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Abstract

The plant-pollinator relationship is one of the most investigated biological processes, not only because of its ecological importance (natural and
farming ecosystems) but also its economic profitability (farming and biological products). Current losses of bee populations urge the need to assess the
state of wild bee biodiversity in environments such as the Sierra de Guadarrama. Two characteristic sites with different plant diversities were compared by
collecting bees using net trapping, a thicket, and a grassland. In this way, not only the possible influence of floral wealth on bee abundance was studied, but
also the preference of these Hymenoptera towards any type of flower. Phenological patterns and predominant sex were also studied. 331 bee individuals,
belonging to 6 families, 19 genera, and 46 species, were recorded in this study. Our results showed that bee diversity depends not only on environmental
factors (temperature or plant composition and abundance) but biological as well (plant-pollinators matches or co-occurring species). Moreover, our study
sets a starting point for debating the influence of managed bees (Apis mellifera) on wild bee communities. A preference for a small number of plant species
(Cistus ladanifer, Echium vulgare, and Lavandula stoechas) was observed. In addition, there was a relationship between the type of corolla and the tongue
length. Our study highlights the importance of this area of the Sierra de Guadarrama for wild bee biodiversity. All things considered, it falls on preserving

those ecosystems with high floral wealth to favor the wild bee’s presence and its habitat in the foresight of climate change future scenarios.

Introduction

Pollination constitutes one of the main biological
processes, being essential for wild plant reproduction and
providing several ecosystem services [1-5]. Since plant-insect
interaction was known (105 million years ago), there has been
a mutualistic direct relationship between angiosperms and
pollinators [6]. Nowadays, although still debatable, almost
90% of angiosperm species in terrestrial ecosystems depend
on animal pollination for their reproduction, insects are the
most important ones [2,7-10].

Bees (Hymenoptera, Apoidea, Anthophila) are considered
the most efficient group of pollinators among insects [6,11-
15]. It has a high impact, with a global economic value
averaging between US$235 and US$577 billion a year [3,16].
Bee pollinators perform key ecosystem services shown to
enhance the quality and quantity of agricultural products in
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some world’s leading orchards [13,17-19]. Thus, bees are not
only economically but also ecologically important for food
production and terrestrial ecosystem survival [16].

In Europe, 1,942 species of bees have been recorded [2,6].
The Iberian Peninsula is considered one of the hotspots for
pollinator diversity with at least 1,097 bee species recorded
[6,20-22]. They are organized in two different groups,
according to their tongue length [12], and six different
families: (i) Andrenidae (237 species in the Iberian Peninsula),
Colletidae (87 species), Halictidae (202 species) and Melittidae
(25 species) considered short-tongued bees; (ii) Apidae (304
species) and Megachilidae (242 species) considered long-
tongued bees [2,12,21-24]. The most diverse and common
family of bees in the Iberian Peninsula is the Apidae which
includes some of the most important managed pollinators,
honey bee (Apis mellifera Linnaeus, 1758) and bumblebee
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species (Bombus Latreille, 1802), and other important genera
as Anthophora Latreille, 1803 [21,25]. Another diverse
family is the Andrenidae, with Andrena Fabricius, 1775 as
the main representative genus [26]. Most bee families show
solitary behavior or some level of aggregation (Andrenidae,
Colletidae, Megachilidae, Melittidae) [12]. However, different
degrees of sociality and social parasitism also occur (Apidae or
Halictus Latreille, 1804) [6,12,23,24,27]. Along the same lines,
various foraging behaviors, monolectic (specialized in one
genus), oligolectic (specialized in one family), and polylectic
(specialized in several families of plants), can be found within
these families [2,6].

Bees possess several morphological and physiological
attributes that make them unique and very efficient
pollinators. They present furry bodies and legs; with
specialized structures to transport pollen, called corbicles
or scopes [10,13]. They also have great flight abilities and
specially designed mouth-parts, allowing them to easily access
pollen and nectar [24,25]. These attributes change within the
families, explaining the difference in the range of bee activity
during the day and season, with some species being more
active in the early spring (Andrena) and others in the early
summer (Bombus) [28]. Moreover, these morphological and
physiological attributes will define the types of habitats where
the different bee species will be found [29].

