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Abstract

In the context of global pollinator decline, little is known about the protection status and ecology of many species. 
This lack of knowledge is particularly important for Mediterranean protected areas that harbor diverse pollinator 
communities and are subject to considerable anthropogenic pressures. Calanques National Park (85 km2), which 
is located near Marseille (France), is dominated by Mediterranean low-vegetation habitats, such as phrygana and 
scrublands. These habitats offer favorable conditions for pollinator species due to the important amount of floral 
resources. Within a 10-yr period, we recorded bee (Hymenoptera: Apoidea: Anthophila), hover fly (Diptera: Syrphidae), 
and bee fly (Diptera: Bombyliidae) species and their interactions with the local flora through 10 field campaigns. 
We caught 250 pollinator species, including 192 bees, 38 hover flies, and 20 bee flies, for a total of 2,770 specimens. 
We recorded seven threatened bees (six near threatened and one endangered). Among the bee species, 47.9% were 
below-ground nesting species, and 54.7% were generalist species. Analysis of the pollination network showed that 
generalist and specialist pollinators do not share the same floral resources. The Cistaceae plant family (Malvales: 
Cistaceae) acted as a central node in the plant–pollinator network, interacting with 52 different pollinator species, which 
shows the importance of large open flowers that could be easily visited by both short and long-tongued pollinators in 
Mediterranean habitats. The occurrence of pollinator species and their ecological traits should strongly contribute to 
reinforcing the available information to provide or ameliorate the conservation statuses determined by IUCN Red List.
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Insect pollinators are essential for the reproduction of wild plants 
and crops (Ollerton et  al. 2011). In Europe, the species richness 
of insect pollinators increases along a north-south gradient, with 
a maximum reached around the Mediterranean basin (Nieto et al. 
2014). The Mediterranean basin is considered a biodiversity hotspot 
(Médail and Quézel 1997) and hosts a large diversity of plant spe-
cies, which can benefit a wide richness of pollinator species (Dafni 
and O’Toole 1994). This hotspot, however, suffers from many types 
of anthropogenic pressure, such as land use change (fragmentation, 
increasing urbanization), pollution (nearby cities, past industrial ac-
tivity), agricultural practices (grazing), climate change (Giorgi and 
Lionello 2008) and intentional or accidental wildfires (Petanidou 
and Ellis 1997). To address the conservation of species within 
Mediterranean ecosystems, large areas have been included in pro-
tected national parks. However, there are still knowledge gaps related 

to the pollinating fauna in Mediterranean protected ecosystems. As 
an example, the IUCN European Red List of bees indicates that, for 
at least 38% of the wild bee species of French Mediterranean eco-
systems, there is not enough data to state their conservation status 
(Nieto et  al. 2014, Rasmont et  al. 2017). Considering the current 
biodiversity loss and the crucial importance of pollinators in the 
functioning of ecosystems, it is urgent to develop a better under-
standing of the community composition of pollinating fauna in add-
ition to their distributions, ecological traits, and interactions with 
plant species.

In European and Mediterranean ecosystems, bees and flies are 
the most dominant pollinators responsible for the reproduction of 
many flowering plants (Ollerton 2017). Bees are key pollinators be-
cause they rely on nectar and pollen at both adult and larval stages. 
Each bee family is characterized by specific functional traits related 
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to the way they collect pollen and nectar, such as their tongue length 
and specific pollen collection structures (e.g., pollen baskets on honey 
bees and bumble bee species, flocculus on Andrena species, and ab-
dominal scopa on Megachilidae). In France, the INPN national taxo-
nomic database referenced 962 wild bee species in 2019 (Gargominy 
et al. 2019). The IUCN European Red List estimated the occurrence 
of approximately 720 species in southern France, most of which are 
endemic to the Mediterranean basin (Nieto et al. 2014). Furthermore, 
as well as harboring a large diversity of plants, Mediterranean habi-
tats offer many nesting resources for wild bee species due to the dry 
climate, which limits vegetation cover and thus results in more avail-
able bare soil (Nielsen et al. 2011). Consequently, the composition 
of wild bee species and their ecology and interactions with the local 
floral might be very specific but are still poorly known.

