Heliotropium lasiocarpum, which had no co-flowering species, were not
assigned phenonet node properties.

We compared the mean value of each node property calculated in the entire static network vs. the
phenonet node properties for all plants (Table 4S.4), by employing one-sample Wilcoxon signed-rank
tests with the function ‘wilcox.test’ in the R package MASS. Most of the plant node properties studied
are significantly different between the static network and the phenonets (viz. normalized degree: V=0,
p<0.0001; betweenness: V=74, p=0.002; closeness: V=0, p<0.0001). This also applies to the functional
roles of the plants in the cumulative network vs. the phenonets (Table 4.54) tested with a Fisher’s exact
test for count data (p<0.001). Specifically, nine plants (out of the 37) exhibit different functional role,
mostly a more generalist one. Thus, the phenonet approach corrects for the overestimated
specialization/isolation of plants with short phenophases when evaluated in the ‘static’ network of the
entire flowering season.
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Floral traits

Floral morphology, nectar, and dimensions

For each insect-pollinated plant in the community, we assessed floral symmetry by distinguishing
actinomorphic from zygomorphic flowers, and corolla depth, by distinguishing shallow (< 3 mm) from
deep corollas (> 3 mm) (Table 4.S1). The latter assessment was based on measuring the length of the
actual depth after inserting Drummond microcaps® in the flower (70).

All plants were scored for nectar presence/absence with field observations and by using published data
(70, 71) (Fig. 3.1).

For flower height, i.e. the average distance of the flower unit from the ground for a given plant species,
we took the distance from the ground of the highest and the lowest flower unit per individual (measured
five individuals for rare taxa, to 20 individuals). Measurements were carried out in the field at the peak
of each plant’s flowering period using a tape measure (Table 4.S1).

To assess floral surface area, we estimated the area of the flower unit as observed from a frontal view.
For actinomorphic or globose flowers and flower units (Lagoecia cuminoides, Scandix sp.), we
measured the diameter of the circular contour and calculated the frontal area using A, = nr? (r =
radius). For zygomorphic flowers and dense spike-like flower units (Lavandula stoechas) we
measured the two dimensions of the frontal view and calculated the rectangular areausing A, = L - W
(L = length, W = width). All measurements were performed on five (for rare taxa) to 20 individuals
per taxon, using a digital caliper (Table 4.S1).

Floral scent

Scent collections were carried out in vivo and in situ, except for Blackstonia perfoliata, which was
sampled in vivo in the lab one hour after the plant was collected in the field and transferred in a pot.
All collections were performed once during the peak of the flowering period of a species, on days with
clear and calm weather, and at the peak of the pollinator's activity (9am-1pm).

We performed dynamic headspace sampling (72) as a method of collection, and Gas-Chromatography
combined with Mass-Spectrometry for the analysis of the floral scents. The detailed description of the
methods employed are part of Chapter 3, Materials and Methods.

We should note that when the size of the plant permitted it, green plant parts were separately sampled
for tracking VOCs of vegetative origin. Nevertheless, we fundamentally aimed at trapping all the
compounds emitted naturally by the inflorescence that includes green parts (bracts, calyx), which
significantly contribute (especially in Lamiaceae, Apiaceae etc.) to the strong chemosensory
environment of pollinators in Mediterranean shrublands (73).

Additionally, we estimated the mean normal boiling point (nBP), i.e. the boiling point at an
atmospheric pressure of 760 mmHg, as a ‘reverse indicator’ of a VOC’s volatility (cf. Chapter 2,
Materials and Methods). Data on the normal boiling points of the VOCs correspond to the predicted
values of the PhysChem module of the ACD/Labs Percepta Predictors, available in the ChemSpider
database of the Royal Society of Chemistry (http://www.chemspider.com/).

Floral reflectance
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To obtain reflectance spectra of the insect-pollinated flowers of the study community we used a
portable Jaz spectrometer equipped with a Premium 600 um reflectance probe (Ocean Optics Inc.,
Dunedin, FL, USA). More details on reflectance sampling, are available in Chapter 3, Materials and
Methods.

Modeling visual systems of animals is a challenging task owing to the great variability in photoreceptor
sensitivity across animal species (74). In the present study, we chose to apply only visual models
supported by robust empirical data and realistic assumptions on the psychophysics of obligatory flower
foraging insects, in order to avoid inflation of type I errors and the risk of dubious generalizations.

Because bees are the major pollinators in the Mediterranean communities in terms of efficiency and/or
abundance (28, 61, 75), we calculated the polar loci of the plants in the hexagonal color space of
Hymenoptera (76). The radiant (rnex) is the saturation of the color, and the angle (6nex) is hue (77). We
wish to emphasize here that the trichromatic vision of the Hymenoptera (in UV, blue, and green) is
directly derived from an ancient basal visual system in insects that originates long before the
emergence of flowering plants and of pollinators (78, 79).

Apart from the trichromatic vision, we employed a model according to a tetrachromatic visual system
(sensitive in UV, blue, green, and red) that corresponds to the vision of the swallowtail butterfly
Papilio xuthus (Papilionidae) (80). The genus Papilio is present in the study community (Table 4.S2).
The polar expression of the loci in the tetrahedral color space representing saturation (ret), and the two
angles of hue (oret, Otet) (81) in the swallowtail vision, were calculated using function ‘tcs’ in the the R
package pavo v.0.5-1 (82).

Finally, we calculated three spectral properties independent of any pollinator’s vision, viz. brightness,
hue, and chroma by applying the function ‘summary.rspec’ of the R package pavo v.0.5-1 (82). In the
function’s output encoding, brightness corresponds to variable B2, hue to H4, and chroma to S5.
Brightness (achromatic property) is the average reflectance over all wavelengths and represents the
amount of light reflected by the floral surface. Hue and chroma (chromatic properties) were calculated
according to the segment classification method (83). Chroma (a.k.a. saturation) corresponds to spectral
purity, and hue represents the primary color.

Floral apparency

In this Chapter, we use the term ‘apparency’ in order to describe the degree a plant has noticeable
flowers within the community, and we distinguish between visual and chemical flower apparency. For
the first one, we used two metrics based on (i) floral height (vertical apparency) and (ii) flower display
area (horizontal apparency). The nature of the above-mentioned colorimetric and spectral variables
used here, does not permit us so far to assess the chromatic apparency of the flowers of the plant
species. We must underline that flower apparency is irrelevant to plant growth form (see 84).

Vertical apparency

The flowers of a plant are apparent unless this is surrounded by plants with higher-positioned flowers
(see analogy in (85)); therefore, we calculated flower height apparency as the difference of the median
floral height of a plant from the median flower height of the co-flowering species in the community,
during its flowering period. Vertical apparency for a focal plant (AH) is defined as the difference of
its floral height from the median floral height of its co-flowering plants in the community:
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For the calculation of the median, only the co-flowering plants of the focal one were taken into
consideration, in accordance to the phenonet concept (Table 4.S5). The values are negative in case the
focal plant’s flowers are lower-positioned and therefore less apparent than the co-flowering plants.

Horizontal apparency

To estimate horizontal apparency, we first weighted floral surface values for each plant by its mean
floral density (flower units per m?) measured in 2011 and 2012. In this way, we obtained the total floral
area of each plant species per m? of flower cover. Floral surface apparency of a focal plant (AAr) was
calculated in accordance with height apparency (cf. above), and it represents the difference of the
weighted flower area of the focal plant (Ar) and the median weighted floral area of the co-flowering
plants in the community:

Again, for the calculation of the median, only the co-flowering plants of the focal one were taken into
consideration, in accordance with the phenonet concept (Table 4.S5). Negative values indicate lower
horizontal apparency compared with the other co-flowering plants.

Chemical apparency

Chemical apparency is defined as the difference of the emission rate (ER) of scent per m? occupied by
a given plant (4ERy) from the median ER of the co-flowering plant taxa. The median was used as a
measure of central tendency because of the right-skewed distribution of the ER data owing to the large
differences of scent among the plants in the community:

AER; = ER; — ER

Chemical apparency was calculated for the sum of ER in each plant, as well as for the ER of each one
of the four main VOC classes (i.e. aliphatics, benzenoids, monoterpenes, and sesquiterpenes) based on
the convention in the literature on floral volatiles (86) (Table 4.S5).

In order to calculate apparency for Heliotropium lasiocarpum, the last plant flowering alone in the
community (Table 4.S1), we took into account the median values of each trait (height, surface, ER)
corresponding to the entire plant community (41 plant taxa).

Phylogeny and phylogenetic signal

In order to account for phylogenetic non-independence and its statistical implications (87), we first
calculated the phylogenetic signal of all variables relevant to floral visitation, floral morphology and
floral apparency, following four approaches according to the type of the focal variable (Table 4.S6):
(i) For multidimensional data we calculated dissimilarity matrices and tested them for correlation with
the phylogenetic distance matrix of the community using Mantel tests in the R package vegan v.2.4.0
(88). Bray-Curtis distance was used for the weighted visitation matrices. (ii) For continuous variables
we calculated Blomberg’s K* (89) as one of the currently most efficient metrics for detecting
phylogenetic signal in continuous traits (90). Blomberg’s K* was computed with function
‘phyloSignal’ in the R package phylosignal v.1.1 (91). (iii) For floral symmetry and floral depth, we
computed the D statistic for binary traits, which is based on the sum of the sister-clade differences of
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the trait in the phylogeny (92), with the function ‘phylo.D’ in the R package caper v.0.5.2 (93). (iv)
For module ID and the functional role in the network we used the algorithm ‘phylo.signal.disc’ for
discrete traits implemented in R, developed by Enrico Rezende (pers. comm.; see (94) for detailed
description and example).

The phylogenetic signals of variables describing floral scent, color and nectar, are analyzed in Chapter
3, Table 3.S9. For plant phylogeny and the calculation of the pairwise phylogenetic distance matrix,
see Chapter 3, Materials and Methods. For pollinators, we constructed an approximated phylogeny
and a rectangular cladogram (with no branch lengths) using the online tool Open Tree of Life (95) (Fig
4.S1).

Statistics

We adopted a multi-angle approach in order to explore as thoroughly as possible the role of floral
phenotype into shaping visitation patterns in the community.

First, focusing on the quantitative matrix of p—p interactions, we employed the same model-based
method for compositional data used in Chapter 3, i.e. Multivariate Generalized Linear Models
(MGLMs), which fit a separate generalized linear model to each insect of the network, using a common
n-dimensional set of explanatory variables and a resampling-based hypothesis testing (96, 97). This
approach allows us to examine the behavior of each insect species in the community. We thus built a
series of single-predictor MGLMs with a negative binomial family, using the function ‘manyglm’ in
the R package mvabund (97). The statistical significance of the fitted models was assessed with
ANOVA (likelihood ratio tests) using 999 bootstrap iterations via PIT-trap residual resampling, a
method which shows low rates of type I errors (96) and in our case yielded the most conservative
results. Univariate tests were then performed in order to determine which response variables (insects)
showed significant effects against the independent variables (phenotypic traits). The multidimensional
response variable was either the total weighted p—p network or one of its subsets that included the
insects belonging to one of the five major groups: Coleoptera, Diptera, Hymenoptera—Bees,
Hymenoptera—Wasps, and Lepidoptera. Moreover, we retrieved the interaction networks for the major
anthophilous families in the community, which also showed the most abundant interactions, in order
to detect possible relationships. These families are Apidae, Halictidae, and Megachilidae in
Hymenoptera; Syrphidae and Bombyliidae in Diptera. We should note that predictors regarding
trichromatic and tetrachromatic color included only the interaction terms of the corresponding
saturation and hue variables (i.€. rhex:Onex, and reet: @tet: Otet).

Second, focusing on the plants of the community, we examined which phenotypic traits relate to (i)
rates of visitation by the different pollinator groups, and to (ii) plant node properties (centrality and
specialization), by correcting for phylogenetic similarity. For this, we applied phylogenetically
informed generalized least squares models (98) with A branch length transformations, using the ‘pgls’
function in the R package caper v.0.5.2 (93). Proportional response variables were arcsine-transformed
before fitting the models. We first applied single predictor models, selected the predictors showing
significant effects and included them simultaneously in a final model. For all models, we compared
the AIC values with those of the null model (y~1) in order to avoid inflation of type I errors.

We computed the modules in the total network using NetCarto software (69). The total network was
found significantly modular (modularity M = 0.47). In order to find out the significant associations of
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pollinator groups with the p—p network modules, we applied a Pearson y? conditional independence
test (Fig. 4.S2) with the function ‘mosaic’ in the R package ved v.1.4-1 (99, 100). This process revealed
the statistically significant positive and negative associations of the insect groups with the modules.
High proportional participation in one module in respect to the others (block width in Fig. 4.S2)
combined with statistical significance, allowed us to identify the positive associations for Diptera
(Module #5), Coleoptera (Module #8), Wasps (Modules #1 and #4), and Lepidoptera (Module #7).
Bees are almost uniformly distributed among the modules, suggesting no clear relationship with any
module, so we excluded them from the spectral similarity analysis.

Finally, to test if any chemical, colorimetric or spectral floral properties explain the distribution of
plants among the modules in the total network and among the functional roles in the phenonets (i.e.
network hub, module hub, connector, peripheral) (8), we applied phylogenetically-informed ANOVA
(101) of the each colorimetric or spectral property against the trait ‘Module ID’ of ‘functional role’ by
using function ‘aov.phylo’ in the R package geiger v.2.0.6 (102). Proportional variables were arcsine-
transformed, whereas chemical apparency variables were loge-transformed. For categorical predictors
(i.e. nectar presence, floral symmetry, and corolla depth) we applied Pearson »? conditional
independence tests (see above).

Unless stated otherwise, statistics were performed in R v. 3.3.0 (103).

Results and Discussion

‘Improbable as it may appear, they [bees] seem, at least sometimes, to recognize plants even from a distance by their
general aspect, in the same manner as we should do. On three occasions | observed bumble-bees flying in a perfectly
straight line from a tall larkspur [Delphinium] which was in full flower to another plant of the same species at the
distance of fifteen yards which had not as yet a single flower open, and on which the buds showed only a faint tinge of
blue. Here neither odour nor the memory of former visits could have come into play, and the tinge of blue was so faint
that it could hardly have served as a guide’.

Charles Darwin, 1876 (104)

‘A mint (Salvia leucophylla) and a sage-brush (Artemisia californica) dominate the community where it [allelopathy] was
studied by Muller. Both are aromatic, and on a still day the air is redolent with the fragrance of terpenes from these
plants. The soft chapparal invades grasslands in this area [South California].

Robert H. Whittaker, 1970 (105)

The total p—p network of the study community compiled from the two consecutive spring samplings
consists of 38 plants and 168 insects, and includes 403 links (plant-insect pairs) and 7,934 interaction
events (visits). We found no insects visiting Geranium robertianum, Papaver argemone, and
Centaurium pulchellum. Pollinators (Table 4.S2, Fig 4.S1) belong to 44 families; bees are the most
species-rich group (39.3%), followed by Diptera (22%), Coleoptera (15.5%), wasps (11.3%),
Lepidoptera (10.1%), and Hemiptera (1.8%). For a comparison with other Mediterranean
sclerophyllous communities see Petanidou and Ellis (28). Plant species turnover between the two years
of sampling was very low (4.9%), whereas for insects, species turnover is much higher: only 60 species
(out of the 168) are present in both years, resulting in 35.7% species persistence (64.3% turnover)
between the two years (see 23 for a comparison).
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Anagallis arvensis
Anemone pavonina
Anthemis auriculata

Anthyllis hermanniae
Asphodelus ramosus
Blackstonia perfoliata
Centaurea solstitialis
Centaurium pulchellum
Cistus creticus

Cistus salvifolius
Crepis neglecta
Cuscuta epithymum
Echium plantagineum
Fumana arabica
Genista acanthoclada
Geranium robertianum
Hedypnois cretica
Heliotropium lasiocarpum
Lagoecia cuminoides
Lavandula stoechas
Linum trigynum
Medicago minima
Moenchia mantica
Onopordum tauricum
Orchis sancta
Ornithogalum sp.
Papaver argemone
Prasium majus
Ranunculus paludosus
Scandix sp.

Sedum confertiflorum
Serapias cordigera
Serapias vomeracea
Taraxacum sp.
Teucrium divaricatum
Tolpis barbata
Trifolium angustifolium
Trifolium arvense
Trifolium campestre
Trifolium glanduliferum
Tuberaria guttata

I Network hub (c > 0.62, 2> 2.5) M Connector (¢ > 0.62, z< 2.5) B Module hub (c<062,z>25) || Peripheral (¢ <0.62, z < 2.5)

Fig. 4.1. The functional role of each plant in the phenonets of the other plants of the community (see (8) and Materials and Methods). Phenonets are shown in
the first row (shaded in black) and are arranged temporally, according to (i) the first day of flowering, and (ii) the duration of the flowering period of the focal
plant, so that plants with earlier start and shorter duration are order first, from left to right. Months correspond to the start of flowering only.
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Phenonets (Table 4.S3) allow to observe the network in multiple time slots, which are meaningful for
each one of the species in the community. Figure 4.1 shows the fluctuation of the functional roles of
plants in the interaction networks operating during each species’ flowering period. Functional roles
are far from static: species considered peripheral in the cumulative network (i.e. pure specialists), may
have generalist roles in the phenonets of other species (e.g. Anemone pavonina, Ranunculus
paludosus). Moreover, species may become even network hubs depending on the composition of the
community at a particular time period. For example, apart from Cistus creticus, which is the major
network hub (and the only one in the community according to the analysis of the static network, see
Table 4.54), it appears that species Cistus salviifolius, Crepis neglecta, Onopordum tauricum, and
Taraxacum sp. can also sustain the network in other plants’ phenonets. We find that plant functional
roles in their phenonets are associated only with visual cues, viz. tetrachromatic hue (phylogenetic
ANOVA, Fs33=5.5**), floral surface (Fs33=4.0*), and floral surface apparency (Fs33=8.8***).
Specifically, the chief network hub (C. creticus) occupies the largest floral area in the community (Fig.
4.2).
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Fig. 4.2. Floral apparency in the plants of the community. Circle diameter is proportional to the apparency of
total volatile emissions. Circle colors represent floral color encoded according to the RGB model.
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Plant centrality in the network is associated with flowers’ sensory stimuli (Table 4.1; Fig. 4.3). To our
knowledge, this is the first study that shows the direct connection of the floral sensory landscape and
the topology of pollination interactions at a community level. Phylogenetic GLS (PGLS) models show
that normalized degree, and by extension the pollinator-niche of the plants in the community, is
associated with visual cues (with floral color and physical apparency) and with the presence of nectar.
Betweenness centrality (BC) relates to sesquiterpene apparency and physical apparency, whereas
closeness centrality (CC) relates to floral scent composition and to floral spectral properties. BC
represents the degree to which a node (here a plant species) connects parts of the network that could
be otherwise isolated (66). Thus, we find that floral color and physical apparency (i.e. the degree to
which the flowers of a species visually “stand out from the crowd”) predict its importance as an
intermediate in the spread of information across the network. In other words, the cohesiveness (or the
fragmented nature) of the pollination network relates to visual floral stimuli. On the other hand, CC is
correlated mainly with floral scent properties (Table 4.1; Fig. 4.3). The value of CC increases with the
number of pollinators shared with other plants, implying that it is a measure of niche overlap (65, 68).
Thus, in our community, niche similarity of plants, regarding pollinators, associates with the
composition of floral scent (interaction term of VOC class proportions in the total emissions: Table
4.1), and with floral spectral properties. Given that BC and CC indicate the “keystone” species in the
community (65), we may suggest that floral “sensory diversity” is an important component of the
functional diversity in the community.

Table 4.1. Floral traits that are correlated with at least one of the four node properties of plants, calculated in
the phenonets. The results of 14 single-predictor phylogenetically corrected GLS models are shown. Only the
significant relationships are shown (p<0.050), with the exception of trichromatic color. Groups of independent
variables (viz. color, scent, dimensions, nectar) are separated by alternately shaded bands. Blue font denotes
positive relationships (slope estimate > 0).

Normalized Betweenness Closeness
degree centrality centrality
F p-value F p-value F p-value
Trichromatic color (hex:Onex) 3.16 0.084
Tetrachromatic color (riet:@ret:Oter) 6.46 0.016
Brightness:Hue:Chroma 4.27 0.046
Sesquiterpene apparency 7.72 0.009
Interaction term of VOC class proportions 8.12 0.007
Floral height 18.82 0.000
Floral surface 23.69 0.000
Height:Surface 11.17 0.002
Height apparency 17.49 0.000
Surface apparency 9.49 0.004 | 11.27 0.002
Height:Surface apparencies 15.25 0.000 | 11.06 0.002
Nectar 431 0.045
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Fig. 4.3. The significant relationships between the different elements of the floral phenotype, normalized degree
and betweenness centrality in the study community. Scatter plots show phylogenetically independent contrasts
corresponding to the PGLS models in Table 4.1.
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It has been a long-standing notion that visual cues are important for long-distance attraction of
pollinators (104, 106-108). Visual cues, especially in an open, well lit, low vegetation like phrygana,
are constant as long as flowers have not senesced. In Chapter 3, we show that nectar presence is
correlated with floral colorimetric properties, a fact that could be attributed precisely to this constancy.
Given the above, we can hypothesize that there are plants with high visual attractiveness that “manage”
the incoming links between pollinators and the other co-flowering plants, and perhaps they are
important for the preferential attachment of new nodes in p—p networks causing the “rich-get-richer”
phenomenon described above (21). Pollinating insects have the visual acuity needed for flying close
to vegetation and for foraging, as well as for identifying small targets (109). Honeybees, in particular,
use variable odometric cues and salient landmarks and they are able to discriminate among complex
natural scenes (110). Their long-distance vision uses achromatic signals (green contrasts), whereas
they cannot discriminate the colors of an object at a distance greater than 3.8 times its diameter (111).
So, for instance, a dense patch of Cistus creticus (e 2 m) can be perceived in color by a honeybee at a
maximal distance of ca. 7.5 m and by a bumblebee at ca. 42.5 m (see 112). These numbers suggest that
floral patches formed by visually apparent plants, can become attraction units at a distance (113).

Floral scent, on the other hand, may exhibit a dynamic pattern of emissions due to its multi-
functionality and/or because of energy-saving strategies of plants (114-119); in addition, it is directly
subjected to a variety of environmental factors such as ambient temperature and wind (120, 121). Floral
odor plumes (122) do not show smooth VOC concentration gradients that could direct insects to the
precise source of scent, because of turbulence forces that dilute the initial odor and blend it with the
(differently scented) air (123, 124). So, in exposed habitats such as the low Mediterranean scrublands,
it is not safe to assume that specific attractive mixtures of compounds would travel intact through long
distances and reach the sensory organs of pollinators, indicating accurately the emitting flowers. To
the contrary, floral scent has been clearly regarded a long-distance attractant in tropical understory
communities, where light is are poor, weather conditions are rather stable, and floral color becomes
hard to discriminate unless the pollinator approaches at a very close distance (e.g. 125).

The story becomes more interesting when aromatic plants come into play. It is well-known that
phryganic communities offer a strong diurnal chemosensory environment to pollinators, because of
the abundance of aromatic plants, which emit large amounts of VOCs from glandular trichomes on the
surface of their green parts (73, 126, 127). The role of these terpenoid vegetative emissions in
interspecific interactions has remained largely unexplored with the exception of the phenomenon of
allelopathy (105, 128). In our community, Lavandula stoechas, Teucrium divaricatum, and Cistus
creticus emit in bulk vegetative terpenes and represent very abundant plants with high floral densities
and high apparency, both chemical and visual (Fig. 4.2; Table 4S.5). Moreover, these plants are central
in the p—p network (Fig 4.1, Tables 4.54, 4.S7). For example, L. stoechas holds a relationship with
honeybees that is the strongest than any other p—p pair recorded in the community (2,329 visits out of
the 2,451 received by the plant). Here we find that sesquiterpenes positively correlate with BC, which
means that plants with higher sesquiterpene emissions in their blends maintain the cohesiveness of the
network. All the above suggest an intriguing scenario, which may in part explain the plethora of
terpenoids in phrygana: Given the high exposure of scrublands to weather conditions, especially in the
islands (129, 130), aromatic plants may collectively create a relatively compact, heavily-scented
environment sufficiently resistant to dilution by wind forces, acting indeed as a unique long-distance
attractant. We already know that isoprenoid emissions from green parts may exert a photoprotective
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Table 4.2. The significant effects of floral traits on the quantitative distribution of links in the pollination network of the study community. Effects are tested in
the total plant—pollinator network and its five subsets containing the interactions of each one of the major insect orders. The results of 55 separate single-
predictor multivariate generalized linear models (family: negative binomial) are shown. Significance was assessed with ANOVA (likelihood ratio tests), and it
was acquired after 999 bootstrap iterations via PIT-trap residual resampling. Groups of independent variables (viz. color, scent, dimensions, morphology, and
phenology) are separated by alternately shaded bands.

Floral traits Total network Coleoptera Diptera Bees Wasps Lepidoptera

Dev. p-value Dev. p-value Dev. p-value Dev. p-value Dev. p-value Dev. p-value
Trichromatic color (rhex:0nex) 483.1 0.004 80.1 0.039 | 149.0 0.017 60.1 0.020 52.0 0.027
Tetrachromatic color (ret:@tet:Oet) 356.6 0.028 79.3 0.029 | 150.8 0.005 44.8 0.041
Hue:Brightness:Chroma
% Sesquiterpenes 351.2 0.033 52.7 0.019
Benzenoids apparency 53.8 0.033
Sesquiterpenes apparency 301.2 0.035 123.0 0.026 41.6 0.028
Total emissions apparency 65.9 0.043
Floral height 403.9 0.020 65.4 0.007
Floral surface 450.9 0.012 51.3 0.032 72.6 0.001
Height:Surface 332.8 0.020 38.1 0.044 60.1 0.015
Height apparency 396.5 0.018 80.2 0.028 178.8 0.004 64.6 0.006
Surface apparency 456.9 0.002 127.0 0.002 83.2 0.033 | 136.2 0.026 66.3 0.005 43.0 0.039
Height:Surface apparencies 519.5 0.001 125.7 0.008 80.4 0.029 | 192.8 0.002 60.1 0.010 59.8 0.008
Floral symmetry 69.2 0.042
Corolla depth 124.1 0.016
First day of flowering 334.6 0.041 75.6 0.028 74.4 0.040 39.0 0.046
Flowering duration 413.8 0.009 109.7 0.011 95.2 0.022 | 128.0 0.045
Phenology (Start:Duration of flowering) 450.8 0.006 107.9 0.009 100.4 0.013 | 151.6 0.019
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antioxidant-like activity (131). By considering terpenoid emissions as an extra adaptation to the abiotic
environment, this hypothesis implies a novel type of facilitative effect in pollination (132), and remains
to be tested. Moreover, sesquiterpenes may be important for specific effective, thus desirable,
pollinators for the plants in the community, with indications pointing at bees: we have already shown
(Chapter 3) that sesquiterpene emissions are tuned with floral color as perceived by the trichromatic
visual system of Hymenoptera, thus a special relationship is anticipated. Interestingly, sesquiterpenes
are the only VOC class exhibiting a seasonal pattern: emissions are negatively correlated with the start
date of flowering in plants (PGLS, F1,37=5.52%*), i.e. insect-pollinated plants flowering early in spring
emit bigger amounts of sesquiterpenes in their blends compared with late-flowering ones. According
to Filella et al. (133), early terpenoid emissions in a Mediterranean community may be related to high
floral competition because of the scarcity of bees during that time.

At this point, we should highlight that the most frequent insect group (viz. Coleoptera, Diptera, bees,
wasps, Lepidoptera) as to the total number of visits paid to each plant species is a trait exhibiting
phylogenetic signal (p=0.008), i.e. phylogenetically-relative plant species are mainly visited by the
same order of pollinators (Fig. 4.S3, Table 4.S7). This result alone challenges the assumed stochastic
linkage rules in the network and the merely opportunistic nature of interactions (see above), and
implies that coevolutionary forces may, indeed, operate.

The MGLM results reveal that the substantial structure of the pollination network in the study
community relates to the floral sensory landscape (color, scent), to the vertical and horizontal physical
floral apparency (height, surface), and to flowering phenology of the insect-pollinated plants (Tables
4.2, 4.3). In total, 95 insects (out of the 168) show significant effects against at least one floral trait
examined here (Tables 4.58-4.S13; Figs. 4.54-S34). Specifically, both visual systems examined here
(viz. trichromatic and tetrachromatic) are important for the quantitative distribution of links in the
network. Moreover, among the chemical properties of the scent, sesquiterpenes seem to be the most
important VOC class for flower visitation at the community level. In Chapter 3, we show their strong
association to floral color, so their functional importance has been expected. In addition, phenology
and physical apparency (vertical and horizontal) are very important for the distribution of insect visits
among the plants (Tables 4.2 -4.3). The first confirms the paramount importance of phenological
coupling of species for the structure of networks. The second reflects opportunistic trends of species,
probably related (i) to the great need for time- and effort-effective foraging strategies (e.g. honeybees),
or (ii) to limited abilities for flight and long-distance travel (e.g. beetles).

Indeed, the quantitative distribution of visits of the different bee families among the plants (Tables 4.3,
4.511) relates with floral color and physical apparency in Apidae, Halictidae, and Megachilidae.
Phenology is important for Apidae, and corolla depth for Megachilidae and Apidae. The strongest
chemical associations are found for Apidae (monoterpenes and sesquiterpenes). Specifically for Apis
mellifera, we find that the distribution of its visits correlates with flowering duration, corolla depth,
and sesquiterpene emissions (Figs. 4.S5, 4.S9, 4.S11, 4.S21, 4.523, and 4.S25; Tables 4.5S8-S11).
Accordingly, PGLS models show that in the plants of the study community, visitation rate by
Megachilidae is positively associated with benzenoids, whereas visitation rate by Apidae correlates
positively with aliphatics and sesquiterpenes. These results complete the jigsaw: Plants with higher
floral color saturation as perceived by bees emit higher relative amounts of sesquiterpenes (Chapter
3); flowers with higher
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Table 4.3. The significant effects of floral traits on the quantitative distribution of links in the interaction sub-networks including each one of the most species-
rich anthophilous families in the study community. The results of 38 separate single predictor multivariate generalized linear models (family: negative binomial)
are shown. Significance was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual resampling.
Groups of independent variables (viz. color, scent, dimensions, morphology, and phenology) are separated by alternately shaded bands.

Apidae Halictidae Megachilidae Bombyliidae Syrphidae

Dev.  p-value Dev. p-value Dev.  p-value Dev. p-value Dev. p-value
Trichromatic color (Ihex:6hex) 33.7 0.047 58.4 0.022 36.1 0.020
Tetrachromatic color (ret:@ret:Otet) 46.8 0.020 52.1 0.028 25.3 0.030
% Sesquiterpenes 47.2 0.039 26.7 0.030
Monoterpenes apparency 37.7 0.027
Sesquiterpenes apparency 65.8 0.004 29.6 0.006
Interaction term of VOC class apparencies 32.0 0.047
Total emissions apparency 39.4 0.041
Floral height 59.9 0.007 40.2 0.014 79.8 0.004
Floral surface 38.6 0.028 61.4 0.019
Height:Surface 32.1 0.032 61.8 0.011
Height apparency 59.7 0.012 39.5 0.018 78.0 0.004
Surface apparency 66.1 0.006 34.2 0.042 35.6 0.018
Height:Surface apparencies 85.7 0.001 37.9 0.019 66.0 0.003
Corolla depth 40.0 0.037 49.8 0.009
Flowering duration 58.3 0.007 31.7 0.017 33.1 0.033
Phenology (Start:Duration of flowering) 68.6 0.007 38.3 0.006 34.1 0.026
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color saturation are more attractive to bees (134); flowers with higher amounts of sesquiterpenes
receive more visits by bees. Thus, the fundamental relationship of bees and the plants in Mediterranean
communities is once again corroborated in terms of floral phenotype.

In general, bee-pollinated plants show variable volatile profiles with no particular chemical patterns,
apart from a general abundance of terpenoids (135), implying a chemical generalization of bee—flower
interactions. Yet, there are exceptions: (i) the fragrance-collecting male neotropical euglossine bees
(Apidae) (136, 137), and (ii) male bees involved in sexually deceptive pollination systems, such as the
interactions between male Andrena (Andrenidae) or Colletes (Colletidae) bees with the Ophrys orchids
in the Mediterranean (138, 139). In the first case, benzenoids and monoterpenes are usually preferred
by males for enfleurage (135), whereas in the second, flowers emit blends of aliphatic compounds
mimicking virgin female sex pheromones (139). Here we find that floral blends with low volatility
(high normal boiling point) are positively associated with visits by mining bees (Andrena spp.).
Behavioral experiments have shown that a variety of VOCs from all classes can elicit positive
behavioral responses to bees (140, 141), whereas aliphatics and terpenoids can act as behavior-
regulating pheromones (139, 142, 143); moreover, bees can learn odors faster than colors and associate
them with rewards ((144) and references therein). A recent study by Schiestl (145) showed that there
is an overlap in floral scent compounds and volatiles emitted by pollinating insects, so perhaps insect
visitation may be affected by similarity patterns to a greater extent than previously thought.
Nevertheless, we should never overlook the facts that VOC functionality is context-dependent and
may vary according to the receiver and the environmental conditions (146); for example, the same
attractive compound can be part of a collectively repellent blend and vice versa.

Additionally, we find that the distribution of visits by the different bee families associates with both
trichromatic and tetrachromatic floral color (Table 4.3). For the plants in the community, PGLS models
indicate that floral colorimetric properties do not predict visitation rates by bees (Table 4.4). Eusocial
bees are known to have innate preferences for different color hues (147) and for high color saturation
(134); bumblebees, for example, show a geographically invariant innate preference for violet/blue
flowers (34). However, apart from innate biases, honeybees can easily learn to associate different hues
with nectar (147) as well as with warmth (148), displaying an ‘enormous richness of experience-
dependent behavior’ (149). They are also known to use achromatic signals for setting landmarks (110).
The degree of floral constancy of bees is probably mainly a function of their short-term (working)
memory (150), and of the apparency (or salience) of the floral stimuli (151, 152). Regarding other
visual stimuli, bumblebees are known to prefer bilaterally symmetrical flowers (153), a trend implied
for Apidae and Megachilidae in the study community as well (Table 4.4; Fig. 4.S35). Finally, plants
with deep corollae show higher visitation rates by Apidae and Megachilidae, the typically long-
tongued bee families (Table 4.4, Fig. 4.S36).

We should emphasize that in spite of the great amount of information on honeybees and bumblebees,
we know very little about the preferences and psychophysical responses of solitary bees, which are the
most species-rich group of pollinators in many parts of the world (29, 154), as well as in Greece (62,
71), and in the study community (Tables 4.S2, 4.S7). Moreover, they are the most temporally constant
visitors. Phylogenetically corrected ANOVA showed that the modules of the network are not related
to any floral trait, apart from the start date of flowering (Fs2s=4.81**), a trend showed in another
Mediterranean community as well (155). Bees represent the only group of pollinators that are almost
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Table 4.4. Floral traits that are correlated with visitation by the major groups of pollinators in the community. Results of 32 single-predictor phylogenetically
corrected GLS models are shown. Only the significant relationships are shown (p<0.050). Groups of independent variables (viz. color, scent, dimensions,
morphology, and phenology) are separated by alternately shaded bands. Blue font denotes positive relationships (slope estimate > 0), red font denotes negative
relationships (slope estimate < 0). Visitation by wasps is not correlated with any floral trait, thus it is not included here.

Trait BEES DIPTERA COLEOPTERA | LEPIDOPTERA

% Bees % Andrenidae | % Apidae % Colletidae % Halictidae | % Megachilidae % Diptera % Bombyliidae % Syrphidae | % Oedemeridae % Lepidoptera

F p| F p|l F p|l F p|l F p| F p| F  p| F p| F p| F p|l F  p

(tet 471 0.036
Tetrachromatic hue

(Pret:Oret) 5.24  0.028
Brightness 7.48 0.009
Hue 15.74 0.000 | 4.99 0.031 | 6.17 0.029
Hue:Brightness:Chroma 4.38 0.043
% Aliphatics 6.47 0.015
% Benzenoids 5.67 0.022

% Monoterpenes 9.87 0.003 5.18 0.028
Interaction term of VOC
proportions 541 0.026

Alip apparency 6.51 0.015
Benz apparency 6.83 0.013
Sesq apparency 5.07 0.030
Mean nBP 11.40 0.002
Floral height 486 0.033 7.61 0.009
Floral surface 4.58 0.040
Height:Surface 4.40 0.043
Height apparency 526 0.027 6.71 0.013
Floral symmetry 24.44  0.000 10.00 0.003 7.55 0.009
Corolla depth 9.60 0.004 17.41 0.000 5.03 0.031
First day of flowering 563 0.023 4.70 0.036

Flowering duration 4.10 0.050
Phenology
(start:duration) 4.92 0.032
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uniformly distributed among the modules (Fig. 4.S2). It has been shown that naive pollen-seeking
solitary bees in Colletidae can easily identify and pick their mother’s feeding plants because while still
in the larval state, they experienced olfactory conditioning from the odors of the natal provision mass
(156). Finally, some degree of (color) constancy for solitary bees has been suggested, yet knowledge
is very limited (157, 158).