Nowadays, terrestrial ecosystems are facing a great
loss of bee biodiversity [3,5,14,30]. Causes of this decline
include introduced pathogens, invasive species, agricultural
intensification, and changes in land management such as
habitat conversion or incorrect use of pesticides [3,10,16,31].
The destruction of natural habitats has mainly been linked
to anthropogenic activities causing a decrease in plant
diversity and pollen availability, ultimately leading to the
loss of pollinators” communities and species [5,6,11,16,32].
Moreover, bee communities are highly influenced by other
external factors, including microclimatic conditions, biotic
interactions among pollinators, or floral composition at local
scales [8,18,29]. The combination of different pollinator
species, with different morphological and physiological
traits, leads to an improvement of ecosystem functions and
can compensate for negative effects caused by climatic and
anthropogenic conditions [8,10,13].

Previous studies have focused on arthropod pollinators
in natural and managed ecosystems [16,33]. Although many
bee species contribute to pollination, most research has
concentrated on a limited number of these species that are
highly correlated with economic profit, such as A. mellifera
[16,34,35]. Moreover, there is a lack of knowledge regarding
variations in bee community composition along the day and
the season [28]. Understanding the relationship between
community composition, environmental factors, and seasonal
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changes is essential to prevent the decline of bee populations
and their ecosystem services.

Considering these limitations and to minimize
environmental impact, we used net trapping to study the role
of wild bees in two different habitats, a grassland and a thicket,
localized in the area of influence of Sierra de Guadarrama
National Park, in Madrid. Because plant and bee diversity are
related [1,18], we selected two specific habitats characterized
by the mix of annual herbaceous in the grassland and the
dominance of rockroses in the thicket. The differences in
plant diversity between the habitats allowed us to study the
variety and preferences of the bee community present in
the area. We aimed to create an inventory of bee and plant
communities in the area, which would lead to a better and
more complete picture of arthropod communities in natural
ecosystems. We also wanted to compare bee biodiversity in
two different habitats to infer variation in bee communities
concerning changes in plant composition. In addition, the
circadian rhythms of these insects were compared aiming to
identify activity peaks concerning the season, daily hour, and
temperature.

We hypothesized that (i) higher bee biodiversity would
be found in the grassland when compared to the thicket, (ii)
higher bee activity would happen at mid-day in those months
with higher temperatures (summer), (iii) there would be
a preference towards flowers with open corollas, and (iv)
meteorological conditions would highly influence our results.

Methods

The study took place in two different areas in Galapagar,
a grassland and a thicket, next to the Sierra de Guadarrama
National Park, in Madrid (Spain) (Appendix A. Table A.1).
We surveyed two 25x25m plots, with approximately 200 m
between them (Figure 1). Though distance between the sites
was not bigger than mean foraging ranges of wild bees (< 500
m) [36,37], we considered that it was enough, due to their
different floristic composition, to observed bee preference for
certain plants within the same area and to get an approach of
the bee community present. The two selected habitats were at
agreatenough distance from each other to avoid potential edge
effects. The grassland is characterized by annual herbaceous
and some woody plants such as Lamiaceae, Asteraceae, and
Malvaceae. It is surrounded by rockroses (Cistus ladanifer
L.) and small holm oaks (Quercus coccifera L.), and it has full
sunlight. The thicket is characterized by rockroses, spurious
holm oaks, and herbaceous plants. It is located at 400m from a
residential area and is partially exposed to the sun.

The study was conducted for two consecutive years (2017-
2019) and sampling took place two times every month. Each
plot was randomly surveyed for one hour at three different
times of the day: Morning (spring-summer from 7:00-9:00,and
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Figure 1: Location of the study sites, the thicket and the grassland, Galapagar, Madrid,
Spain.

autumn-winter from 8:00-10:00), mid-day (13:00-15:00) and
afternoon (spring-summer from 19:00 - 21:00, and autumn-
winter from 16:00 - 18:00). Sampling followed variation
in sun activity according to the season. Air temperature,
meteorology, and plant species where bees were sampled
were recorded. We considered the frequency of sampling was
enough to provide a consistent and comprehensive dataset,
without having too great of an impact on the local pollinator
population. Moreover, sampling three times a day helped us
capture the variation of daily activity patterns, giving us a
complete picture of bee activity in our sampling sites. A two-
year study period allowed us to observe long-term trends
and the effects of year-to-year environmental changes on
local bee populations, improving the robustness of the data
and reducing the likelihood of short-term disturbances in
the results. Thus, the criteria for selecting sampling sites and
frequency ensured a comprehensive and representative study
of bee populations across various environments.