Regarding nonbee species such as hover flies, the 540 known spe-
cies in the French territory also strongly contribute to pollination 
(Rader et al. 2016). Hover flies are considered bio-indicators of nat-
ural habitats because of their various ecological niches, mainly dur-
ing their larval stage, role as pollinators, and sensitivity to pesticides 
and landscape composition (Sommaggio 1999). As larvae, hover fly 
species have various diets, including saprophagous, insectivorous, 
phytophagous, or mycophagous diets, and may then occupy many 
ecological niches. As adults, most hover fly species seek floral re-
sources (pollen and nectar). Among nonbee species, bee flies also 
contribute to pollination services. Their larvae parasitize the brood 
of wild hymenopteran species (Merritt et al. 2009), whereas adults 
collect and feed on nectar and pollen. According to the INPN na-
tional taxonomic database, 150 bee fly species have been recorded in 
France (Gargominy et al. 2019), but only two recent works on their 
distribution or ecology have been published (Zaitzev 2007, 2008).

Generalist species are of particular importance as they occupy a 
central position in plant–pollinator networks. They are usually con-
sidered as key species because they have an important role to support 
the coexistence of both plants and pollinators (Pocock et al. 2011, 
Bartomeus 2013). Indeed, considering their floral diet, some pollin-
ator species are generalists and collect floral resources from a wide 
range of plant species, whereas specialist pollinator species rely on 
few plant species. The arrangement, diversity, and strength of links 
between plant and pollinator species are indicators of the stability 
of pollination networks and may be linked with the sustainability 
of ecosystems (Memmott et al. 2004). In plant–pollinator networks, 
generalist plant and pollinator species could contribute to increasing 
the stability of the network, especially by multiplying the number of 
links with the other levels, including specialist plant species (Martín 
González et al. 2010). In contrast, pollinator species that forage on 
only one plant species and plant species visited by only one pol-
linator species are the most vulnerable (Weiner et  al. 2014). Each 
change in these interactions could affect the structure of the whole 
network and, therefore, plant and pollinator populations. However, 
in Mediterranean ecosystems, despite that few plant–pollinator net-
works have been described, these generalist species are poorly known.

In this study, we intend to improve the knowledge on pollinator 
communities by focusing on bee, hover fly, and bee fly species and 
their relationships with plant species in Mediterranean low-veg-
etation habitats. Through a 10-yr sampling effort (from 2009 to 
2018) in a protected area (Calanques National Park), we explored 
the following questions: (i) What is the species richness of bees, 
hover flies, and bee flies in low-vegetation Mediterranean habitats 
and what is their protection status? (ii) What are the dominant eco-
logical and functional traits of these pollinating species? (iii) What 
floral resources are included in their diets, and what is structure of 
the whole pollination network?

Materials and Methods

Study Site and Pollinator Surveys
All observations and captures were conducted in Calanques 
National Park (near Marseille, France—43°13′N, 5°28′E). This 
area is characterized by typical Mediterranean low-vegetation habi-
tats (western Mediterranean phrygana, Astragalo-Plantaginetum 
subulatae, and shrubland) and by Mediterranean forests and rocky 
habitats. The western Mediterranean phrygana corresponds to the 
sclerophyll cushion associations typical of Mediterranean coastal 
areas (Molinier 1934). This protected biodiversity hotspot of 85 
km2 hosts more than 900 plant species (Pires and Pavon 2018), and 
the dominant entomophilous species are Rosmarinus officinalis L. 
(Lamiales: Lamiaceae), Cistus albidus L. (Malvales: Cistaceae), and 
Thymus vulgaris L. (Lamiales: Lamiaceae) in shrubland (Flo et al. 
2018). The Mediterranean climate is characterized by hot and dry 
summers, rainy autumns, and mild winters. The main flowering 
season stretches from February to June.