Wasps, the closest ancestors of bees, are generally considered non-reliable pollinators, mainly
connected with dull-colored flowers (5, 135) and, since recently, with florally emitted green-leaf
volatiles and specific alarm pheromones otherwise involved in tritrophic interactions (159, 160). Here,
MGLMs showed that visit distribution of wasps relates to trichromatic floral color and to physical
apparency (Tables 4.2, 4.S8, 4.512; Figs. 4.526-S27). In contrast, PGLS models show that wasp
visitation to the plants of the community is not predicted by any of the examined floral traits, implying
a generalist, perhaps opportunistic behavior. However, visitation rate by wasps shows a strong
phylogenetic signal (Table 4S.6). We observed especially strong relationships of wasps with Cuscuta
epithymum (Convolvulaceae) and Sedum confertiflorum (Crassulaceae) (Table 4.S7); the latter was
exclusively visited in both years by cuckoo wasps (Chrysididae).

The distribution of visits by Diptera is associated with floral sensory stimuli in various ways (Tables
4.3, 4.S8, 4.510; Figs. 4.517-S20). Interestingly, there is a significant relationship with benzenoids,
which is most probably due to Scandix sp. (Apiaceae) which emits huge amounts of such compounds
(e.g. estragole, anisaldehyde) and attracts numerous flies (Table 4.S7). We found no significant
associations of Diptera and benzenoid compounds in the literature, however there is evidence that
Apiaceae plants with similar volatile emissions, such as Foeniculum sp. (fennel) and Scandix australis
are largely visited by flies (71, 161, 162). Whether the actual attractants to flies are, indeed, benzenoids
or the umbel-shaped flowers constitute simply a convenient floral unit for the flies to land and feed,
remains to be tested. PGLS models show that high aliphatic emissions in plants are negatively related
with visitation by flies in general (Table 4.5). Floral color and corolla depth are two major predictor
traits for hoverfly (Syrphidae) visitation to the plants of the study community (Table 4.5; Fig. 4.S36).
On the other hand, the distribution of visits of bee-flies (Bombyliidae) is related not only to color (hue),
but also to sesquiterpene and monoterpene emissions (Tables 4.4; 4.5).

Even though the pollination syndrome approach inferred that myophily (5) consists of no strict floral
phenotypic patterns, inter-signal associations are known to relate to fly attraction to rewards (163)
(Kugler 1956 in ref. 164). Fly responses to color are highly diverse (164), and knowledge on their
visual systems is very limited: the only accepted color space in flies is that of Lucilia (Calliphoridae),
which has a tetrachromatic vision (165, 166) but is only an occasional floral visitor (108, 167).
Anthophilous flies like Eristalis tenax (Syrphidae) and Bombylius fuliginosus (Bombyliidae) have
been shown to use color vision, although large part of the information is retrieved from studies
conducted in the early- to mid-20" century (Knoll 1921 and llse 1949 in ref. 168). Empirically, we
know that syrphids, which exhibit learning abilities (164, 169), innately prefer yellow flowers (164),
while bee-flies prefer bluish flowers (170 and refs. therein), although for the latter there are no spectral
data. Typically fly-pollinated plants are rare, and (excluding sapromyophily) show no specific volatile
emission patterns (135).

The quantitative distribution of visits by butterflies is associated with floral color, sesquiterpenes,
physical apparency, and phenology (Table 4.4, 4.S8, 4.S13; Figs. 4.528-S34). Sesquiterpenes have
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been expected to relate somehow with butterfly behavior (cf. Chapter 3 where shown that
sesquiterpene proportions in the total emissions are associated with the color saturation of the
tetrachromatic visual system of swallowtail butterflies Papilio spp.). However, only plant phenology
can predict visitation rates by butterflies in the plants of the community (Tables 4.4). Butterflies are
not among the major pollinating insects in Mediterranean scrublands (28, 171) and here they emerge
mostly towards the end of the flowering season. Factors limiting the activity of these insects in
phrygana are well discussed by Petanidou and Ellis (28). On the other hand, we know that foraging in
butterflies can associate with both visual and olfactory floral stimuli (172, 173), and that adult
butterflies have well developed, although highly variable and largely unexplored visual systems (74,
80). When tested in field conditions, butterflies show various preferences in floral traits (173); high
visitation by temperate butterfly species has been positively connected in plants with benzenoid,
aliphatic and monoterpene emissions (172), compound classes that also include important pheromones
(145, 174).

Beetles’ behavior appears least associated with the subtle sensorial floral signals. However, the
proportion of beetles in the total visits of the plants in the community exhibits phylogenetic signal (Fig.
4.S37; Table 4.S6), probably implying a trend beyond pure opportunism. Beetles are considered the
most primitive pollinating insects, which conveyed the transition from phytophagy to pollination (5,
175, 176). This primitiveness is reflected upon their behavior and their morphology. They still use
flowers largely as rendezvous spots (Fig. 4.4) like the first pollinators are believed to have done (177),
they are mediocre fliers, and their mouthparts are primarily adapted to chew (5, 176). The so called
‘beetle syndrome’ (aka cantharophily) is one of the most rarely predicted globally (25). Beetles in
temperate regions of the world have mainly been associated with open shallow floral units with easily
accessible rewards (5, 176). Moreover, associations with floral scents are highly variable and they
mainly exist in tropical regions (135). Here, we only find a negative correlation between visitation
rates by the fully anthophilous Oedemera beetles (Oedemeridae) and monoterpene floral emissions
(Table 4.4). The only strong phenotypic association reported in literature is described in Eastern
Mediterranean, where the hairy anthophilous beetles of the genus Pygopleurus (Glaphyridae) show
preference for the ‘painted bowl’ flowers (e.g. Ranunculus, Papaver, Anemone, Adonis) (Fig. 4.4)
(178, 179). This relationship has recently been supported by the finding of red photoreceptors in their
visual systems (180). Here, only two beetles are significantly associated with actinomorphic flowers
(Anomala sp. and Epicometis hirta), although the percentage of Coleoptera visits is generally higher
in actinomorphic flowers, although not statistically supported (Tables 4.S7, 4.S1). So, we find some
evidence for actinomorphic preferences in the beetles of the study community, although it cannot be
further associated with more phenotypic traits regarding color or scent.

In this study, the presence of nectar implies higher number of pollinator species for the plants (via
normalized degree), however is not associated neither with their centrality nor with visitation rates by
different groups of pollinators. On one hand, this can be attributed to the binary type of the variable;
if standing crop yields or sugar concentrations were available for the plants, perhaps patterns would
emerge (as e.g. 54, 71). Alternatively, this may be due to the fact that visitors, on average, indeed seek
nectar and pollen at a similar rate. Besides, in Mediterranean scrublands, pollen is the main floral
reward offered to pollinators as nectar production is limited compared with other habitat types (71,
181, 182).
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Fig. 4.4. Beetles on the flowers of the study community. ‘Mess and soil” pollination sensu Faegri and van der
Pijl (5) is evident. Flowers are extensively used as mating sites. (A) Dasytes sp. (Melyridae) on Cistus creticus.
(B) Clytra atraphaxidis (Chrysomelidae) on Crepis neglecta. (C) Eulasia nitidicollis on Cistus salviifolius (D)
Pygopleurus sp. (Glaphyridae) on Anemone coronaria. (E) Epicometis hirta (Scarabaeidae) on Asphodelus
ramosus. (F) Oxythyrea funesta (Scarabaeidae) on Onopordum tauricum. (G) Oedemera sp. (Oedemeridae) on
Tolpis barbata. (H) Trichodes alvearius (Cleridae) on C. creticus. (I) Chrysolina americana (Chrysomelidae)
on Lavandula stoechas. Photos: Aphrodite Kantsa.
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It is certainly extremely challenging to disentangle the sophisticated interplay of the visual and
olfactory elements of the floral sensory landscape that act synergistically or complementarily
triggering pollinators’ decision tools (183-185). This is only the beginning of the assessment of
multimodal floral stimuli and the role of sensory landscapes in community-wide pollination studies.
In this Chapter, we formulate the idea of sensory plant diversity and outline its significance to the
functional stability of the pollination network in a phryganic community. It appears that the most
influential plants in the pollination network of the community are either visually or olfactorily apparent
at the time of their flowering. Even physical floral apparency alone (height and surface) is quite
important for the cohesiveness and structure of the network, and for the visitation by specific pollinator
groups (e.g. Halictidae bees: Tables 4.3-4.4, 4.S8, 4.S11; Figs. 4.56-S9, 4.522-S23).

Floral traits have been shown to relate to plant population vulnerability (186, 187). Our results can
help towards conservation and restoration ecology of p—p interactions. During the last years, immense
progress has been made towards the development of tools for the effective functional restoration of
pollination networks (11-13, 188, 189), and the identification of plant species of conservation priority
(190). We show here that floral sensory diversity of insect-pollinated plants is a key-component of
functional diversity, which should be taken into account when setting up restoration practices for
maintaining network dynamics and facilitative effects. For example, it has been shown that selecting
restoration plants only according to the amount or rewards they offer may undermine facilitation and
result in undesirable effects due to elevated competition (12 and references therein). We provide
evidence that influential plants (“magnet” or “keystone™ species) in the community (2, 191-193) may
exhibit specific visual and olfactory traits associated with specific pollinator groups (e.g. bees in
phrygana). Perspectives expand if we consider that floral traits are also involved in antagonistic
interactions, such as herbivory (114, 194, 195), hence the interconnected study of mutualistic and
antagonistic networks may offer more insights (196). Thus, according to the natural history of a given
habitat, the abiotic environment, the local biodiversity, and the functional traits of the target plants,
holistic approaches may be adopted, which will take into consideration the suites of floral stimuli that
are meaningful to animals, configuring additional sensory-targeted functional restoration schemes.
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CHAPTER FIVE

Insect— plant metabolite networks: the case
of pollinators and floral volatiles

Abstract. — Chemosensory communication between plants and insects is a major ecological research topic with
various applications due to the multimodal functionality of plants’ volatile chemodiversity. In this Chapter, we
present the first insect—VOC network compiled by the plant—pollinator visitation data and the plants’ floral scent
blends collected in the study community. By employing simple metrics and calculating the modularity of the
insect—VOC network, we detect interesting association patterns between insect groups and VOC classes. We
finally corroborate that sesquiterpenes are the most influential compounds in the phryganic insect—VOC
network, a fact worth investigating in other mediterranean-type ecosystems around the world.
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Insects — plant metabolite networks: the case of pollinators and floral volatiles

« Ta Te yap évroua ovra moppc ovvaiobavetai,

Kal Ta TTEPITA Kal Ta ATTEPQ,

olov ai uEAiTTat kai of kviTes TOU LEAITOS "

£k moAAou yap alofavovral s 7 o} yivesokovTay.

Thus Insects perceive objects that have smell a long way off,
both winged and wingless insects,

e.g., bees and knipes perceive honey at a great distance,

no doubt recognizing it by its smell.

Aristotle, Historia Animalium, 4™ c. BC
transl. A. L. Peck (1)

Introduction

It is beyond any doubt that the different components of the outstanding diversity of sensory stimuli in
flowering plants may operate additively or synergistically in order to attract pollinators and achieve
reproductive fitness (2, 3). Nevertheless, the fundamental relationship between the diverse chemical
signals (semiochemicals) emitted by plants and the behavior of arthropods has a prominent position in
ecological research and offers a variety of applications (4, 5). Scent compounds emitted by the different
floral parts (petals, pollen, nectar) apart from directly or indirectly attracting pollinators may also: (i)
attract herbivores (6); (ii) repel facultative floral visitors (7); (iii) repel herbivores (8, 9); (iv) participate
in tritrophic interactions (10, 11); (v) interact with flower-dwelling microbes (12); (vi) exhibit
antimicrobial activity against phytopathogens (8, 9, 13). It has been recently suggested that a most
effective adaptation of flowering plants would be to produce floral signals that are already part of the
insects’ life history as for instance pheromones; indeed, in his review, Schiestl found that ca. 90% of
the emitted floral VOCs overlap with insects’ semiochemicals (14). Thus, the compilation of empirical
data on pollinator—\VVOC interactions can help investigate the above-mentioned phenomena, and reveal
general trends regarding the insects’ own semiochemical diversity.

In this Chapter, we present the first insect—-\VOC network assembled at a community scale, and based
on empirical data on insects’ activity and floral emissions acquired in situ in a natural Mediterranean
scrubland. This by no means intends to describe innate chemical preferences of pollinators, a task that
would require special methodology in order to be assessed (see ref. 15) and is beyond the scope of the
present thesis. Besides, as emphasized in Chapter 4, VOC functionality is context-dependent and may
vary according to the receiver (and its innate preferences combined with its cognitive abilities) and the
environmental conditions (16). However, our data allow us to construct a novel type of bipartite
ecological network, the insect — host-metabolite network that can contribute to the investigation of
associations of insects and floral scents both in the study community and in other contexts.

Materials and Methods

In order to construct the insect-VOC network in the study community, we used the pollination network
of the already described community in Aghios Stefanos, Lesvos Island, Greece. For details on the
visitation sampling methodology, see Chapter 4, Materials and Methods.
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Plants

Insects VOCs

Fig. 5.1. The conceptual framework of the assemblage of the insect—VVOC network in the study community. The
two networks, plant—pollinator (left) and plant-\VVOC (right), are visualized in a hive plot (35), where each axis
represents the linearly arranged nodes of the respective trophic level. Pollinators are linked to VOCs through
their visitation to the flowering plants, so the insect—VVOC network was constructed by replacing each plant with
its emitting VOCs.

The data structure of scent compositions (incidence matrix of plants and VOCs) is particularly fitting
to a network analysis (analogously in ref. 17). This approach would be challenging or impossible with
floral reflectance spectral data: the response of a particular receptor depends on the amount of photons
of a certain wavelength that hit the receptor, and the spectral line’s shape determines the likelihood
that photons of each wavelength can be perceived by the receptors. Once quanta are absorbed, this
information is represented as a signal that no longer carries wavelength information (‘Principle of
univariance’, ref. 18). So, dividing the spectrum to multiple components (variables) in order to form a
network would be problematic.

In the p—p network, we substituted each plant with the list of VOCs contained in the volatile blends of
their floral units (Fig. 5.1). For details on the scent sampling and analysis, see Chapter 3, Materials
and Methods. A first large network was assembled (168 x 333) including 10,400 pairwise links. In
order to reduce the size of the network, as well as the noise due to randomly assembled interactions,
we removed singletons, i.e. we kept only the insect—VVOC interactions that occurred at least twice.

We ran modularity analysis in order to explore if there are link-dense areas in the network (19),
containing nodes (insects and VOCs) that are connected more tightly among them than with the others.
For this analysis, we used the NetCarto software, which implements the Simulated Annealing (SA)
algorithm (20). More details are available in the Materials and Methods of Chapters 3 and 4.
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Fig. 5.2. The insect-VVOC network of the study community illustrated as an incidence matrix. Only the 111

insects that performed >2 interactions involving each VOC are included. VOCs (columns) are ordered

according to their chemical class. The weight of the interactions has been standardized (0 to 1).
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Fig. 5.3. Characterization of the five modules of the insect-VOC network yielded by the SA algorithm according
to VOC classes (A) and insect groups (B). Shading shows the module—class or module—group combinations that
are more (blue) or less (red) probable corresponding to the magnitude of the standardized residuals of the
Pearson »* test. Shaded cells with residual values >|2| and >|4| correspond to residuals that are individually
significant at 0.05 and (A) <0.0001, or (B) 0.004, respectively.
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In order to detect the significant positive and negative associations of (i) VOC classes (21) or (ii)
pollinator groups, with the p—p network modules, we applied a Pearson »2 conditional independence
test with the function ‘mosaic’ in the R package ved v.1.4-1 (22, 23). High proportional participation
in one module in respect to the others (block width) combined with statistical significance, allowed us
to identify the positive associations. Besides grouping insect according to their order, we distinguished
the important anthophilous families of the community that also showed high species-richness and
visitation.

We calculated the normalized degree of the insect species (Table 5.S1) and VOCs as a simple metric
to identify the nodes with the most generalized behavior. This was computed with the R package
bipartite v. 2.06 (24).

Fig. 5.4. Mammoth wasps (Megascolia maculata, Scoliidae) feeding on cottonthistle (Onopordum tauricum,
left) and on Anthyllis hermanniae (right) in the study community. Photos: Aphrodite Kantsa.

Results and Discussion

The final insect-VOC network includes 111 insects and 306 VOCs that altogether establish 6,701
pairwise links and 352,651 interaction events, with number of visits representing the weights of the
links (Fig. 5.2). The connectance of the network is 0.197, i.e. ca. 20% of all possible interactions are
realized. The network is significantly but not highly modular (M=0.13), comprising five modules.

Modularity analysis shows that the insects participating in the network compartment that is positively
related with sesquiterpenes and diterpenes are, at the same time, negatively associated with aliphatics
and benzenoids (Module #1 in Fig. 5.3A). Module #1 is also positively associated with hoverflies
(Syrphidae) (Fig 5.3B). In the previous Chapter, we found no specific association between hoverfly
visitation and the VOC classes in the floral blends. However, our finding here may have a sound basis,
as hoverflies and terpenes have been shown to associate in two cases: (i) in certain hoverfly-pollinated
palms that show high monoterpene and sesquiterpene emissions, and (ii) in orchids attracting
aphidophagous hoverflies mimicking aphid alarm kairomones (terpenoid) (25, 26). Module #3 is
positively associated with aliphatics and irregular terpenes, as well as with wasps (Fig. 5.3A-B). As
mentioned in Chapter 3, wasps are known to be attracted by (aliphatic) bee alarm pheromones emitted
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by the orchid Dendrobium sinense (27), as well as by the aliphatic green-leaf volatiles (28) emitted by
the flowers of the orchid Epipactis helleborine (29). Furthermore, among the irregular terpenes of
Module #3, there is (E)-4,8-dimethyl-1,3,7-nonatriene, an enigmatic herbivore-induced exclusively
floral volatile compound involved in tritrophic interactions (10 and references therein). In the study
community, this compound is emitted by Anthyllis hermanniae (Fabaceae) and Onopordum tauricum
(Asteraceae) (Fig. 5.4). Thus, perhaps the associations in Module #3 suggest that the special attraction
mechanism of social pollinating wasps employed by the above-mentioned plants may be a broader
phenomenon occurring as well in a community-context. Finally, Module #4 indicates a significant
positive relationship with leafcutter bees (Megachilidae) and C5 branch-chained compounds.
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Fig. 5.5. Mean normalized degree of the major VOC classes in the insect—\VVOC network. Among-class
differences were acquired with a Nemenyi post-hoc test with Tukey-Dist. approximation.

There is no significant difference in the mean normalized degree (ND) among the different insect
orders (Kruskall-Wallis test, p>0.050), implying that insects’ chemical generalization does not vary
according to their classification into taxonomic groups. To the contrary, VOC classes show
significantly different mean ND (Kruskall-Wallis test, y%(4)=47.91"") with sesquiterpenes being the
most generalized chemical class showing the highest mean ND (Fig. 5.5). Evidently, they represent
key-components of the floral phenotype in the phryganic community studied (see also Chapters 3 and
4). Even if the various insects of the community have no innate preferences for these VOC:s, it is
obvious that they spend their adult life in a sesquiterpene-saturated sensory landscape, and the majority
of them come into direct contact with large amounts of these compounds during foraging or mating.
This floral phenotypic peculiarity could also hold for other mediterranean scrublands beyond the
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Basin, as for example in the equally fragrant Californian chaparrals, where studies of plant volatile
diversity focus mainly on allelopathy ever since the seminal work of Cornelius Muller in the 1960s
(30, 31). The spectrum of the functional significance of sesquiterpenes’ profusion in Mediterranean-
type habitats becomes an intriguing research topic, if we consider possible physiological phenomena
involved, such as addiction (32) or habituation (33, 34), that may affect pollinator’s decision-making,
foraging behavior, and ultimately the interaction patterns in a community-context.

This Chapter represents a relatively simple although data-intensive approach in order to introduce
network analysis into the investigation of the fundamental relationship of plant semiochemicals and
arthropod behavior, focusing directly on the chemical compounds. Also, in our case, it contributes to
the description of the chemosensory environment of the community.

References

1. Avistotle, History of Animals, Books 4-6. (Harvard University Press, Cambridge (Mass.), 1970), vol.
.

2. R. A. Raguso, Current Opinion in Plant Biology 7, 434-440 (2004).

3. R. R. Junker, A. L. Parachnowitsch, Journal of the Indian Institute of Science 91, 43-67 (2015).

4. R. A. Raguso, A. A. Agrawal, A. E. Douglas, G. Jander, et al., Ecology 96, 617-630 (2014).

5. M. C. Mescher, C. M. De Moraes, J Exp Bot 66, 425-433 (2015).

6. N. Theis, J Chem Ecol 32, 917-927 (2006).

7. R. R. Junker, N. Bliithgen, Annals of Botany 105, 777-782 (2010).

8. H. E. M. Dobson, G. Bergstrom, Plant Systematics and Evolution 222, 63-87 (2000).

9. R. A. Raguso, Ecology 85, 1486-1494 (2004).

10. D. Tholl, R. Sohrabi, J.-H. Huh, S. Lee, Phytochemistry 72, 1635-1646 (2011).

11. F. P. Schiestl, H. Kirk, L. Bigler, S. Cozzolino, G. A. The New phytologist, (2014).

12. J. Pefiuelas, G. Farré-Armengol, J. Llusia, A. Gargallo-Garriga, et al., Sci. Rep. 4, (2014).

13. R. Junker, D. Tholl,. Journal of Chemical Ecology 39, 810-825 (2013).

14. F. P. Schiestl, Ecology Letters 13, 643-656 (2010).

15. J. A. Riffell, H. Lei, T. A. Christensen, J. G. Hildebrand, Current Biology 19, 335-340 (2009).

16. R. A. Raguso, Annu Rev Ecol Evol S 39, 549-569 (2008).

17. Y. Y. Ahn, S. E. Ahnert, J. P. Bagrow, A. L. Barabasi, Scientific reports 1, 196 (2011).

18. K. Naka, W. Rushton, The Journal of physiology 185, 556 (1966).

19. J. M. Olesen, J. Bascompte, Y. L. Dupont, P. Jordano, Proceedings of the National Academy of Sciences
of the United States of America 104, 19891-19896 (2007).

20. R. Guimera, L. A. Nunes Amaral, Nature 433, 895-900 (2005).

21. J. T. Knudsen, R. Eriksson, J. Gershenzon, B. Stahl, Bot Rev 72, 1-120 (2006).

22. M. Friendly, Journal of the American Statistical Association 89, 190-200 (1994).

23. D. Meyer, A. Zeileis, K. Hornik, Journal of Statistical Software 17, 48 (2006).

24. C. F. Dormann, Network Biology 1, 1-20 (2011).

25. J. Stokl, J. Brodmann, A. Dafni, M. Ayasse, et al., Proceedings of the Royal Society B-Biological
Sciences 278, 1216-1222 (2011).

26. H. E. M. Dobson, in Biology of Floral Scent, N. Dudareva, E. Pichersky, Eds. (CRC Press, Boca Raton,
2006), pp. 147-198.

27. J. Brodmann, R. Twele, W. Francke, Y. B. Luo, Current Biology 19, 1368-1372 (2009).

28. A. Scala, S. Allmann, R. Mirabella, M. A. Haring, International Journal of Molecular Sciences 14,
17781-17811 (2013).

29. J. Brodmann, R. Twele, W. Francke, G. Holzler, et al., Current Biology 18, 740-744 (2008).

96



30.
31.
32.
33.
34.

35.

Insect—VOC network

C. H. Muller, B Torrey Bot Club 93, 332-351 (1966).

R. H. Whittaker, Chemical Ecology 3, 43-70 (1970).

E. Sevik, A. B. Barron, Brain, Behavior and Evolution 82, 153-165 (2013).

S. S. Haupt, W. Klemt, Behav. Brain Res. 165, 12-17 (2005).

M. Gandolfi, L. Mattiacci, S. Dorn, Proceedings of the Royal Society of London Series B-Biological
Sciences 270, 2623-2629 (2003).

M. Krzywinski, I. Birol, S. J. M. Jones, M. A. Marra, Briefings in Bioinformatics 13, 627-644 (2012).

97



page intentionally left blank



SUPPLEMENTARY MATERIALS

Chapter 2

o Figures 2.51-S3

o Table 2.51
Chapter 3

o Figures 3.51-S8

o Tables 3.51-S9
Chapter 4

o Figures 4.51-4.537

o Tables 4.51-4.513
Chapter 5

o Table5.S1

All citations in the Supplentary Materials correspond to the reference lists of the respective Chapters.

99



Supplementary Materials

SM CHAPTER 2

Fig. 2.S1. (A) Chemical class composition and volatility spectra of the blends of the 59 plant genera
studied in Greece. Distributions of the normal boiling points (nBP) of the main chemical classes are
distinguished according to their metabolic pathway (*: list of VOCs incomplete). LOX: Lipoxygenase
pathway; MVA: Mevalonic acid pathway; MEP: Methylerythritol phosphate pathway.
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(B) Volatility as expressed with the normal boiling point (nBP) (= SE) of the blends of the genera
studied in Greece. Scents have been acquired with distillation in all genera, apart from Paeonia. (*:
list of VOCs incomplete).

B
cont.

Genus Mean nBP (°C) £+ SE Genus Mean nBP (¢C) =+ SE

Abies 222.6 + 12.0 Melissa 2293 + 5.2

Achillea 241.4 + 34 Mentha 227.6 + 43

Acinos 236.0 + 69 Micromeria 2299 = 54

Alkanna 2554 + 97 ﬂ/[yr‘tus 214.1 4 8.5

Anthemis 253.1 + 34 Narcissus 240.9 = 199
Artemisia 236.7 = 62 Nepeta 248.3 + 5.0

Calamintha 221.5 + 350 Ocimum 2393 + 9.8

Centaurea 282.0 + 53 Orchis 291.2 + 147
Cerastium® 256.7 + 20.0 Origanum 227.0 + 6.2

Chamomilla*® 283.1 + 10.6 Paeonia 212.7 + 110
Chrysanthemum 236.3 + 78 Phlomis 2431 + 5.1

Cistus 294.9 + 50 Pinus 233.5 + 7.9

Citrus 226.1 + 26 Pistacia 175.0 £ 35

Conyza 258.0 + 8.6 Prasium 225.0 = 165
Coriander™ 203.0 + 45 Pulicaria 242 9 + 7.4

Coridothymus 202.4 + 87 Rosmarinus 212.8 + 7.0

Cotinus 266.0 + 59 Ruta 209.0 + 6.6

Dittrichia 2298 + 7.2 Salvia 248.5 + 4.7

Erica 245.8 + 95 Satureja 2304 + 53

Fuphorbia 315.9 + 92 Scutellaria 236.2 £ 68

Ferula 248.1 + 49 Sideritis 259.8 £ 80

Ferulago 269.7 £ 86 Stachys 262.7 + 38

Fumana™ 2074 + 16.6 Teucrium 267.1 £ 50

Helichrysum 255.0 + 64 Thamnosciadium 237.5 = 60

Herniaria 294.0 + 106 Thymus 240.1 + 4.2

Hypericum 241.5 £ 54 Valeriana 232.4 + 66

Juniperus 204.6 = 105 Verbascum 197.5 + 80

Lavandula 219.1 + 6.7 Xeranthemum 266.9 + 8.3

Malabaila 241.8 + 8.1

Marrubium 263.1 + 57
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Fig. 2.S2. The hotspots of volatile research in Greece. (A) Distribution of collection sites in the country. (B) Distribution of the plant taxa studied
among the regional units. Shading is in proportion to the number of plant taxa sampled in each area.
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Fig. 2.S3. Database development. The conceptual design of the geodatabase was based on the class
diagram of the Unified Modeling Language (UML) and consists of 17 classes and 15 binary
relationship types among them. The development of the database took place on top of the MS Access
relational DBMS using the ESRI ArcCatalog geospatial data management software. This resulted in a
geodatabase of 20 tables. The alphanumerical data were managed through an MS Access form, while
the maps were implemented using the ESRI ArcMap GIS software (ArcGIS™ 10.0).
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Table 2.S1. The chemical composition of the volatile blends of the plant taxa that have been sampled
in Greece during the years 1988-2013.

For this material, please refer to the CD-ROM attached to the Thesis.
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Fig. 3.S1. Northeastern view of the study community at Aghios Stefanos, Lesvos Island, Greece
(Photo: Aphrodite Kantsa).
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Fig. 3.S2. Color loci of the flowers in the study community in the hexagonal color space of the bee
trichromatic visual system (inset), and their absolute frequency in the 36 sectors (10° each) of the color
space. See /9 and 20 for comparison with plant datasets in other parts of the world. Orange dots:
nectariferous plants; black dots: non-nectariferous plants.
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uv

Fig. 3.83. The loci of the flowers in the study community in the tetrahedral color space of the
tetrachromatic visual system of the swallowtail butterfly Papilio xuthus (Lepidoptera, Papilionidae).
Orange dots: nectariferous plants; black dots: non-nectariferous plants. The grey dot represents the
position of an achromatic object.
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Fig. 3.S4. The statistically significant Pearson correlations between spectral or colorimetric properties
of the plants in the community and the two NMDS axes calculated from the raw spectral data. For
details on the spectral or colorimetric properties, see Chapter 3, Materials and Methods.
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Fig. 3.S5. The mean among-module connectivity (c) of the plants in the plant-volatilome network

according to the presence/absence of nectar. Relationship tested with phylogenetically informed GLS
(F1,39=7.85, p=0.008). Mean values + SE are shown.
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Fig. 3.56. The seven modules of the plant—volatilome network yielded by the SA algorithm (77-78).
Network displayed as one-mode including only the plants. Numbers match those given in Fig. 3.S7.

Colors of nodes represent floral colors of each species, determined after the raw spectra were encoded
according to the RGB model.
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Fig. 3.87. Chemical characterization of the seven modules of the plant—-VOC network in the study
community. The frequency distribution of VOCs of each class within the modules is presented in a
mosaic plot. Shading shows the module—class combinations that are more (violet) or less (orange)
probable corresponding to the magnitude of the standardized residuals of the Pearson y? test. Shaded
cells with residual values >|2| and >|4| correspond to residuals that are individually significant at 0.05

and 0.0001, respectively.

111



Supplementary Materials

>

Aliphatics - Benzenoids

Reflectance (%)
60 80 100
L L '

40
f

20
L

<
v,
<>

S

Monoterpenes

300 400 500 800 700 3bo
Wavelength (nm)

400 500 600

Wavelength (nm)

Wavelength (nm)

o ~ Sesquiterpenes - Benzenoids
= _,/ —

60 80
L N

Reflectance (%)

40
1

20
s

300 400 500 600 700 300 a00 500 600 700

Wavelength (nm) Wavelength (nm)

Fig. 3.S8. Spectral patterns associated with VOC classes in the floral phenotypes. (A) Spectra in the
groups where aliphatics, benzenoids, and monoterpenes prevail in the total emissions. (B) Spectra of
the plants included in Modules 3-4 and Module 2 of the plant—volatilome network, which have been
characterized for sesquiterpenes and benzenoids, respectively (Pearson y2 conditional independence

test, fig. S7). Insets in spectra plots correspond to the average spectrum of the group/module = SD.
Line colors encoded according to the RGB model.
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Table 3.S1. Color and scent samples of the entomophilous plants in the study community at Aghios
Stefanos. For one plant we provide the number of records in FReD. Plane families follow APG Il

(59).
Family Plant Corolla part #color samples #scent samples
sampled for color
Primulaceae Anagallis arvensis petals 10 3
Ranunculaceae Anemone pavonina tepals 15 4
Asteraceae Anthemis auriculata ligulate florets 13 4
Fabaceae Anthyllis hermanniae petals 10 4
Xanthorrhoeaceae  Asphodelus ramosus petals 12 4
Gentianaceae Blackstonia perfoliata petals 1 1
Asteraceae Centaurea solstitialis ligules 5 2
Gentianaceae Centaurium pulchellum petals 4 3
Cistaceae Cistus creticus petals 16 9
Cistaceae Cistus salviifolius petals 17 2
Asteraceae Crepis neglecta ligules 10 2
Convolvulaceae Cuscuta epithymum petals 12 4
Boraginaceae Echium plantagineum petals 17 1
Cistaceae Fumana arabica petals 20 4
Fabaceae Genista acanthoclada petals (banner) 15 4
Geraniaceae Geranium robertianum petals 16 3
Asteraceae Hedypnois cretica ligules 7 3
Boraginaceae Heliotropium lasiocarpum petals 8 7
Apiaceae Lagoecia cuminoides umbel 5 1
Lamiaceae Lavandula stoechas subsp. stoechas  corolla 18 3
Linaceae Moenchia mantica petals 7 6
Fabaceae Linum trigynum petals 4 1
Caryophyllaceae Medicago minima petals (banner) 1 1
Asteraceae Onopordum tauricum ligules 5 6
Orchidaceae Orchis sancta lip 14 3
Asparagaceae Ornithogalum sp. tepals 5 1
Papaveraceae Papaver argemone petals 9 3
Lamiaceae Prasium majus FReD n. 4051, 4052 - 3
Ranunculaceae Ranunculus paludosus petals 16 4
Apiaceae Scandix sp. center of the umbel 7 2
Crassulaceae Sedum confertiflorum petals 8 1
Orchidaceae Serapias cordigera lip 16 2
Orchidaceae Serapias vomeracea lip 6 2
Asteraceae Taraxacum sp. ligules 10 3
Lamiaceae Teucrium divaricatum lip 14 8
Asteraceae Tolpis barbata ligules 11 4
Fabaceae Trifolium angustifolium petals 9 2
Fabaceae Trifolium arvense petals 8 4
Fabaceae Trifolium campestre petals 12 5
Fabaceae Trifolium glanduliferum petals 16 5
Cistaceae Tuberaria guttata petals 12 2
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Table 3.S2. Colorimetric, spectral, and chemical floral properties of the plants in the study community. For details on the variables, see Materials
and Methods. #Class: percentage of class in the total number of VOCs. %Class ER: percentage of class in the total emissions. Alip: Aliphatics;

Benz: Benzenoids and phenylpropanoids; Mono: Monoterpenes; Sesq: Sesquiterpenes.