All bee individuals were collected by aerial trapping using
entomological nets. Captured bees were put in a jar with ethyl
acetate, pinned with entomological pins, and stored in an
entomological box for further conservation. The identification
of the specimens was carried out using a stereo microscope,
dichotomic keys and comparing materials from the Coleccién
de Entomologia from the Universidad Complutense de Madrid
(UCME) and the Museo Nacional de Ciencias Naturales de
Madrid, for each family or genera.

Data analysis

Randomization and standardization of samples have been
suggested to accurately compare diversity metrics across
sites as sample size generally varies across communities
given equal effort [38]. Similarly, coverage has been suggested
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to measure how completely a community has been sampled
[38]. In our study, we used sample-size-based rarefaction and
extrapolation curves, with 95% confidence intervals, obtained
by a bootstrap method and based on 400 replications,
through R package iNEXT [39]. Thus, we assessed sampling
completeness and evaluated the relationship between species
richness and sampling effort [40-44]. Sampling completeness
was assessed using bee species as taxonomic units and sites
(grassland and thicket) as sampling effort units.

A complete biological assessment includes components of
both richness and relative abundance of all species present
in the area [38,40,45]. Traditional diversity indexes, such
as species richness or Shannon index are very sensitive to
sampling effort and species relative abundance [38,40,46-48].
Hill numbers have been suggested to overcome this problem
[40,41]. However, our methodology was standardized, and the
sample effort was the same in both sites. Therefore, we used
the following indexes to measure biodiversity: (1) Species
richness (S), which measures the total number of species in
an assemblage, (2) Shannon diversity (H), which accounts for
evenness on each site, (3) Margalef index (D), that evaluates
species richness in a community independently of the pool
size as it is based on the relationship between S and N (total
number of individuals), (4) Jaccard index, that studies the
similarity between two areas based on absence/presence
data (qualitative data), and (5) Sorensen index, that is similar
to Jaccard index but considers abundance data (quantitative
data) [38,40,47,49]. Indexes analysis was performed by
function specnumber and diversity from package vegan [50]
and function Hutcheson t-test from package ecolTest. Some
indexes were performed manually as there was not any R
package including these indexes.

For the statistical analysis, different variables were
selected and compared with each other. Chi-squared tests
and prop. test from the R package was used to determine
the significance of each variable independently based on its
Chi-square statistics and p - value [34]. Generalized Linear
Models (GLM) were performed to test whether our variables
(Family, Species, Month, and Plant) were predictors of the
differences between the grassland and the thicket. We used
a long-link function to account for binomial distribution in
our data. All variables were analyzed independently and
contrasted using obtained Estimated Marginal Means (EMMs).
To test for plant composition influence, bees were divided
into two groups according to length, (i) short-tongued bees
(Andrenidae, Colletidae, Halictidae, and Melittidae) and (ii)
long-tongued bees (Apidae and Megachilidae). Plants were
separated according to the type of corolla, (i) open-corolla
(Cistus ladanifer) or (ii) close-corolla (the rest of the plants).
Chi-squared test was used to test for dependency between the
type of corolla and the tongue length. The type of relationship
between the variables was measured by an ODDS ratio and
Risk estimate.
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All these analyses and graphs were performed with
package Stats [50], emmeans [51], DescTools [52], fmbs [53],
and ggplot2 [54] from R software version 4.0 [55].

Results

A total of 333 individuals were collected through net
sampling over two years (2017-2019). Two individuals were
not identified to species level and thus were not included in
further analysis. Therefore, 331 bee individuals belonging
to 5 families, 19 genera, and 46 species constituted our final
dataset (Table 1; Appendix A. Table A.2).