Over a period of 10 years (2009–2018), 10 sampling campaigns 
were carried out within this protected area (Table 1). These sam-
pling campaigns were all conducted when meteorological con-
ditions were favorable for pollinator activity (i.e., only on sunny 
days with wind < 20 km/h and temperature > 15°C). Pollinators 
were caught either through entomological nets or pan traps or both 
(Table 1). The net collection of insects consisted of catching insects 
in densely flowered patches for 5 to 10 min and repeating the ac-
tion at least two times for each sampling site (Fig. 1). The pan trap 
collection was carried out by laying three colored pan traps for a 
24 h period following the method of Westphal et al. (2008). Plastic 
bowls of 500  ml were painted with blue, white, or yellow paint 
that reflected UV light to mimic flowers and passively attract flower 
visitors. Each pan trap was filled with soapy water and placed on 
the ground; the pans were placed 1 m apart from each other in a 
triangle arrangement. Pan trap collection underestimates the occur-
rence of large pollinators because they are better able to escape the 
trap than smaller species. Net collection underestimates the pres-
ence of small pollinators due to the reduced ability of humans to 
detect them (Wilson et al. 2008, Popic et al. 2013). These two meth-
ods are thus complementary and can be combined for a better esti-
mation of pollinator diversity (Westphal et al. 2008). All ecological 
traits, such as nesting habits and lectism of wild bee species, are 
reported in Supp Table 1 (online only) according to the expertise 
of D. Genoud and M. Aubert (Carré 2008, Lugassy 2016, Genoud 
2017, Geslin et al. 2018, Ropars et al. 2018).

The first four sampling campaigns were conducted by X. Lair 
and M.  Aubert between 2009 and 2011. They consisted of one-
time bee surveys (Samplings 1 to 4). In May 2016, a collective 3-d 
sampling campaign was completed as part of a training course on 
wild bees (Sampling 5) (Geslin et al. 2018). Between 2017 and 2018 
(Samplings 6 to 9), more intensive surveys were carried out every 
week for 2–5 mo (Schurr et al. 2019, Ropars et al. 2020). Finally, 
D. Genoud performed a one-time bee species survey in May 2018 
(Sampling 10). The pan traps were only used in Sampling 9 in 2018 
in addition to the net surveys. Details of each sampling campaign are 
provided in Table 1.

The total species richness was estimated with the Chao and jack-
knife methods and included all captures (Gotelli and Colwell 2011). 
The Chao1 index estimates the potential maximum species number 
in an area based on the species that are observed only once or twice. 
The jackknife index is a resampling technique that decreases the 
estimator bias by deleting some of the observations. We calculated 
these indexes using the function ChaoSpecies() within the Spade-R 
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package in R version 3.6 software (Chao et al. 2016, R Core Team 
2019).

Plant–Pollinator Interactions
The plant–pollinator network was built using two successive meth-
ods: (i) direct observations and individual insect captures on plant 

species and (ii) reconstruction of the a posteriori network through 
an analysis of pollen grains carried by pollinator species. For part 
(i), we based our global qualitative plant–pollinator network on net 
samplings on plant species (Samplings 6 to 9 only). Collectors also 
conducted sessions in which they observed insect visits on plant spe-
cies without catching them to assess the floral diet of pollinators. For 

Table 1. Details of each sampling effort conducted from 2009 to 2018 within Calanques National Park

Sampling 
campaign

Taxa caught Capture method Number of 
capture sessions

Date Number of 
sites

Collector Pollen 
analyses

Networks 
data

1 Bees and hover flies Net One-time April 2009 4 X. Lair
2 Bees Net One-time May and June 2009 3 M. Aubert
3 Bees Net One-time May and July 2010 2 M. Aubert
4 Bees Net One-time Feb. and April 2011 3 M. Aubert
5 Bees Net One-time May 2016 3 Bee course attendants  

(Geslin et al. 2018)
6 Bees and hover flies Net Weekly Mar.–April 2017 6 L. Schurr  