Plant lhex  Ohex NMDS1 NMDS2 Otet @t  Itet Brightness Chroma Hue #Alip #Benz #Mono #Sesq Jgtgls %Alip ER %Benz ER %Mono ER %Sesq ER c z
Anagallis arvensis 0.205 -1.064 0.195 -0.147 -2.177 -0.705 0.130 13.955 0.080 0.676 3 4 1 0 10 0.656 0.198 0.016 0.000 0.580 0.587 0.371
Anemone pavonina 0.084 -0.548 -0.440 -0.399 -0.500 -0.354 0.656 17.081 0.925 1547 15 1 6 0 27 0.654 0.025 0.245 0.000 0.604 2.688 0.541
Anthemis auriculata 0.471 0.598 0.121 0.180 0.413 -1.516 0.235 63.208 0.353 0.198 10 2 14 4 41 0.204 0.012 0.394 0.277 0.711 4.595 0.598
Anthyllis hermanniae 0.213 -1.363 -0.171 0.000 0.412 -0.549 0.318 36.954 0532 0952 2 9 9 6 34 0.023 0.154 0.775 0.022 0.574 3.550 0.689
Asphodelus ramosus 0.174 0924 0.178 0.079 -0.061 -1.501 0.172 44868 0.268 0.176 6 0 1 0 7 0.977 0.000 0.023 0.000 0.449 0.322 0.316
Blackstonia perfoliata 0.412 0.030 -0.115 0.180 0.584 -0.778 0.332 18.235 0.567 0.645 6 0 3 1 11 0.897 0.000 0.033 0.054 0.628 0.607 0.361
Centaurea solstitialis 0.517 -0.382 -0.314  0.237 0.295 -0.638 0.410 20.461 0.688 0945 8 0 4 0 12 0.421 0.000 0.579 0.000 0.653 0.322 0.332
Centaurium pulchellum 0.228 1499 0.168 -0.061 -1.237 -0.787 0.240 30.808 0.205 1.020 2 3 5 7 19 0.087 0.186 0.224 0.456 0.643 1.503 0.459
Cistus creticus 0.473 0.976 0.324 0.081 -1.537 -0.772 0.324 27477 0291 1238 7 2 16 29 71 0.023 0.098 0.233 0.423 0.551 7.000 0.599
Cistus salviifolius 0.658 0.570 0.100 0.255 0.667 -1.533 0.244 62.864 0370 0.227 3 5 7 7 28 0.312 0.079 0.079 0.299 0.615 2.961 0.476
Crepis neglecta 0.397 -0.323 -0.194 0.168 0.413 -0.672 0.371 26.885 0.630 0.849 4 0 5 0 12 0.521 0.000 0.141 0.000 0.542 0.891 0.449
Cuscuta epithymum 0.227 0.700 0.054 0.028 0.081 -1.125 0.218 30.676 0.348 0.632 17 10 2 1 33 0.460 0.225 0.012 0.008 0.562 3.705 0.544
Echium plantagineum 0.313 -0.673 0.245 -0.292 -2.256 0.044 0.173 17.148 0.114 2121 3 0 1 0 4 0.962 0.000 0.038 0.000 0.375-0.248 0.452
Fumana arabica 0.127 1.148 -0.114 -0.128 0.377 -0.406 0.239 54742 0387 1.141 10 5 4 0 21 0.655 0.091 0.132 0.000 0.667 2.031 0.545
Genista acanthoclada 0.345 -1.088 -0.252  0.087 0.373 -0.576 0.369 34.643 0.628 0971 6 17 16 4 48 0.171 0.458 0.255 0.065 0.628 4.735 0.481
Geranium robertianum 0.234 -0.511 0.212 -0.244 -1.568 0.081 0.163 41163 0.156 2212 7 3 17 17 51 0.033 0.012 0.644 0.274 0.651 4.855 0.697
Hedypnois cretica 0.323 -0.793 -0.218 0.100 0.417 -0.620 0.367 34363 0.618 0.896 10 2 7 0 24 0.500 0.048 0.227 0.000 0.660 2.031 0.465
Heliotropium lasiocarpum 0.432 0.632  0.156  0.155 1.352 -1.542 0.221 49.753 0.332 0.071 8 4 13 2 32 0.108 0.160 0.566 0.007 0.592 3.691 0.434
Lagoecia cuminoides 0.259 0.303 -0.018 0.074 0.713 -0.917 0.267 8.842 0452 0529 O 1 9 11 0.000 0.114 0.855 0.031 0.545 0.773 0.811
Lavandula stoechas 0.168 -0.712 0.149 -0.226 -1.874 -0.934 0.056 7385 0154 1324 2 0 23 12 39 0.013 0.000 0.893 0.078 0.601 3.322 0.817
Moenchia mantica 0.126 -1.022  0.240 -0.189 -2.520 -0.787 0.061 63.578 0.069 -0.600 O 0 3 0 3 0.000 0.000 1.000 0.000 0.000-0.199 0.245
Linum trigynum 0.239 1367 -0.168 -0.084 0.414 -0.425 0.273 24.061 0.447 1084 1 0 0 0 3 0.640 0.000 0.000 0.000 0.000-0.248 0.394
Medicago minima 0.201 -0.449 -0.105 0.033 0.565 -0.679 0.311 15648 0.509 0.780 10 0 1 1 15 0.915 0.000 0.003 0.004 0.436 2.031 0.511
Onopordum tauricum 0.332 0983 0.172 0.022 -1.470 -1.104 0.227 21590 0.267 0.843 18 2 7 3 33 0.641 0.038 0.158 0.036 0.669 2.891 0.283
Orchis sancta 0.292 0.781 0.089 0.037 -0.730 -1.178 0.227 36.852 0.305 0.656 2 15 0 3 24 0.001 0.948 0.000 0.027 0.479 2.760 0.953
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Plant lhex  Ohex NMDS1 NMDS2 Otet @t  ltet Brightness Chroma Hue #Alip #Benz #Mono #Sesq Jgtgls %Alip ER %Benz ER %Mono ER %Sesq ER c z d
Ornithogalum sp. 0.069 -1.527 0.129 -0.090 -0.065 -1.245 0.118 49570  0.194 0302 3 0 5 0 10 0.131 0.000 0.666 0.000 0.480 0.530 0.284
Papaver argemone 0.039 -0.213 -0.375 -0.434 -0.501 -0.351 0.635 10596 0.919 1.559 23 3 3 0 34 0.751 0.008 0.050 0.000 0.396 4.722 0.854
Prasium majus 0.536 0.563 0.068 0.188 0.450 -1.365 0.243 29.927 0.388 0377 5 0 11 6 29 0.164 0.000 0.497 0.263 0.497 3.332 0.425
Ranunculus paludosus 0.459 -1.417 -0.355 0.043 0.383 -0.519 0.361 41328 0586 1.032 3 2 7 0 13 0.154 0.016 0.809 0.000 0.592 0.773 0.444
Scandix sp. 0.385 0.720 0.195 0.145 -2.729 -1.289 0.228 44316 0.313 -0.223 4 7 4 2 18 0.012 0.972 0.010 0.005 0.586 1.575 0.880
Sedum confertiflorum 0.328 0.611 0.046 0.146 0.096 -1.176 0.249 7432 0389 0390 4 2 8 3 19 0.385 0.037 0.309 0.239 0.709 1.260 0.422
Serapias cordigera 0.074 -0.524 -0.004 -0.192 -0.461 -0.398 0.295 6.380 0.530 1.461 27 0 0 0 27 1.000 0.000 0.000 0.000 0.140 4.519 0.750
Serapias vomeracea 0.169 1.269 0.071 -0.053 -0.553 -0.833 0.227 14667 0.362 1.115 12 0 0 0 14 0.990 0.000 0.000 0.000 0.245 1.874 0.908
Taraxacum sp. 0.461 -0.537 -0.288  0.180 0.358 -0.623 0.400 16.756  0.670 0.902 3 0 0 0 5 0.656 0.000 0.000 0.000 0.320 0.037 0.353
Teucrium divaricatum 0.283 1.231 0.198 -0.033 -1.272 -0.796 0.271 30.701 0.291 1.209 9 0 8 20 46 0.083 0.000 0.253 0.581 0.612 4.665 0.428
Tolpis barbata 0.312 -0.167 -0.120 0.119 0.429 -0.716 0.336 18.790 0.570 0.807 2 0 1 1 6 0.667 0.000 0.022 0.088 0.500 0.037 0.373
Trifolium angustifolium ~ 0.251 0.744  0.065 0.037 0.334 -1.232 0.209 13.092 0.331 0447 6 1 1 0 11 0.831 0.032 0.012 0.000 0.545 0.891 0.460
Trifolium arvense 0.342 0.654 0.075 0.095 0.680 -1.303 0.223 19.011 0.360 0.329 O 1 5 0 9 0.000 0.080 0.426 0.000 0.346 0.773 0.318
Trifolium campestre 0.215 -0.453 -0.117 0.066 0.618 -0.671 0.317 20.909 0.526 0.687 8 2 9 1 22 0.767 0.097 0.115 0.006 0.645 2.315 0.401
Trifolium glanduliferum 0.281 0.563 0.039 0.079 0.491 -1.168 0.231 35.924  0.383 0.457 12 15 9 4 44 0.082 0.802 0.072 0.025 0.637 4.143 0.564
Tuberaria guttata 0.177 -0.266  0.081 -0.246 -0.369 -0.460 0.076 9586 0.252 1528 7 0 1 1 29 0.062 0.000 0.808 0.003 0.709 2.973 0.313
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Table 3.S3. Results of the univariate tests of the multivariate generalized linear models, showing which response variables (i.e. VOCSs) in the
community plant—volatilome network show significant effects (p<0.050) against nectar or the colorimetric and spectral properties of floral
reflectance. Explanatory variables are those that showed statistically significant effects in Table 3.1. Statistics were acquired with ANOVA
(likelihood ratio tests) using 999 bootstrap iterations via PIT-trap residual resampling. For details on the models applied see Materials and Methods.

Class VOC! Ihex Ihex:Ohex NMDS1 NMDS2 | @ret Brightness | Nectar
Dev. p Dev. p Dev. p Dev. p Dev. p Dev. p Dev. p.
Aliphatics 1-Hexadecanol, 2-methyl- 939 0.018 | 9.393 0.016

2-Heptadecanone 4784  0.047 5.974 0.017

2-Pentadecanone 4784  0.047 | 5974 0.017

2-Tridecanone 4784  0.047 5974 0.017

(2)-3-Hexenal 9.399 0.014 9.287 0.021 | 4.822 0.045 | 5.224 0.04

(2)-5-Nonadecene 9.363 0.018

(2)-7-Hexadecene 9.163 0.007

9-Nonadecene 4.165 0.041 9.336  0.007

Acetic acid, decyl ester 9.363 0.018

AL 55, 43, 41, 69, 83, 57 12.134 0.004 6.558 0.018 7.277 0.017 5.974 0.017

AL 43,72, 57,58, 42, 39 9.38 0.019 | 5.354 0.035

AL 57,71, 85, 56, 41, 197 9.38 0.019 5.354 0.035

AL 57,71, 43, 85, 41, 56 8.254 0.024

AL 131, 43, 84, 113, 56, 69 5.974 0.015

AL 55, 83, 69, 97, 57, 41 9.13  0.009

AL 83,97, 55, 69, 57, 43 9.363 0.018 4.165 0.041 | 9.336 0.007

AL 43,71, 55, 41, 82, 69 9.13  0.009

AL 88,55, 101, 41, 185, 69 9.13  0.009

AL 57,43,71, 41, 85,55 9.363 0.018 4.165 0.041 | 9.336 0.007

AL 57,43, 75, 85, 41, 99 9.363 0.018 4.165 0.041 | 9.336 0.007

AL 57,71, 43, 85, 41, 55 9.605 0.003 4969 0.031 12.754 0.004

AL 57,71, 43, 85, 55, 99 9.363 0.018 4.165 0.041 | 9.336 0.007

Decanal 7.363 0.015

Dodecanal 4611 0.034
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Class VOC! Ihex NMDS1 NMDS2 | @tet Brightness | Nectar
Dev. p Dev. p Dev. p Dev. P Dev. p Dev. p.
Dodecanoic acid, 1-methylethyl ester 9.13  0.009
Dodecanoic acid, ethyl ester 9.363 0.018
Eicosane 4.165 0.041 9.336  0.007
Ethyl 9-hexadecenoate 9.13  0.009
Heptadecane 7.309 0.012
Heptanol 9.13  0.009
Hexadecane, 2,6,10,14-tetramethyl- 9.363 0.018 4.165 0.041 9.336  0.007
Hexadecane, 2-methyl- 7.274 0.016
Hexadecane, 4-methyl- 10.742  0.003 15.822 0.001 | 15.976 0.001 5.974 0.006
Hexadecanoic acid, ethyl ester 9.13  0.009
Hexanoic acid, methyl ester 10.063 0.004
Nonadecane 9.964 0.004 5169 0.031 7336  0.014 | 9.247 0.002
Nonanal 4.173  0.043
Nonanoic acid, 9-oxo-, ethyl ester 9.13  0.009
Octadecanal 4.387 0.048
Octane, 1,1"-oxybis- 9.13  0.009
Palmitic acid, isopropy! ester 5534  0.037
Tetradecanal 12.134 0.004 6.558 0.018 7.277 0.017 5.974 0.017
Tetradecanoic acid, ethyl ester 9.13  0.009
Tricosane 9.363  0.018 4.165 0.041 | 9.336 0.007
Benzenoids and phenylpropanoids  Anisole, o-methyl- 2901  0.02
BE 124, 137, 55, 180, 125, 51 9.399 0.014 9.287 0.021 4822 0.045 5.224 0.04
Benzoic acid, methyl ester 8.942 0.004
Benzyl Alcohol
Benzyl isovalerate 8.254 0.024
p-Cresol 8.254 0.024
Phenylethyl alcohol 4.241 0.04
C5 Branch-chained compounds 2-Methylbutyric acid, butyl ester 5534  0.037
2-Methylbutyric acid, 3-methylbutyl ester 5534  0.037




Supplementary Materials

Class VOC! Ihex Ihex: Ohex NMDS1 NMDS2 | @ret Brightness | Nectar
Dev. p Dev. p Dev. p Dev. p Dev. P Dev. p Dev. p.
C585,57,70,43,41, 71 5.534 0.037
C585,70,57,43,71, 41 5.534  0.037
C5 84, 43,69, 71, 89, 55 5.534 0.037
C554, 57, 85, 69, 43, 41 5.534  0.037
Diterpenes D168, 93, 67, 81, 121, 107 8.254 0.024
DI 43, 108, 95, 275, 257, 81 9.39 0.018 | 9.393 0.016
DI 257, 285, 81, 192, 95, 177 9.39 0.018 9.393 0.016
DI 189, 93, 119, 107, 190, 133 9.39 0.018 | 9.393 0.016
Manoyl oxide 4.364 0.05
Sclarene 9.39 0.018 | 9.393 0.016
Sclareoloxide 9.39 0.018 9.393 0.016
Irregular terpenes Dihydro-g-ionone 939 0.018 | 9.393 0.016
Hexahydrofarnesyl acetone 4.664 0.04
Miscellaneous 1,3-Cyclopentanedione 9.38 0.019 5.354 0.035
2-Cyclopentene-1,4-dione 9.38 0.019 5.354 0.035
Cyclopentadecanone 9.13  0.009
UN 69, 79, 41, 107 150 135 9.363 0.018 4.165 0.041 9.336  0.007
Monoterpenes 3-Carene 6.217 0.031
Bornyl acetate 8.254 0.024
Camphor 9.489  0.002
(2)-Citral 9.163 0.007
Citronellol 9.38 0.019 | 5.354 0.035
(2)-Cyclohexanemethanol, 4-(1-methylethyl)- 7.426 0.024
(E)-Cyclohexanemethanol, 4-(1-methylethyl)- 9.38 0.019 5.354 0.035
Cymene 5.069 0.05
Limonene 4.508 0.04
Eucalyptol 4.263  0.043 4595  0.034
Fenchone 6.217 0.031
Isopinocamphone 5534  0.037
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Class VOC! Ihex Ihex: Ohex NMDS1 NMDS2 | @ret Brightness | Nectar

Dev. p Dev. p Dev. p Dev. p Dev. P Dev. p Dev. p.

Isopinocarveol 5534  0.037
MO 121, 105, 136, 79, 28, 91 9.163  0.007
MO 93, 91, 77, 79, 136, 41 9.793  0.002
MO 93,91, 77,79, 92, 121 9.163  0.007
MO 121, 93, 136, 91, 77, 79 9.163  0.007
MO 91, 134, 119, 105, 92, 117 9.163  0.007
MO 95, 93, 110, 121, 41, 136 9.39 0.018 9.393 0.016
p-Myrcene 5.402 0.028
Myrtenol 9.489  0.002
Perillene 8.254 0.024
a-Pinene 5.707 0.038
p-Menth-1-en-8-ol 9.39 0.018 | 9.393 0.016
Terpinen-4-ol 5534  0.037
(2)-p-Terpineol 4,707  0.039
Terpinolene 9.163 0.007
(2)-Verbenone 4.167 0.04

N-compounds 2-Pentanone, 4-methyl-, oxime 9.399 0.014 9.287 0.021 4822 0.045 | 5224 0.04
Butyl aldoxime, 2-methyl-, anti- 9.363 0.018 4.165 0.041 | 9.336 0.007
Butyl aldoxime, 2-methyl-, syn- 3.898 0.05
NI 73, 87, 56, 41, 100, 69 9.399 0.014 9.287 0.021 4.822  0.045 5.224 0.04

Sesquiterpenes Aristolene 8.254 0.024
Aromadendrene 10.642 0.003 | 8.661 0.021
p-Bergamotene 10.223  0.001 7.091 0.021
B-Bourbonene 9.895 0.004 | 17.629 0.001 | 5.116 0.038
1,4-Cadinadiene 9.39 0.018 9.393 0.016
¢-Cadinene 11.713 0.002
Carotol 9.163  0.007
a-Caryophyllene 6.06 0.021
L-Calamenene 9.39 0.018 9.393 0.016

119



Supplementary Materials

Class VOC! Ihex Ihex: Ohex NMDS1 NMDS2 | @ret Brightness | Nectar
Dev. p Dev. p Dev. p Dev. p Dev. P Dev. p Dev. p.
a-Cubebene 9.39 0.018 9.393 0.016
S-Cubebene 13.508 0.001 8.797 0.014
S-Elemene 9.39 0.018 9.393 0.016
a-Gurjunene 10.642  0.003 8.661 0.021
Nerolidol 2901 0.031
SE 119, 105, 133, 93, 91, 107 5534  0.037
SE 95, 147, 96, 94, 91, 79 9.39 0.018 9.393 0.016
SE 57, 43, 41, 161, 119, 105 15.831 0.001 4.686 0.043 8.723 0.017 6.423 0.018
SE 161, 120, 105, 91, 93, 133 5.172 0.032 7.226 0.012
SE 93, 81, 67, 107, 147, 168 9.163  0.007
SE 161, 91, 93, 105, 119, 107 9.39 0.018 9.393 0.016
SE 161, 105, 91, 79, 81, 93 10.904 0.001
SE 119, 121, 189, 93, 79, 204 5.534 0.037
SE 204, 81, 119, 134, 39, 162 9.39 0.018 9.393 0.016
SE 189, 133, 204, 109, 95, 147 9.39 0.018 9.393 0.016
SE 105, 91, 93, 107, 121, 94 9.39 0.018 9.393 0.016
SE 161, 105, 91, 119, 81, 79 9.287 0.021 4822 0.045 5.224 0.04
SE 91, 107, 133, 204, 95, 55 9.399 0.014 4.346  0.049 5.396 0.028
SE 161, 105, 91, 119, 204, 162 13.133 0.001
SE 93, 123, 119, 81, 107, 121 9.39 0.018 9.393 0.016
SE 119, 105, 91, 55, 81, 41 9.39 0.018 9.393 0.016
SE 81, 135, 204, 43, 71, 109 9.39 0.018 9.393 0.016
SE 81, 80, 123, 161, 79, 41 9.163  0.007
SE 81, 93, 68, 41, 107, 67 9.39 0.018 9.393 0.016
SE 161, 105, 93, 91, 41, 119 9.163  0.007
p-Selinene 9.39 0.018 9.393 0.016
Spathulenol 10.904 0.001
Unknown UN 67, 107, 95, 109, 138, 81 9.38 0.019 5.354 0.035
UN 105, 109, 81, 123, 207, 69 9.39 0.018 9.393 0.016
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Class VOC! Ihex Ihex: Ohex NMDS1 NMDS2 | @ret Brightness | Nectar

Dev. p Dev. p Dev. p Dev. p Dev. P Dev. p Dev. p.

UN 204, 109, 133, 81, 43, 93 9.39 0.018 9.393 0.016

UN 91, 92, 65, 39, 63, 51 8.254 0.024

UN 67, 107, 123, 138, 95, 109 9.38 0.019 5.354 0.035

UN 79, 110, 95, 77, 93, 94 9.163  0.007

UN 59, 43, 132, 131, 71, 117 8.254 0.024

UN 57, 71, 43, 85, 41, 56 2.901 0.02

UN 1109, 43, 59, 134, 91, 79 9.163  0.007

UN 41, 111, 83, 159, 243, 55 2.901 0.02

UN 207, 161, 105, 119, 43, 121 6.217 0.031

UN 68, 95, 82, 43, 57, 123 2901 0.031

UN 161, 207, 105, 43, 121, 204 9.39 0.018 9.393 0.016

UN 79, 45, 67, 91, 81, 41 9.363 0.018 4.165 0.041 9.336  0.007

UN 80, 43, 79, 94, 91, 69 9.163  0.007

UN 119, 161, 105, 204, 179, 82 9.39 0.018 9.393 0.016

UN 1009, 121, 107, 81, 91, 59 9.39 0.018 9.393 0.016

UN 43,91, 93, 121, 79, 107 6.298 0.02

UN 189, 93, 119, 107, 190, 133 9.39 0.018 9.393 0.016

UN 112, 57, 70, 71, 43, 211 5.534 0.037

UN 275, 173, 159, 185, 270, 69 9.399 0.014 9.287 0.021 4822 0.045 5.224 0.04

UN 191, 81, 69, 95, 109, 192 9.39 0.018 9.393 0.016

UN 43, 333, 255, 190, 135, 81 9.39 0.018 9.393 0.016

UN 41, 69, 55, 39, 70, 53 9.38 0.019 5.354 0.035

tUnless otherwise verified with an authentic standard, positions of double bonds and methyl groups are only suggestive based on the NIST 05 Mass Spectral Library hits and are not intended to imply precise
chemical determination. See Table S8 for the verification status of each compound.
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Table 3.S4. Results of the univariate tests of the multivariate generalized linear models, showing which response variables (i.e. VOCs) in each
one of the plant—volatilome network subsets (containing only aliphatics or benzenoids or monoterpenes or sesquiterpenes) show significant effects
(p<0.050) against nectar or the colorimetric and spectral properties of floral reflectance. Explanatory variables are those that showed statistically
significant effects in Table 3.1. Statistics were acquired with ANOVA (likelihood ratio tests) using 999 bootstrap iterations via PIT-trap residual
resampling. For details on the models applied see Materials and Methods.

Sub-network  VOC! Ihex NMDS2 Brightness Nectar Chroma ltet Qtet lhex:Ohex | NMDS1
Dev. p Dev. p Dev. p Dev. p Dev. Dev. Dev. Dev. Dev.

Aliphatics 1-Heptadecanol 5.534 0.03
1-Octen-3-yl-n-propionate 5.534 0.03
1-Undecene 5.534 0.03 2901 0.035
2-Heptadecanone 4.784 0.047 5974 0.015
2-Pentadecanone 4.784 0.047 5.974  0.015
2-Tridecanone 4.784 0.047 5974 0.015
(2)-3-Hexenal 9.399 0.009 9.287 0.023
AL 55, 43, 41, 69, 83, 57 12.134 0.003 6.558 0.027 7.277 0.025 5974 0.011
9-Nonadecene 9.363 0.013 9.336 0.015
Acetic acid, pentyl ester 2901 0.044
AL 43, 72,57,58, 42, 39 5.354 0.042
AL 57,71, 85, 56, 41, 197 5.354 0.042
AL 131, 43, 84, 113, 56, 69 5.974 0.01
AL 55, 83, 69, 97, 57, 41 9.13 0.01
AL 83, 97, 55, 69, 57, 43 9.363 0.013 9.336 0.015
AL 43, 71,55, 41, 82, 69 9.13 0.01
AL 88,55, 101, 41, 185, 69 9.13 0.01
AL 57, 71, 43, 85, 55, 99 9.363 0.013 9.336 0.015
Decanal 7.363  0.008
Dodecanal 4611  0.043
AL 57,43,71, 41, 85,55 9.363 0.013 9.336 0.015
Dodecanoic acid, ethyl ester 9.13 0.01
Eicosane 9.363 0.013 9.336 0.015
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Sub-network  VOC! Ihex NMDS2 Brightness Nectar Chroma ltet Qret lhex:Ohex | NMDS1
Dev. p Dev. p Dev. p Dev. p Dev. p | Dev. p | Dev. Dev. Dev.
Ethyl 9-hexadecenoate 9.13 0.01
Heptadecane 7.309 0.016
AL 57, 43, 75, 85, 41, 99 9.363 0.013 9.336 0.015
Heptanol 9.13 0.01
Hexadecane, 2,6,10,14-tetramethyl- 9.363  0.013 9.336 0.015
Hexadecane, 4-methyl- 10.742 0.001 15.976 0.001 5.974  0.006
Hexadecanoic acid, ethyl ester 9.13 0.01
Palmitic acid, isopropyl ester 5.534 0.03
Nonadecane 9.964 0.004 5.169 0.044 7.336 0.023 9.247  0.001
Nonanoic acid, 9-oxo-, ethyl ester 9.13 0.01
Octane, 1,1'-oxybis- 9.13 0.01
AL 57,71, 43, 85, 41, 55 9.605 0.003 4.969 0.036 12.754  0.001
Tetradecanal 12.134  0.003 6.558 0.027 7.277 0.025
Tetradecanoic acid, ethyl ester 9.13 0.01 5974 0.011
Tricosane 9.363 0.013 9.336 0.015
(2)-5-Nonadecene 9.363  0.013 9.336 0.015
Benzenoids Benzoic acid, 3-methyl-2-buten-1-ol ester 8.724 0.012
3-Methoxy-4-propoxybenzaldehyde 8.724 0.012
BE 105, 77, 68, 67, 41, 123 8.724 0.012
BE 103, 77, 51, 132, 104, 102 8.724 0.012
Benzyl Alcohol 4.641 0.039
Benzoic acid, benzyl ester 10.618 0.003
Benzyl isovalerate 8.724 0.012
Benzyl nitrile 5.741 0.044
Benzyl pentanoate 8.724 0.012
Estragole 6.182 0.028
p-Allylphenol 8.724 0.012
p-Cresol 5.741 0.044
Monoterpenes  Myrtenyl acetate 8083 0019
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Sub-network  VOC! Ihex NMDS2 Brightness Nectar Chroma ltet Qret lhex:Ohex | NMDS1
Dev. Dev. p Dev. p Dev. Dev. p | Dev. p | Dev. p Dev. p Dev. p
- 9163 0.016
(2)-Citral
8.683  0.019
Fenchol
8.683  0.019
Fenchyl acetate
8.683  0.019
L-Bornyl acetate
9.163  0.016
MO 93, 91, 77, 79, 92, 121
9.163  0.016
MO 121, 93, 136, 91, 77, 79
9.163  0.016
MO 91, 134, 119, 105, 92, 117
9.163  0.016
MO 121, 105, 136, 79, 28, 91
8.254  0.024
MO 95, 93, 121, 136, 109, 110
5.607  0.037
p-Cymen-8-ol
8.254  0.024
Perillene
. 9.163  0.016
Terpinolene
8.683  0.019
Verbenol
Sesquiterpenes  Aromadendrene 10642 0.001 | 8661 0.023
1,4-Cadinadiene 9.39  0.026 9.393  0.014
L-Calamenene 9.39  0.026 9.393 0.014
SE 95, 147, 96, 94, 91, 79 939 0.026 | 9393 0.014
SE 57, 43, 41, 161, 119, 105 4686  0.043
SE 161, 120, 105, 91, 93, 133 5172 0.037 | 7.226 0.008
SE 161, 91, 93, 105, 119, 107 9.39 0.026 9.393  0.014
SE 161, 105, 91, 79, 81, 93 10.904  0.005
SE 204, 81, 119, 134, 39, 162 939 0.026 | 9393 0.014
SE 189, 133, 204, 109, 95, 147 939 0.026 | 9393 0.014
SE 105, 91, 93, 107, 121, 94 9.39 0.026 9.393  0.014
SE 91, 107, 133, 204, 95, 55 4346 0.044 | 539 0.024
SE 161, 105, 91, 119, 204, 162 413 005 | 13.133  0.002
SE 93, 123, 119, 81, 107, 121 939 0.026 | 9393 0.014
SE 119, 105, 91, 55, 81, 41 9.39 0.026 9.393  0.014
SE 81, 135, 204, 43, 71, 109 939 0.026 | 9.393 0.014
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Sub-network  VOC! Ihex NMDS2 Brightness Nectar Chroma ltet Qret lhex:Ohex | NMDS1
Dev. p Dev. p Dev. p Dev. p Dev. p | Dev. p | Dev. p Dev. p Dev. p
SE 81, 93, 68, 41, 107, 67 9.39  0.026 9.393  0.014
a-Caryophyllene 6.06 0.03
a-Cubebene 9.39  0.026 9.393  0.014
a-Gurjunene 10.642  0.001 8.661  0.023
f-Bergamotene 10.223  0.002 7.091 0.019
p-Bourbonene 17.629 0.001 | 5.116 0.031
S-Cubebene 13.508  0.002 8.797  0.012
p-Elemene 9.39  0.026 9.393 0.014
f-Selinene 9.39  0.026
o-Cadinene 11713 0.004

L Unless otherwise verified with an authentic standard, positions of double bonds and methyl groups are only suggestive based on the NIST 05 Mass Spectral Library hits and are not intended to imply precise
chemical determination. See Table S8 for the verification status of each compound.
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Table 3.S5. The effect of nectar on the floral colorimetric and spectral properties of the plants in the
community. The results of ten phylogenetic GLS models are presented. Response variables are shown
in rows. AIC values are presented both for the fitted and for the null models (~1). Bold digits denote
statistical significance (<0.050).

Nectar ~1
IMex F1,39 13.10
p-value <0.001

AIC -50.3 -41.2
ehex F1,39 076
p-value 0.388

AIC 116.6 104.1
NMDS1 F139 2.77
p-value 0.104

AIC -19.0 -18.0
NMDS2 F1,39 16.63
p-value <0.001

AIC -30.7 -25.2
Oret F1.39 0.01
p-value 0.910

AIC 135.0 133.8
et F139 8.75
p-value 0.005

AIC 73.0 793
Itet F1,39 0.03
p-value 0.861

AIC -51.3 -53.3
Chroma Fi139 1.05
p-value 0.311

AIC -16.9 -17.8
Hue F1,39 2.31
p-value 0.137

AIC 63.1 65.3
Brightness Fi1z0 2.00
p-value 0.124

AIC 337.5 345.6
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Table 3.S6. Results of phylogenetic GLS models showing the relationship of colorimetric and chemical properties of the floral phenotype in the
community. Response variables are shown in rows. AIC values for each model, including the null model (~1) are given. For details on the models,
see Materials and Methods. Alip: Aliphatics; Benz: Benzenoids and phenylpropanoids; Mono: Monoterpenes; Sesq: Sesquiterpenes. %Class ER:
proportion of the class in the sum of emission rates. %Class count: proportion of the class in the sum of VOCs. For the interpretation of NMDS1
and NMDS2, refer to Fig. 3.S4. Numbers in bold denote statistical significance (p<0.050).

Trichromatic vision Tetrachromatic vision Spectral properties

Ihex Ohex  ThexBhex NMDS1  NMDS2 Otet Otet ret  Oet@eret Chroma Hue Brightness Chr:Bri:Hue =il

Fi30 1.85  0.01 0.47 3.26 055 088 252 342 0.62 3.97 2.69 5.84 0.31

%Alip ER p-value 0.182 0.911 0.499 0.079 0.462 0.353 0.120 0.072 0.437 0.053  0.109 0.020 0.580
AIC 53.8  55.6 55.2 52.4 551 547 531 522 55.0 51.7 529 49.9 55.3  53.7

Fi3o 041  0.04 1.59 0.88 165 073 357 0.11 5.27 043 371 3.30 0.21

%Benz ER p-value 0.524  0.210 0.215 0.354 0.207 0.399 0.066 0.746 0.027 0.516  0.061 0.077 0.646
AIC 327 314 31.5 32.2 31.4 323 295 330 27.9 32.6 29.4 30.2 329 311

Fi3o 000 826 412 0.24 061 007 000 3.18 1.28 1.75  0.39 2.23 0.00

%Mono ER p-value 0.939  0.007 0.049 0.626 0.440 0.789 0.933 0.082 0.265 0.194 0537 0.144 0.937
AIC 453  39.0 41.1 45.0 446 452 453 421 44.0 435 449 43 453 433

Fi3o 561  5.69 11.22 7.82 329 050 194 0.4 1.25 1.50  0.05 461 0.06

%Sesq ER p-value 0.023  0.022 0.002 0.008 0.077 0.482 0.172 0.706 0.271 0.228 0.818 0.038 0.810
AIC -4.7 -4.6 95 -6.7 30  -02 -15 0.2 -0.9 -1.1 0.3 -3.7 0.3 1.7

F130 1.87  0.03 0.32 453 093 032 453 6.03 0.03 6.34 553 5.03 0.63

%Alip count  p-value 0.180 0.871 0.575 0.040 0.342 0574 0.040 0.019 0.827 0.016  0.024 0.031 0.432
AIC 258 273 31.4 23.0 263 269 230 217 27.3 21.3 21.9 22.3 31.0 253

Fi30 0.17  0.36 0.14 0.02 077 000 262 0.0 1.02 0.11 1.73 6.75 0.61

%Benz count  p-value 0.686  0.550 0.708 0.877 0.384 0.931 0.113 0.949 0.319 0.739  0.196 0.013 0.441
AIC 6.4 6.2 6.4 6.5 57  6.54 41 6.54 5.5 6.4 4.8 2.0 5.9 4.6

%Mono count 1% 002  6.45 2.82 0.95 001 006 055 4.43 1.87 1.97  4.09 2.79 1.40

p-value 0.896  0.015 0.101 0.336 0.934 0.805 0.463 0.042 0.180 0.168  0.050 0.103 0.244
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Trichromatic vision

Tetrachromatic vision Spectral properties

Ihex Onex  Thex:Bhex NMDS1  NMDS2 Otet Pret ret  Owet:@wt:let Chroma Hue Brightness Chr:Bri:Hue ~1
AlIC 21.3 15.3 18.6 20.3 213 213 208 174 19.5 19.4 17.3 18.9 19.9 19.3

F130 3.18 2.39 6.20 7.76 217 118 157 045 2.07 2.47 0.00 0.87 0.51

%Sesq count p-value 0.082 0.131 0.017 0.008 0.148 0.285 0.217 0.505 0.159 0.124  0.957 0.356 0.481
AlC -5.8 -4.9 -8.4 -10.2 -5.0 -3.9 -4.4 -3.2 -4.8 -5.2 -2.7 -3.6 -3.3 -4.7

F130 3.79 0.00 0.75 0.00 279 091 193 0.07 0.00 0.03 0.13 0.32 1.57

c p-value 0.059 0.958 0.392 0.955 0.103 0.347 0.173 0.788 0.970 0.869 0.722 0.575 0.218
AlIC 277 -24.1 -24.4 -24.5 -26.8 -254 -26.4 -245 -24.5 -245  -24.5 -24.8 -26.0 -26.5

F130 0.02 0.76 3.00 0.00 060 011 000 0.78 0.69 0.09 3.22 0.46 1.55

z p-value 0.894 0.390 0.091 0.955 0.444 0.737 0.936 0.383 0.412 0.770  0.080 0.502 0.221
AlC 167.1 1664 164.1 167.0 166.5 167 167.2 1664 166.5 167.1 163.9 166.7 165.6 165.2

F130 0.67 0.20 0.12 0.00 080 120 002 0.64 2.00 0.20 1.38 0.10 0.95

a p-value 0.416  0.656 0.731 1.000 0.375 0.281 0.890 0.429 0.165 0.659  0.247 0.753 0.336
AlIC -26.9 -264 -26.3 -26.2 -27.0 -274 -262 -26.8 -28.2 -26.4  -27.6 -26.3 -271 -28.2
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Table 3.S7. Chromatic characterization of the seven modules of the plant—volatilome network of the
community. Results of phylogenetic ANOVA are shown (p-phylo: p-value given phylogenetic
relationships within the plant assemblage). Numbers in bold denote statistical significance (p<0.050).

Fez4 p p-phylo
Fhex 1.19 0.333 0.414
ehex 0.26 0.951 0.967
NMDS1 2.11 0.078 0.112
NMDS2 1.60 0.177 0.220
Mtet 1.87 0.114 0.155
Qret 1.16 0.353 0.453
Otet 1.15 0.353 0.405
Chroma 2.00 0.093 0.127
Hue 2.67 0.031 0.047

Brightness 1.55 0.192 0.252
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Table 3.S8. Volatile organic compounds (VOCs) trapped in the floral headspace of the 41
entomophilous plants in the community. Compounds have been arbitrarily assigned to major classes
based on the convention in the literature on floral volatiles (see 85). For each compound, the Kovats
retention index (KI) has been calculated using the retention times for n-alkane standards in the same
chromatographic conditions. Compounds are presented in four categories of putative identification: (i)
compounds written in bold match the KI and mass spectra (MS) of authentic standard compounds on
the polar GC column, (ii) named compounds match published Kl (footnotes) and MS library values
but could not be verified with an authentic standard, (iii) compounds marked with § show strong MS
library match (> 90%) but KI were not available or did not match, and (iv) compounds not vetted in
any of these ways were left as unidentified, listing distinctive MS ion fragments in descending order
of abundance and assigning to a putative class when fragments allowed. Note that the methods used
(headspace—GC/MS) are not sufficient to establish the absolute configuration of these compounds;
thus, positions of double bonds, methyl groups and specific enantiomers are only suggestive based on
the NIST 05 Mass Spectral Library hits and are not intended to imply precise chemical determination.