At the family level, Apidae (82%) was the most abundant
family in our study, followed by Megachilidae (8%), Melittidae
(5%), and Andrenidae (3%). Colletidae and Halictidae (1%)
were the least abundant families (Appendix A. Table A.3).

Sites: In the grassland four out of six bee families were
present (Apidae (89%), Megachilidae (9%), Andrenidae (1%)
and Halictidae (1%)) (Appendix B. Figure B.1.). Contrary to the
thicket, where all bee families were present (Apidae (54%),
Melittidae (25%), Andrenidae (11%), Megachilidae (5%),
Colletidae (3%) and Halictidae (2%)) (Appendix B. Figure
B.1). Significantly more bees were recorded in the grassland
(n = 270) than in the thicket (n = 61) (1-sample proportions
test without continuity correction, x-squared = 131.97, df =
1, p -value = 2.2e-16, CI = 0.8 - 1.0, sample estimate = 0.8).
It should be noted that this difference was still significant
when honey bee individuals were removed from the analysis
(1-sample proportions test without continuity correction, chi-
squared = 44.3,df =1, p - value = 1.4e-11, CI = 0.7-1.0, sample
estimate = 0.8).

When sites were analyzed, Apidae and Megachilidae
families seemed to explain differences across the grassland
and the thicket (generalized linear model with binomial
errors, intercept= -0.6, d.f. = 330, AIC = 250.4) being both
families significantly more present in the grassland than in the
thicket (Estimate Apidac = 2.5, Estimate
0.05) (Appendix C. Table C.1).

Megachildae = 26’ p- values <

Sample completeness and biodiversity analysis: Sampling
coverage (SC) indicated estimated values below complete
sample adequacy (SC<1) in both the grassland (0.94) and
the thicket (0.77) (Appendix A. Table A.4). The sample
completeness curve showed that more individuals should have
been sampled to assess total existing arthropod diversity in
both sites (Appendix B. Figure B.2). However, our methodology
was standardized, and equal effort was applied in both sites.
Thus, observed values were used to compare arthropod
biodiversity across sites. The most abundant species in both
areas were Apis mellifera (57.4%), Bombus terrestris (8.2%),
Anthophora bimaculate (5.4%), Dasypoda crassicornis (4.5%),
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Table 1: Bee composition was found across the grassland and the thicket in Galapagar
from 2017 to 20109. Classification based on Ortiz-Sanchez [22].
Grassland = Thicket = Total

Andrenidae Family 4 7 11
Andrena bayona Warncke, 1975 1 0 1
Andrena cineraria (Linnaeus,1758) 0 1 1
Andrena fabrella Pérez, 1903 0 1 1
Andrena flavipes Panzer, 1799 2 1 3
Andrena humilis Imhoff,1832 1 0 1
Andrena minutula (Kirby, 1802) 0 1 1
Andrena ovatula (Kirby, 1802) 0 1 1
Andrena pilipes Fabricius, 1781 0 1 1
Panurgus calcaratus (Scopoli, 1763) 0 1 1
Unidentified 1 1 2

Apidae Family 240 33 273
Amegilla albigena (Lepeletier, 1841) 2 0 2
Amegilla fasciata (Fabricius, 1775) 4 0 4
Amegilla quadrifasciata (De Villers, 1789) 1 0 1
Amegilla salviae (Morawitz, 1876) 2 0 2
Anthophora bimaculata (Panzer, 1798) 18 0 18
Anthophora femorata (Olivier, 1789) 3 0 3
Anthophora ferruginea Lepeletier, 1841 1 0 1
Anthophora plumipes (Pallas, 1772) 9 0 9