(Schurr et al. 2019)
X

7 Bees, hover flies, and 
bee flies

Net Weekly Feb.–June 2017 17 L. Ropars X X

8 Bees, hover flies, and 
bee flies

Net Weekly Mar.–June 2018 6 C. Jaworski X

9 Bees, hover flies,  
and bee flies

Net and Pan traps Weekly Feb.–June 2018 17 L. Ropars X X

10 Bees Net One-time May 2018 2 D. Genoud

Fig. 1. Terrestrial limits and habitats of Calanques National Park. Crosses and dots correspond to each sampling plot. Crosses correspond to one-time inventories 
(only one session performed), whereas dots correspond to regular inventories (at least two sessions per year).



part (ii), pollen grains carried by the sampled bees during Samplings 
7 and 9 were collected on their pollen collecting structures. Pollen 
grains were then acetolysed following the protocol of Faegri and 
Iversen (1975) to reveal their ornamentation for identification. They 
were mixed with glycerol and mounted on slides to be identified to 
the family and, if possible, to the genus and species using a reference 
atlas (Reille 1999). The pollen analysis was conclusive for only 72 
bee individuals, and few links completed the whole pollination net-
work which was not sufficient to compare both pollen and capture 
networks. The overall plant–pollinator interaction network for the 
bee, hover fly and bee fly species, including all the interactions from 
(i) and (ii), was built with the bipartite package (Dormann et  al. 
2009) available on the R software (R Core Team 2019). For the re-
maining samplings, pollinators not linked with a plant species (e.g., 
caught by pan trap or while flying) were not considered.

Using the obtained network, we calculated its modularity, nest-
edness, number of compartments, and connectance as main descrip-
tors using the computeModules() and networklevel() functions from 
the bipartite package (Dormann et  al. 2009, R Core Team 2019). 
The modularity highlights the groups of species that interact pref-
erentially together, and its value ranged between 0 (random links 
between species) and 1 (strong community structure) (Barber 2007). 
Nestedness is indicated when a specialist species interacts with 
a subset of the species used by generalists species (Mariani et  al. 
2019). It is expressed as a percentage where the maximum value 
corresponds to a perfect nested structure. Finally, the connectance 
corresponds to the proportion of observed interactions relative to 
the maximum number of potential interactions in the network and 
ranges between 0 and 1 (Poisot and Gravel 2014).

Results

Bee Species Diversity
From 2009 to 2018, 192 bee species (Hymenoptera: Apoidea: 
Anthophila) were caught in Calanques National Park via both net 
and pan trap collections. They belonged to six families and 38 genera. 
Megachilidae was the most species-rich family, followed by Apidae 
and Halictidae, with 53, 44, and 43 species, respectively. Andrena 
Fabricius, 1775 was the richest genus, with 33 species, whereas eight 
genera were represented by only one species (Stelis Panzer, 1806; 
Protosmia Ducke, 1900; Pseudoanthidium Friese, 1898; Coelioxys 
Latreille, 1809; Chelostoma Latreille, 1809; Anthidiellum Cockerell, 
1904; Amegilla Friese, 1897; Panurgus Panzer, 1806; Supp Table 1 
[online only]). Using the jackknife 1 and 2 indexes, the total bee spe-
cies richness was estimated to be between 240.98 ± 9.89 and 268.96 ± 
17.13. The observed richness thus represented 71.3 to 79.6% of the 
estimated bee richness (Table 2). The Chao1 method estimated the 
observed richness to be 76.8% of the potential maximum richness 

(Table 2). The most abundant species was Apis mellifera L. (276 in-
dividuals), followed by Rhodanthidium septemdentatum (Latreille, 
1809), Rh. sticticum (Fabricius, 1787) (174 and 168 individuals, 
respectively), and Lasioglossum transitorium (Shenck, 1868) (113 
individuals). Finally, 50 species (26%) were represented by only one 
individual (singletons).