Class VvVOC Kl thisstudy  KI literature  CAS number

Aliphatics AL 57,43,41,71, 85,29 1071 - -
(2)-3-Hexenal § 1118 - 6789-80-6
1-Undecene § 1121 - 000821-95-4
Acetic acid, pentyl ester § 1155 - 000628-63-7
2-Heptanone 1164 - 000110-43-0
Heptanal 1167 1163-1222¢ 000111-71-7
Hexanoic acid, methyl ester § 1169 - 000106-70-7
(E)-2-Hexenal 1204 12012 006728-26-3
1-Tetradecene § 1231 - 1120-36-1
(2)-3-Hexen-1-ol, formate 1259 1258 2 033467-73-1
Acetic acid, hexyl ester 1266 1268 3 000142-92-7
Octanal § 1282 - 000124-13-0
AL 55, 43, 41, 69, 83,57 § 1282 - -
(E)-2-Hexenoic acid, methyl ester § 1283 - 013894-63-8
1-Octen-3-one § 1295 - 000109-25-1
9-Nonadecene § 1301 - 031035-07-1
(2)-3-Hexen-1-ol, acetate 1313 13082 003681-71-8
(2) or (E)-2-Heptenal § 1319 13184 018829-55-5
(E)-2-Hexen-1-ol, acetate 1328 13232 002497-18-9
1-Hexanol 1349 13512 000111-27-3
Octen-1-ol acetate § 1377 - -
(2)-3-Hexen-1-ol 1382 13782 000928-96-1
2-Nonanone 1385 1386 4 000821-55-6
Nonanal 1390 13963 000124-19-6
(E)-2-Hexen-1-ol 1402 14002 000928-95-0
(E)-2-Octenal 1427 143453 002548-87-0
(2)-4-Octenoic acid, methyl ester 1427 1418-1434*  021063-71-8
1-Octen-3-ol-n-propionate § 1433 - 063156-02-5
1-Octen-3-ol 1446 14565 003391-86-4
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Class VvVOC Kl thisstudy  KI literature  CAS number
AL 57, 43,72, 29, 41, 55 1450 - 589-98-0
Heptanol 1453 14574 053535-33-4
AL 57,71, 43, 85, 41, 55 1455 - -

AL 43,72,57, 58, 42, 39 1467 - -

AL 82, 67, 57, 85, 55, 41 1473 - -
(2)-3-Hexenyl isovalerate § 1483 - 035154-45-1
Decanal 1499 1498 6 000112-31-2
(E)-2-Nonenal 1537 15423 018829-56-6
(2)-7-Decen-1-al § 1548 - 21661-97-2
1-Octanol 1556 15463 000111-87-5
AL 57,71, 85, 56, 41, 197 § 1564 - -
(E,E)-2,6-Nonadienal § 1586 - 017587-33-6
Hexadecane 1596 1600 000544-76-3
2-Undecanone 1598 15927 000112-12-9
Undecanal 1603 1609 5 000112-44-7
Hexanoic acid, hexyl ester 1613 15993 006378-65-0
AL 57,43,71,41, 85,55 1615 - -
(2)-7-Hexadecene § 1622 - 035507-09-6
Hexadecane, 4-methyl- § 1648 - 025117-26-4
AL 57,43, 75, 85, 41, 99 1652 - -
Hexadecane, 2-methyl- 1652 16618 001560-92-5
1-Nonanol 1658 1666 ° 000143-08-8
AL 57,71, 43, 85, 41, 56 1664 - -

AL 131, 43, 84, 113, 56, 69 1664 - -
Hexadecane, 2,6,10,14-tetramethyl- § 1664 - 000638-36-8
Acetic acid, decyl ester 1683 16794 000112-17-4
Heptadecane 1697 1700 000629-78-7
Dodecanal 1711 17093 000112-54-9
AL 55, 83, 69, 97, 57, 41 1729 - -

Octane, 1,1'-oxybis- § 1749 - 000629-82-3
1-Decanol § 1759 000112-30-1
AL 55, 43, 56, 70, 41, 69 1763 - -
Octadecane 1794 1800 000593-45-3
2-Tridecanone 1809 18057 000593-08-8
(2)-5-Decen-1-ol 1809 18031 51652-47-2
Octanoic acid, hexyl ester § 1812 - 001117-55-1
Dodecanoic acid, 1-methylethyl ester § 1831 - 010233-13-3
Dodecanoic acid, ethyl ester 1842 18443 000106-33-2
Nonadecane 1896 1900 000629-92-5
AL 57, 82, 41, 43, 55, 68 1922 - -
Tetradecanal 1923 1906-1947 1  000124-25-4
Eicosane 1994 2000 000112-95-8
2-Pentadecanone 2020 20117 002345-28-0
Tetradecanoic acid, ethyl ester 2047 20273 000124-06-1
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Class VvVOC Kl thisstudy  KI literature  CAS number
Nonanoic acid, 9-oxo-, ethyl ester § 2094 - 003433-16-7
Heneicosane 2095 2100 000629-94-7
AL 83, 97, 55, 69, 57, 43 2112 - -

AL 57, 41, 55, 96, 83, 68 2134 - -
Hexadecanal 2134 2098-2164 1  000629-80-1
Pentadecanal 2134 1999-20601  002765-11-9
2-Heptadecanone 2232 2196-22551  002922-51-2
Palmitic acid, isopropyl ester 2237 2210-2251'  000142-91-6
Hexadecanoic acid, ethyl ester 2248 2243° 000628-97-7
AL 43,71, 55, 41, 82, 69 2261 - -

Ethyl 9-hexadecenoate § 2295 - 054546-22-4
(2)-5-Nonadecene § 2295 - 1000131-11-8
Tricosane 2295 2300 638-67-5
AL 88, 55, 101, 41, 185, 69 2310 - -
Octadecanal 2347 2343 10 000638-66-4
Octadecanoic acid, methyl ester 2423 24451 000112-61-8
2-Nonadecanone § 2443 - 000629-66-3
AL 57,71, 43, 85, 55, 99 2495 - -
1-Heptadecanol § 2581 - 036653-82-4
1-Hexadecanol, 2-methyl- § 2585 - 2490-48-4
Hexacosane 2594 2600 000630-01-3
AL 57,71, 85, 69, 83, 97 2885 - -

gﬁx%’r‘g; :r:‘; d Styrene 1246 1254 16 000100-42-5
Anisole, o-methyl- § 1405 - 000578-58-5
BE 151, 166, 138, 54, 152, 119 1453 - -
Benzaldehyde 1526 152512 000100-52-7
Benzoic acid, methyl ester 1624 1624 13 000093-58-3
Phenylacetaldehyde 1643 1640 13 000122-78-1
Acetophenone 1653 1611-1675'  000098-86-2
Benzoic acid, ethyl ester 1670 000093-89-0
Estragole 1678 1685 14 000140-67-0
Acetic acid, phenylmethyl ester 1731 1682-1759*  000140-11-4
1,4-Dimethoxybenzene § 1739 - 000150-78-7
Benzenepropanal 1781 1723-1809'  000104-53-0
p-Anethole 1829 1798-1847*  000104-46-1
3,5-Dimethoxytoluene § 1855 - 004179-19-5
2-Butanone, 3-phenyl- § 1863 - 000769-59-5
Benzyl isovalerate § 1871 - 000103-38-8
Benzyl alcohol 1876 1879 15 000100-51-6
Benzyl pentanoate 1895 - 010361-39-4
BE 131, 132, 103, 77, 78, 51 1902 - -
Phenylethyl alcohol 1913 1912 16 000060-12-8
Benzyl nitrile 1928 19385 000140-29-4
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Class VvVOC Kl thisstudy  KI literature  CAS number
Acetic acid, phenylpropyl ester 1946 1930 v7 000122-72-5
BE 131, 103, 162, 77, 16, 51 1958 - -

BE 117, 91, 132, 92, 45, 78 1992 - -
Phenol 1999 1962-2039'  000108-95-2
Eugenol methyl ether 2009 2003 ° 000093-15-2
(2)-Cinnamyl acetate § 2018 - -
p-Anisaldehyde 2030 201116 000123-11-5
(E)-Cinnamaldehyde 2044 204318 014371-10-9
Benzoic acid, 3-methyl-2-buten-1-ol ester § 2058 - 005205-11-8
BE 105, 77, 68, 67, 41, 123 2061 - -
2-methoxy benzoic acid, methyl ester 2067 2032-2088'  000606-45-1
p-Cresol 2077 2050-2126  000106-44-5
Cinnamic acid methy! ester 2083 2047-2105'  000103-26-4
BE 103, 77, 51, 132, 104, 102 2091 - -
Benzyl tiglate 2119 2109 13 037526-88-8
Benzoic acid, (Z)-3-Hexen-1-ol ester 2133 2051-2148'  025152-85-6
Acetophenone, 4'-methoxy- 2146 2115-2164*  000100-06-1
(E)-Cinnamy! acetate 2153 2176 10 000103-54-8
BE 124, 137, 55, 180, 125, 51 2160 - -
Eugenol 2168 - 000097-53-0
(Z)-Cinnamy! alcohol 2172 - -
(E)-Cinnamyl alcohol 2286 2234-2289'  000104-54-1
p-Allylphenol 2334 2234-2289'  000501-92-8
3,4-Dimethoxybenzaldehyde 2392 2234-2289'  000120-14-9
3-Methoxy-4-propoxybenzaldehyde § 2509 - -
(E)-4-Methoxycinnamaldehyde 2565 2544 1 024680-50-0
3-Methoxycinnamaldehyde 2565 25651 056578-36-0
BE 105, 123, 77, 122. 51, 106 2616 - -
BE 105, 123, 77, 56, 57, 69 2625 - -
Benzoic acid, benzyl ester 2645 - 000120-51-4

C5-branch chained compounds  3-Methylbutanoic acid, ethyl ester 1034 1041-1114'  000108-64-5
Butanoic acid, isobutyl ester 1143 1160 ° 000539-90-2
3-Methylbutyric acid, isobutyl ester 1182 1165 20 000589-59-3
Butanoic acid, butyl ester 1209 - 000109-21-7
2-Methylbutyric acid, butyl ester 1222 1239 2t 015706-73-7
3-Methylbutyric acid, butyl ester § 1244 - 000109-19-3
Butanoic acid, 2-methylbutyl ester 1262 12722 051115-64-1
2-Methylbutyric acid, 3-methylbutyl ester § 1272 - 027625-35-0
C585,57,70,43,41,71 1274 - -
2-Methylbutyric acid, 2-methylbutyl ester 1278 1284 2 002445-78-5
C585,70,57,43,71, 41 1291 - -

Isovaleric acid, 2-methylbutyl ester § 1294 - 002445-77-4
C5 84, 43,69, 71, 89, 55 1299 - -
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Class VvVOC Kl thisstudy  KI literature  CAS number
Hexanoic acid, isobutyl ester 1352 1328-1373' -
C554, 57, 85, 69, 43, 41 1384 - -
Butanoic acid, hexyl ester 1414 14195 002639-63-6
2-Methylbutanoic acid, hexy! ester 1429 1431° 010032-15-2
Butanoic acid, (Z)-3-hexenyl ester 1460 1448 2 016491-36-4
C582, 67,71, 43,41, 27 1464 . -
g—Methyl—Z-butenom acid, 3-methylbut-2-enyl ester 1600 ) 79779-06-7
Diterpenes Sclarene 2232 2233 2 511-02-4
DI 187, 119, 189, 105, 161, 91 2257 - -
DI 68, 93, 67, 81, 121, 107 2265 - -
Sclareoloxide § 2276 222323 -
D1 109, 148, 257, 105, 133, 106 2301 - -
DI 43, 108, 95, 275, 257, 81 2375 - -
Dl 257, 285, 81, 192, 95, 177 2375 - -
Manoyl oxide § 2376 - 001227-93-6
DI 189, 93, 119, 107, 190, 133 2462 - -
Irregular terpenes (E)-4,8-dimethyl-1,3,7-nonatriene 1301 - -
6-Methyl-5-hepten-2-one 1332 13395 000110-93-0
Dihydro-p-ionone 1828 - 031499-72-6
Geranyl acetone 1854 1859 5 003796-70-1
Neryl acetone 1858 18625 003796-70-1
Hexahydrofarnesyl acetone 2125 - 000502-69-2
Miscellaneous 3-Cyclohexen-1-ol, acetate § 1428 - 10437-78-2
1,3-Cyclopentanedione § 1559 - 003859-41-4
2-Cyclopentene-1,4-dione § 1584 - 000930-60-9
Naphthalene 1753 1762 24 000091-20-3
Propanoic acid, 2-methyl-, 1-(1,1-dimethylethyl)-2-
methyl-1,3-propanediyl ester 1879 ) i
4-Methyl-5H-furan-2-one § 1895 1909-19121  006124-79-4
(2)-Jasmone 1953 195515 000488-10-8
Cyclopentadecanone § 2061 - 000502-72-7
Monoterpenes a-Pinene 939 1008-1052:  80-56-8
p-Pinene 942 1074-11331  000127-91-3
a-Thujene § 957 1003-1038: 002867-05-2
Camphene § 1031 1040-11141  000079-92-5
MO 93, 91, 77, 79, 136, 41 1095 - -
MO 93,91, 77,79, 92, 121 1126 - -
MO 93, 91, 77, 92, 136, 94 1144 - -
a-Phellandrene 1145 1140-1186*  000099-83-2
B-Myrcene 1145 1128-1180!  000123-35-3
MO 121, 93, 136, 91, 77, 79 1161 - -
Limonene 1186 11871 005989-27-5
MO 93, 91, 77, 136, 79, 94 1193 - -
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Class VvVOC Kl thisstudy  KI literature  CAS number
p-Phellandrene 1195 1196 13 000555-10-2
Eucalyptol 1197 1181-1231%  000470-82-6
(2)-B-Ocimene 1225 1932 25 003779-61-1
y-Terpinene 1235 1238 26 000099-85-4
3-Carene 1241 1242 % 013466-78-9
(E)-B-Ocimene 1242 12385 003338-55-4
Cymene 1263 1246-1296 1 -
Terpinolene 1279 1274 % 000586-62-9
MO 93, 121, 136, 91, 79, 77 1281 - -

MO 121, 105, 136, 79, 28, 91 1368 - -
(2)-Neo-allo-ocimene 1368 137377 007216-56-0
a-Pinene oxide § 1379 - 001686-14-2
Fenchone 1403 1388-14321  004695-62-9
Perillene 1414 1409-1431'  000539-52-6
MO 91, 134, 119, 105, 92, 117 1426 - -

MO 119, 91, 134, 77, 79, 93 1443 - -
(2)-p-terpineol § 1466 1437-14441  007299-41-4
MO 71, 93, 43, 81, 111, 121 1469 - -
(2)-Linalool oxide (furanoid) 1473 1478° 005989-33-3
Fenchyl acetate 1476 - 013851-11-1
Camphor 1528 - 000464-49-3
Linalool 1543 1549 15 000078-70-6
MO 93, 91, 79, 80, 77, 41 1544 - -
Pinocarvone 1550 1539-16001  030460-92-5
Isopinocamphone 1554 1482-1578'  000547-60-4
Verbenol acetate § 1573 - -

MO 95, 93, 121, 136, 109, 110 1585 - -

Fenchol 1588 1574-1580 2"  001632-73-1
L-Bornyl acetate 1589 1584 %7 092618-89-8
Terpinen-4-ol 1605 1594 26 000562-74-3
3,7-dimethyl-1,6-Nonadien-3-ol (ethyl linalool) § 1614 - -
4-Thujen-2a-yl acetate § 1628 - 53833-85-5
Isopinocarveol 1661 1651 % 005947-36-4
(E)-Pinocarveol 1667 1658 % 000547-61-5
MO 95, 93, 110, 121, 41, 136 1678 - -

Verbenol 1688 1680 ° 000473-67-6
(2)-Citral § 1690 - 005392-40-5
Myrtenyl acetate § 1697 1720 27 -

a-Terpinyl acetate 1700 1679-1709'  80-26-2
p-menth-1-en-8-ol 1705 1698 5 98-55-5
Borneol 1710 1700 000507-70-0
(2)-Verbenone 1719 1676-17351  001196-01-6
Verbenone 1724 1730 %2 80-57-9
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Class VvVOC Kl thisstudy  KI literature  CAS number
MO 67, 71, 69, 41, 43, 84 1746 - -
Geranyl acetate 1757 1756 32 000105-87-3
Citronellol 1763 - 001117-61-9
Nerol 1797 1806 ° 000106-25-2
Myrtenol 1799 1767 ¢ 000515-00-4
(E,E)-2,6-Dimethyl-3,5,7-octatrien-2-ol § 1815 - -
(E)-Cyclohexanemethanol, 4-(1-methylethyl)- § 1829 - 013674-19-6
p-Menthan-7-ol § 1850 1800-18361  013828-37-0
p-Cymen-8-ol § 1851 1843 3 001197-01-9
(2)-Cyclohexanemethanol, 4-(1-methylethyl)- § 1851 1823-18361  013828-37-0
(2)-Myrtanol 1879 1861 % 15358-92-6
MO 150, 91, 107, 135, 79, 77 2062 - -
Carvacrol 2208 2173-22461  000499-75-2
N-compounds NI 73, 87, 56, 41, 100, 69 794 - -
éel?%rgfgone, 4-methyl-, oxime (m/z 73, 43, 100, 115, 828 ) 000105-44-2
Butyl aldoxime, 2-methyl-, syn- 1491 - 49805-56-3
Butyl aldoxime, 2-methyl-, anti- 1510 - 49805-55-2
Indole 2450 2398-24781  000120-72-9
Sesquiterpenes a-Cubebene 1465 147228 017699-14-8
SE 119, 105, 133, 93, 91, 107 1475 - -
SE 95, 147, 96, 94, 91, 79 1483 - -
SE 121, 93, 107, 91, 79, 94 1483 - -
Copagene 1488 1488 003856-25-5
SE 161, 105, 119, 204, 91, 94 1489 - -
SE 57, 43, 41, 161, 119, 105 1493 - -
SE 161, 120, 105, 91, 93, 133 1499 - -
B-Bourbonene 1526 1531 3¢ 005208-59-3
SE 81, 80, 123, 161, 79, 41 1526 - -
SE 81, 93, 68, 41, 107, 67 1542 - -
a-Gurjunene 1542 1549 %7 000489-40-7
S-Cubebene 1547 1541 % 013744-15-5
Aristolene 1578 1552-1589!  006831-16-9
SE 119, 69, 91, 107, 55, 105 1582 - -
SE 93, 81, 67, 107, 147, 168 1586 - -
B-Bergamotene 1588 1590 Z 017699-05-7
SE 161, 105, 91, 119, 120, 162 1593 - -
S-Elemene 1597 1536-16111  033880-83-0
p-Caryophyllene 1609 1617 7 000087-44-5
SE 161, 91, 93, 105, 119, 107 1621 - -
SE 161, 105, 91, 79, 81, 93 1650 - -
SE 161, 105, 91, 81, 79, 119 1655 - -
SE 91, 105, 161, 107, 133, 119 1661 - -
Aromadendrene 1661 1660-1683 2" 000489-39-4
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Class VvVOC Kl thisstudy  KI literature  CAS number
[-Farnesene 1667 1668-16712"  007212-44-4
SE 119, 121, 189, 93, 79, 204 1667 - -
SE 204, 81, 119, 134, 39, 162 1673 - -
SE 161, 105, 93, 91, 41, 119 1674 - -
SE 119, 81, 162, 93, 77, 133 1679 - -
a-Caryophyllene (= a-Humulene) 1680 16727 006753-98-6
SE 189, 133, 204, 109, 95, 147 1689 - -
SE 161, 105, 91, 119, 79, 81 1691 - -
SE 105, 91, 93, 107, 121, 94 1696 - -
SE 93, 119, 107, 91, 41, 105 1709 - -
SE 161, 105, 91, 119, 81, 79 1720 - -
SE 91, 107, 133, 204, 95, 55 1721 - -
SE 161, 105, 91, 119, 204, 162 1731 - -
fS-Selinene 1736 1727-1767%"  017066-67-0
a-Selinene 1739 1729-17592"  000473-13-2
SE 121, 93, 161, 91, 107, 105 1744 - -
(E,E)-a-Farnesene 1747 17525 000502-61-4
SE 134, 105, 81, 41, 55, 162 1763 - -
6-Cadinene 1768 1761-17852"  000483-76-1
SE 69, 93, 161, 120, 79, 105 1773 - -
1,4-Cadinadiene 1795 1786 % 016728-99-7
L-Calamenene 1846 1837-18422"  000483-77-2
SE 161, 105, 204, 43, 81 1951 - -
SE 93, 123, 119, 81, 107, 121 1999 - -
Caryophyllene oxide 2002 2000 #7 001139-30-6
Carotol 2027 - 000465-28-1
Nerolidol 2034 2000-2044 2" 007212-44-4
SE 119, 105, 91, 55, 81, 41 2075 - -
SE 109, 161, 43, 107, 69, 93 2100 - -
Spathulenol 2138 21537 006750-60-3
SE 81, 135, 204, 43, 71, 109 2271 - -

Unknowns UN 91, 92, 65, 39, 63, 51 984 - -
UN 41, 69, 55, 39, 70, 53 1118 - -
UN 69, 79, 41, 107 150 135 1298 - -
UN 67, 83, 69, 41, 82, 55 1353 - -
UN 69, 41, 82, 55, 39, 95 1391 - -
UN 67, 107, 123, 138, 95, 109 1437 - -
UN 79, 110, 95, 77, 93, 94 1469 - -
UN 67, 107, 95, 109, 138, 81 1487 - -
UN 79, 81, 77, 41, 93, 53 1487 - -
UN 81, 67, 55, 41, 82, 96 1570 - -
UN 59, 43, 132, 131, 71, 117 1601 - -
UN 57, 71, 43, 85, 41, 56 1664 - -
UN 81, 67, 96, 55, 82, 41 1768 - -
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Class VvVOC Kl thisstudy  KI literature  CAS number
UN 119, 43, 59, 134, 91, 79 1805 - -
UN 67, 81, 79, 95, 41, 55 1810 - -
UN 41, 111, 83, 159, 243, 55 1879 - -
UN 71, 43, 159, 111, 41, 56 1881 - -
UN 207, 161, 105, 119, 43, 121 1899 - -
UN 68, 95, 82, 43, 57, 123 1920 - -
UN 161, 207, 105, 43, 121, 204 1952 - -
UN 79, 45, 67,91, 81, 41 2042 - -
UN 80, 43, 79, 94, 91, 69 2044 - -
UN 68, 67, 81, 54, 41, 95 2047 - -
UN 105, 109, 81, 123, 207, 69 2082 - -
UN 119, 161, 105, 204, 179, 82 2083 - -
UN 43, 108, 93, 126, 111, 95 2374 - -
UN 109, 121, 107, 81, 91, 59 2415 - -
UN 43, 91, 93, 121, 79, 107 2437 - -
UN 189, 93, 119, 107, 190, 133 2462 - -
UN 112,57, 70, 71, 43, 211 2512 - -
UN 275, 173, 159, 185, 270, 69 2518 - -
UN 191, 81, 69, 95, 109, 192 2766 - -
UN 204, 109, 133, 81, 43, 93 3037 - -

'Pubchem Compound database: S. Kim et al., Nucleic Acids Research 44, D1202-1213 (2004) [Kovats Retention Index for "standard polar" column].
2. Ruther, Journal of Chromatography A 890, 313-319 (2000).

3M. Riu-Aumatell et al., Food Chemistry 87, 627-637 (2004).

4K. Umano, T. Shibamoto, J Agr Food Chem 35, 14-18 (1987).

5K. Tatsuka, S. Suekane, Y. Sakai, H. Sumitani, J Agr Food Chem 38, 2176-2180 (1990).

5U. Mahmood, V. K. Kaul, R. Acharya, Phytochemistry 65, 2163-2166 (2004).

R. Tressl, L. Friese, F. Fendesack, H. Koeppler, J Agr Food Chem 26, 1422-1426 (1978).

8]. Kuémierz, E. Malinski, W. Czerwiec, J. Szafranek, Journal of Chromatography A 331, 219-228 (1985).
9K. Umano, A. Shoji, Y. Hagi, T. Shibamoto, J Agr Food Chem 34, 593-596 (1986).

1°H, Tamura, S. Kihara, K. Nakahara, H. Sugisawa, Nippon Shokuhin Kogyu Gakkaishi 38, 934-939 (1991)
11T, Hanai, C. Hong, Journal of High Resolution Chromatography 12, 327-332 (1989).

2yvalim MF, Rouseff RL, Lin J., Journal of Agricultural and Food Chemistry 51, 1010-1015 (2003).
3Friberg, M., Schwind, C., Raguso, R. A., & Thompson, J. N., Annals of botany, 111, 539-550 (2013).
“Wong, K.C.; Teng, Y.E., J. Essent. Qil Res., 6, 453-458 (1994).

BGoodrich, K. R., & Raguso, R. A., New Phytologist, 183, 457-469 (2009).

®Nagarajan, S.; Rao, L.J.M.; Guirudutt, K.N., Flavour Fragr. J., 16, 27-29 (2001).

YNishimura, O.; Yamaguchi, K.; Mihara, S.; Shibamoto, T., J. Agric. Food Chem., 37, 139-142 (1989).
18K, C. Wong, Y. E. Teng, J Essent Oil Res 6, 453-458 (1994).

¥Tudor, E., Moldovan, D., Zarna, N., Rev. Roum. Chim. 44, 4665-675 (1999).

2H. Toda, K. Yamaguchi, T. Shibamoto, J Agr Food Chem 30, 81-84 (1982).

2D. D. Rowan, H. P. Lane, J. M. Allen, S. Fielder, M. B. Hunt, J Agr Food Chem 44, 3276-3285 (1996).
2N. B. Perry, R. T. Weavers, Journal of Chromatography A 284, 478-481 (1984).

23], Cai, P. Lin, X. Zhu, Q. Su, Food Chemistry 99, 401-407 (2006).

%K. C. Wong, D. Y. Tie, J Essent Qil Res 5, 371-374 (1993).

BYu, E.J.; Kim, T.H.; Kim, K.H.; Lee, H.J., Flavour Fragr. J., 19, 74-79 (2004).

%L_opes, D.; Strobl, H.; Kolodziejczyk, P., Chemistry and Biodiversity 1, 1880-1887 (2004).

2’N. W. Davies, J Chromatogr 503, 1-24 (1990).
%Umano, K.; Shibamoto, T., in Proceedings of the 10th International Congress of Essential Oils, Fragrances and Flavors, Lawrence,B.M.,
Mookherjee,B.D., Willis,B.J., Eds. (Elsevier, 1988), pp. 981-998.

138



Supplementary Materials

29]. Pala-Paul, L. M. Copeland, J. J. Brophy, R. J. Goldsack, Biochem Syst Ecol 34, 48-55 (2006).
%R. G. Buttery, et al., J Agr Food Chem 48, 2858-2861 (2000).

SlAvato, P.; Raffo, F.; Aldouri, N.A.; Vartanian, S.T., Flavour Fragr. J., 19, 559-561 (2004).
%2Tzakou, O. Couladis, M., Flavour Fragr. J., 16, 107-109 (2001).

3K. Umano et al., J Agr Food Chem 42, 1888-1890 (1994).

%K. Umano et al., J Agr Food Chem 40, 599-603 (1992).

%K. Umano et al., J Agr Food Chem 48, 3463-3469 (2000).

%], Loayza et al., Phytochemistry 38, 381-389 (1995).

$’M. Hazzit, A. Baaliouamer, M. L. Faleiro, M. G. Miguel, J Agr Food Chem 54, 6314-6321 (2006).
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Table 3.S9. The phylogenetic signal in all variables used in the present Chapter. Different methods have been used according to variable type.
Details are provided in Materials and Methods. K*: Blomberg’s K*. Mantel r: Mantel statistic. D: statistic for binary traits. Only p-values implying
significance shown (p< 0.050).

Transitions Transitions

Trait K* p| Mantelr p D p! observed? randomized p
Fhex 0.32 0.041

Onex 0.22 ns

Chroma 0.46 0.004

Hue 0.39 0.014

Brightness 0.24 ns

NMDS1 0.37  0.020

NMDS2 0.43 0.006

Mt 0.49 0.008

(Ptet 0.21 ns

Otet 0.36 ns

Spectral DM? 0.04 ns
Hexagon loci DM? 0.08 ns
NMDS loci DM? 0.17 0.014
%Aliphatics (ER)* 0.13 ns

%Benzenoids (ER) * 0.24 ns

%Monoterpenes (ER) * 0.30 ns

%Sesquiterpenes (ER) * 0.42 0.044

%Aliphatics (count) 0.17 ns

%Benzenoids (count) 0.24 ns

%Monoterpenes (count) 0.24 ns

%Sesquiterpenes (count) 0.29 ns

Total network — DM? 0.18 0.008
Aliphatics sub-network — DM?* 0.07 ns
Benzenoids sub-network — DM?® 0.04 ns
Monoterpenes sub-network — DM? 0.18 0.020
Sesquiterpenes sub-network — DM? 0.08 ns
d 0.39 0.028

c 0.18 ns

z 0.18 ns
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Transitions Transitions
Trait K* Mantel r p D p observed? randomized p
Module ID 24 25 ns
Nectar 0.09 0.006

1Probability of D resulting from no (random) phylogenetic structure.
2Phylogenetic signal exists if only the observed transitions are significantly le

SDM: distance matrix.
4ER: emission rate.
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Fig. 4.51. Phylogenetic relationships among the insects of the community. The rectangular cladogram (no branch lengths) was created using the online
tool Open Tree of Life (95).
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Fig. 4.S2. Significant associations between pollinator groups and the nine modules of the p—p network
in the study community. The frequency distribution of insects of each group within the modules is
presented in a mosaic plot. Shading shows the module—class combinations that are more (blue) or less
(red) probable corresponding to the magnitude of the standardized residuals of the Pearson y? test.
Shaded cells with residual values >|2| and >|4| correspond to residuals that are individually significant

at 0.05 and <0.0001, respectively.
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Fig. 4.S3. Phylogenetically relative plants are mainly visited by the same group of pollinator.
Significance (**: p=0.008) was acquired by applying the algorithm ‘phylo.signal.disc’ for discrete
traits implemented in R, developed by Enrico Rezende (pers. comm.; see 94 for detailed description
of the method and example).
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Fig. 4.54. The insects in the total network showing significant associations of number of visits (visitation) and the proportion of sesquiterpenes in plant
emissions (sesq). The independent variable was arcsine transformed. The significance of the univariate tests was assessed with ANOVA (likelihood ratio
tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S5. The insects in the total network showing significant associations of number of visits
(visitation) and the apparency of sesquiterpene emissions. The significance of the univariate tests
was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations
via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p=<0.001).
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Fig 4.S6. The insects in the total network showing significant associations of number of visits
(visitation) and floral height. The significance of the univariate tests was assessed with ANOVA
(likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S7. The insects in the total network showing significant associations of number of visits
(visitation) and floral height apparency. The significance of the univariate tests was assessed with
ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S8. The insects in the total network showing significant associations of number of visits (visitation) and floral surface. The significance of the
univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual resampling (*:
p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S9. The insects in the total network showing significant associations of number of visits (visitation) and floral surface apparency (surface
app). The significance of the univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations

via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Amegilla quadrifasciata Anomala sp. A Calliphoridae sp. A Ceratina schwarzi Chrysolina americana
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Fig 4.510. The insects in the total network showing significant associations of number of visits
(visitation) and the start of flowering (start date). The significance of the univariate tests was assessed
with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S11. The insects in the total network showing significant associations of number of visits (visitation) and the duration of flowering
(duration). The significance of the univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap

iterations via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.512. The insects in the Coleoptera sub-network that show significant associations of number of
visits (visitation) and floral height apparency (height app). The significance of the univariate tests
was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations
via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.513. The insects in the Coleoptera sub-network that show significant associations of number of
visits (visitation) and floral surface apparency (surf app). The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p=<0.001).
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Fig 4.514. The insects in the Coleoptera sub-network that show significant associations of number of
visits (visitation) and floral symmetry.
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Fig. 4.515. The insects in the Coleoptera sub-network that show significant associations of number
of visits (visitation) and the start of flowering (start). The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.516. The insects in the Coleoptera sub-network that show significant associations of number of
visits (visitation) and the duration of flowering. The significance of the univariate tests was assessed
with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S17. The insects in the Diptera sub-network that show significant associations of number of
visits (visitation) and benzenoid emissions apparency (benzenoids app). The significance of the
univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999
bootstrap iterations via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.518. The insects in the Diptera sub-network that show significant associations of number of
visits (visitation) and total emissions apparency. The significance of the univariate tests was assessed
with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.519. The insects in the Diptera sub-network that show significant associations of number of
visits (visitation) and the start date of flowering. The significance of the univariate tests was assessed
with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S20. The insects in the Diptera sub-network that show significant associations of number of
visits (visitation) and the duration of flowering. The significance of the univariate tests was assessed
with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.521. The insects in the bees sub-network that show significant associations of number of visits
(visitation) and the apparency of sesquiterpene emissions (sesq app). The significance of the
univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999
bootstrap iterations via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.522. The insects in the bees sub-network that show significant associations of number of visits
(visitation) and floral height apparency (height app). The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.523. The insects in the bees sub-network that show significant associations of number of visits
(visitation) and floral surface apparency (surface app). The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p=<0.001).
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Fig 4.524. The insects in the bees sub-network that show significant associations of number of visits
(visitation) and corolla depth. The significance of the univariate tests was assessed with ANOVA
(likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).

165



Supplementary Materials

Apis mellifera Ceratina schwarzi Eoanthidium insulare
o 8 8
* * *
c
6 o 6 6
8 °
8 0 o°
2 ¢ °09 4 4 4
>
g 2 oo ° 2 2
e [e] ] (s] [s]
0 o] © @@ © OO0 O @odD 0 O @ O 000 CEEDINDIIED 0 o] © @ O 000 CEEDINNED
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Eucera cineraria Eucera seminuda Hoplitis sp. A
8 8 8
*¥ *% *
s 6 6 6
]
= 4 ] 4 4
s
o]
_8’ 2 o 2 2
o O a o
0 o © @ ©OCCO D I 0 o O @ O 000 CEEDIHNIIND 0 o© © @ O OO0 GBI
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Lasioglossum laticeps Pseudapis monstrosa Rhodanthidium septemdentatum
8 8 8
- * ¥ *%
S 6 6 6
=
]
5 4 4 4
B
g 2 2 2 o
il ° o o8 el
0 Q Q @@ O OO0 EEDEIED 0 o O @ O 000 CEEDINDIIED 0 o] O @ O 000 EDIID
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
log duration log duration log duration

Fig 5.S25. The insects in the bees sub-network that show significant associations of number of visits
(visitation) and the duration of flowering. The significance of the univariate tests was assessed with
ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.526. The insects in the wasps sub-network that show significant associations of number of visits
(visitation) and floral surface. The significance of the univariate tests was assessed with ANOVA
(likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.527. The insects in the wasps sub-network that show significant associations of number of visits
(visitation) and floral surface apparency. The significance of the univariate tests was assessed with
ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.528. The insects in the Lepidoptera sub-network that show significant associations of number
of visits (visitation) and the proportion of sesquiterpenes in the floral emissions. The significance of
the univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999
bootstrap iterations via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.529. The insects in the Lepidoptera sub-network that show significant associations of number
of visits (visitation) and sesquiterpenes apparency (sesq app). The significance of the univariate tests
was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations
via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S30. The insects in the Lepidoptera sub-network that show significant associations of number
of visits (visitation) and floral height. The significance of the univariate tests was assessed with
ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S31. The insects in the Lepidoptera sub-network that show significant associations of number
of visits (visitation) and floral height apparency. The significance of the univariate tests was assessed
with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S32. The insects in the Lepidoptera sub-network that show significant associations of number
of visits (visitation) and floral surface. The significance of the univariate tests was assessed with
ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap residual
resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S33. The insects in the Lepidoptera sub-network that show significant associations of number
of visits (visitation) and floral surface apparency (surface app). The significance of the univariate
tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap
iterations via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S34. The only insect in the Lepidoptera sub-network that shows a significant association of
number of visits (visitation) and the start date of flowering. The significance of the univariate tests
was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations
via PIT-trap residual resampling (*: p<0.050; **p<0.010; ***p<0.001).
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Fig 4.S35. The relationship of floral symmetry and visitation by bees (left), and separately by Apidae
(middle), and Megachilidae (right). Results were acquired with phylogenetically informed GLS
models. Response variables were arcsine-transformed.
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Fig 4.S36. The relationship of corolla depth and visitation by bees (left), separately by Megachilidae
(middle), and by Syrphidae (right). Results were acquired with phylogenetically informed GLS
models. Response variables were arcsine-transformed.
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Fig. 4.S37. The percentage of visits by Coleoptera for each plant, distributed within the phylogram of
the plants in the community (branch length: Ma). A significant phylogenetic signal is found
(Blomberg’s K*=0.47, p=0.009 in Table 4.S6).
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Table 4.S1. Flowering phenology, floral morphology and the volatility of the scent blends of the plants in the community. Days of flowering and floral
density represent mean values of the two years of sampling, except for Geranium robertianum and Heliotropium europaeum that were observed in the
community only in the second year. Note that Cuscuta epithymum is a parasitic vine found on Cistus creticus towards the end of its flowering period.