Ecological Traits of Bees
Regarding the ecological traits of nesting preferences, we identified 
59 solitary bee species nesting above ground, 92 solitary bee spe-
cies nesting below ground and 23 cleptoparasitic species, corres-
ponding to 30.7, 47.9, and 12.0% of the total bee species richness, 
respectively. We detected four social species (bumble bees and honey 
bees—2.1%). Finally, the nesting preferences of 14 species remain 
unknown (7.3%—Supp Table 1 [online only]). Regarding the floral 
diet of bee species, we found that 105 species (54.7%) foraged on a 
wide range of plant species (i.e., generalist species, polylectic) and 51 
species (26.5%) foraged on one plant family or one/few plant species 
(i.e., specialist species, oligolectic). For the remaining 36 bee spe-
cies (18.8%), the floral diet was not known (e.g., for cleptoparasitic 
species). However, most generalist species showed a preference for 
one or a few plant families (Supp Table 1 [online only]). For the 49 
singletons, 14 bee species (28%) were specialists, and 9 bee species 
(18%) were cleptoparasitic (Supp Table 1 [online only]).

An IUCN status was available for 178 species (excluding the 
species complexes and unidentified species). Among those, 47 spe-
cies were classified as data deficient (DD—26.4%), 124 species were 
least concerned (LC—69.6%), six species were near threatened 
(NT—3.4%; Andrena ovatula (Kirby, 1802), Colletes albomacu-
latus (Lucas, 1849), Dasypoda argentata Panzer, 1809, Halictus 
quadricinctus (Fabricius, 1776), Lasioglossum prasinum (Smith, 
1848), and L. pygmaeum (Schenck, 1853)), and one species was con-
sidered endangered (EN—0.6%; L. soror (Saunders, 1901)—Supp 
Table 1 [online only]). Three oligolectic species were among the 
seven threatened bee species. A. ovatula and C. albomaculatus are 
specialists on Fabaceae, D. argentata is a specialist on Caprifoliaceae.

Hover Fly and Bee Fly Species Diversity
From 2009 to 2018, 38 species of hover flies (Diptera: Syrphidae) 
were caught in Calanques National Park. They belonged to 24 
genera (Supp Table 2 [online only]). The most abundant genera 
were Paragus Latreille, 1804 (33 individuals), Meliscaeva Frey, 1946 
(14 individuals), and Sphaerophoria Lepeletier de Saint-Fargeau & 
Audinet-Serville in Latreille, 1828 (13 individuals), whereas 20 spe-
cies (53%) were represented by only one individual (Supp Table 2 
[online only]). The bee flies (Diptera: Bombyliidae) were represented 
by 20 species, including five singletons (25%) (Supp Table 3 [on-
line only]). The estimation of total species richness of hover flies and 
bee flies was between 83 and 97 species using the jackknife 1 and 
2 indexes, respectively. Consequently, the observed richness repre-
sented 59.8–69.9% of the estimated hover fly and bee fly richness 
(Table 2).

Ecological Traits of Hover Flies and Bee Flies
Bee fly species correspond to parasitic species of Hymenoptera spe-
cies including wild bees, but their hosts and their ecology are not well 
known. Regarding the captured hover flies, their larvae were mostly 
zoophagous (23 species), only two species were phytophagous, and 
three species were both phytophagous and zoophagous. Hover fly 
larvae of 24 species (63%) were nontolerant to inundations. At the 
adult stage, 27 species of hover flies preferentially foraged on pollen 

Table 2. Richness estimations of hover fly, bee fly, and bee species

Groups Hover flies and bee flies Bees

Variables Values 95% 
Confidence 

interval

Values 95% 
Confidence 

interval

Abundance 219 — 2,551 —
Number of species 58 — 192 —
Chao1 86 [69; 134] 250 [220; 310]
Jackknife1 83 [72; 101] 241 [225; 264]
Jackknife2 97 [79; 129] 269 [242; 310]
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and nectar flowers (corresponding to 73% of the whole inventory) 
(Supp Table 2 [online only]).

Plant–Pollinator Interaction Network
The complete network included 133 pollinator species in interaction 
with 62 plant species, representing 314 different links (Fig. 2). The 
network had six compartments: five blocks with one plant species 
linked to one or two pollinator species and one block with the re-
maining plant and pollinator species. The modularity, nestedness, 
and connectance of the network were estimated at 0.50, 12.96, and 
0.04 respectively.

The highly generalist pollinator species were A. mellifera, Rh. 
septemdentatum, Rh. sticticum, L. transitorium, L. bimaculatum 
(Dours, 1872), and Paragus tibialis (Fallén, 1817), which foraged on 
14, 12, 11, 11, 10, and 10 plant species, respectively (Fig. 2). On the 
other hand, the plant species visited by a high diversity of pollinators 
were C. albidus and Ro. officinalis, with 37 and 35 pollinator spe-
cies, respectively (Fig. 2). Twenty plant species were visited by only 
one pollinator species, and the mean shared pollinator species per 
plant was 5.06 species.

Discussion

Species Richness of the Mediterranean Pollinator 
Community
For this study to the best of our knowledge, we compiled all avail-
able surveys of pollinators within Calanques National Park from 
2009 to 2018. We found 250 pollinator species, including 192 bee, 
38 hover fly, and 20 bee fly species. This corresponded to 20, 7, and 
13% of the bee, hover fly, and bee fly species, respectively, that have 
been described in France. The highest abundance and diversity of 
pollinators was sampled when both weekly net and pan trapping 
were used to catch pollinators in the Mediterranean low-vegetation 
habitats (Nielsen et al. 2011).

The species richness found in this study indicates that 
Mediterranean low-vegetation habitats can support a high rich-
ness of pollinators. In another protected area located at 70 km east 
of Calanques National Park (Port-Cros National Park), Coiffait-
Gombault et al. (2018) found a similar species richness of 162 bee 
species and 26 hover fly species (Gombault et al. 2018). In Greece, 
from 4 yr of net and Malaise samplings within Mediterranean 
low-vegetation habitats, 262 bee species, 59 hover fly species, and 
47 bee fly species were documented (Petanidou and Ellis 1993, 
Petanidou et  al. 2011). This richness of pollinator assemblages is, 
therefore, close to the scores given by the Chao and jackknife indexes 
for bees (Chao1 = 250 species; Jackknife2 = 269 species), hover flies 
and bee flies (Chao1 = 85 species; Jackknife2 = 96 species). Given 
the high spatio-temporal variability of the composition of the pollin-
ator community, our species list might be incomplete, but the Chao 
and jackknife indexes indicated that we caught a high proportion of 
the species richness of these Mediterranean low-vegetation habitats. 
Nevertheless, a thorough understanding of the pollinator species on 
Calanques National Park might also include other sampling meth-
ods, such as the use of Malaise traps, which is particularly efficient 
for Diptera (Campbell and Hanula 2007), and field work should 
also be intensified during periods of the year that are rarely sampled, 
such as autumn. Likewise, due to the difference in sampling effort 
across years, we cannot explore long-term population trends.

With the Mediterranean dry climate, bee nesting sites seem to be 
very diverse, with good opportunities for both belowground-nesting 
and cavity-nesting bee species (Potts et al. 2005). Indeed, the large 

available areas of bare soil cover in these areas offers advantageous 
nesting sites for belowground-nesting species. Cavity-nesting spe-
cies can build their nests with available dry stems or dead branches 
(Petanidou and Ellis 1993). Hover fly species were also characteristic 
of dry Mediterranean low-vegetation habitats, as the larvae of most 
of the recorded species (63%) are intolerant of very wet soils.

Protection Status of Mediterranean 
Pollinator Species
According to the IUCN European Red List (Nieto et  al. 2014), 
seven (3%) threatened bee species were recorded in our surveys. 
This number is similar to that found in Port-Cros National Park 
(Gombault et  al. 2018). Among those seven species, three have 
been found in both protected areas (A. ovatula, L. pygmaeum, and 
H. quadricinctus). We also sampled 47 bee species (24%) that are 
considered data deficient by the IUCN Red List, and no conserva-
tion statuses are currently attributed to hover fly or bee fly species. 
This still demonstrates the need for pollinator surveys to provide 
population trends and conservation statuses. Indeed, these data are 
essential for IUCN European Red List updates as well as National 
Red List establishment, especially because little is known about pol-
linator species presence in southern France. As few examples, in 
Calanques National Park, we provided the first national record of 
Nomada rubricoxa Scharz, 1977 (Hymenoptera: Apidae) in May 
2016 (Geslin et al. 2018), and specimens of a new Pelecocera Meigen, 
1822 (Diptera: Syrphidae) species were collected in 2017 and 2018. 
The description of this new Pelecocera species is underway and a 
publication is in preparation (see Lair et al. 2019).