Plant First day of Lastday of Floral density Corolla depth? Symmetry Floral surface  Floral height Mean nBP

flowering'  flowering®  (fl. units/m? (cm?) (cm) (°C)
Anagallis arvensis 102 169 3.23 short actinomorphic 0.47 3.71 218.1
Anemone pavonina 102 117 0.23 short actinomorphic 13.67 20.67 222.9
Anthemis auriculata 117 169 0.67 short actinomorphic 4.95 13.97 207.7
Anthyllis hermanniae 141 152 8.58 short zygomorphic 0.12 28.79 221.5
Asphodelus ramosus 102 117 0.71 short actinomorphic 3.39 74.65 206.7
Blackstonia perfoliata 117 138 1.09 short actinomorphic 0.29 6.74 188.8
Centaurea solstitialis 152 155 0.01 long actinomorphic 0.58 25.95 2131
Centaurium pulchellum 147 152 0.01 short actinomorphic 0.49 10.11 228.5
Cistus creticus 102 173 8.29 short actinomorphic 16.97 33.48 235.2
Cistus salvifolius 102 146 6.70 short actinomorphic 9.74 30.28 209.6
Crepis neglecta 117 161 3.69 long actinomorphic 2.56 28.20 205.6
Cuscuta epithymum 152 173 1.50 short actinomorphic 0.47 27.35 2214
Echium plantagineum 110 169 0.32 long zygomorphic 1.39 7.25 169.9
Fumana arabica 102 173 0.96 short actinomorphic 3.97 20.75 206.3
Genista acanthoclada 102 117 0.73 long zygomorphic 0.73 40.53 208.2
Geranium robertianum 125 153 0.08 short actinomorphic 0.56 4.63 226.8
Hedypnois cretica 102 143 1.99 long actinomorphic 0.44 9.82 202.2
Heliotropium lasiocarpum 178 178 0.10 short actinomorphic 4.42 16.71 200.9
Lagoecia cuminoides 130 152 1.30 short actinomorphic 0.66 17.21 180.5
Lavandula stoechas 102 163 28.99 long zygomorphic 4.76 34.23 209.1
Linum trigynum 110 169 18.05 short actinomorphic 0.11 10.87 166.0
Medicago minima 136 146 0.56 short zygomorphic 0.07 5.10 201.2
Moenchia mantica 102 157 3.34 long actinomorphic 0.96 13.33 2221

178



Supplementary Materials

Plant Firstday of Lastdayof Floral density Corolladepth?  Symmetry Floral surface  Floral height Mean nBP

flowering®  flowering!  (fl. units/m? (cm?) (cm) (°C)
Onopordum tauricum 147 176 0.40 long actinomorphic 39.43 111.47 202.5
Orchis sancta 102 130 0.07 long zygomorphic 1.01 18.33 261.8
Ornithogalum sp. 117 122 0.12 short actinomorphic 3.44 7.00 194.8
Papaver argemone 128 141 0.02 short actinomorphic 19.81 16.31 244.6
Prasium majus 122 133 0.04 long zygomorphic 1.35 61.75 205.6
Ranunculus paludosus 102 110 0.16 short actinomorphic 2.35 13.70 198.2
Scandix sp. 102 132 3.01 short actinomorphic 1.08 18.00 237.8
Sedum confertiflorum 102 117 0.54 short actinomorphic 0.12 4.66 2111
Serapias cordigera 102 138 1.86 long zygomorphic 2.60 18.68 268.3
Serapias vomeracea 102 130 1.43 long zygomorphic 0.72 19.56 274.5
Taraxacum sp. 102 125 0.20 long actinomorphic 10.77 24.25 247.0
Teucrium divaricatum 139 176 7.80 long zygomorphic 0.74 43.50 2151
Tolpis barbata 117 173 2.93 short actinomorphic 1.98 14.96 212.1
Trifolium angustifolium 117 130 1.94 short zygomorphic 0.03 6.55 202.9
Trifolium arvense 122 161 7.66 short zygomorphic 1.00 7.75 200.1
Trifolium campestre 102 128 3.48 short zygomorphic 0.80 7.95 206.8
Trifolium glanduliferum 102 127 6.54 short zygomorphic 1.22 5.99 217.7
Tuberaria guttata 102 134 1.02 short actinomorphic 1.54 15.12 202.3

LJulian day numbers.

2Limit set at 3 mm.
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Table 4.52. The 168 flower-visiting insects recorded in the study community, their phenology and the module they have been classified to by the Simulated
Annealing algorithm (see Materials and Methods). For each Order, number of taxa is given in parentheses. Insects found only in the first year are marked
with (1), and insects found only in the second year, with (2). For the rest insects, days of activity (Julian day numbers) represent the mean values of the
two years. Specimens are deposited at the Melissotheque of the Aegean, University of the Aegean.

Order Family Insect First day of activity  Last day of activity Module ID
Coleoptera
(26; 15.5%) Buprestidae Acmaeodera bipunctata 157 173 Module 3
Buprestidae sp. A 152 155  Module 7
Buprestidae sp. B (1) 150 150 Module 9
Buprestidae sp. C (1) 157 173  Module 7
Cerambycidae Cerambycidae sp. A 124 130  Module 2
Cerambycidae sp. B (2) 153 153  Module 3
Pseudovadonia livida 143 143  Module 3
Chrysomelidae Chrysolina americana (1) 103 129  Module 3
Clytra atraphaxidis (1) 103 129  Module 9
Labidostomis humeralis (1) 105 105 Module 8
Cleridae Diplocladus sp. A 147 152  Module 7
Trichodes alvearius 101 139  Module 5
Curculionidae Larinus sp. A (1) 157 173 Module 7
Glaphyridae Eulasia nitidicollis 117 124 Module 8
Pygopleurus sp. A 101 102  Module 8
Melyridae Dasytes sp. A 103 103 Module 8
Malachius bipustulatus (1) 102 160  Module 8
Mordellidae Mordellidae sp. A (1) 167 167  Module 4
Oedemeridae Oedemera sp. A 109 166  Module 8
Oedemera sp. B 168 168  Module 3
Scarabaeidae Anomala sp. A 101 143 Module 8
Epicometis hirta 101 117 Module 8
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Order Family Insect First day of activity  Last day of activity Module ID
Osmoderma sp. A 130 169  Module 6
Oxythyrea funesta 133 133  Module 7
Unknown Beetle sp. A (1) 103 120 Module 8
Beetle sp. B (2) 153 153  Module 3
Diptera
(37; 22.0%) Asilidae Asilidae sp. A (1) 105 120  Module 3
Asilidae sp. B (2) 153 153  Module 4
Bombyliidae Bombylella atra (1) 103 157  Module 8
Bombylius medius (1) 103 120  Module 3
Bombylius posticus 147 166  Module 2
Bombylius rhodius 101 102  Module 5
Cyllenia rustica 157 157  Module 2
Exoprosopa minois 147 161  Module 2
Exoprosopa pandora 147 176  Module 2
Lomatia sp. A (1) 150 157  Module 8
Petrorossia chraminensis (2) 153 178  Module 9
Phthiria subnitens (1) 173 173 Module 7
Thyridanthrax elegans (1) 167 167  Module 4
Villa hottentotta (2) 164 164  Module 3
Calliphoridae Calliphoridae sp. A (1) 167 167  Module 4
Calliphoridae sp. B (1) 103 142 Module 9
Empididae Empididae sp. A (2) 98 98 Module 5
Hybotidae Hybotidae sp. A (1) 103 105 Module 5
Syrphidae Eristalinus aeneus (2) 164 164  Module 3
Eristalis tenax 136 150 Module 3
Eumerus pulchellus 102 150  Module 5
Eupeodes corollae (2) 113 113  Module 2
Merodon albifrons (1) 150 150 Module 3
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Order Family Insect First day of activity  Last day of activity Module ID
Merodon spinitarsis 121 121 Module 9
Paragus haemorrhous (1) 167 167  Module 4
Paragus sp. A (1) 173 173  Module 4
Sphaerophoria scripta (1) 142 142 Module 9
Syritta pipiens (1) 167 167 Module 4
Tachinidae Tachinidae sp. A 142 166  Module 8
Tephritidae Tephritidae sp. A (1) 103 105 Module 5
Tipulidae Tipulidae sp. A (1) 105 105 Module 3
Unknown Fly sp. A 103 105  Module 5
Flysp. B 105 105 Module 5
Fly sp. C 103 120  Module 5
Fly sp. D (1) 108 117  Module 5
Fly sp. E (1) 129 129  Module 9
Fly sp. F 105 105 Module 5
Hemiptera
(3; 1.8%) Auchenorrhyncha Auchenorrhyncha sp. A 142 150 Module 8
Miridae Calocoris sp. A 103 105 Module 5
Bug sp. A 105 120  Module 8
Hymenoptera — Bees
(66; 39.3%) Andrenidae Andrena aff. hesperia 102 102 Module 8
Andrena aff. neocypriaca 128 128  Module 9
Andrena panurgimorpha (1) 135 142 Module 9
Andrena schencki (2) 113 113 Module 8
Andrena sp. A (1) 103 129  Module 5
Andrena sp. C (1) 120 129  Module 9
Andrena westensis (2) 98 178  Module 8
Apidae Amegilla albigena 152 169  Module 7
Amegilla quadrifasciata 163 176  Module 7
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Order Family Insect First day of activity  Last day of activity Module ID
Amegilla salviae (1) 173 173 Module 7
Anthophora crinipes (2) 113 125  Module 3
Anthophora dalmatica 109 127 Module 3
Anthophora plumipes (1) 103 103  Module 3
Anthophora rubricrus (1) 105 105 Module 3
Apis mellifera 101 176  Module 8
Bombus terrestris 114 155  Module 7
Ceratina acuta (2) 125 153  Module 6
Ceratina schwarzi (2) 113 178  Module 2
Ceratina sp. A (1) 167 167  Module 6
Epeolus variegatus (1) 157 157  Module 6
Eucera cineraria group 124 143 Module 3
Eucera digitata 130 138  Module 2
Eucera aff. pseudeucnemidea (2) 125 125  Module 9
Eucera seminuda 139 139  Module 3
Xylocopa iris 114 169  Module 3
Xylocopa violacea 141 166  Module 7
Colletidae Colletes eous (2) 136 136  Module 6
Colletes sp. A 147 147  Module 4
Hylaeus meridionalis (1) 167 167  Module 4
Halictidae Halictus resurgens 147 176  Module 7
Halictus sexcinctus (1) 167 173 Module 7
Halictus aff. tumulorum.confusus (2) 153 153  Module 9
Lasioglossum laticeps/mediterraneum (2) 136 153  Module 3
Lasioglossum aff. lativentre/haesitans (2) 136 136  Module 2
Lasioglossum leucozonium 109 155  Module 6
Lasioglossum malachurum group 152 157  Module 9
Lasioglossum marginatum (1) 129 129  Module 9
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Order Family Insect First day of activity  Last day of activity Module ID
Lasioglossum pygmaeum/pauperatum 101 133  Module 3
Lasioglossum sp. B (2) 113 113 Module 6
Lasioglossum tricinctum group 101 160  Module 8
Lasioglossum villosulum group (2) 136 136  Module 9
Pseudapis monstrosa (2) 136 153  Module 3

Megachilidae Anthidiellum strigatum 155 155  Module 6
Anthidium aff. dalmaticum (2) 153 153  Module 7
Eoanthidium insulare (2) 178 178  Module 3
Eoanthidium aff. judaense (2) 160 160  Module 4
Eoanthidium sp. A 164 164  Module 4
Hoplitis adunca group (2) 125 125  Module 6
Hoplitis aff. illyrica 141 141 Module 2
Hoplitis aff. lysholmi 152 155  Module 2
Hoplitis sp. A (2) 125 125  Module 3
Hoplitis sp. C (1) 142 142  Module 9
Lithurgus chrysurus (1) 173 173 Module 7
Megachile albisecta 163 163  Module 7
Megachile giraudi (2) 136 136  Module 7
Megachile hungarica 147 173 Module 7
Megachile manicata (2) 98 153  Module 6
Megachile parietina (2) 98 136  Module 6
Megachile pilicrus 155 176  Module 7
Megachile sp. A (1) 167 167  Module 7
Osmia dimidiata 163 163  Module 7
Osmia aff. helicosmia (2) 125 125  Module 6
Osmia sp. B (2) 125 125  Module 8
Osmia sp. C (2) 125 125 Module 9
Osmia versicolor (2) 125 125  Module 8

184



Supplementary Materials

Order Family Insect First day of activity  Last day of activity Module ID
Rhodanthidium septemdentatum (2) 125 178  Module 3
Hymenoptera — Wasps
(19; 11.3%) Chrysididae Chrysididae sp. A (1) 157 157  Module 2
Chrysididae sp. B (2) 113 113  Module 1
Chrysura circe (1) 103 103  Module 1
Crabronidae Bembix bicolor (2) 136 153  Module 3
Crabronidae sp. A (1) 150 150 Module 3
Crabronidae sp. C (2) 164 178  Module 4
Eumenidae Eumenidae sp. A (1) 167 167  Module 4
Eumenidae sp. B (2) 136 136  Module 3
Eumenidae sp. C (2) 136 136  Module 3
Eumenidae sp. D (2) 136 136  Module 8
Leucospidae Leucospis gigas (1) 167 167  Module 4
Pompilidae Cryptocheilus sp. A 117 124  Module 3
Sapygidae Sapyga sp. A (1) 135 135 Module 2
Scoliidae Colpa quinquecincta (2) 178 178  Module 4
Megascolia maculata 147 155  Module 4
Scolia sp. A (2) 164 178  Module 4
Tiphiidae Tiphia sp. A (2) 113 113  Module 9
Vespidae Polistes sp. A 164 173 Module 4
Vespa orientalis (1) 142 167  Module 7
Lepidoptera
(17; 10.1%) Hesperiidae Charcharodus orientalis (2) 153 178  Module 2
Spialia orbifer (2) 178 178  Module 2
Thymelicus acteon (1) 157 157  Module 7
Thymelicus sylvestris 160 160  Module 7
Lycaenidae Lycaena phlaeas 143 161  Module 6
Pseudophilotes vicrama 128 155  Module 6
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Order Family Insect First day of activity  Last day of activity Module ID
Noctuidae Noctuidae sp. A (1) 167 167  Module 7
Noctuidae sp. B (2) 136 136  Module 6
Trichoplusia ni (1) 157 157  Module 7
Nymphalidae Coenonympha pamphilus 141 157  Module 8
Maniola telmessia 130 143 Module 3
Papilionidae Papilio machaon (1) 157 167  Module 7
Pieridae Colias crocea 128 155  Module 7
Gonepteryx cleoptatra (2) 136 136  Module 7
Pieris brassicae (1) 157 167  Module 7
Sphingidae Macroglossum stellatarum (2) 136 153  Module 7
Zygaenidae Zygaenidae sp. A (2) 125 125  Module 3
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Table 4.S3. Sizes of the phenonets in the study community. Connectance represents the realized
proportion of the possible links within each phenonet. Metrics are also shown for the phenonets of the
plants that received no visits.

phenonet Connectance # Insects  # Plants

Anagallis arvensis 0.067 158 37
Anemone pavonina 0.139 47 24
Anthemis auriculata 0.066 165 36
Anthyllis hermanniae 0.165 51 20
Asphodelus ramosus 0.144 47 23
Blackstonia perfoliata 0.092 68 36
Centaurea solstitialis 0.190 42 16
Centaurium pulchellum 0.198 42 15
Cistus creticus 0.067 158 37
Cistus salviifolius 0.083 99 34
Crepis neglecta 0.078 115 35
Cuscuta epithymum 0.143 77 16
Echium plantagineum 0.068 143 37
Fumana arabica 0.067 158 37
Genista acanthoclada 0.137 47 24
Geranium robertianum 0.089 91 32
Hedypnois cretica 0.085 96 33
Heliotropium lasiocarpum NA NA NA
Lagoecia cuminoides 0.114 68 27
Lavandula stoechas 0.071 139 37
Linum trigynum 0.068 143 37
Medicago minima 0.152 46 18
Moenchia mantica 0.072 135 37
Onopordum tauricum 0.135 88 16
Orchis sancta 0.099 72 31
Ornithogalum sp. 0.171 30 24
Papaver argemone 0.114 49 28
Prasium majus 0.140 41 25
Ranunculus paludosus 0.155 39 19
Scandix sp. 0.099 72 31
Sedum confertiflorum 0.138 48 24
Serapias cordigera 0.090 83 31
Serapias vomeracea 0.098 72 30
Taraxacum sp. 0.124 54 27
Teucrium divaricatum 0.118 99 20
Tolpis barbata 0.071 136 35
Trifolium angustifolium 0.118 50 29
Trifolium arvense 0.082 109 33
Trifolium campestre 0.108 67 28
Trifolium glanduliferum 0.113 64 27
Tuberaria guttata 0.099 72 31
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Table 4.S4. Comparison of the node properties computed for the ‘static’ network of the entire flowering season and for the plant phenonets (pn) in the
community. Properties were calculated using the function ‘specieslevel’ in the R package bipartite v.2.05, except for the functional role which was
computed with NetCarto software (69). Plants with no insect visitors are not included. For details on each property see Materials and Methods.

Normalized degree ~ Betweenness centrality Closeness centrality Functional role
Plant static phenonet static  phenonet static  phenonet static phenonet
Anagallis arvensis 0.006 0.006 0.000 0.000 0.020 0.021 Peripheral Peripheral
Anemone cf. pavonina 0.024 0.085 0.007 0.020 0.028 0.043 Peripheral Connector
Anthemis auriculata 0.071 0.073 0.062 0.052 0.031 0.032 Connector Connector
Anthyllis hermanniae 0.071 0.137 0.025 0.040 0.029 0.050 Module hub Peripheral
Asphodelus ramosus 0.065 0.213 0.008 0.034 0.027 0.045 Peripheral Peripheral
Blackstonia perfoliata 0.006 0.015 0.000 0.000 0.021 0.023 Peripheral Peripheral
Centaurea solstitialis 0.018 0.048 0.004 0.015 0.023 0.052 Peripheral Peripheral
Cistus creticus 0.411 0.430 0.207 0.194 0.035 0.035 Network hub  Network hub
Cistus salviifolius 0.113 0.182 0.020 0.025 0.031 0.035 Peripheral Connector
Crepis neglecta 0.155 0.200 0.124 0.138 0.030 0.032  Module hub Module hub
Cuscuta epithymum 0.143 0.260 0.021 0.114 0.030 0.068  Module hub Connector
Echium plantagineum 0.054 0.063 0.025 0.027 0.030 0.030 Peripheral Peripheral
Fumana arabica 0.077 0.082 0.059 0.066 0.032 0.033 Connector Connector
Genista acanthoclada 0.012 0.043 0.000 0.000 0.020 0.029 Peripheral Peripheral
Hedypnois cretica 0.054 0.094 0.013 0.017 0.031 0.035 Peripheral Peripheral
Lagoecia cuminoides 0.012 0.029 0.001 0.002 0.027 0.036 Peripheral Peripheral
Lavandula stoechas 0.125 0.137 0.102 0.107 0.032 0.032 Connector Peripheral
Linum trigynum 0.048 0.056 0.032 0.025 0.030 0.030 Peripheral Module hub
Medicago minima 0.018 0.065 0.014 0.047 0.029 0.058 Peripheral Peripheral
Moenchia mantica 0.065 0.074 0.009 0.010 0.029 0.029 Connector Connector
Onopordum tauricum 0.208 0.375 0.033 0.049 0.029 0.059  Module hub Module hub
Orchis sancta 0.012 0.028 0.008 0.021 0.026 0.032 Peripheral Peripheral
Ornithogalum sp. 0.030 0.100 0.004 0.009 0.028 0.043 Peripheral Peripheral
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Normalized degree  Betweenness centrality Closeness centrality Functional role
Plant static phenonet static  phenonet static  phenonet static phenonet
Prasium majus 0.024 0.073 0.000 0.000 0.020 0.029 Peripheral Peripheral
Ranunculus paludosus 0.024 0.103 0.004 0.011 0.028 0.055 Peripheral Peripheral
Scandix sp. 0.065 0.153 0.001 0.002 0.023 0.029  Module hub Module hub
Sedum confertiflorum 0.012 0.042 0.000 0.000 0.000 0.000 Peripheral Peripheral
Serapias cordigera 0.018 0.036 0.001 0.001 0.021 0.025 Peripheral Peripheral
Serapias vomeracea 0.006 0.014 0.000 0.000 0.016 0.021 Peripheral Peripheral
Taraxacum sp. 0.089 0.278 0.046 0.117 0.031 0.044 Peripheral Connector
Teucrium divaricatum 0.119 0.172 0.050 0.106 0.030 0.050 Peripheral Module hub
Tolpis barbata 0.077 0.081 0.047 0.029 0.032 0.033 Peripheral Peripheral
Trifolium angustifolium 0.006 0.020 0.000 0.000 0.019 0.025 Peripheral Peripheral
Trifolium arvense 0.060 0.092 0.050 0.055 0.032 0.036 Connector Peripheral
Trifolium campestre 0.006 0.015 0.000 0.000 0.025 0.034 Peripheral Peripheral
Trifolium glanduliferum 0.054 0.094 0.021 0.025 0.031 0.042 Peripheral Peripheral
Tuberaria guttata 0.018 0.042 0.002 0.002 0.027 0.034 Peripheral Peripheral
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Table 4.S5. Vertical, horizontal, and chemical floral apparency in the study community. Values correspond to the flowering time of each plant species,
not to the entire sampling season. Apparency values of zero indicate that the focal trait of the plant does not differ from the median of the co-flowering
plants. For chemical apparency, we have taken into account the per m? emission rate of each plant (see Materials and Methods for details).

Plant Vertical Horizontal Total emissions Aliphatics Benzenoids Monoterpenes Sesquiterpenes

apparency apparency apparency apparency apparency apparency apparency
Anagallis arvensis -12.89 0.50 -0.15 0.18 0.09 -0.09 0.00
Anemone pavonina 491 1.44 -0.45 -0.10 0.00 -0.04 0.00
Anthemis auriculata -2.80 2.26 0.50 0.13 0.01 0.36 0.30
Anthyllis hermanniae 11.56 -0.37 80.94 1.69 12.61 63.25 1.78
Asphodelus ramosus 58.94 0.75 -0.73 -0.29 -0.01 -0.10 0.00
Blackstonia perfoliata -8.59 -0.96 -0.52 -0.07 -0.01 -0.09 0.00
Centaurea solstitialis 6.98 -1.62 -1.12 -0.24 -0.01 -0.24 -0.05
Centaurium pulchellum -9.77 -1.82 -1.43 -0.29 -0.02 -0.34 -0.09
Cistus creticus 16.86 139.73 19.56 0.31 1.97 4.63 8.63
Cistus salvifolius 14.28 64.10 2.55 0.81 0.26 0.15 0.98
Crepis neglecta 11.40 8.41 0.90 0.77 0.00 0.14 0.00
Cuscuta epithymum 8.35 -0.96 -0.86 -0.12 0.05 -0.23 -0.05
Echium plantagineum -9.38 -0.54 -0.57 -0.14 0.00 -0.08 0.00
Fumana arabica 4.15 2.83 -0.11 0.16 0.04 -0.02 0.00
Genista acanthoclada 24.86 -1.12 0.24 -0.13 0.45 0.15 0.06
Geranium robertianum -12.21 -1.25 0.61 -0.23 0.01 0.80 0.38
Hedypnois cretica -5.79 -0.14 0.73 0.53 0.07 0.21 -0.01
Heliotropium lasiocarpum 0.10 -0.56 -0.38 -0.13 0.03 0.05 0.00
Lagoecia cuminoides 0.19 -0.26 26.36 -0.23 3.08 23.07 0.83
Lavandula stoechas 17.68 137.13 391.45 4.96 0.00 350.03 30.70
Linum trigynum -5.69 0.98 -0.26 -0.16 0.00 0.26 0.00
Medicago minima -10.32 -1.54 -1.33 -0.39 -0.01 -0.31 -0.08
Moenchia mantica -3.38 2.22 1.21 1.50 0.00 -0.05 0.00
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Plant Vertical Horizontal Total emissions Aliphatics Benzenoids Monoterpenes Sesquiterpenes

apparency apparency apparency apparency apparency apparency apparency
Onopordum tauricum 92.94 14.19 -1.15 -0.24 -0.01 -0.27 -0.05
Orchis sancta 2.72 -1.18 2.74 -0.20 3.25 -0.12 0.09
Ornithogalum sp. -9.06 -1.16 -0.64 -0.28 -0.01 -0.07 -0.01
Papaver argemone 0.48 -0.72 -0.94 -0.27 -0.01 -0.18 -0.02
Petrorhagia velutina 0.69 -1.70 -0.93 -0.42 -0.02 -0.13 -0.01
Prasium majus 46.57 -1.26 -0.72 -0.26 -0.01 -0.07 0.02
Ranunculus paludosus -4.00 -1.51 -0.25 -0.28 -0.02 0.43 -0.01
Scandix sp. 2.41 2.01 219.88 2.47 214.56 2.09 1.13
Sedum confertiflorum -10.98 -1.62 -0.67 -0.28 0.00 -0.07 0.01
Serapias cordigera 3.36 3.68 0.14 0.64 -0.01 -0.11 0.00
Serapias vomeracea 3.69 -0.15 0.19 0.65 -0.01 -0.10 0.00
Taraxacum sp. 8.90 0.78 -0.69 -0.24 -0.01 -0.11 -0.01
Teucrium divaricatum 25.87 4.34 24.66 4.00 -0.01 6.28 14.79
Tolpis barbata -1.87 4.76 0.06 0.26 0.00 -0.05 0.05
Trifolium angustifolium -9.29 -1.27 -0.36 0.06 0.00 -0.09 -0.01
Trifolium arvense -8.73 6.66 -0.27 -0.21 0.03 0.10 -0.01
Trifolium campestre -7.53 1.47 2.83 2.46 0.34 0.30 0.02
Trifolium glanduliferum -9.23 6.60 80.12 6.60 64.84 5.80 2.02
Tuberaria guttata -0.54 0.35 -0.28 -0.14 -0.01 0.22 -0.01
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Table 4.S6. The phylogenetic signal in all variables used in the present Chapter. Different methods have been used according to variable type (alternately
shaded groups of columns). Details are provided in Materials and Methods. K*: Blomberg’s K*. Mantel r: Mantel statistic. D: statistic for binary traits.
Only p-values implying significance shown (p< 0.050).

Transitions  Transitions

K* p-value r p-value D! prandom pBrownian observed® randomized® p-value
% Bees visits 0.15 0.605
% Andrenidae visits 0.19 0.784
% Apidae visits 0.14 0.641
% Colletidae visits 0.42 0.394
% Halictidae visits 0.55 0.011
% Megachilidae visits 0.26 0.409
% Coleoptera visits 0.47 0.009
% Oedemeridae visits 0.18 0.544
% Scarabaeidae visits 0.85 0.001
% Diptera visits 0.62 0.003
% Bombyliidae visits 0.46 0.056
% Syrphidae visits 0.54 0.046
% Lepidoptera visits 0.04 0.938
% Wasps visits 0.90 0.010
pn Normalized degree 0.23 0.382
pn Betweenness centrality 0.39 0.065
pn Closeness centrality 0.07 0.979
pn Functional role 13 13 0.999
Module 1D 24 23 0.999
Predominating insect order in visits 16 20 0.008
Total p—p network 0.09 0.066
Bees sub-network 0.02 0.375
Coleoptera sub-network 0.11 0.065
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Transitions  Transitions
K* p-value r p-value D! prandom pBrownian observed’? randomized? p-value

Diptera sub-network 0.01 0.398

Lepidoptera sub-network 0.05 0.176

Wasp sub-network 0.02 0.371

Corolla depth -0.15 0 0.641

Floral symmetry -0.75 0 0.955

Floral height 0.35 0.162

Floral surface 0.29 0.404

Vertical apparency 0.35 0.192

Horizontal apparency 0.27 0.572

Total Emissions apparency 0.23 0.624

Aliphatics apparency 0.06 0.931

Benzenoids apparency 0.19 0.752

Monoterpenes apparency 0.27 0.619

Sesquiterpenes apparency 0.34 0.467

1Probability of D resulting from no (random) phylogenetic structure or from Brownian model of evolution.

2Phylogenetic signal exists if only the observed transitions are significantly less than the randomized median.
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Table 4.S7. Number of visits by each one of the main pollinator groups recorded in the two years of
sampling for each plant of the community, and the distribution of plants into the p—p network modules

computed with the SA algorithm (69).

Plant Coleoptera Diptera Lepidoptera Bees Wasps Total visits Module ID
Anagallis arvensis 0 0 0 1 0 1 Module 3
Anemone pavonina 9 0 0 4 0 13 Module 8
Anthemis auriculata 25 6 1 1 1 34  Module 2
Anthyllis hermanniae 2 0 10 122 0 134  Module 6
Asphodelus ramosus 20 10 0 48 0 78  Module 5
Blackstonia perfoliata 0 0 0 2 0 2 Module 2
Centaurea solstitialis 0 1 0 2 0 3 Module7
Centaurium pulchellum 0 0 0 0 0 0 NA
Cistus creticus 2017 71 62 539 19 2708  Module 3
Cistus salviifolius 271 21 0 34 1 327  Module 8
Crepis neglecta 49 8 3 38 1 99  Module 9
Cuscuta epithymum 9 11 7 8 13 48  Module 4
Echium plantagineum 9 0 4 13 0 26 Module 6
Fumana arabica 50 2 0 16 0 68  Module 8
Genista acanthoclada 0 0 0 8 0 8  Module 6
Geranium robertianum 0 0 0 0 0 0 NA
Hedypnois cretica 17 1 0 10 0 28  Module 8
Heliotropium lasiocarpum 0 2 2 1 0 5 Module 2
Lagoecia cuminoides 1 1 0 0 0 2 Module 8
Lavandula stoechas 0 13 6 2430 2 2451  Module 3
Moenchia mantica 3 12 0 3 0 18  Module 2
Linum trigynum 2 0 0 3 0 5 Module 8
Medicago minima 44 30 0 2 0 76  Module 5
Onopordum tauricum 48 2 20 367 12 449  Module 7
Orchis sancta 0 0 0 9 0 9  Module 6
Ornithogalum sp. 12 1 0 0 0 13 Module 8
Papaver argemone 0 0 0 0 0 0 NA
Prasium majus 0 0 0 37 0 37  Module 3
Ranunculus paludosus 5 0 0 3 0 8 Module 8
Scandix sp. 0 130 0 18 0 148  Module 5
Sedum confertiflorum 0 0 0 0 3 3 Module 1
Serapias cordigera 1 0 0 2 0 3  Module 3
Serapias vomeracea 0 0 0 1 0 1 Module 9
Taraxacum sp. 24 0 0 16 0 40  Module 8
Teucrium divaricatum 0 75 45 625 0 745  Module 7
Tolpis barbata 49 15 8 1 1 74 Module 8
Trifolium angustifolium 0 0 1 0 0 1 Module 3
Trifolium arvense 2 4 2 178 1 187  Module 2
Trifolium campestre 0 0 0 1 0 1 Module 8
Trifolium glanduliferum 10 1 1 61 0 73 Module 8
Tuberaria guttata 8 0 0 0 0 8 Module 8
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Table 4.S8. Insects in the total network showing significant effects to at least one of the interaction terms of floral traits examined in this Chapter. The
significance of the univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling.

Order Insect Trichromatic Tetrachromatic Height:Surface Height:Surface Phenology
color color apparency
Dev. p-value Dev. p-value Dev. p-value Dev. p-value Dev. p-value

Coleoptera Acmaeodera bipunctata 18.10 0.001 9.522 0.005
Anomala sp. A 6.96 0.026 10.165 0.011 | 8.792 0.011
Beetle sp. B 7.42 0.017 5.751 0.023
Buprestidae sp. A 7.427 0.011
Buprestidae sp. C 7.48 0.004 4203 0034 | 5564 0.009 | 6.864 0.005
Cerambycidae sp. A 11.45 0.002 4.586 0.033
Cerambycidae sp. B 9.95 0.016 6.718 0.032 7.156 0.026
Dasytes sp. A 9.97 0.03 6.09 0.043 | 15.899 0.003 | 18.942 0.003
Diplocladus sp. A 3.539 0.049 | 11.406 0.011
Eulasia nitidicollis 7.208 0.011 5.033 0.048
Larinus sp. A 3.44 0.05 | 10.849 0.011
Malachius bipustulatus 6.017 0.032
Mordellidae sp. A 4.75 0.029
Oedemera sp. A 7.47 0.037 6.02 0.03 | 14.755 0.008 | 18.526 0.001
Oedemera sp. B 9.95 0.016 6.718 0.032 | 7.156 0.026
Osmoderma sp. A 3.704 0.024 | 12.787 0.011
Oxythyrea funesta 4.814 0.017 7.072 0.005
Pseudovadonia livida 13.09 0.016 6.827 0.022 7.02 0.026
Trichodes alvearius 6.91 0.015 5.425 0.028

Diptera Asilidae sp. A 5.03 0.037 5.856 0.028 | 14.935 0.001
Bombylella atra 7.141 0.019
Bombylius medius 10.594 0.01
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Order Insect Trichromatic Tetrachromatic Height:Surface Height:Surface Phenology
color color apparency
Dev. p-value Dev. p-value Dev. p-value Dev. p-value Dev. p-value
Bombylius posticus 6.988 0.011
Eristalinus aeneus 7.42 0.017 5.751 0.023 6.017 0.027
Eristalis tenax 9.95 0.016 6.718 0.032 | 7.156 0.026
Eumerus pulchellus 10.128 0.008
Fly sp. A 5.667 0.042
Fly sp. F 7.427 0.008
Hybotidae sp. A 6.12 0.04 5.436 0.048
Merodon albifrons 11.80 0.016 6.792 0.022 7.044 0.034
Merodon spinitarsis 6.687 0.027
Petrorossia chraminensis 9.023 0.006
Phthiria subnitens 9.957 0.011
Tachinidae sp. A 4.336 0.049
Tephritidae sp. A 4.325 0.035
Tipulidae sp. A 7.241 0.01
Villa hottentotta 7.42 0.017 5.751 0.023 6.017 0.027
Hemiptera Auchenorrhyncha sp. A 7.031 0.025
Hymenoptera — Bees Amegilla quadrifasciata 5.13 0.028 5.182 0.033 7.932 0.01
Andrena hesperia aff. 5.64 0.035
Andrena schencki 3.14 0.05
Andrena sp. A 18.79 0.001
Anthophora crinipes 5.598 0.04
Anthophora dalmatica 17.618 0.001
Anthophora plumipes 4,995 0.041
Anthophora rubricrus 11.132 0.01
Apis mellifera 10.181 0.003 7.787 0.028
Bombus terrestris 5.542 0.01
Ceratina schwarzi 7.426 0.024 7.404 0.014
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Order Insect Trichromatic Tetrachromatic Height:Surface Height:Surface Phenology
color color apparency
Dev. p-value Dev. p-value Dev. p-value Dev. p-value Dev. p-value

Eoanthidium insulare 7.42 0.017 5.751 0.023 6.017 0.027
Eoanthidium judaense aff. 5.22 0.036 5.571 0.05
Eucera cineraria group 5.457 0.021 | 12.831 0.004
Eucera seminuda 12.014 0.001 6.184 0.017
Halictus resurgens 4.628 0.045
Halictus sexcinctus 3.826 0.047 | 14.422 0.011
Hoplitis sp. A 7.42 0.017 5.751 0.023 | 6.017 0.027
Lasioglossum laticeps.mediterraneum 9.95 0.016 6.718 0.032 7.156 0.026
Lasioglossum malachurum group 5.307 0.039 5.21 0.049
Lasioglossum pygmaeum.pauperatum 3.44 0.044
Lasioglossum tricinctum group 6.716 0.012 6.555 0.009
Lithurgus chrysurus 7.427 0.011
Megachile albisecta 3.597 0.048 | 11.808 0.011
Megachile hungarica 6.85 0.026
Megachile parietina 3.496 0.048
Megachile pilicrus 10.091 0.009
Megachile sp. A 3.597 0.048 | 11.808 0.011
Osmia dimidiata 9.957 0.011
Osmia sp. B 6.63 0.027
Osmia versicolor 5.638 0.03
Pseudapis monstrosa 10.84 0.016 6.758 0.022 7.08 0.026
Rhodanthidium septemdentatum 5709  0.015 7.565 0.006 | 12.762 0.001
Xylocopa iris 4.383 0.038 9.37 0.004 9.894 0.001
Xylocopa violacea 10.027 0.001 4,763 0.027 5.612 0.019

Hymenoptera — Wasps ~ Bembix bicolor 12.59 0.016 6.815 0.022 | 7.027 0.034
Crabronidae sp. A 10.84 0.016 6.758 0.022 7.08 0.026
Cryptocheilus sp. A 10.965 0.001
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Order Insect Trichromatic Tetrachromatic Height:Surface Height:Surface Phenology
color color apparency

Dev. p-value Dev. p-value Dev. p-value Dev. p-value Dev. p-value
Eumenidae sp. B 7.42 0.017 5.751 0.023 | 6.017 0.027
Eumenidae sp. C 10.84 0.016 6.758 0.022 7.08 0.026
Megascolia maculata 5.63 0.034 5968  0.019 | 14.186 0.004 | 6.415 0.026
Vespa orientalis 8.199 0.007 6.756 0.016

Lepidoptera Charcharodus orientalis 5.84 0.018

Coenonympha pamphilus 5.191 0.048
Colias crocea 10.06 0.004 4.625 0.03
Maniola telmessia 6.35 0.03 5.224 0.047 12.721 0.005 6.393 0.038
Noctuidae sp. A 9.957 0.011
Papilio machaon 3.597 0.048 | 11.808 0.011
Pieris brassicae 3.597 0.048 | 11.808 0.011
Spialia orbifer 7.404 0.014
Thymelicus acteon 7.427 0.011
Thymelicus sylvestris 5.65 0.023 11.392 0.003 | 7.043 0.005
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Table 4.S9. Insects in the Coleoptera sub-network showing significant effects to at least one of the
interaction terms of floral traits examined in this Chapter. The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling.

Height:Surface Phenology
apparency
Family Insect Dev. p-value Dev.  p-value
Buprestidae Acmaeodera bipunctata 9.522 0.008
Buprestidae sp. C 6.864 0.011
Cerambycidae  Cerambycidae sp. B 6.718 0.031 7.156 0.023
Pseudovadonia livida 6.827 0.024 7.02 0.023
Cleridae Trichodes alvearius 5.425 0.029
Glaphyridae Eulasia nitidicollis 7.208 0.014
Melyridae Malachius bipustulatus 6.017 0.036
Dasytes sp. A 15.899 0.01
Oedemeridae Oedemera sp. A 14.755 0.008 | 18.526 0.001
Oedemera sp. B 6.718 0.031 7.156 0.023
Scarabaeidae Anomala sp. A 10.165 0.014 8.792 0.018
Oxythyrea funesta 7.072 0.01
Unknown Beetle sp. B 5.751 0.025 6.017 0.023

Table 4.510. Insects in the Diptera sub-network showing significant effects to at least one of the
interaction terms of floral traits examined in this Chapter. The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling.