Interaction Network of the Mediterranean Plant–
Pollinator Community
A plant–pollinator network was built based on two types of data 
from captures and visitations on plant species and from analyses 
of the pollen carried by the bees. Pollen analysis may give an im-
portant added value to networks. However, in our study, an insuf-
ficient number of individuals were analyzed to compare pollen and 
capture networks.

We found that the Cistaceae species in Calanques National Park 
acted as a central node in the network and were especially repre-
sented by three species of Cistus (Malvales: Cistaceae): C. albidus L., 
C. monspeliensis L., and, to a lesser extent, C. salviifolius L. These 
species are known to provide both pollen and nectar resources for 
both bees and hover flies (Bosch 1992), and in the present network, 
they support 52 pollinator species. Cistus species produce large open 
flowers and can be easily visited by short and long-tongued pollin-
ators, which makes them generalist species. Our results show that 
these species are of great importance for a high richness of pollin-
ators in Mediterranean habitats. The Lamiaceae family is also known 
to be attractive for many pollinator species within Mediterranean 
habitats, especially because tubular flowers provide high amounts of 
nectar (Petanidou and Vokou 1993, Petanidou et al. 2000). Among 
Fabaceae, Astragalus tragacantha L. (Fabales: Fabaceae) was the spe-
cies visited by the highest richness of pollinator species because the 
field campaign focused on it. This endangered metal-tolerant species 
is the target of a LIFE Habitats Calanques conservation programme 
to reinforce in situ populations (Salducci et al. 2019). Additionally, 
the morphology of the A. tragacantha flower is not adapted to small 
pollinators, which have difficulty opening its keel and collecting 
pollen and nectar. Therefore, larger wild bee species are more able 
to forage on this species. A deeper knowledge of the pollinator guild 
has been indicated to be essential to provide management advice to 

http://academic.oup.com/ee/article-lookup/doi/10.1093/ee/nvaa061#supplementary-data


Fig. 2. Interaction network between plant species (left part) and pollinator species (right part) within Calanques National Park. For color figure refer online 
version.  Threatened pollinator species and their links are highlighted in red, while threatened plant species are highlighted in green. Cistus albidus, Rosmarinus 
officinalis, and Thymus vulgaris, which correspond to the dominant flowering plant species, are colored pink, blue, and purple, respectively. The most generalist 
and dominant bee species, Apis mellifera, is highlighted in yellow, as are its links.



build an efficient conservation programme (Schurr et al. 2019). We 
also found 20 plant species that interacted with only one pollinator 
species. This can be explained by the low abundance of ruderal plant 
species, such as Papaver rhoeas L. (Papaverales: Papaveraceae), Rubus 
fructicosus L. (Rosales: Rosaceae), Medicago lupulina L. (Fabales: 
Fabaceae), or Crataegus monogyna Jacq. (Rosales: Rosaceae), within 
the sampled area of Calanques National Park or by the low sam-
pling effort on the nondominant plant species, such as Teucrium cha-
maedrys L. (Lamiales: Lamiaceae), T. flavum L., Iris lutescens Lam. 
(Liliales: Iridaceae), and Asphodelus ramosus L. (Liliales: Liliaceae) 
in the Mediterranean low-vegetation habitats within our sampling 
sites. As a complement, we found weak nestedness in the network, 
which indicates that the interactions performed by specialist species 
were not entirely included as a subset of the interactions realized by 
generalist species. This shows the importance of specialist species in 
our network (Almeida-Neto et al. 2008, Ulrich et al. 2009), as they 
represent 26.5% of the samplings, including three of the seven threat-
ened bee species. As an example, within the network, we observed 
D. argentata foraging on Scabiosa (Dipsacales: Caprifoliaceae) spe-
cies. The other six threatened bee species were generalists or were 
not linked with a particular plant species in these present surveys. 
The network indexes, such as modularity and connectance, were 
consistent with the average metrics of a mutualistic network com-
posed of 195 species (Thebault and Fontaine 2010). Within the mu-
tualistic networks, several studies indicated that the average value of 
connectance was low to moderate (approximately 0.11 or 0.18), and 
according to Jordano 1987, the connectance values decreased with 
species richness (Jordano 1987, Landi et al. 2018). The connectance 
value obtained (0.04) remains difficult to interpret regarding its im-
pact on the stability of the plant–pollinator network. For Thébault 
and Fontaine (2010), highly connected mutualistic networks are re-
lated to high resilience and persistence of the network (Thebault and 
Fontaine 2010), whereas Allesina and Tang (2012) indicated that 
connectance destabilizes mutualistic networks (May 1973, Allesina 
and Tang 2012).