Height:Surface Phenology
apparency
Family Insect Dev. p-value Dev.  p-value
Asilidae Asilidae sp. A 5.856  0.033 | 14.935 0.002
Bombyliidae Bombylella atra 7.141 0.019
Bombylius medius 10.594 0.016
Exoprosopa minois 5.538 0.048
Petrorossia chraminensis 9.023 0.007
Villa hottentotta 5.751 0.017 6.017 0.018
Syrphidae  Eristalinus aeneus 5751  0.017 | 6.017 0.018
Eristalis tenax 6.718 0.026 7.156 0.018
Merodon albifrons 6.792 0.016 7.044 0.026
Merodon spinitarsis 6.687 0.034
Tachinidae ~ Tachinidae sp. A 4336  0.035| 4.533 0.047
Tipulidae Tipulidae sp. A 7.241  0.017
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Table 4.S11. Insects in the bees sub-network showing significant effects to at least one of the interaction terms of floral traits examined in this Chapter.
The significance of the univariate tests was assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via PIT-trap
residual resampling.

Family Insect Trichromatic Tetrachromatic Height:Surface Phenology
color color apparency
Dev. p-value | Dev. p-value | Dev. p-value | Dev.  p-value

Andrenidae  Andrena hesperia aff. 5.635 0.023

Andrena schencki 3.136 0.05

Andrena sp. A 18.79 0.003
Apidae Amegilla quadrifasciata 5.128 0.037 | 5.182 0.028

Anthophora dalmatica 5.598 0.042

Anthophora plumipes 4,995 0.042

Anthophora rubricrus 11.132 0.009

Apis mellifera 10.181 0.004 | 7.787 0.019

Bombus terrestris 5.542 0.009

Ceratina schwarzi 7.426 0.02 7.404 0.016

Eucera cineraria group 5.457 0.036 | 12.831 0.003

Eucera seminuda 12.014 0.003 | 6.184 0.013

Xylocopa iris 4.383 0.04 9.894 0.003

Xylocopa violacea 5.645 0.025 | 10.027 0.003 | 4.763 0.032 | 5.612 0.036
Halictidae Halictus resurgens 4.628 0.047

Lasioglossum laticeps.mediterraneum 0.048 0.029 6.718 0.032 | 7.156 0.021

Lasioglossum malachurum group 5.307 0.034 5.21 0.045

Lasioglossum pygmaeum.pauperatum 3.44 0.048

Lasioglossum tricinctum group 6.716 0.006 6.555 0.009

Pseudapis monstrosa 10.839 0.029 6.758 0.021 7.08 0.036
Megachilidae Eoanthidium insulare 7.419 0.033 5.751 0.021 | 6.017 0.021

Eoanthidium judaense aff. 5.221 0.048 5.571 0.048
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Family

Insect

Trichromatic

Tetrachromatic

Height:Surface

Phenology

color color apparency
Dev. p-value | Dev. p-value | Dev. p-value | Dev.  p-value
Hoplitis illyrica aff. 5.56 0.049
Hoplitis lysholmi aff. 5.563 0.049 | 6.017 0.021
Hoplitis sp. A 7.419 0.033 5.751 0.021
Megachile hungarica 6.853 0.027 5.503 0.038
Megachile pilicrus 5.589 0.037
Osmia sp. B 6.63 0.027
Osmia versicolor 5.638 0.029
Rhodanthidium septemdentatum 5.709 0.013 | 7.565 0.005 | 12.762 0.001
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Table 4.S12. Insects in the wasps sub-network showing significant effects to at least one of the
interaction terms of floral traits examined in this Chapter. The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling.

Family Insect Trichromatic color | Height:Surface Height:Surface
apparency
Dev.  p-value Dev. p-value Dev. p-value
Chrysididae ~ Chrysididae sp. B 2.913 0.048
Crabronidae ~ Bembix bicolor 12.587 0.023 6.815 0.021
Crabronidae sp. A 10.839 0.023 6.758 0.021
Eumenidae ~ Eumenidae sp. B 7.419 0.024 5.751 0.023
Eumenidae sp. C 10.839 0.023
Pompiliidae  Cryptocheilus sp. A 10.965 0.001
Sapygidae Sapyga sp. A 4912 0.044
Scoliidae Megascolia maculata 5.628 0.04 | 14.186 0.002 | 6.415 0.028
Vespidae Vespa orientalis 8.199 0.003 | 6.756 0.023

Table 4.S13. Insects in the Lepidoptera sub-network showing significant effects to at least one of the
interaction terms of floral traits examined in this Chapter. The significance of the univariate tests was
assessed with ANOVA (likelihood ratio tests), and it was acquired after 999 bootstrap iterations via
PIT-trap residual resampling.

Family Insect Trichromatic Tetrachromatic | Height:Surface Height:Surface
color color apparency
Dev. p-value Dev. p-value Dev. p-value Dev. p-value

Hesperiidae Charcharodus orientalis 5.837 0.021

Spialia orbifer 7.426 0.021

Thymelicus acteon 7.427 0.014

Thymelicus sylvestris 5.645 0.032 | 6.894 0.02 11.392 0.005 | 7.043  0.009
Noctuidae Noctuidae sp. A 3.227 0.05 9.957 0.013
Nymphalidae ~ Maniola telmessia 6.346 0.035 12.721 0.003
Papilionidae ~ Papilio machaon 3597  0.047 11.808 0.013 | 3.596 0.05
Pieridae Colias crocea 10.06 0.003 3594  0.046

Pieris brassicae 3.597  0.047 11.808 0.013 | 3.596 0.05
Zygaenidae Zygaenidae sp. A 18.033  0.002
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SM CHAPTER 5

Table 5.S1. Normalized degree (ND) of the 111 insects participating in the insect-VOC network, and
their distribution among the modules identified by the SA algorithm. Insects are ordered according to
descending ND values.

Order Family Insect ND Module ID
Hymenoptera-bees Apidae Apis mellifera 0.683  Module 5
Coleoptera Merylidae Dasytes sp. A 0.546  Module 5
Coleoptera Oedemeridae Oedemera sp. A 0.516  Module 5
Hymenoptera-bees Apidae Bombus terrestris 0.500 Module 2
Coleoptera Scarabaeidae Anomala sp. A 0.480 Module 5
Coleoptera Mordellidae Mordellidae sp. A 0.438  Module 3
Hymenoptera-bees Halictidae Lasioglossum tricinctum 0.435 Module 3
Coleoptera Scarabaeidae Epicometis hirta 0.408 Module 5
Hymenoptera-bees Apidae Eucera digitata 0.402  Module 2
Hymenoptera-bees Halictidae Halictus resurgens 0.399  Module 2
Hymenoptera-bees Megachilidae Rhodanthidium septemdentatum 0.399 Module 4
Diptera Tachinidae Tachinidae sp. A 0.395  Module 3
Coleoptera Scarabaeidae Oxythyrea funesta 0.386  Module 1
Hymenoptera-bees Apidae Xylocopa violacea 0.379  Module 4
Coleoptera Glaphyridae Eulasia nitidicollis 0.369  Module 5
Hymenoptera-bees Megachilidae Megachile parietina 0.366  Module 4
Diptera Calliphoridae Calliphoridae sp. B 0.350 Module 1
Lepidoptera Lycaenidae Pseudophilotes vicrama 0.346  Module 3
Hymenoptera-bees Apidae Eucera cineraria 0.340 Module 1
Diptera Syrphidae Merodon spinitarsis 0.333  Module 1
Hymenoptera-bees Halictidae Lasioglossum leucozonium 0.320 Module 1
Hymenoptera-bees Apidae Xylocopa iris 0.314  Module 1
Diptera Bombyliidae Exoprosopa pandora 0.310  Module 1
Lepidoptera Lycaenidae Lycaena phlaeas 0.310  Module 1
Diptera Bombyliidae Bombylius posticus 0.307  Module 1
Coleoptera Cleridae Trichodes alvearius 0.304  Module 1
Hymenoptera-bees Apidae Anthophora dalmatica 0.291  Module 1
Lepidoptera Zygaenidae Zygaenidae sp. A 0.291  Module 1
Coleoptera Cerambycidae Cerambycidae sp. A 0.288  Module 1
Diptera Syrphidae Eumerus pulchellus 0.278  Module 1
Diptera Syrphidae Sphaerophoria scripta 0.252  Module 1
Hymenoptera-bees Halictidae Lasioglossum pygmaeum 0.248  Module 1
Lepidoptera Pieridae Colias crocea 0.245 Module 1
Lepidoptera Nymphalidae Coenonympha pampbhilus 0.239  Module 1
Diptera Bombyliidae Petrorossia chraminensis 0.235 Module 1
Hymenoptera-bees Megachilidae Eoanthidium judaense 0.232  Module 1
Hymenoptera-bees Halictidae Lasioglossum malachurum 0.232  Module 1
Lepidoptera Nymphalidae Maniola telmessia 0.232  Module 1
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Order Family Insect ND Module ID
Diptera Asilidae Asilidae sp. A 0.232  Module 1
Coleoptera Buprestidae Acmaeodera bipunctata 0.232 NA
Hymenoptera-wasps Crabronidae Bembix bicolor 0.232  Module 1
Coleoptera Cerambycidae Cerambycidae sp. B 0.232  Module 1
Hymenoptera-wasps Crabronidae Crabronidae sp. A 0.232  Module 1
Diptera Syrphidae Eristalis tenax 0.232  Module 1
Hymenoptera-wasps Eumenidae Eumenidae sp. C 0.232  Module 1
Hymenoptera-bees Halictidae Lasioglossum laticeps 0.232  Module 1
Diptera Syrphidae Merodon albifrons 0.232  Module 1
Coleoptera Oedemeridae Oedemera sp. B 0.232  Module 1
Hymenoptera-bees Halictidae Pseudapis monstrosa 0.232  Module 1
Coleoptera Cerambycidae Pseudovadonia livida 0.232  Module 1
Hymenoptera-bees Megachilidae Megachile pilicrus 0.229  Module 4
Diptera Fly sp. A 0.173  Module 2
Diptera Empididae Empididae sp. A 0.173  Module 2
Hymenoptera-bees Megachilidae Megachile manicata 0.157  Module 5
Diptera Bombyliidae Lomatia sp. A 0.150 Module 4
Lepidoptera Sphingidae Macroglossum stellatarum 0.150 Module 4
Hymenoptera-bees Megachilidae Megachile hungarica 0.150 Module 4
Hymenoptera-bees Apidae Amegilla albigena 0.150 Module 4
Lepidoptera Noctuidae Trichoplusia ni 0.150 Module 4
Hymenoptera-bees Megachilidae Osmia sp. B 0.144  Module 5
Diptera Hybotidae cf. Hybotidae sp. A 0.137  Module 5
Hymenoptera-bees Apidae Anthophora rubricrus 0.127  Module 2
Diptera Bombyliidae Bombylius medius 0.127  Module 2
Hymenoptera-bees Megachilidae Anthidiellum strigatum 0.111  Module 2
Hymenoptera-bees Colletidae Colletes eous 0.111  Module 2
Hymenoptera-bees Apidae Epeolus variegatus 0.111  Module 2
Hymenoptera-wasps Scoliidae Megascolia maculata 0.108  Module 3
Hymenoptera-wasps Vespidae Polistes sp. A 0.108  Module 3
Hymenoptera-wasps Scoliidae Scolia sp. A 0.108  Module 3
Lepidoptera Hesperiidae Thymelicus sylvestris 0.108  Module 3
Hymenoptera-wasps Vespidae Vespa orientalis 0.108  Module 3
Hymenoptera-bees Apidae Amegilla quadrifasciata 0.108  Module 3
Diptera Calliphoridae Calliphoridae sp. A 0.108  Module 3
Hymenoptera-wasps Crabronidae Crabronidae sp. C 0.108  Module 3
Coleoptera Cleridae Diplocladus sp. A 0.108  Module 3
Hymenoptera-bees Halictidae Halictus sexcinctus 0.108  Module 3
Coleoptera Curculionidae Larinus sp. A 0.108  Module 3
Hymenoptera-bees Megachilidae Megachile albisecta 0.108  Module 3
Hymenoptera-bees Megachilidae Megachile sp. A 0.108  Module 3
Lepidoptera Noctuidae Noctuidae sp. A 0.108  Module 3
Hymenoptera-bees Megachilidae Osmia dimidiata 0.108  Module 3
Lepidoptera Papilionidae Papilio machaon 0.108  Module 3
Diptera Syrphidae Paragus haemorrhous 0.108  Module 3
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Order Family Insect ND Module ID
Diptera Bombyliidae Phthiria subnitens 0.108  Module 3
Lepidoptera Pieridae Pieris brassicae 0.108  Module 3
Coleoptera Scarabaeidae Scarabaeidae sp. A 0.108  Module 3
Diptera Bombyliidae Bombylella atra 0.098  Module 5
Coleoptera Glaphyridae Pygopleurus sp. A 0.095 Module 4
Diptera Fly sp. D 0.095 Module 2
Diptera Bombyliidae Bombylius rhodius 0.095 Module 2
Hymenoptera-bees Apidae Anthophora crinipes 0.095 Module 5
Hymenoptera-bees Megachilidae Hoplitis sp. C 0.082  Module 5
Hemiptera Auchenorrhyncha  Auchenorrhyncha sp. A 0.069  Module 5
Hymenoptera-wasps Chrysididae Chrysididae sp. B 0.062  Module 4
Hymenoptera-bees Andrenidae Andrena sp. A 0.059  Module 2
Diptera Fly sp. C 0.049  Module 2
Coleoptera Beetle sp. A 0.042  Module 4
Hymenoptera-bees Andrenidae Andrena neocypriaca 0.039  Module 4
Hymenoptera-bees Andrenidae Andrena panurgimorpha 0.039  Module 4
Hymenoptera-bees Apidae Eucera pseudeucnemidea 0.039  Module 4
Hymenoptera-bees Halictidae Lasioglossum villosulum 0.039  Module 4
Diptera Bombyliidae Exoprosopa minois 0.029  Module 4
Hymenoptera-bees Megachilidae Hoplitis illyrica 0.029  Module 4
Hymenoptera-bees Megachilidae Hoplitis lysholmi 0.029  Module 4
Hemiptera Miridae Calocoris sp. A 0.023  Module 3
Diptera Fly sp. B 0.023  Module 3
Hymenoptera-bees Andrenidae Andrena hesperia 0.016  Module 3
Coleoptera Chrysomelidae Clytra atraphaxidis 0.016  Module 3
Hymenoptera-bees Andrenidae Andrena westensis 0.016  Module 3
Hymenoptera-bees Apidae Ceratina acuta 0.013  Module 4
Hymenoptera-bees Megachilidae Hoplitis adunca 0.013  Module 4
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IIEPIAHYH

Evvéa ota 0éka avBopopa @utd xperdlovtol ETKOVIOGTEG Yoo TNV avamapaywyn tovs. To puéyebog
aVTO KOTOOEWKVIEL atd LOVO TOV OTL 1| BloTikn emkoviaomn eilvol pio 01IKOGVOTN KN Agttovpyio-KAELdl
Yyl T 010 THPNOT TS PVONG KoL TNG TAYKOGULG TPWTOYEVOLG Ttapoymyns. Katd ta tedevtaio ~65
EKOTOPPOPIO ¥pOVIa, HETE TNV Evapén TG LEYOANG aKTIVOTNG EEMENG TOV Oy YEIOGTEPU®V KOTA TNV
Kpntidwn nepiodo, ot cuveleMitikég oyécelg Hetalld twv avBopdpmv QUTOV KOl TV ETIKOVIOCTMOV
TOVG GLYKPOTOVV £vav KOPLO TOPAYyovTIo O10pOpOoToinoNg TV €MV PLTOV Kol TV (H®V c6ToV
mhovn. Tpdypott, Ta avBo@dpa eLTAE Kol T EVTOUO OTOTEAOVV TIC TAEOV TOIKIAOLOPPEG OUADES
Loviavov opyaviopdv. Ot TapdAANAeS HEUDGELS EMKOVIOOTAOV Kol OyYEOCTEPUDV PLUTAOV KOTA TN
oapketa Tov 20° at. Tov Tekunplodnkay Tpdseata yio xopeg g Bopetag Evponng, katadsivoovy
™V OAANAEEAPTNON TOV OUASEMV CVTOV KOl EMIGNUOIVOUY TO YEYOVOS OTL Ol GULVETELEG Omd TN
otdpaén TV SEWIKOV GYEcEDV opoPordtTos apopohv Katl Tovg 000 etaipovg (uTd Kot {da).
Etvor mpopavég 6t1 1 datipnon kabdg kot 1 e&EMEN g yxepoaiog Promowiadtntag ™ Img
e€aptovtol amd TV TOOTNTU Kol TNV OMOTEAECUATIKOTNTO TOV OAANAETIOPACE®Y AUOPBAIOTNTOG
petal&h avBopoOpmV PLTAOV Kot ETIKOVIOGTAOV.

H emPioon tov avBpodrev Baciletal, eniong oe peydro Pobiod, 6Toug ETKOVIACTES, 0E00UEVOD OTL
neplocotepa and 1500 kaAlepyobueva €idn Qutdv Toykoouing emikovidiovior and {da, Kuping
évtopa. XTig €0KPOTES TEPLOYES TOV TANVNTY, O€, €Vl Ol AYPlOl EMIKOVINOTESG, Kol Ol Ol MUEPES
HEMGGES, TOV VTTOGTNPILOVV TO PHEYAADTEPO UEPOC TMV EMKOVIOGTIKAOV VANPESLOV. MOVO Katd TO £T0G
2005, n owovoukn a&lo TV vanpecIOV enkoviaons amoTyundnke ota 153 dioekatoppdplo evpo,
avTIoTOYYWVTAS 6T0 9,5% NG aypoTIKNG Tapay®myng eKetvov Tov £Tove. 261060, EKTOG OO TO V.
ompilel ™MV TaykOGHIO OIKOVOUI HECH TNG OATPOPNS TOVL avOpdTIvoL TANOLGLOY, 1 eTKoviaoT
Bpioketon miow amd TV EKTANKTIKY avOIKT] TOWKIAGTNTA TOV 0YYELOCTEPUMOV, 1) OTTOL0L £XEL EUTVEVCEL
Kol EMNPEACEL OO TOVG TPOIGTOPLIKOVG YPOVOLS OKOUN, TOMTIGHOVS GE OAOKANPO ToV KOGpo. H 1ot
Aertovpyio cuveyilel kol onpepa va Exel ayopaotikn atio 1 va lvol OVGLUGTIKE AVEKTIUNTN: Yo TNV
1O TIKY ATOAOLGT TOV TPOCPEPEL, TNV TEYVN, TOV OPYLITEKTOVIKO GYESUGHO, TIC XPWOTIKES OVGIES,
KO TO OPAOUOTOL. XVUVETADGS, LE P avBpmToKEVTPIKT TPOGEYYIoN, 1) EMkoviaoT Oa propovoe va, 10wbel
MG U0, OIKOCLGTN KT/ BLoTIKY| AgtTtovpyio Tov cuvdéet To {nVv pe to gv (nv TV avBporwv ot .

2TIG LEPEG LOG, T) VITEPEKUETAAALEVCT) TOV EWOMDV, Ol ETOETIKES YEWPYIKES TPOAKTIKES, O1 AAAAYES YPNONG
MG, ot Proroyikég 16PoAEG, M pOTTAVOT TOV TEPPAALOVTOG Kol 1) KAIUATIKY OAAOYT ATOTEAODV TIC
KOpleg amelég Katd g Plomokilomntog oe maykocuo KAipako. Aedopévon 6Tt OA To TOPOUTAVE®
QOVOLEVOL OTTOOEOELYUEVE OMEIAOVY KOl TIG EMIKOVIOOTIKEG GYECELS, EPEVVES GE OAOV TOV KOGLO
EMIKEVIPAOVOVTAL OAOEVO, KOl GLYVOTEPO, TNV KATOVONGN NG OOUNG Kol TNG OLVOUIKNG TOV
AAMNAETIOPACED®V PUTOV—ETIKOVIOOTOV, TPOKEIUEVOL Ol TPOKTIKEG OIKOAOYIKNG SloTpnong Kot
AmOKOTAGTAOTG VA oY EIALOVTOL Kot VO EPOPUOLOVTOL OTOTEAEGLOTIKA.

H napovoa didaktopikn dSatpin extkevipovetal oty atodntnproxiy oikoloyio (Sensory ecology) g
EMKOVIOONC, EW0IKOTEPA GTOV TPOTO LE TOV OO0 TOL GNUOTO OV EKTEUTOVTIOL OO To. vOn Kot
6T0YEHOLV OTO AGHNTNPLOKE GLGTALOTA TOV EXKOVIAGTOV (OpacT) Kol dcppnon) oxetiloviot pe tnv
Tpaypotonoovpevn aviwn emokeyotnto. Ta @utd, ©¢ opyoviopol He TOAD TEPLOPIGUEVES
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dvvotdtnteg petakivnong, facifoviar oTnV EKTOUTT CNUATOV OC TIG HOVEG 01000VG EMKOIVOVING LE
TOVG VTOAOUTOVG opYovVIoHoVG. ‘ETol, ta aviikd ofuato, onTiKd Kol 0GOPNTIKE, LE TNV TEPACTIO
TOWKIALD YPOUATOV, CYNUATOV Kol OPOUATOV, EX0VV O TPOTAPYIKY AEITOVPYIN TN SloapeGoAdfnon
oTNV emKoveVio LETAED PLTOV Kot enkoviaoTt®v. Eival yvootd ot ta dapopetikd aviikd orjpata
dpovV GUVEPYNTIKA 1) TPOGHETIKE, £T01, DGTE VA EXNPEALOVV TIG EMAOYEG, TN CUUTEPLPOPA KOl EV TEAEL
TNV TOTOTNTO TOV EMKOVIOGTMOV, Ol OO0l am0dedEYHEVA amOTELOVV QOPEIC EMAOYNG TNG aVOIKNG
oo TG, Ed® e@appoletot pio OMOTIKN TPOGEYYION GTO 01aOnTHPIOKO TOTTIO TTOL JLOUOPPMOVETOL
amo To AvON TV EVIOUOPIA®V QUTAOV 68 KAIpaKo 0AOKANPNG Brokotvotntag, Kot TopdTt O TITAOG TNG
SlTPIPNg avapEPETOL OTOKAEISTIKG GTO oouotomio, M| £pevva. enektdOnke otnv mopeio, MOTE vo
GUUTEPTAAPEL KO TN YPOUATIKT SIAGTACT] TOL 0vOIKOU PatvOTLTTOL.

To avBod ypodpo cuvicTatol amd UiyHOTo ¥POOTIKOY 0VGLOV, dNA. OELTEPOYEVOV UETAPOAITOV, TOV
avAKOUV Gg TPELS Katnyopies: (o) avBorxvaviveg, pio KAdon @QAaBovoelddV mov 6ivouv TOKIAES
amoxpmoelg and moptokaAl €mg yolallo, (B) xopotevoeidn, 1GOnPeEVOEdElS EVOGEIS OV divouv
AMOYPMGELS OO KITpvo €mg KOKKIVO, Kat (y) fetalaives, ot omoieg avtikafiotobv T1g avlokvoviveg
ot0 TEPLoGOTEPQ YEVN NG TaENg Twv Caryophyllales kot divovv amoypdoelg moptokai | TOpPLPEC.
H mpotapyikn Aettovpyio Tov ovOuol yp®dUATOG €ival 1 TPOGEAKLON EMIKOVIOGTAOV, OV Kol £XEL
emmAéov ouvoebel pe  BeppopHOuion twv avBEwy kot pe v tpoctacio omd Katavalmtéc. H peydin
TPO0S0C TOL £XEL GUVTEAEGTEL TOL TEAELTOLN XPOVIOL APEVOG BTNV TEXVOAOYIN TN POGLOTOUETPT|ONG TOV
QPOTOG KOL OPETEPOL OTNV KATAVONGT] TOV OTTIKOV GLGTNUATOV TOV EVIOU®V-ETIKOVIONOTOV £YEL
EMTPEYEL TNV TOPOUETPOTOINGCT TOV avOKoD YpdUOTOG pe BAon TN QLGIOAOYiO TG OPACTG TMOV
UEAOODV Kot LEPIKAV KO EW0®V eviopmv. ‘ETot, etvat duvath 1 meptypoen oV ¥pOUATOUETPIKOV
WOTATOV TOV 0VOEOV GOUPOVA LLE TO OTTIKE GLGTHLATO TOV ETKOVIACTMOV, SIELPVHVOVTOS CTLAVTIKE
TIG SVVATOTNTES OlEPEHVNONG TOV SOEWIKDOV OAANAETIOPACEDV Kol OTOKOADTTOVTOS EVOLOPEPOVTAL
TPOTLTTOL POLVOTLTIKADV TPOCUPUOYDV GE GUVOAL avOOPOP®V QUTAOV amd OAPOPES TEPLOYES TOV
KOGLOV.

Ta eutikd apopato amrotehovv piypato Imrikdv Opyavikdv Evocewv (TTOE) pe oyetikd yopnid
poprokd Papn (cvvnbog <300 Da) kot oyetikd vynAn TnTikotTTo (06C TOPOKAT®), TO OmOoin
EKTEUTOVTOL, ®C TPOIOVTIO TOV OEVLTEPOYEVOLS UETOPOAIGHOD, omd OAo OYEOOV TO QULTIKA WEPT
(Braotol, @OAAa, GvOn, pileg, xkapmoi, onépuata). [Ipdopateg Epguveg Exovv dOgilel OTL N eKTOUT
TINTIKOV PYRAToV givot pio Aettovpyio GUVOESEUEVT LLE TOV YEPGOL0 TPOTO LONG TWV PLTAOV OO TOAD
vopig otV eEEMKTIKN TOVG 1oTOpia: YEVN BPO®V Kot AVKOPHTMOV, TOL OTOTEAOVV TO TPMTO, GUTH TOV
enoiknoav v &npd, eivor yvootd o0tt pmopovv va ekméumovv piypata [TOE axopa kot wpog
dwpecordpnon dwedikng emkowvmviag. Ot aviwég ekmounéc TIOE amd ta ayyeidomeppo outa
eEumnpetov (o) TNV TPOGEAKLGT EMKOVIAGTMV, () TNV andOnon averBiuntov avOIK®OV ETICKETTOV,
OT®OC T.Y. TOVG KATOVOAMTEG avOKOV 10TOV, (Y) TV TPOcEAKLGN €XOpOV TOV KATOVOAOTAOV, T.Y.
TOPOCITOEDN, KOTA TIG AEYOUEVEC TPITPOPIKES ollniemiopaoels, (0) TNV OoAANAemidpoon e
UIKPOOPYOVIGHOVG, (€) TNV Tpoctacio amd gutoraboydvovg mapdyovies Kot (0T) aAlniomadnTikd
eoawvopeva. Méypt otiypng, éxovv avayvopiobet mepiocdtepeg and 1700 avbwég IMIOE oe 90
OLKOYEVELEG OYYELOOTEPLLMOV, Ol OTOIEG OLLOOOTOLOVVTAL GE TEGGEPLS KVPLEG KOTNYOPIES aVAAOYAL LIE TO
petafoAkd povomdtt mov odnyel otn oHvOeoT| ToVG: alepatikés evaoeis (LOvomdTt AimoSvuyevdong),
Pevievoeron/parvviorpomavoetdn (LOVOTATL GIKIWIKOV 0E£0Q), novotepmévia (LOVOTATL POGEOPIKNG
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peBuiepvBprtoANg), ko oeokitepmévia (LOvomaTL PEPaAOVIKOD 0EE0C). ZNUEIDOVETAL OTL 1] EPELVA TNG
10O TNPLOKNG AVTIANYNG TOV OCUMV OO TOVG EMIKOVIOOTEG KOl TWV TPOTIUNCE®Y 1] TACEDV TOL
avTol TaPOVSIALOVVY, EYEL TPOYWPNOEL OPKETH, AL O)L TOCO, MOGTE VO YVMOPILOVLE TIG TPOTIUNGELS
£0TO TOV KUPLOTEPAOV EVIOUMV-ETIKOVIOGTAOV 6€ ka0 pio amd morvapBuec [TIOE avOumg tpoéhevonc.

210 TA{G10 TG TapovGaS S1aTPPNS, TO EpeLVNTIKG evilaPEPOV eoTIdleTon apykd oty aio tov [IOE
®G PLOIKAOV TPoidVTMV. H TEpAGTIO YN UIKN TOIKIAOTNTO TV QUTMV OMOTEAEL TPDOTN VAN Y10 TANODpaL
EPUPLOYADV GTI) YEWPYIQ, GTNV TEYVOLOYIO TPOPIH®OV, GTN QPUPLOKEVTIKY, GTNV KOGUETOAOYIO KOl GTNV
éyvn. 201000, Bacelg 0edoUEVOV TOV Vo GLVOWILOVV TN YNUIKT TOIKIAOTNTO TOV OPOUATOV QLTIKOV
€MV KOl VO, EUTEPLEYOVV YEWYPAPIKN TANpoopia eivar e&opetikd omdvies. ‘Etotl, 6to Kepdhato 2,
avartoyOnke pio yem-Paon dedopévav g yMIKNS TOKIAGTNTOS TOV QUTIKOV OPOUATOV GTNV
EALGSO, cvykevipdvovTag epeuvnTikd amoteAécpata and 116 emotuovikd dpbpa onpocievpuéva
Katd TV terevtaio 25¢etio. H yvoon g kotavoung g ymukng tokikomrog tov [TIOE tov eutdv
elvar amapaitnn yuo ™ peAétn Proloyikdv diepyacsidv, Ty orotipnon mg a&log Tov puTev, Kot TV
eQapproyn HeBdd®V agpopikng dtayeipiong Tv kaAMepyel®v. Qo6T060, TPOSTAOEIES Y10, TI) GLALOYY|
Kot HEAETN 030UEVOV YMUIKNG TOKIAOTNTOG TOV QUTIKOV OPOUATOV Kol TOV WOI0THTOV TOVS, CE
KaBoplopéves yemypapikég meployég sivar omdviec. Ta dedopéva mov cuykevipoOnkay teptloppdvovv
999 T1OE mov xatavépovtor og 178 @utikd £10m kot vogion, 59 yévn kot 19 owkoyéveleg. Qg pnébodog
aVAKTNONG TOV OPOUATOV XPNCYLOTOLEITAL GXEOOV ATOKAEIGTIKA 1] VOPOOUTOGTOEN, EVA ATOVGIALOVY
ot uébodot ovAloync vrepkeipevnc aéplag edong (headspace sampling), ot onoieg Oa enétpemay ™
UEAETN O1KOAOYIK®OV dtepyaciwv. Ta ceokitepmévia mapovstdlovv  peyordtepn mowiadtnta I1OE,
akolovBovpeva amd TO LOVOTEPTEVIOL KO TIG OAELPATIKEG EVADCELG. TNV TAPOVGO EPEVVA, EKTILATOL
v tpotn eopd M wryrkotyre, tov IIOE ota plypoto apopdtov coe emninedo QUTIKOD YEVOULG
YPNOILOTOLDVTAG TO Kavoviko onueio (éoewg (KEZ) g avtiotpogo deiktn, kot mapovsialovtol ta
eacpato TTTKOTNTOG TOV opopdtev 58 yevav. Ta péco KEZ mowilovv avapleco ota LEAETOUEVO
vévn, He péytotn mopoatnpovuevn dtapopd tovg 118,4°C. H mrntikdtnra amotedel pion QUOTKOYTLUIKT
1010TNTO TOL PLTIKOV APDLLOTOG TTOL GLVOEETAL AUESO LLE TIC TEPPaALOVTIKEG GLVONKES (Bepokpacia,
atpoo@alpikn mieon). H peAétn g mmprikotnros tov EKTOUTOV Yoo To €101 umopel va eEnynoet
HePKAOG TIS aAdayég otig eknepnopeves [IOE amd ta putd Adym kKApatikng vrepBépoveong, Kot va
Bpet epappoyéc 1060 ot Pacikn Epevva, OGO Kol 6N PEATIOTOTOINGT TG AVAKTNONG TOV QUTIKMV
apopdtov vrd onpopetikés ocuvinkes. Télog, mapovoidaloviar ot Pacikol YAPTES YMLUKNG
TOWKIAOTNTOG YO TPIOL APOUATIKA QUTA TG EAANVIKNG YAmpidag kot culnteiton 1 onuacio Kot ot
TPOOTTIKEG TOVG MG Lol E01KN TEPIMTOOT YOPTOYPAPNONG PLGIKAOV TOPWOV.

211 apyég Tov 20°° at., 1 froroyia vioBétoe T Bewpio diktdwy and To LoBNUOTIKA (YVOOTH apyikd
0g «Beawpio ypapwvy») TPOKEWEVOD VO TEPLYPAYEL TN OOUN TEPITAOK®V GLOTNUATOV OL0EWDIKAOV
aAANAETIOPACEMVY, OTTMG EIVOL TOL TPOPIKA SIKTLO. ZNUEPQ, GTNV OIKOAOYIO VITAPYOVV TPELS KATNYOPIES
OIKTOH®V OAANAETIOPACEDV: TA TPOPIKAE diKTLO, TO SIKTLA EEVIOTMV—TOPACITOEWMY, Kol T diKTLa
apofordotnrag (m.y. emkoviaonc). H avaivon oiktowv Exel TAéov kataoTel £va moAvEPYaLEi0 LEAETNG,
T0 0To10 «avafadce» TV entkoviaon amd pio PloTiky AEITOLPYLE TAPUdOCIUKA LEAETOUEVT KOTA
Cevyn €10@V (VAOTTOL®VTAG TO SapPvikd Tapddelypa TG GVVEEEMENS PLTAOV KOl ETIKOVIAGTMV) GE pia
owKocvoTnkn depyacio Bepeldoovg onpaciog ywo T datnpnon tov Prokowvotntov. Kotd ta
televtaio 30 xpovia, 1 OIKTLOKN TPOGEYYION TV CYECEMV OUOPAIOTNTAS PLTOV—ETIKOVIONGTMOV EXEL
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eEeMybBel oe e odokAnpopévn péBodo yioa ) HEAETN TOV OAANAETOPAGE®V QUOPBAIOTNTOG
EMKOVIOOTOV—AVOOQPOpWV QUTMOV, Yia TV TPOPAEYN NG 6TafepdTNTOg TOV PLOKOIVOTHTOV ATEVOVTL
o€ dl0TOPaYES, KOl Y10 TV KATAPTION GYEOIWV AEITOVPYIKNG AMOKATAGTAOONG 01K0TONT®V. EV T00TO1G,
Tapd TIG TOAVAPIOLES Epevveg OIKTO®V gmkoviaong mov €yovv degaybel, and tovg Tpomukog péypt
tov Apktikd Kvkhro, kot v tepdotio tpododo mov €xel onueiwbel mpokeévon va katavondovv n
doun Kot ot 130TNTES TOV SIKTOWV €mKovioong, o poOAOg TV avOIKOV onUdT®V C€ EMIMESO
Blokowvotntog o avutd dev €xel moté Anedel vdyv katl eveouatwdel oty avdivon Tov SIKTOOV
avtav. [Topoia avtd, 1 GAANAETIOPACT TOV OTTIKMOV Kol OGYPNTIKAOV CNUATOV TOV PLTOV KOl TOV
1o TNPLOKOV CLOTNUATOV TOV EVIOU®V-ETIKOVINGTOV &lval dedopévn. O poroc tov avbikod
aroOnnpraxov tormiov (floral sensory landscape), onioadn T@V TOGOTIKOTOMUEVOVY TOPUUETPMV TOL
avOkoh QovOTLTOL TV WOV oe emimedo ProkowdtTog, ©TN OOUN TV OPEPDV OKTOLOV
apolordotnrag £xel peketnel o€ ELAYIOTEG TEPUTTAOGEIS KO TOTE OMOTIKA, CLUTEPIAAUPAVOVTOG
KUPIWG UN-OVTIKEWUEVIKEG 1] AVOPOTOKEVTPIKEG TOPAUETPOTOUGELS TOV KUPLWV AVOIKAV YOpOKT POV
OV JAPEGOLAPOVV GTIC AOAANAETOPACELS AVOEWDY KOl EMIKOVIOGTAOV.

210 Kepdhato 3 diepguvdral to avbixo aioOntnpioxo tomio, SNAodN T0 GHVOAO TOV aVOIK®OV GNUATOV
OV EKTEUTOVTOL L€ GTOYO TO. GONTNPLOKE CLGTHLOTA TOV ETKOVIAGTOV (APOLLOL KOL YPOU), OE pio
@voikn Prokowvotnta. H avarapaywyn tov avlo@opmv puThV GUVETAYETAL TNV TOPAY®OYT CUVOETOV
UIYHATOV TTNTIKOV KOl YPOOTIKOV 0VGLOV, T 0T0i0, GLYKPOTMOVTING TO GP®UN Kol TO YPOUL TOV
avBéwv, eELTMPETOVY KOTd KUPLo AdYo TNV TPOoGEAKVOT emkoviaoT®v. Tlapd v tepdotia Tpdodo
OV £)EL ONUELMOEL 1] OIKOAOYIN TNG eMKOViaoNg o€ eminedo ProkovotnTag, UEXPL GTIYUNG OV EXEL
amomelpafel Vv peAéTn QUOIK®OV avBikwv aioOntypioxav  tomicowv. Eedcov Tto tElEvTOin
Stopecorafodv 6TIC GYEGELS OUOBOLOTNTOS PLTOV—ETIKOVIOCTMV, AVOUEVETOL OTL Ba emnpedlovy
dvvapkn g Prokowdtmrag. Opiopéva kowvd PlocuvOeTikd HOVOTATIO TOV TINTIKOV KOl TOV
YPOOTIKOV OVGLOV KOOMDS Kot 1) EEAMKTIKN TOVG oTopia Bo pTopovcay va StKaoloyncovy évay aduo
paotomiki¢ ovvolokbuavens (phenotypic covariation or integration) peta&d Tov ap®OUOTOS KAl TOL
YPOUOTOS TOV avOE®V, 0E CUVAPELD LE GUYKEKPIUEVO, OTKOAOYIKO TAEOVEKTNHOTO. MEYPL GTIYUNG,
OTOPOOIKEC EPEVVEG LELOVOUEVOV QUTIKDOV EWOMV EYOVV OIEEL OTL TETON PAIVOTOTIKY GOVOLAKDUAVGH
umopel vo. ovuPel, ®oTOGO, GTN) GUVIPITTIKY TOVS TAEOVOTNTO TO ELVPNUATO TPOEPYOVIOL OO
avOPOTOKEVTPIKN TOLOTIKY| TOPUUETPOTOINGCT TOL OVOIKOD YPDOUATOS, ONA. KOTNYOPLOTOiNon O€
YPOUATO OTMG T OVTIAAUPAVETOL TO avOpdTIVO pATL (T.)Y. AEVKO, KITPVO K.AT.). XNV Topovoa
épevva, mov deEnydn oe pio epuyavikn Prokowvotnta ot Aésfo (Ayrog Ztépovog Mavtopuddov),
oLAAEYOMKaV 1IN VIVO kot In Situ (o) To, iy poto TTTIK®Y OPYOVIKOV OGOV LE GVALOYN VITEPKEILEVNG
aéplog @aong (headspace sampling) kot (B) to @dopoto aviakiaong tov avbéwv pe @opntd
QOGUATOPMTOUETPO, oo 41 €10M Kot vVTogidn eviopoemikovialopevov gutov. Ta evprpota detyvouv
OTL, TPAYLOTL, GE CLUYKEKPUYUEVES QLTIKEG OUAOES, TO avOIKO dpwpa cuUUETAPAAAETOL LE TO OvOIKO
YPOUL OTOE TO avtilouPdavovtarl ol pEMooES Kal ol meTalovdeg Tov yévoug Papilio (Papilionidae).
EmimAéov, ot 000 avtol QOIVOTLTIKOL YOPOKTNPES HETARAALOVTOL aVAAOYO LLE TNV TOPOVCIO, TOV
véktopoc. [Tapopota ouvBeon avBikov apmdpatog pmopet akodpo vo TPoPAEYEL TO PACHA OVAKAQGNS
NG OTEPAVNC. ZVYKEKPIUEVQ, TOPOVSIALovTal 500 evolapEéPooeg oxEels () HETAED TV TOPPUPDOV
avBE®V Kol TOV VYNA®V EKTOUT®OV ceokitepmevimv, kot (B) petaéd Tov KOkKivav aviénv Kot Tov
aAELQATIKOV eVvOGE®V. Ta amoTeAéGOTO 00 YOV GTO GUUTEPAGLO OTL T GPLYAVIKT BlokotvoTnTa
VEIOTOTAL GUVTOVIGUEVT EKUETAAAEDOT) TOV OGO TNPIIKOV IKOVOTHTOV TOV EVIOUMV-ETIKOVINGTMOV
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amd To QUTA, ME WOHTEPT EUPACT] GTNV TPOCEAKLOT TOV HEAMGGAOV, TOL £ivol Kot 01 Kupldtepol
EMKOVIOOTEG OTO LEAETMWUEVO GUOTNLO KO TO, LECOYELONKO OIKOGVOTH T €V YéveL. To @atvouevo
avtd mTOaVOTATO AVTOVOKAG opxEyoves oyxéoelg HeTald Tov QUTIKOD UETAPOAMGHOV KOl NG
@uotoroyiog dpaong kot doppnong tv eviopwv. H pedétn tov avlikod aiaOntnpioxod tomiov e GAAL
OLKOGVLGTILLOLTOL LLE OLOPOPETIKT] GUVOEST 10DV Kot SLapopeTiKéS afloTikég cuvOnkeg Ba pmopovce va
AMOKOADWEL TEPLGGOTEPA EVIAPEPOVTO TPOTLTA OVOIKNG @arvotvmikis ovviolakduavens. Mua
0AOKANPOUEVT] GLVOEDPN G TOV OVOIKOD YPAOUOTOS KOL TOV OpOUATOS KoBioTATOl TAEOV OTULOVTIKI
Yo TN HEAETN TNG OKOAOYIOG TNG EMIKOVIOONG G€ EMIMESO PLOKOVOTNTOG.

Agdopévov tov mapamdve evpnudtov, oto Kepdlowo 4 diepevviator o porlog Tov  avOikov
aloOnTplakod Tomiov GTN SOUT| Kot AEITOVPYIO TOL SIKTVOV EMIKOVIOGNG TNG €V AOY® QPLYAVIKTG
Blokowvotntoag. Xvykekpluéva, ovoAveTol TO OikTLO EmKovioong pe ypnom  pebodoroyikmv
KOWVOTOUI®V, Kol EAEYYETOL 1| VTOBeon OTL Ta cusOnplokd aviikd onupato cvoyetiCovtolr pe ™
Baockn dopr Tov dKTVOL EMKOViaGoNG, TNV kevipikotnta (centrality), kol tnv enkdAivyn Bdkov twv
QLTMOV OV APOPE GTNV TOKIAGTNTA TOV AVIKOV ETICKENTMOV. X1 frokotvodtnta LEAETNG, TOV ivor 1
iow pe To Kepdrato 3, mpaypotomombnkay detypoatoinyieg aviikdv enokéyemv g 600 S0y IKES
KOpieg mep1odovg avlopopiag (Ampiloc-lovitog). H mpdn pebodoroyikn karvotopio mov icdyston
oV Tapovca Epevva gival Ta parvo-diktva (phenonets), ta onoia aviimpocmredovy Eva véo TpdOTO
opadoToiNoNG dESOUEVOV TV OUEP®Y JIKTO®V apotBaidtntag, o oroiog PacileTon otV amAn apyn
OTL dVO €1OM OeV UITOPOVV Vo OAANAETOPAGOLY OV dgv givar Tavtdypova avbicuéva (putd) 1
opactipla (évtopn) otn Prokowvdtnta. Xe OAeG TIG ONUOGIEVUEVEG UEAETEG OIKTO®V EMIKOVINOTC,
aKOUT Kot G€ gketveg OToL Ta dedopéva Exovv cLALEYET ava Nuépa, 1 e&eldikevon TV EW0®V (KOUP®V)
elvar vrepektiunpévn 016t vroloyiletar pe PAon 0 GLVOAMKSO OIKTVLO OAOKANPNG TNG TEPLOGOL
avBopopiag TG mePLOYNG. XNV Tapovoo epyacia, yio kiBe Tpoeikd eminedo, dnuovpynnkav toéco
@ouvo-oixtoa 0600, Ko To, €i01 ToL KAOE TPOPIKOV £MTESOV Kot TEPILAUPBAVOLY TIG AAANAETIOPAGELC
OV TPayHaTOTOMONKOY HOVO KATA TN XPOVIKY| dtdpkela g avBopopiog 1} 0pactnpldTNTag TOVC.
‘Eto1, o1 1010tteg KOUPOV TV £10MV VTOAOYIGTNKOY GTO PaIvo-0ikTtod Tovs. Mg Tov Tpdmo avto, Ta
QOIVo-0lKTLO. EEVTINPETOVY GTOV TEPLOPIGUO TNE EMLOPACTG TNE PALVOAOYING TV EW0MV OTN LEAETN TNG
GLUTEPLPOPAS TOVG EVTOG TOL SIKTLOV KO TNG VILEPEKTIUNONG TNG OKOAOYIKNG e€€1dikevon|g Tovg. H
denTePT LeBOOOAOYIKT KOLVOTOWIN QLPOPA GTNV EIGAYMYN TNG EVVOLOS TNG PAIVOTUTIKHG OLOKPITOTHTOS
evog eidovg oe pia frokovotnra. Eyxet mapoatnpnBel 611 n avOkr apbovia emnpedlet T1g 1016t TEG TMOV
WOV ota diktva emkoviaons. Y100eTtdvtog pio AEITOLPYIKN TPOGEYYIOT KOl TPOKEUEVOL VO
eotidloovpe Kabapd oTov pOAO TOV POIVOTVTKMV YOUPOKTNPOV TOV avOEDV TNV EMGKEYILOTNTA OO
EMKOVINOTEG, Bewpovpe OtL M avOwkn aebovia gival, oty ovoia, 1 aPbovid TOV EUVOTLTIKMOV
YOPOKTHP®V. ME T0 OKETTIKO 0VTO, dnuiovpynOnkay deiktec avbixic droxpirotyrag (floral apparency)
WG TPOG TG YNUIKEG EKTOUTES, TO OovOIKO Vyog, kot v avoikn empdvela. Ta amotedécpata
ATOKOAOTTTOUV OTL, TPAYUATL, Ol avOiKol YopaKkTNPES CLGYETILOVTAL CNUOVTIKA LE TN GLUTEPLPOPA
(Aertovpykd poOAO) TOV QLTOV O©TO OIKTLO EMIKOVIOOMG. XVYKEKPUEVO, HE TNV EQOPUOYN
TOAVUETAPANTAOV YEVIKEDUEVOV YPOUUK®OV HOVIEA®MY KOl (PLAOYEVETIKOV HOVIEA®V gloyioTmV
TETPAYOVOV, Tapatnpeitol 0tL N kevipikotyzo. eyyvtntag (closeness centrality) tov eutdv 6to diktvo,
ONA. N emKaALVYN BdKoLV OGOV APOPE GTOVG AVOIKOVG EMCKENTES, GYETICETO GNUAVTIKA e TO ovOKO
apopa. Emmiéov,  kevipixotnra dwoueootyrag (betweenness centrality) tov eutdv, dni. n onuacio
TOV €I00VG Y10l TNV GLYKPATNOT| TNG CLVEKTIKOTNTOS TOL OIKTVOV, GYETICETOL OCNUAVTIKA LLE TIC EKTOUTTEG
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GECKITEPTEVIMV KL LE TNV OTTIKY SLOKPITOTNTO TOV PLTOV, ONA. e TO TOCO Eexwpilovy onTiKd amd
T0 oVUVOAO. TEAOG, N TOKIAOTNTA EOMV ETIKOVINGTMOV TOV OEXOVTAL TAL PLTE GUVIEETAL LE TOL OTTIKA
avOud onuota, Kabdg Kot pe TV mopousio VEKTOPoS. AedOUEVEOV OA®V aLTOV, S1OTVTOVETAL Lo
Aertovpyikn voeom Yo TV €€ AMOCTAGENS TPOGEAKVOT] TOV EMKOVIOGTMOV GTOVS LECOYELKOVS
BoVOVES, Ko OVAOEIKVVETAL 1] AELITOVPYIKY O1doTACT) TG BEUEMMDIOVS GYEOTG TV LEAIGOMV KOt TV
avBénv ota owoovotiHaTo avTod ToLv TOHmov. EmPefardvoviag ta svpripata tov Kepoiaiov 3
KOTAOEIKVVETAL OTL Ol EKTOUTEG GECKITEPTEVI®MV, Ol omoieg eivar avénuéveg oe avon pe vymidtepo
xpouatiko kopeoud (color saturation) ywo to ontikd cHoTUA TG HEMGGAG, TPAYHOTL cLo)ETIlovVTaL
BeTikd pe Vv emokeyoTNTA TOV pEMoSaV. EmmAéov, meptypdeovtal Kot cu{ntouvtot ot 101KEG
oyéoelg mov avadelydnkov petald TOV SOPOPETIKOV OUAd®V EVIOU®V NG PloKovoTNnToS Kot TV
Slpopwv otoryeiwv Tov aviikov eawvotvmov. H aioOntnpiaxn moixkiAotnto. (sensory diversity) tov
EVIOLOPIA®V QUTOV AVUSEIKVIETOL MG CNUAIVOV 6VOTOTIKO TNG Acttovpyikic mowkiotntog (functional
diversity), kot n peAétn g odnyel 6NV EXGHUOVOT TOV EODV LE TN LEYOADTEPT EXPPOT GTO HIKTVO
EMKOVIOONG KOl KAT® EMEKTACT] GTN SO OAGKANPNG TNG PLOKOVOTNTOG. ZVUVERAOGC, 1 dlepehvNomn NG
alaOntnpioxns ovbikng moikilotyras Pmopel vo ypnowomondel g epyaieio yio tov oyedACUO
OTOYEVUEVOV TPAKTIKMY OTOKATAGTAONG PLOKOWVOTATOV, e SATHPNON TS SVVOLIKNG TOV OIKTO®V
OLOEWIKOV AAANAETIOPAGEMV.

210 Kepdrowo 5, moapovcualeron pio véo peBodoroyio yioo v avdAvorn OeOOUEVOV  YMUKA
dtapesorafodpevev oANAeTdpdoewv, factlopevn oy avdivon dyuepdv oiktowv. H aieOnmploxn
EMKOVOVIOL QUTOV Kol EVIOU®V TOL OlUUECOANPEiTaL amd yNUIkd onuaTo amoTteAel €va medio
OKOAOYIKNG €épevvog e ToAvdplOpes epapproyés, e€ontiog ™G TOAAATANG AELTOVPYIKOTNTOG TOV
TINTIKOV OPYOVIKOV EVOCEDV TTOV EKTEUTOVV TO PUTA. XTIV TOPOVGO £PEVVO, TOPOLGLALETUL TO
Tp®TO dikTVO EVIOUWV—TIOE cuvtebeipévo amod (o) Ta dEG0UEVE TOV SIKTVOV AVOTKNG EMOKEYILOTNTOG
amd EVTOUO-EMIKOVINOTES, Kol (B) amd ta ynmukd dedopéva Tov avOKoh apOUATOS TOV PUTMV TOL
€yovv ovAdeyel ot Prokowvotnta puerétng ot Aécfo. Epapuoloviag amid PETpO KeVIpikOTHTOS
KOpPov Kot vroAoyilovtag tov Babud dauepiouaroroinons (modularity) tov diktHOL ETKOVIOGTMOV—
[TOE, aviyvebovior evola@épovia HOTIRo cuVOECEDV UETOED E0MV OV OVNKOVV OTIS OIKTOAKES
ovaoeg (modules) mov cuoyetiCovtot Oetid pe opadeg EVIopmy (GVPEISES KAl GONKEG) KoL Y1 UKDV
KAdoewv TIOE. Téloc, emPePordveron m avEnuévn €mMPPON| TOV GCECKITEPTEVIMV GTO OIKTLO
enkovianotdV—IIOE g ppuyavikng frokotvotntag, yeyovos 1o omoio yprlet diepedvnong Kot 6€ GAAL
OKOGVLGTILLOTO. LEGOYELKOD TUTTOL GTOV TANVNTY, TOL GIAOEEVOVV TTAPOLOLL YNLUKT TOWKIAOTNTO
TMTKOV ekmoundv tov eutov (m.y. Chaparral oty Kalgopvia). Ta dwuepr| diktvo €0dV—
UETAPOMTOV aVOSEIKVDOVTOL GE EVa, EpYOLEio peAETNG (o) TNG arobnTnpiaknic TolkiAoTnTag 6€ ENIMESO
Brokowvotntag Ko (B) TG yNUIKNG EMKOVOVING GUTAOV Kol apOpomddmv.
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KATAAOIOT TXHMATON?

KE®AAAIO 1

Xyfqpa 1.1. Ot moAlamhol 0tkoAoyiKol pOAOL TV TINTIKAOV OPYAVIKOV EVOCEDV TV eUTAV. Amd Dudareva et
al. (59).

KE®AAAIO 2

Xyfqpa 2.1. H katavopn tov apBpod Imrkdv Opyavikdv Evacewv (VOCs) ota gutikd taxa mov €xouvv
peretnOet oty EALGSa. Xta chvora cvumeptlopupdvovtal Ta iyvn evacewny, 6mmg avapEPOoVToL GTIG

mYyE&s.

Yyqpoe 2.2. Xdpg Oepuodomrag (heat map) g Katavoung tev ynukdv khdcewv tov IIOE otig gutikég
owoyéveleg mov perethniav (*: n owkoyévelo avtimpocmneveTal amd €va, taxon). H aebovia tov
KAAoE®V Tapovoldletal o KAMpOK yio S1e0VkOAVVOT TNG GVYKPLoNC.

Yympo 2.3, Aggid: Awypdppoato pn-petpiking moilvdudotatng kApdkmong (non-metric multidimensional
scaling, NMDS) tov mvaxkov katavoung tv ITOE oto gutikd detypota pe epapuoyn Koumviov (a)
vyouétpov kot (b) yewypapuol mAdtovg (deiktng katarovnong: 0,115). Apiotepd: Ot meptocdTEPO
oamokAivovteg mAnBucol KaTadekvoovTal 6To YapTn He aptBpovg. (¢) XAapTng YnNHEOTOKIAITITOG
o€ eninedo K doewv tov gidovg Origanum vulgare subsp. hirtum otv EALGSa. To k4B meployn
GLAAOYTG SivovTan 01 avahoYies TV YMNIKOV KAAGE®DV ot avaivBévta detypata.

Yyqpe 2.4, Xnuelomotkihdtnta o€ eninedo kKAdoemv yia to yévn Hypericum kow Mentha otnv EALGSa. o kébe
mePLOYN GLALOYNG divovTal o1 avahoyieg TOV ¥NUK®OV KAAGE®DV 6Ta ovorlvBévta delypota. Ot apiBpoi
avTIoTOLYoVV oTO peletnuéva idn wg e&ng: (1) H. perfoliatum; (2) H. perforatum; (3) H. tetrapterum;
(4) H. olympicum;, (5) M. pulegium; (6) M. spicata; (7) M. piperita; (8) M. longifolia; (9) M. % villoso-
nervata.

Yympo 2.S1. (A) Xnukn odvheon o€ eninedo KAACE®V KOl GACUATO TTNTIKOTNTOS TOV OPOUATOV TOV 59
QULTIKOV YeEVDV 7oV €xovv peietbei otnv EALGOa. Ot xotovopés tov Kavovikdv onueiov (éoemc
(nBP) dwkpivovtar avdioyo pe 1o petafoicd povomdrtt kdbe wvplag ynukng kidong. LOX:
povomdtt Mmoéuyevdong. MVA: povomdrtt peforovikod o&éoc. MEP: povomdtt @oo@opikig
uebviepvOpitoing. (B) H péon nmtikdm o 1ov apopdtov tov eutov oty EAALGS, ex@pacuévn
pe 1o nBP (£ SE). X 6heg 11 mepmtdceElg, TANV Tov Yévoug Paeonia, T0 ap®UOTO TOPEANQONGOY e
amoOoTOEN.

Yype 2.52. Ta hotspot g £épevvag PUTIKOY TTNTIKOV 0pyaviK®v ovcidv otnv EALGda (A) Katavoun tov
neploy®mv oLAAOYNG. (B) Katavoun tov peletnuévov @utikdv taxa otig S1otknTikég Teployés TG
yopoc. Ta emimeda okioong avtiotoryobv 010 aplBUd QLTIKOV taxa wov pPeAeTHONKav o€ KdOe

EPLOYN.

Yympo 2.83. MeBodoroyia avamtuéng g yem-Paong dedopévav. O oyedaopnodc fociotnke 6to ddypoppo
KAdoewv g evomomuévng yimocog oxedaopod (UML) wor mephapPdaver 17 khdoelg
dwovvoeopeveg pe 15 dvadikég oyéoelg. o v xotaockevr g Pdong ypnoyomombnkay 1o
neptPaiiov g MS Access relational DBMS kot o Aoyiopkd diayeipiong yopikav dedopévov ESRI
ArcCatalog. H tehikn Bdon amotedeitan amd 20 mivakes. To alpaptOuntikd dedopéva dtoyepiotnKoy

2 o ava@opés avtiotoryovy ot PBiProypapio tov ekdotote KepaAaiov. Ta Zynfuoto tov Ilapaptnudrov
copumepAappdvovtorl ed®, akoAoVODOVTOG TO ZYLOTO TOV KUPIME KEWEVOL KOTA a0EOVGH aptOUNTIKN GEPA.
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pe eépueg MS Access, evd 1 epapuoyn Tov xoptav &ywe pe 10 Aoyiopikd ESRI ArcMap GIS
(ArcGIS™ 10.0).

KE®AAAIO 3

Yympuo 3.1. O ynuikd¢ Kol ONTIKOG QOIVOTUTOC TV EVIOUOETIKOVIOLOUEV®OY QUTOV OTNV HEAETOUEVN
Prokowdtra. (A) Ov puroyevetikég oyéoelg petald tov eutdv. (B) To diktvo eutdv—IIOE. Ot
EVOOELG OUAOOTTOOVVTOL v YNk KAGomn. Ta povpo aotéplo KATASEKVOOUV TNV Topovsic
véktapog. Evaoeilg mov dev tavtomomOnkav, dev cvunepiapfavoviar edo. (C) Ta pdopata avOikng
avakAaong tov eutev mapovcsialovtal oe dwypdppata opifovta (horizon plots), émov ot
EMKOADTTOVGEG GKOVPOYPMLES TEPLOYEG OVTITPOCHOTEVOVY VYNAOTEPT AVAKANGT GTO GLUYKEKPIUEVO
VOVOLETPIKO E0POC.

Zyqpe 3.2, Ot onpovtikég cuoyeTioelg LETAED TOV YNUKAV KoL TV YPOUATOUETPIKMY 1 QUGLATIKOV 1O10THTOV
oToVg avikovg avotumovs g Prokovotntac. Ta amoTeAécHaTA TPOEKLYAY OO PUAOYEVETIKA
povtéha yevikevpévov ghayiotov tetpayovov (PGLS). Xto dwypdppoata mapovcidlovior ot
ovhoyevetikd aveEapnteg dwpopés (phylogenetically independent constrasts) yuo  tovg
HeAeToOEVOLG avOoUg yapaxtpec. Ta S10popeTiKd xpOULATH KATASEIKVOOUV S10(POPETUKES Y1 HIKES
Khdoewg. Alip:  Alewotwkés evooelg: Benz: Bevievoedn: Mono: Movotepnévia:  Sesq:
Yeoktepnévia. %Class ER: oavoroyio g ynukng KAAong 6to cOHVOAO TV avOIKOV EKTOUTOV.
%Class count: avaioyio TG ¥nkng kKAdong oto cvvoro tv ITOE (*<0,050 kot **<0,010).

Yympo 3.3. AvBwd odopota mov ovoyetiCovror pe ynukés kidoelc. (A) ddopato TOV QELTOV TOV
neptropfavovral ot dtktvok Movada #6 tov diktvov euT@v—IIOE mov €xel yopaktnpiotel oc 1
povéda tov aAewpatikov evocewv (Zyfpata 3.56-3.S7). (B) Méon andotacn Manhattan tov
evyov goopdtov ovikioons oe kdfe pion SIKTLOKY HOVAOH TOL £(EL YOPOKTINPLOTEL YMNUKA
(arewpatikég evooelg: Movada #6- Pevievoedn: Movada #2- oceokitepmévia: Movdadeg #3-4,
Iyuoto S6-3.S7). (C) ddopoto avakKACoNS TOV VIOV OTOV ONoi®mV TIC avOlKéC EKTOUTEG
Kuplapyovv ta ceokitepmévia. (D) Méon andotacn Manhattan tev {evy®dv QacHATOV avVAKAMGNG
OTIG OUAOEG TOV QLVTMOV OV dlaKPIONKAV avAAOoYd LE TO o0 ¥NLUKT KAGGT KLupLapyel oTig avOukég
TOVG eKTOUTEG. T £VOETO AVTITPOCOTEVOVY TO HEGO PAGLO TOV SIKTVAK®V HOVAI®V 1) OPAd®V +
SD. Ot @ocpotikég KoOUmOAeS €ival YPOUOTIGUEVES OvOAOYO HE TO avOKOd ypdua Tov €l80vg
kwdwonomuévo oto cvotnpa RGB. Al: Aleipatikéc evioelg, Be: Bevievoeidn, Mo: Movotepmévia,
Se: Xeokitepmévia (Fp<0,05 won ***p<0,001, Kruskal-Wallis rank sum test).

Yyqpe 3.S1. Bopeoavatodikn dmoyn tng peretdpevng Prokowvotntog otov Ayo Ztépavo AéoPov (pmto:
Aopoditn Kavtoad).

Yympe 3.S2. H tonoypagia tov avBéwmv g frokotvotntag 6Tov eEaymvikd YpOUATIKO YOPO TOV TPLYPOUOTIKOD
OTITIKOV CLGTAUATOS TNG HEMGGAS (6vOeT0). £TO S1dypappa TapovstdleTal 1 amrdAVT) GUYVOTNTO
v tonwv (loci) ot kdbe Evav and Tovg 36 Toueig Tov e&aydvov (oplopevot avd 10°). O avayvdotg
TOPOTEUTETOL OTIG avOPOpES 19 kat 20 Yo cOYKPLON [LE GUVOAD PLTAOV OO OLUPOPETIKEG TEPLOYES
Tov kO6Gpov. TToptokaAl Kovkideg: @UTA TOL TOPAYOLV VEKTOP: HODPO KOVKIOES: QULTE oL OV
TOPAYOLV VEKTAP.

Yyqpoe 3.83. H tomoypagpioa tov ovBéwv tng Plokowvotntog otov TeTPOedpikd ypOUATIKO YDPO TOV
TETPOYPMUATIKOD OTTIKOD GLGTNLOTOC TNG TteToAovdag Papilio xuthus (Lepidoptera, Papilionidae).
[MoptokaAi KOVKIOES: PLTA TOV TOPAYOVV VEKTOP® LOVPO KOVKIOEG: GUTE TTOL OEV TOPAYOVV VEKTOP.
H yxpila xovkida aviiotoryel ot 001 VOGS aYPOUATIKOD OVTIKELEVOD.

Yympo 3.54. Ot otatiotikd onpovtikés cuoyetioelg Pearson petalh 1ov QOSHOTIKOV 1 TOV YPOLUATOUETPIKOV
WOTATOV TOV QUTOV NG frokowvotntag Kot Tov dvo NMDS afdévev mov vroroyicTnkay amd to
oKaTEPYOoTa dedopEVA. [0 AETTOUEPEIEG OYETIKG LE TIG PUOUOTIKES KO YPOUATIKES 1010TNTES, O
avayvootng topanéunetol oto Kep. 3, YAwkd kor Mébodot.
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Yympe 3.S5. H cvvoeoipotta peto&d povadwy (among-module connectivity, ¢) Tov gUTdOV 6TO diKTVLO QUTOV—
[OE avdéioya pe tnv mapovcio/anovcio véktapoc. H oxéon petpnonie e epapproyn QUAOYEVETIK®Y
LOVTEA®MV YEVIKEDUEV@V TETPAYDOVAV (F130=7,85, p=0,008). [Tapovcidlovtar ot péoeg Tipég = SE.

Yympe 3.86. Ot entd povadeg tov diktvov putdv-IIOE, 6nmg Tpoékvuyav and tov adydpifuo [Ipocopotopévng
Avonmong (77-78). To diktvo amewoviletar g povopepég (one-mode), meptrappdvovrag povo to
outd. Ot apBuoi avtiotoryobyv oto Zyfua 3.S7. Ot koppot etvar xpoUATIGUEVOL AVAAOYA LE TO AVOLKO
YPOLO TOV €100VG Kodikomotnpévo 6to cvotnua RGB.

Zyqpoe 3.S7. Xnukdg YopoKINPGUOS TV enTd Hovadmv tov Oktiov eutdv-IIOE ot peketdpevn
Brokowdtnra. H xatavoun towv ITOE kdBe ynukng kKAGong otig SikTuakég povades onewkoviletal o
duypoppe poooiké (mosaic plot). H okioon katadewviel ekeivoug Toug cuvdvacuods KAGoNnc—
povédag mov givan meprocdtepo (Proreti) N Aydtepo (moptokail) mbavoi, avdrioya pe v Téén
neyéfove tov tumomomuévev vroAoinmv (standardized residuals) tov Pearson y? test. To
APOUATICUEVO KEALG UE TYES VTTOAOITOVY >|2| Kot >[4| avTIGTOY0VV G€ VIOAOUTH TOL EIVOL GTATICTIKA
onuovtikd ota enineda 0,05 kot 0,0001, avrtictorya.

KE®AAAIO 4

Yympa 4.1. O Aertovpyikdg poA0G KdBE PUTOV 6T PAVO-OTKTLO T®V AAADY PLTOV TNG ProkovdTnTog (avapopd
8, Ylkd war MéBodor). Ta @owvo-diktva Ppickovral otnv mpaty oepd (padpn okioom) Kot
TOPATACCOVTOL LLE YPOVIKT GEPE ovAAOYa L (o) TNV TPOTN LEPA TOL TopatnpnOnKe avBopopia Kot
(B) T dudpxeto g ovBo@opiag TOv GLYKEKPIUEVOL €100VG, £TG1, MGTE Ta PUTA TOL 0vBilovv vopitepa
Kot €yovv pikpdtepn ddpkeln. avBoeopiog Ppiokovior ota apiotepd. Ot UAVEC AVTIOTOLOVV
amokieloTikd oty avBogopia.

Yyqpoe 4.2. H cvvolkn avOikn dtakpitotnto (apparency) t@v Qutev tng Plrokowotntoc. H diduetpog tmv
KOKA®V glvatl avaioyn tng dakprtotnrag Tov aviikov ekmopundv TIOE (ymuikn dwokprtotnta). To
YPOL TOV KOKA®V avTioTolyel oto aviuod ypopa kdbe gidovg Kmdtkomopévo oto cvotnua RGB.

Yyqpoe 4.3. Ot onuavtikég cvoyetioelg uetald v dapopov YopaKTHp®V Tov aviuod @ovoTuTov, Tov
opaiomompévoo Pabuov (normalized degree) kot g kevipukotnTog evolapecotrag (betweenness
centrality) omn peietopevn Prokowdtra. Ta Saypdppota  doomopde mopovstdlovy  TIiC
evloyevetikd aveaptnteg dupopég (Iivakag 4.1).

Yympo 4.4. Zxabdpilo og avon g peretdpevng Prokowvdtnroc. H emikoviaon tomov “mess and soil” cOppova
ue tovg Faegri ko van der Pijl (5) eivar eppavig. (A) Dasytes sp. (Melyridae) oe Cistus creticus. (B)
Clytra atraphaxidis (Chrysomelidae) o€ Crepis neglecta. (C) Eulasia nitidicollis o€ Cistus salvifolius.
(D) Pygopleurus sp. (Glaphyridae) ce Anemone coronaria. (E) Epicometis hirta (Scarabaeidae) og
Asphodelus ramosus. (F) Oxythyrea funesta (Scarabaeidae) ce Onopordum tauricum. (G) Oedemera
sp. (Oedemeridae) oe Tolpis barbata. (H) Trichodes alvearius (Cleridae) oe C. creticus. (1)
Chrysolina americana (Chrysomelidae) og Lavandula stoechas. ®mto: Appoditn Kavtod.

Yyqpo 4.S1. dvioyevetikég oyx€oelc TOV eVTOM®V TNG ueAetdpevng Proxowdmrag. To opboydvio
KAadoypappa (xopic pnkn KAGdwv) dnuovpynonke pe to Aoyiouikd Open Tree of Life (95).

Yyqpoe 4.82. Ot onpovtikég ovoyeticelc Hetald TV OpAdmV TOV EVIOUMV-ETIKOVIONOTOV Kol T®V EVVEQ
LOVAJ®V TOV SIKTVOV PUTOV—ETIKOVIAGTMV 0T1 LeAetdpevn frokowvotnta. H katavopun kaOe opdoog
OTIG OIKTLOKEG HoVAdes amekoviletal g poodikd didypappe (mosaic plot). H oxioon katadeucviet
€KeIVOLG TOVG GLVIVAGHOVE KAGOTG—HOVAdAG TToV givor TEP1ocdTEPO (YOAAL10) 1) AryOTEPO (KOKKIVO)
mBavoi, avaroya pe v TaEN peyéboug Tv tvmonomuévev vroloinmy (standardized residuals) tov
Pearson y test. Ta ypopOTIGUEVO KEAMA [IE TMEG VITOAOTTOV >[2| kat >[4] avTicToroby o€ Voo
OV €lval 6TATIOTIKA onpovtikd ota enineda 0,05 kot 0,0001, avtiotoryoa.

Xyfqpa 4.83. Ta puioyevetikd cuyyevi QUTE dEXOvTaL ETICKEYELS KUPIMG Ao TNV {10 OPAdA EMKOVIOGTMV.
To eminedo onuavtikdtrog (**: p=0,008) mpoékvye amd TV geopUoy ] TOL OAYOPIOLOL
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‘phylo.signal.disc’ Tov Enrico Rezende mov ypnoipomoteital yioo tnv oviyvevorn (QULAOYEVETIKOD
ONUOTOG G€ SLOKPITEG UETAPANTEG (TPOCOTMIKY EMKOWVOVIO: O OVOYVAOOTNG TOPOTEUTETOUL GTIV
avagopd 94 yio avOAVTIKY TEPLYPOPT] KOl TAPAOELY LA EPAPLOYNG).

Yype 4.84."Evtopo Tov GuvoAKoD SIKTOOL PLTOV—ETIKOVIOGTAOV, TO. OTOid TOPOVSLALOVV PO EMCKEYEWDY
(visitation) onpavtikd cLoYETILOUEVO LE TV AVOAOYIiO TOV GECKITEPTEVIOV 0TI OVIKEG EKTOUTES
(sesq). H avedptmmn petafint vaéomn yovwekd petaoynuoticpd (arcsine). To emimedo
onuavtkotntag vroioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emavadetypotornyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympoa 4.S5. Evtopa tov 6uvoiikol S1KTHOL GUTOV—ETIKOVIOGTAOV, T0. 07010 Tapovstdlovy aplfuod emokéyeny
(visitation) onuUavTIKG GUCYETILOUEVO LE T SIUKPLTOTITO TMV GECKITEPTEVIMV GTIC OVOIKEG EKTOUTES,
To eninedo onuavticotnrag vroroyiotke pe ANOVA (likelihood ratio tests) petd and 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Xyfpa 4.S6.'Evtopa Tov 6uvoAkoD dIKTOHOV QUTHV—ETIKOVIOGTMV, TO 0010 Tapovctalovy aptBud emoKEYEMmV
(visitation) onpovtikd cvoyetiopevo pe 1o aviuco tyoc. To enimedo onUAVTIKOTNTOG VTOAOYIGTNKE
pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap emoavoderypoatoinyieg (PIT-trap residual
resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympa 4.S7."Evtopa Tov 6uvoiikol S1KTHOL pUTOV—ETIKOVIOGTAOV, T0. 07010 Tapovstdlovy aplfuod emokéyeny
(visitation) onpovtikd ocvoyetilopevo pe TN dokprtoTnTo Tov aviikod vVyove. To emimedo
onupavtikotntog vrmoioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Xyfpa 4.S8.'Evtopa Tov 6uvoAkoD SIKTOHOV QUTHV—ETIKOVIAGTMV, TO 0010 Tapovctalovy aptBud emoKEYEMmV
(visitation) onuovtik@ ovoyetilopevo pe v ovlwkn emedvela. To emimedo oNUAVTIKOTNTOC
vroroyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap enovaderypotoinyieg (PIT-
trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympoa 4.S9. Evtopa Tov cuvoiikol S1KTHOL pUTOV—ETIKOVIOGTOV, T0. 07010 Tapovstdlovy aplfuod emokéyeny
(visitation) onpovtikd cuoyeTl{opevo e T dtakpitotnTo g aviikng empdvelag (surface app). To
enminedo onuovikodttag vroroyiomke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yyqpo 4.810. 'Evtopo Tov GUVOAIKOD OIKTOOV (QUTOV—ETIKOVIAGTMV, TO. O0Toio. Tapovcidlovv aptBud
emokéyenv (visitation) onuaviikd cvoyetilopevo pe v évapén g avBoeopiag (start date). To
eninedo onuovtkodtnrag vroroyiotnke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
enovaodetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympo 4.S11. 'Eviopo tov 6uvoAlkod OKTOHOL QUTOV—ETIKOVIOOTOV, To omoia mapovstdalovy apluod
emokéyewv (visitation) onuavtikd cvoyetilopevo pe tn dwdpkela g avBoeopioag (duration). To
eninedo onuovikodttag vroroyiotke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yype 4.512. 'Evtopa tov vro-diktvov putdv—Koredntepov, Ta onoio mapovstdlovy apBud emMoKEYEDY
(visitation) oMUOVTIKE GLGYETILONEVO LE TN daKPLTOTNTA TOV avBikov vVyoug (height app). To emninedo
onuavtikottog vrnoioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
enovaodetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yyqpoe 4.813. ‘Evtopa tov vro-diktvov putdv—Koiedmtepwv, Ta onoio mapovstdlovy aptdud emCKEYEDY
(visitation) onpovtikd cuoyeTllOUeVO e T dtakpitoTnTo TG avOikng empavelag (surface app). To
eninedo onuovtkottag vroroyiotnke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
emovadetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Xyfqpa 4.514. ‘Evtopo tov vmo-diktoov putodv—Koieontepmwv, ta onola mopovoidlovv aplfud emokéyemv
(visitation) onuovTiK@ cvoyeTilouevo e Ty ovowkn coppetpio. H onpoavtikdtro vmoloyiotnke pe
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ANOVA (likelihood ratio tests) petd amd 999 bootstrap emovaderypotoinyieg (PIT-trap residual
resampling).