The presence of numerous singletons is very common in eco-
logical surveys, including insect pollinator surveys (Lim et al. 2012). 
Here, specialist and cleptoparasitic bee species represented half of 
the bee singletons. Indeed, specialized bee species must feed on their 
preferred plant species, which decreases the frequency of their cap-
tures, especially because some surveys focused on certain plant spe-
cies in Mediterranean low-vegetation habitats. Cleptoparasitic bees 
are more difficult to catch because they only visit flowers to gather 
nectar and fly rapidly close to the ground to find their host’s nests 
(Oertli et al. 2005). However, whereas only 0.5% of cleptoparasitic 
bee species were found during the 3-d sampling in 2016 (Geslin et al. 
2018), we increased this figure to 12% with the present compilation 
of surveys. Several studies recorded approximately 17% of the para-
sitic bee species in urban or grassland habitats (Oertli et al. 2005, 
Fortel et al. 2014). The high richness of cleptoparasitic species may 
indicate that populations of wild bees and their diversity are large 
enough to support the presence of cleptoparasitic species in this area 
(Sheffield et al. 2013). Furthermore, no wild bee species were dras-
tically dominant in our survey (Supp Table 1 [online only]), which 
might suggest a well-structured community (Sheffield et  al. 2013, 
Geslin et al. 2015).

Conclusion
This survey was an attempt to provide a comprehensive overview 
of bee, hover fly, and bee fly species richness in a protected area typ-
ical of Mediterranean habitats across a 10-yr period (Medail and 

Quezel 1999). In addition to these surveys, we believe that some 
supplementary data coming from museums or private collections 
could be used to improve this list. In the global context of pollinator 
decline (Sánchez-Bayo and Wyckhuys 2019), surveys such as ours 
are especially important, as these taxa represent the main pollinator 
species in Mediterranean habitats such as phrygana and shrublands 
(Herrera 1988, 1990). The occurrence and ecological traits of pol-
linator species should strongly contribute to reinforcing informa-
tion about species to provide, for example, a conservation status 
for species still considered as data deficient by the IUCN Red List. 
We built the plant–pollinator network associated with these habi-
tats to document pollinator diet and their dependency upon floral 
resources. To further refine this biodiversity inventory, future studies 
in this area should focus on habitats of community interest, such as 
Brachypodium (Poales: Poaceae) grasslands or grassland on dolo-
mites, which could be strategic habitats for less abundant or rare 
pollinator species in our surveys. Preserved or hard-to-reach habi-
tats, such as the small islands (the Maïre, Riou, Plane, and Jarre 
islands) or the military camps, within the park should also be in-
ventoried. Diversifying the season or the time slot of surveys (e.g., 
autumnal, nocturnal surveys), as well as the capture methods (e.g., 
Malaise traps), should lead to more inventoried species. Finally, the 
networks built from the pollen carried by bees have still been insuf-
ficiently explored and could greatly improve and supplement our 
knowledge of bee floral diets.

Supplementary Data

Supplementary data are available at Environmental 
Entomology online.
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