Yyqpoe 4.815. ‘Evtopa tov vro-diktvov putdv—Koredmtepwv, ta onoio mapovstdlovy apOud emcKEYEDY
(visitation) omnpovtikd ocvoyetilopevo pe v évapén g avlopopiog (start). To emimedo
onuovtikdomtag vmoroyiotnke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
emovadetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Xyfqpa 4.816. ‘Evtopo tov vmo-diktoov gutedv-Koieontepmv, ta onola mopovoidlovv apfud esmokéyemv
(visitation) onuovtikd cvoyetilopevo pe t duwdpkeln g avBoeopiog (duration). To emimedo
onuavtkotntag vroioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emovaoetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympo 4.S17. 'Evtopa 100 v1o-01KTOoU QUTOV—AmTEPOVY, Ta omoio. mapovcidlovy aplBud emokéyenv
(visitation) onpovTiKé cLoYETILOUEVO e TN SOKPITOTNTO TV PEVIEVOEId®V OTIC avOTKEC EKTOUTES
(benz app). To eninedo onpaviikdmtog vroroyiotnke pe ANOVA (likelihood ratio tests) petd amo
999 bootstrap emavadstypatoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010-
**%p<0,001).

Yympo 4.S18. 'Evtopa 00 v1mo-01kToov QUTOV—AmTEP®Y, Ta omoio. mapovcidlovv aplBud emoKEYEDY
(visitation) onpavtikd cuoyeTI{OIEVO HE TN JOKPLTOTNTA TOV GLUVOMK®OV avOikdV ekmopndv (total
emissions apparency). To eninedo onpavtcotnrog vroroyiotnke pe ANOVA (likelihood ratio tests)
petd amd 999 bootstrap emavoderypotoinyieg (PIT-trap residual resampling) (*: p<0,050-
**p<0,010- ***p<0,001).

Xyfqpa 4.519. 'Eviopa tov Lmo-01KTO0L QUTOV—AWTEP®Y, TO. Oomoio. Tapovctdlovy apBud emoKéEyemv
(visitation) onuovtik@ cvoyetilopevo pe v évapén g avBoeopiog (start date). To emimedo
onuavtikotntog vrnoioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
enovaoetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympo 4.520. 'Evtopa 100 vo-01kTuov QUTOV—AmTEP®V, Ta omoio. mapovcldlovy aplBud emoKEYEDV
(visitation) omnuovtikd cvoyetilopevo pe T duwdpkeln g avBoeopiog (duration). To emimedo
onuoavtikotntag vrnoioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yyqpo 4.S21. ‘Evtopo Tov vIo-01KTOoU QUTOV—UEMGC®VY, TO, Omoio TOPoLGLAlovy aplId EMCKEYE®DY
(visitation) onpavtikd cuoeTILOUEVO LE TN SLOKPITOTNTO TOV GECKITEPTEVIMV OTIG OVOIKEC EKTOUTES
(sesq app). To eminedo onuavtikdTTog vroAoyiotnke pe ANOVA (likelihood ratio tests) petd amod
999 bootstrap emavaderypotolnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010-
**%p<0,001).

Yyqpo 4.522. ‘Evtopo TOv 0Io-01KTOOL QUTOV—UEMGO®Y, TO, OTmoio TOPoLGlalovy apld EMCKEYE®DY
(visitation) onpovtikd cvoyetilopevo pe m dakprrotnta aviucov vyovg (height app). To enimedo
onuavtikotntag vroioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emovaoetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympo 4.523. ‘Evtopa tov vwo-01kthov puTOV—HEMGoDV, To, omoio mapovcstdlovv aplBud emokiéyemv
(visitation) onpovtikd cuoyetilopuevo e tn dtaxkpitotnTo ¢ avOkng empavelag (surface app). To
eninedo onuovtikodtntag vroroyiotnke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
emovadetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yyqpo 4.524. ‘Evtopo Tov vIo-01KTOOL QUTOV—UEMGO®Y, TO, OTmoio ToPoLclalovy aplUd EMCKEYE®DY
(visitation) onpovtikd cvoyetiiopevo pe to Pabog otepavne. H onuaviwotnto vroloyiotnke pe
ANOVA (likelihood ratio tests) petd omd 999 bootstrap emavaderypatoinyieg (PIT-trap residual
resampling).
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Yyqpoe 5.825. ‘Evtopo tov vwo-01kTiov QUTOV—UEMGG®MY, TO, 0moia Topovctdalovy apldud EMOKEYE®DY
(visitation) onupoavtikd ocvoyetiiopevo pe M odpkewn avBoeopiog (duration). To emimedo
onuavtikotntog vrnoioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emovadetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Xyfqpa 4.S26. 'Eviopo o vmo-3iktiov QUTOV—OPNKAOV, To 0moio. Topovctdlovv aplBpd emokéyemv
(visitation) onuoviikd ocvoyetilopevo pe tnv avlwn emedvelo (floral surface). To eminedo
onuavtkotntag vroioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emavadetypotornyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yympo 4.S27. ‘Evtoua 00 bTO-01KTHOL PUTOV—OENK®V, TO 070l Tapovstalovy aplBud emokéyenv
(visitation) onpovtikd cuoyeTlOUeEVO pe T dtakpitoTnTa TG aviikng empavelag (surface app). To
emingdo onpavtikotntag vroroyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Xyfqpa 4.528. ‘Evtopo 1ov vmo-3iktoon Quthv—Agmiddntepwv, to. onoio mapovuctalovy aptdid EToKEYEMV
(visitation) onpovTiKd cLOYETILOUEVO LE TNV OVAAOYIO TOV CECKITEPTEVI®OV OTIG avOuKég ekToumég
(sesq). H aveEdptmm petafinm vaéomn yovwekd petaoynuoticpd (arcsine). To emimedo
onuovtikdomtag vmoroyiotnke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
emovadetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yyqpoe 4.S29. 'Evtopo Tov vo-01ktiov QUTOV—AETIOOTTEP®Y, TO OTOi0 TOPOVGLALOVY APIOUO EMCKEYE®DY
(visitation) onpovTiké GVGYETILOUEVO LE TN SOKPITOTNTA TOV GECKITEPTEVI®MV OTIG AVOKES EKTOUTES
(sesq app). To eninedo onuovtikdtrag vroroyiotnke pe ANOVA (likelihood ratio tests) petd amd
999 bootstrap emavaderypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010-
**%p<0,001).

Yyqpoe 4.S30. 'Evtopo Tov vo-01ktiov pUTOV—AETIOOTTEP®Y, TO OTOi0 TOPOVGLALOVY APIOUO EMICKEYE®DY
(visitation) onuoavtikd cvoyetiiopevo pe to aviieo vyog (floral height). To enimedo onpavTIKOTNTOC
vroroyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap enovaderypotoinyieg (PIT-
trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yypoe 4.S31. 'Evtopo Tov vo-01ktHov pUTOV—AETOONTEP®V, TO OTOi0 TAPOVGLALOVY APOUO EMOKEYE®DV
(visitation) oMUOVTIKE GLGYETILONEVO LE TN dlaKPLTOTNTA TOV avBikoy vVyoug (height app). To eninedo
onuavtikotmtog vrnoioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emovaodetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yyqpoe 4.S32. 'Evtopo Tov vo-01kthov QUTOV—AETIOOTTEP®Y, TO OTOi0 TOPOVGLALoVY APIOUO EMICKEYE®DY
(visitation) onuovtikd ocvoyetilopevo pe tnv avbwn emedveio (floral surface). To eminedo
onuoavtikotntog vrnoioyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yypoe 4.S33. 'Evtopa Tov vo-01kthov pUTOV—AETOONTEP®V, TO OTOi0 TAPOVGLALOVY AP0 EMOKEYE®DY
(visitation) onpavtikd cvoyetilopevo pe 1n dtokprrdtnto e avoikng empdvelag (surface app). To
eninedo onuovtkodtnrag vroroyiotnke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
enovaodetypotoinyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Yyqpo 4.534. To povadikd €Viopo Tov VIO-01KTVOV PLTOV—AETIOOTTEP®Y, TO 0TOi0 TOPOLGLALEL aplOud
emokéyewv (visitation) onuoviikd cvoyetilopevo pe v évapén g avboeopiog (start date). To
enminedo onuovikottag vroroyiotmke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
emavaderypotoAnyieg (PIT-trap residual resampling) (*: p<0,050- **p<0,010- ***p<0,001).

Xyfqpa 4.835. H oyéon petad avOkng cuppeTplog Kol 10G00To0 EMMCKEYIUOTNTOG TOV HEAMGCOV (Ap1oTEPE)
Kol EEYwPLoTad TV E10MV NG owoyévelng Apidae (Léso) kat Tng owoyévelag Megachilidae (6e£1d).
Epappocmkay euioyevetikd poviéda yevikevpuévev erayiotav tetpaydvev (PGLS). H eaptnuévn
LETAPANT VTECTN YOVIOKO LETACYNUOTIGHO (arcsine).
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Yyqpoe 4.836. H oyéon peta&y PdOovg ote@dvng Kol T060GTOV EMCKEYILOTNTOC TOV LEMGGOV (aploTEPQ),
Eexoplotd TV €OV TG owkoyévelng Megachilidae (uéco), Ko TV AWTEPOV TNG OIKOYEVELNG
Syrphidae (0e&1d). Epappootnkov @uAoyevetikd HOVTELD YEVIKELUEVOV EAOYICT®V TETPUYDOV®OV
(PGLS). H g&aptnuévn petafAnti vréom yoviakd pLeTacynuatiopd (arcsine).

Xyfqpa 4.837. Ta mocootd emokeyinotros ond Koiedntepa yio kdbe putod KOTAVEUNUEVA GTO PUAGYPULLLLOL
TOV EUTOV NG Prokowvotntog (UAKog KAGO®V: eKat. xpdvia). Avixvevdnke oTATIGTIKG CTUAVTIKO
@vhoyevetikd onpoa (Blomberg’s K*=0,47, p=0,009 otov [Tivaka 4.S6).

KE®AAAIO 5

Xyipe 5.1. To Bewpntikd mhaicto g KOTAoKELTG ToV d1kTHoL eviOpmv—IIOE ot peletopevn frokowotnta.
Ta 000 odiktva, EvTOV—emiKoviaoTdv (aprotepd) kat eutadv—IIOE (8ef1d), amewkoviCovtor oe
Suypoppa kKoyéng (35), omov ke GEovag ameikovilel Tovg ypappukd torofetnuévoug KOUPBovg
Kk@0e tpopuov emmédov. Ot emkoviaotés ovvogovtan pe T IIOE 14 tov emokéyedv Tovg ota
avBoedpa eutd. 'Etot, to diktvo eviopmv—IIOE cuvvtibetar amd to diKTLO QUTOV—ETIKOVINCTMYV,
avtikodiotovtag kébe uto pe Tig ITOE mov avtd exméumel.

Xynpe 5.2. To diktvo gviopwv—IIOE g frokowotntac. Moévo ta 111 &ion evtépmv mov cvppeteiyov og >2
oAniemdpaocelc pe kabe [TIOE ocvuneprrappdvovror. Ot ITIOE (otAeg) opadomolovviot 6 ynukeg
KAdoeis. Ta Bapn Tov odinAenidpdcewny Exovv Tuororondel (Kiipaka 0-1).

Yympa 5.3. Xopaktnpiopoc tmv Tévte Lovadwy Tov diktvov eviopwv—IIOE mov mpdekvyoav and tov akydpidpo
[Ipocopotwpévng Avommnong v (A) Tig ynuikég kAdoeig kat (B) yia tig opddeg emkoviaotov. H
okioon KaTadetkvieL EKEIVOLG TOVG GUVOVAGLOVG YT KNG KAACT|C—LOVASAG 1) OLLAOOS ETKOVIOOTMV—
povadag mov givor meptocdtepo (Yordllo) N Aydtepo (kOKKvo) miBavoi, avaioyo pe v TaEn
neyéfovg TV Tumomomuéveyv vmoAoinmv (standardized residuals) tov Pearson y? test. To
YPOUATICUEVO KEAG UE TYES VTOAOIT®V >|2| Kot >[4| avTIGTOT(0VV G€ VTOAOUTH TOL EIVOL OTATICTIKA
onuavtikd oto erinedo 0,05 kot (A) <0,0001 7 (B) 0,004, avtictorya.

Yyqpoe 5.4. Xenkeg tov gidovg Megascolia maculata (Scoliidae) cuAiéyovv tpogn amd Onopordum tauricum
(aprotepd) kou Anthyllis hermanniae (3e€1d) otn peretdpevn Prokowvotra. Owto: A@poditn
Kavtod.

Yyqpe 5.5. Mécog oparomompévog Pabudc (normalized degree) Tmv kOpL@V yNUIK®OV KAAGEDV GTO diKTLO
eviopwv-TIOE. Ot dapopég petald tov kKhdoewv mpoékvyov pe Kruskal-Wallis rank sum test kot
Nemenyi post-hoc test (Tukey-Dist. Approximation).
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KATAAOIOE ITINAKON?®

KE®AAAIO 1

Mivakog 1.1. Ot avOwoi yopoktipeg TOV GYeTIlOVTOL LUE TNV EMOCKEYIUOTNTO TOV OVOEQV Ao TIC TEGGEPIS
KOpleg Taelg EVIOL®V-EMKOVIOOTAOV, 0 TEVTE peletnpéves Prokowvotntec. Xe kdbe mepimtmon
dtvovtarl o Tomog PAdoTnong Kot 1 Ye®ypapikn mepoyn. Awokpivetar n avlikn avikiaorn amd to
YPOLO O10TL TNV TPADTN TEPIMTWOOT EYIVE TOCOTIKY| LETPNON LE POGLATOPOTOUETPO EVAD 1 dEVTEPN
amotelel avOPOTOKEVTPIKY TOLOTIKY Tapapetporoinon (). kitpwvo, kokkwvo kAm). o Tig
OTOTIOTIKEG LEBOOOVE OVAAVGN G TOV YPNGILOTOONKAY, O OVAYVAOOCTNG TAPOTEUTETAL OTIG EKAGTOTE
oVaPOPES.

KE®AAAIO 2

Mivakag 2.1 [Tt tikéc opyavikég evioelg (ITOE) mov éxovv aviyvevbel oe nepiocotepa and to Picd peretnuéva
ouTikd taxa. ['a ka0 I1OE, divetot o apBpog owoyeveldv oTig onoieg £xel TovtomomOei.

Mivakag 2.2 Ta nepiocodtepo peretnpuéva apopatikd eutd otnv EAdda. Ilepthapfavovtor ta gutikd taxa wov
UEAETNONKOV GE TOVAAYLOTOV TEGCEPIC TEPLOYEGS,.

Mivaxog 2.51. H ynuiky) ovotaon tov ypdtov [IOE tov putikdv taxa mov pelemdnkav oty EALGSa Katd
Ta xpovia 1988-2013.

KE®AAAIO 3

MMivaexog 3.1 H enidpaom tov avOikod ypdpotoc i tng mopovciog véktapog oty katovoun tov [TOE ota gutd
g Prokowvotntoc. O éleyyog mpaypatonoleital 610 GuvoAikd diktvo PLTOV—IIOE, kabdhc kot ota
téooepa  vmo-diktva mov mepthapuPdvouv Tig [IOE and kdBe pio kopuo ynukn  kAdGon.
ITapovoialovtal ta amotedéspota 70 TOAVUETAPANTOV YEVIKEVUEVOV YPOUMUK®Y HovTédmy. To
eninedo onuovtikodtrag vroroyiotnke pe ANOVA (likelihood ratio tests) petd omd 999 bootstrap
enovadetypotoinyieg (PIT-trap residual resampling).

Mivexkog 3.S1. Asgiypota ovOikod ypOUOTOG KOL CPOUOTOC TOV EVIOUOPIA®V QUTOV TNG VIO HEAETN
Brokowotntag otov Ayio Xtépavo AéoPov. ['a éva putd mapatiBeviat o1 apBpol KoTaypoe®OV Gt
Baon dedopévav FReD. H ta&ivounon o owoyévetec akorovbei 1o cvatnua APGIII (59).

Mivakog 3.S3. Anotedéopata amd T LOVOUETAPANTO TECT TOV TOAVUETAPANTAOV YEVIKELUEVOV YPOUUUIKDOV
HOVTEL®V, OV Kotadekvoouy moteg eaptnpéveg petafintég (IIOE) oto diktvo putmv—II0E g
Brokowdtnrtog oyetiCovion onuoavTiKa pe v mapovcia véktapog (p<0,050) 1 Le TIC YPOUATIKES Kot
QUOUOTIKEG 1010TNTEG TNG ovOKng avikhaonc. Ot ave&dptnreg petafAntég ivatl avtéc mov £dmoay
OTOTIOTIKA onuavTikég cvoyetioelg otov [livaxa 3.1. To eninedo onuavtikdTTog VIOAOYIGTNKE [
ANOVA (likelihood ratio tests) petd amd 999 bootstrap emavaderypatoinyiec (PIT-trap residual
resampling).

Mivaxog 3.S4. AnoteAéopata omd o, LOVOUETAPANTA TECT TOV TOAVUETAPANTOV YEVIKEVUEVMOV YPOLLUKDY
HOVTEA®V, TTOV KaTadEVOOLY Ttoteg eEaptnuéves petapintéc (ITIOE) og ke Eva vmo-dikTvo puTdV—
I[TIOE g Prokowotntog (mov mepiéyel HOVo OAEIPATIKEG EVOGELS, Pevievoeldn], LOVOTEPTEVID T
oEoKITEPTEVIA) GYETICOVTAL CNUAVTIKA e TNV TTapovsia vEkTapog (p<0,050) 1 e TG YpoUaTIKES Kot
QOGLOTIKEG 1010TNTEG TG avOKng avakiaonc. Ot aveEdptnteg petafAnTég ivol autéc Tov £dmaav

301 ava@opéc avtigtoyovy ot Piphoypagic tov ekdotote Kepoaiaiov. Ouv Ilivakec tov Ilopoaptnudtov
copumepiiappdvovtor dm, akorovbdvtog Toug IMivakeg Tov kupimg KeéEVoL Katd avovoa aplBunTiKy cepd.
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OTOTIOTIKA oNUavTIKEG cvoyetioelg otov [Tivaxa 3.1. To enimedo onuavTikdTTAG VIOAOYIGTNKE L
ANOVA (likelihood ratio tests) petd amd 999 bootstrap emovaderypotoinyieg (PIT-trap residual
resampling).

Mivaxag 3.S5. H cvoyétion g Topovciog VEKTOPOS KOl TOV OVOIKOV YPOUATIKOV 1] PACHOTIKOV 1010TTOV
TOV PLVTOV NG HeAeT®dpEVNS Prokovotntoc. [lapovsidlovtar o anoterécpato 10 puioyeveTikdv
LOVTEA®V YeviKELUEV@V elayiotev TeTpaydvov. Ot eEaptnuéveg netaPAntég mapovoidlovral otig
ypappég Tov mivaka. Ot tipég Tov AIC mapovsidloviat yio O Ta LOVTELD, CUUTEPIAAUPOVOUEV®Y
Tov pndevikav (~1). Tég pe évtovn ypoaen katadetkviouy 6TaTtoTik onpovtikotnta (<0,050).

Mivaxkeg 3.S6. ATOTEAEGHOTA TOV QLAOYEVETIK®OV HOVIEA®MV YEVIKELUEVOV EAUYIOTOV TETPAYDOV®V TOV
KATOOEIKVOOLY TN oxéon UeTald TV YPOUATIKOV KOl TOV YNUKOV 1810THTOV TOL 0ovOKov
(QOWVOTLTIOV TV PLTAOV TNG HeAETMUEVNS Prokowvotntag. Ot tipés tov AIC mapovoidlovton yio Ola
0. povtéla, ovumeptlopfavopéveov tov undevikav (~1). Alip: Alewpatikés evooels: Benz:
Bevlevoedr: Mono: Movoteprévia- Sesq: Xeokitepmévia. %Class ER: avaioyio g ynukng kAdong
070 oUVOAO TV avldv exmoundv. %Class count: avaroylo Tng ¥NUtkng KAAOTG 6TO GOVOAO TMV
[IOE. I'ie v eppnveia tov a&dvov NMDS1 and NMDS2 o avayv®dotng TopaméUmeTol 6To ZynLo
3.54. Twég pe évtovn ypaetn Katadelkviovy 6TatioTikh onpaviikotnta (<0,050).

Hivakag 3.S7. XpoUoTIKOG YApOKINPIOUOS TV €NTd povadmv (modules) tov diktvov utdv-IIOE g
Prokowdtrac. Ilapovsialovror to amoteléopata @uioyevetikng ANOVA (p-phylo: p-value
OEJOUEVOV TV PLAOYEVETIKDV GYECEDV PETUED TOV UEAETOUEVOV QUTOV). Tiéc e éviovn ypoen
KOTAOEIKVVOOLVV OTATIOTIKN onpavtikotta (<0,050).

Mivakog 3.S8. Ot [TOE wov aviyvevdnkov otn avOikn vrepkeipevn @daon tov 41 evioudQiA@v QUTOV NG
Broxowotnrtag. O1 evdoelg KaTnyoptomotovvIal o ¥NUkes kKhaoels ne Baon m Piproypapia (85).
I'a kabe TTIOE, o deiktng ovykpdtnong Kovats (KI) vmoloyicOnke ypnoiponoudvag toug ypdvoug
GLYKPATNONG TPOTOHT®V EVOGEMY (V-0AKAVIQ) OTLS 101EC ypopotoypagikés cvvOnkeg. Ot TIOE
napovoidlovrol o€ téocepa enineda avayvopiong: (o) IIOE pe éviovn ypaen €govv mpokvyel amd
tavtion tov Kl kot tov pacpdtov palog pe avbeviikés mpdTumes evdoelg mov glonynoov oto
ovotnuo. GC/MS, (ii) evdoelc Pe KOVOVIKY YpoeY €xovv mpokvyel amd emaAinfevon tov KI
(VOGN UEIDGEIS TVOKA) HE ONUOGCIEVUEVEG TIMES TOL 1010V dgiktn Yo moAkh otyin, (y) TIOE
ONUEI®UEVEG PE § Exouv TTpoKDYEL amd cuppavia (>90%) Tov dopatog palog pe tn dwbéoun
BpA0ONKN pacudTov, evd o KI gite dev taipale amdivta gite dev rav dubéosipoc, kot (8) ITOE
OV OgV UMOPECHV VO TAVTOTOMOOOV HE KOVEVOY Oomd TOVG TOPUTOV® TPOTOLS, TOPOUEVOLY
AYVOOTEG, AVITPOCMOTELOVTIOL OO TO KUPLOTEPQ 1OVTA oTo, Pdopata palag mopatifépevo Kotd
oBivovca oelpd apboviog Kot o TePITTOOT OV AVTO NTAV dVVATO, KOTNYOPLOTOMONKAY GE YNUIKES
KAGoElC. Xnuewdvetal 0Tt 1 pebodoroyio ynuikng avaivong mov ypnoyonomdnke (GC/MS) dev
EMUTPETEL TNV AOAVTN AvayvOdPLoTn TG O1ataéne TV EVOGEMV: GUVETMS, Ol BEGEIS TV dmAmV
deoudv Kot v peduAilopévov opddmv kabmg Kat 1 didkpion og evavtopepn| foacifovol povo ota
omoteAéopato TavTonoinong pe Baon ™ Pipiodnkn eacpdrtov NIST 05 Mass Spectral Library kot
OEV KUTOOEIKVOOVY TAN P YNIIKT QVOyVAPLoN.

Mivaxoeg 3.S9. To euAoyeVETIKO GYLLA Y10 TIG LETAPANTES TTOL YPNOLOTOI0VVTOL 6TO TTapdv Kepdhato. Avaloyo
pe tov TOMO NG METOPANTAG, ypnowomombnke Swupopetikr uebodoroyia. AemTtopépeleg
napatifevion otic MeBodovg. K*: Blomberg’s K*. Mantel r: Mantel statistic. D: statistic for binary
traits. Movo ot p-values mov KOTadEIKVOOVV GTATIGTIKY GNUAvTIKOTNTA Tapovotdlovtal (p< 0,050).

KE®AAAIO 4

IMivaxog 4.1. AvOikoi yopaktipec Tov cuoyeTilovtal Le TOVAGYIGTOV pid 0o TIC I1OTNTEG KOUPOV T®V QUTOV
OV AVTIOTOYOVV otd Patvodiktua. [Tapovsialoviat Ta amoteAéopata 14 QUAOYEVETIKOV HOVTEA®Y
YEVIKEDUEVOV EANYIOT®V TETPAYDOV®Y. MOVO 01 GTATIOTIKA ONUAVTIKEG OYEoelg mapovotdloviot (p<
0.050), pe v e€aipeon TOL TPYPOUOTIKOD cvoTAHOTOC. Ot  oveEaptntec peTaPAnTég
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Iivakag

Mivaxog

Mivaxag

OLLOOOTOIOVVTOL GTOV TIVAKO UE EVOALOCCOUEVE OKIAGUEVEG (DVeES (YpDUA, PO, OGTAGELS,
véktap). Taddllo ypaen onpoivel cuvteleotn moivdpounong >0.

4.2. Ot onuovtikéG GLOYETIGEI TOV AVOIKOV YOPAKTAPOV KOl TNG TOWOTIKNG KOTAVOUNG TMV
GLVOEGEMV GTO OIKTVO emKoviaong TG HeleTdpevng Prokowotntag. Ot dokipég apopoldV To
GUVOALKO 31KTLO KOBMDS KO TO TEVTE VILO-O1KTVLA TOV TEPIAAUPAVOLY TIG AAANAETIOPACELS TV PUTAOV
pe Kabe pio amd T1g KOpleg 1a&elg evidpwv-emkoviaotmv. Tlapovoidlovtal ta aroteléopata 55
TOAVUETAPANTOV YEVIKEVUEVOV YPOUUKOV LOVTEA®V (apynTikh dStwvupukn katovoun). To enimedo
onuavtikottog vrnohoyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap
emovadetypotoinyieg (PIT-trap residual resampling). Ot ave&dptnreg petafintéc opadomotovviot
otov Tivako e evaAAacoOueve oKloopéveg (oveg (ypopa, Gpopa, SoTdoels, HopeoAoyia,
Qavoroyia).

4.3. Ot oNUOVTIKEC GLOYETIOEIS TOV OVOIKOV YOPUKTIPOV KOl TNG TOCOTIKNG KATOVOUNG TOV
GLVOEGEWMY 0T VTTO-OIKTLA TTOV TEPIAOUPAVOLV TIG AAANAETOPAGELS TOV QUTOV UE KGOE pio amod Tig
TAoVCo10TEPES o€  €10M  OwKoyévelee avBOQIAmV  gviopmv  oTn  peAetdpevn  PlokovotnTo.
[Hopovoualovioar to amoteAéopoto 38 TOALUETAPANTAOV YEVIKELUEVOV YPOUUIKOV HOVIEA®V
(apvnrtikn dtwvopukn kotavopn). To eninedo onpovtikottag vmoroyiotnke pe ANOVA (likelihood
ratio tests) petd amd 999 bootstrap emavaderyporornyieg (PIT-trap residual resampling). Ot
aveEaptnTeG LETAPANTEG OLAOOTOOVVTAL GTOV VAKX LLE EVOAAAGGOLEVA OKLUGUEVES (DVES (YpdULL,
apwa, S1GTAGELS, LOPPOAOYia, Gutvoroyia).

4.4. AvBuol yapoaktinpes mov ocvoyetiovior HE TNV EMOKEYUOTNTO ONO TG KUPLEG OUAOES
EMKOVIACT®OV o1 pHeAetdpuevn Prokowotnta. Ilapovsidlovior pHOVo Ol OTUTICTIKG GNUOVTIKEG
oyxéoelg (p<0,050) mov mpoékvyav omd 32 @ELAOYEVETIKA HOVTEAQ YEVIKELUEV®V glayioT@V
tetpayovev. Ot aveEdptnteg peTofAntés opadomolovviol OTovV TiVoKo HE EVOALOGGOLEVA
oKklaopéveg Loveg (xpodua, apopa, d100tdoelc, popeoioyia, eavoroyia). I'oldlia ypaen onuaivet
ovvtedeoth molvopounong >0. H emokeyipudtto ond oerkeg dev cuoyetiletal pe kavévay avoikd
YOPUKTN PO KOt OEV GUUTEPIAAUPAVETAL EOD.

Mivaxog 4.S1. AvOikn patvoloyia, LopeoAOYio Kol TTNTIKOTNTO TOV APOUATOV TOV QUTOV TNG LEAETOUEVS

Brokowodtnrag. [Na tic nuépeg dvBiong kot Ty avOkn TukvoTNTO, 01 TIES AVTITPOGMTEDOVY TO LEGO
0po TV 600 mEPLOdV detypatoinyiog, pe e&aipeon to Geranium robertianum xon Heliotropium
lasiocarpum, to, omoio wapatnpn Koy otn frokovotnTa Lovo KaTd TN de0TEPT ¥POVIA. ZNUEIDOVETOL
ot Cuscuta epithymum givon avoppyntiko topdcito mov Ppédnke endvm oto Cistus creticus GTo
TEAOG TG TEPLOdOV avBopopiog Tov TedevTaiov.

Mivaxoeg 4.S2. Ta 168 éviopa mov kataypdenkay o¢ aviikol emoKENTEG 0T HeAeTOUEVT Plokovdtnta, 1)

@awvoroyio Tovg Kot 1 diktvakn povada (module) otnv onoia £govv ta&ivoundel copewva pe Tov
aryopBpo Ipocoporwpévng Avortnong (YAaka kot MéBodor). [a kabe téén eviopmv, o apBpog
Tov taxa Oivetar oe mopévBeon. ‘Evioua mov mopatnphinkov pUévo omnv TpdTH  YPOoVid
detypatoinyiov onuetdvovtor pe (1), evod avtd mov mapoatnpinkay povo otn 6g0TEPT YPOVIA
onuewwvovtor pe (2). Mo ta vwérowma éviopa, ot nuépeg dpaotnplomoinong (loviavég nuépeg)
OVTUTPOGMOTEVOVY TO HEGO Opo TV 0Vo €Tdv. Ta delypato twv eviopwv €xovv kotatebel ot
Melooobnkn tov Aryaiov, oto [avemiotiuio Atryaiov.

IMivakog 4.S3. Ta peyédn tov eawvodiktdmv otn peretdpevn Prokowvdtra. H cvvdeoudtra (connectance)

Iivakag

OVTUTPOGMOTEVEL TV OVOAOYIN TOV TPOYUOTOTOMUEVOV GUVOECEDV TPOG TIG SVVATEG CUVOECELS OF
Kké0e Pavodiktvo. Ot TIHES £YOVV VTOAOYIGTEL KoL Y10 TO POIVOSIKTVN TOV QUTOV GTO OTOiN OV
TopaTNPNONKAY EMOKEYELS OO EVIOLLA.

4.54. Hykplon TOV TIUOV TOV WB0TTOV TOV KOUPOV Y10 T0. QUTE TOV «GTOTIKOV» OIKTOOV TNG
UEAETOUEVNG PLOKOIVOTNTOG TTOL AVAPEPETAL GE OAOKAN PN TNV TEPiodo avBopopiag Kot avTOV TV
QoVOSIKTO®V TV eUTAV (pn). Ot 1016TTEC VIOAOYIoTNKOY HE TN Agttovpyia ‘specieslevel’ oto
makéto bipartite v.2.05 g R, ektog amd to Agttovpyikd poro (functional role) mov vworoyictnke 610
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Aoyopiko NetCarto (69). Dutd oto onoio dev mopatnpHOnKay ETICKERTEG OV GUUTEPIAAUPAVOVTOL
£00D.

Mivakog 4.S5. Kabetn, opildvtia, kot ynuikn avoikn dtokprtdmra (apparency) ot LEAETMUEVT PlokovoTnTa.
Ot Tég avtiotoyovv oty mepiodo avBopopiag kabe &€idovg Kol Ol 6T GLUVOAIKY TEPIOSO
avBoeopiag tng Prokovotntoc. Mndevikn dokptoTNTa MG TPOG £vay avikd YopaKTpo. onpaivel
OTL M TIUN TOL €V AOY® YAPOUKTN PO eV dLoPEPEL amd TO d1dpeso TV cuv-avBopopodviwv gutov. H
YMUIKY S1aKPITOTNTO VITOAOYIGTNKE ApBEvoVTog VITOYY ToV avé m* PUOUO EKTOUTHC OPMOUATOC Y10l
Ka0e putod (Aemtopépeteg ota YAka Ko MéBodor).

Mivakag 4.S6. To euAoyeveTikd oNLa Y10 TIG LETAPANTES TTOL XPNOLOTOI0VVTOL 6TO TTapdv Kepdhato. Avaloyo
pe TOV TOMO 1TNG METOPANTRG, ypnowomombnke dwupopetikr pebodoroyia. AemTopépeleg
napatifeviot otig MeBodovg. K*: Blomberg’s K*. Mantel r: Mantel statistic. D: statistic for binary
traits. Movo o1 p-values Tov KaTadEIKVOOUY GTOTIGTIKY] onpavtikdtnta tapovstalovtal (p< 0,050).

Mivaxkag 4.S7. ApOuodg emokéyewnv kdbe piog omd TIc KupldtepeG OUAOEC EVIOUWOV-ETIKOVINGTMY TOV
mapatnpiOnkav katd Tig 600 S1udoyIKES TEPLOS0VE SEIYULATOAEIYING OTN HEAETAOLEVT PlokovoTnTa
KO 1] KOTOVOUT TOV QUTOV OTIG dIKTLOKES Hovddeg (modules) dmwc vroloyioTnke [Le ToV alyopdlo
IIpocopeiopévng Avontnong (69).

IMivaxog 4.S8. 'Evtopa 1o omoic 010 cuvolikd diktvo oyetifovral onUavTIKG PE TOVAGYIGTOV €vav OpO
aAniemidopaong avhikmv yopoktipmv o1o mopov Kepdhowo. To emimedo onpoavtikodTnTog
vroAroyiotnke pe ANOVA (likelihood ratio tests) petd and 999 bootstrap emavadetypatoinyieg (PIT-
trap residual resampling).

Mivakag 4.S9. Evtopa to omoia, oto diktvo teov Kokedntepwyv, oxetiloviol GNUOVTIKA LE TOVAGYIOTOV Evavy
0po aAANAemidpaonc avOikav yapokmpwv oto mapdv Keediaio. To emimedo onpoavtikdtnTog
vroroyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap enovaderypotoinyieg (PIT-
trap residual resampling).

MMivaxog 4.510. 'Evtopa ta omoia, 610 8iktvo TV ATépv, oyeTilovTol NUOVTIKA LE TOVAGYIGTOV VOV OpO
oAANAemidpaong avOikdv yapoktipov oto mapov Kepdlowo. To emimedo onpovtikdtTNTog
vroroyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap enovaoderypotoinyieg (PIT-
trap residual resampling).

IMivaxog 4.S11. 'Evtopa to omoio, 6To 6ikTvO TOV HEMOG®V, GYETILOVTOL OTULAVTIKA ILE TOVAGYLIOTOV Evav OpO
oAniemiopoong aviikmv yopoktipov oto mopov Kepdhowo. To emimedo onpovtikdTnTog
vroroyiotnke pe ANOVA (likelihood ratio tests) petd and 999 bootstrap enavaderypatoinyieg (PIT-
trap residual resampling).

Mivaxog 4.S12. 'Evtopa o omoia, 610 4iKTLO TOV GONKAOV, 6YeTIlOVTO ONUAVTIKE e TOVAAYIGTOV Evay OPO
oAniemtidopaong avhikov yopoktipov oto mopov Kepdhowo. To emimedo onpovtikdTnTog
vroroyiotnke pe ANOVA (likelihood ratio tests) petd amd 999 bootstrap emovaderypotoinyieg (PIT-
trap residual resampling).

MMivaxog 4.S13. 'Evtopa ta omoia, 6o diktvo Tov Aemddntepmv, oxeTiloviol CNUOVTIKE PE TOVAXYIGTOV EVay
0po aAAnAemidpaong avlikav yopoktipov 1o mopdv Kepdiao. To eminedo onpovtikdtnTog
vroAoyiotnke pe ANOVA (likelihood ratio tests) petd and 999 bootstrap emavadetypatoinyieg (PIT-
trap residual resampling).

KE®AAAIO 5

Mivaxog 5.S1. Oporomompévog Paduoc (ND) yia to 111 vtopa mov mepthapufavovtol 6To SiKTuo EVIOU®V—
IIOE, kot n xatovoun tovg otig diktvakég povadeg (modules) mov mpoékvyay amd tov adyopidpo
IIpocopotwpévne Avontnonc. Ta €idn avaeépovrol Katd ebivovoa celpd tipumv ND.
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