Apis mellifera Linnaeus, 1758 160 30 190
Bombus terrestris (Linnaeus, 1758) 27 0 27
Ceratina mocsaryi Friese, 1896 0 1 1
Ceratina nigrolabiata Friese, 1896 0 1 1
Eucera notata Lepeletier, 1841 2 0 2
Eucera sp. 0 1 1
Xylocopa cantabrita Lepeletier, 1841 9 0 9
Xylocopa iris (Christ,1791) 1 0 1
Xylocopa violacea (Linnaeus, 1758) 1 0 1
Colletidae Family 0 2 2
Colletes nigricans Gistel, 1857 0 2 2
Halictidae Family 2 1 3
Halictus quadricinctus (Fabricius, 1776) 0 1 1
Halictus sp. 1 0 1
Lasioglossum leucozonium (Schrank, 1781) 1 0 1
Megachilidae Family 24 3 27
Anthidium florentinum (Fabricius, 1775) 1 0 1
Anthidium loti Perris, 1852 1 0 1
Anthidium manicatum (Linnaeus, 1758) 2 0 2
Anthidium oblongatum (Illiger, 1806) 1 0 1
Coelioxys emarginatus Forster, 1853 1 0 1
Hoplitis adunca (Panzer, 1798) 2 0 2
Hoplitis sp. 1 0 1
Lithurgus chrysurus Fonscolombe, 1834 0 1 1
Megachile apicalis Spinola, 1808 1 0 1
Megachile leachella Curtis, 1828 3 1 4
Megachile melanopyga Costa, 1863 2 1 3
Megachile pilicrus Morawitz, 1879 1 0 1
Megachile pyrenaica Lepeletier, 1841 6 0 6
Osmia bicornis (Linnaeus, 1758) 1 0 1
Osmia leaiana (Kirby, 1802) 1 0 1
Melittidae Family 0 15 15

Dasypoda crassicornis Friese, 1896 0 15 15

Total 271 62 333
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and both Xylocopa cantabrita and Anthophora plumipes (2.7%
respectively) (Appendix A. Table A.5; Appendix B. Figure B.3).
Species richness (S =33; S

Grassland —

hicer = 17) as well as
Margalefindex (D, .=5.7;D, , =3.89) were higher in the
grassland compared to the thicket. Estimated Shannonrichness
values (H, .= 1.8; H, . = 1.75) were not significantly
different between sites (Hutcheson t-test for two communities,
Hutcheson t-statistic = 0.25, df = 107.7, p - value = 0.8). Both
Jaccard (0.09) and Sorensen similarity indexes (0.37) were
very close to 0 (Appendix A. Table A.4). Nevertheless, our
results changed if honey bees (Apis mellifera) were removed
from the analysis. Margalef indexes increased (D __ .= 6.6;
D e = 4-4) and estimated Shannonrichness values (H, =
2.76.; H,, .= 2.08) were significantly different between sites
(Hutcheson t-test for two communities, Hutcheson t-statistic
=2.6,df =46.4, p - value = 0.01). In the absence of A. mellifera,
Jaccard’s index decreased (0.07) while Sorensen’s increased
(0.44). Only four species were found in both sites (Andrena
flavipes, Apis mellifera, Megachile leachella, and Megachile

melanopyga) (Appendix A. Table A.5).

Although information on bee species was used to perform
biodiversity indexes, the bee abundance of several species (e.g.,
Amegilla sp., Anthidium) was very low. Thus, further results
will be discussed at the genus level, as bee representation at
this level was higher.

Phenology

The mean temperature in our sampling sites differed
across the moment of the day and the month (Appendix B.
Figure B.4). Higher temperatures (above 25 2C) were observed
at mid-day and afternoon in late spring and summer seasons
(from May to September). The number of individuals recorded
throughout the year significantly differed across months in
both the grassland and the thicket (chi-squared test for given
probabilities, chi-squared = 965.8, df = 11, p-value < 2.2e-16).
Our results showed that more bee individuals were recorded
in spring and early summer (May-July) at both sites (Figure 2).
Month seemed to influence differences across sites, with
higher bee presence in April, May, and June in the grassland
compared to thicket (generalized linear model with binomial
errors, intercept = 0.8, d.f. = 330, AIC = 322.4, p - value <
0.05) (Appendix C. Table C.2). Individuals of some genera as
Anthophora, Apis, Bombus or Megachile, were present from
April to September while others were present only for one or
two months earlier or later in the season (Anthidium, Ceratina,
Colletes or Osmia) (Appendix B. Figure B.5).

Significant differences across the number of bees recorded
were found depending on the moment of the day (chi-squared
test for given probabilities, chi-squared = 165.7, df = 2, p
- value < 2.2e-16). However, these differences were only
significant when compared to the morning, as no significant
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differences were found between mid-day and afternoon
(1-sample proportions test with continuity correction, chi-
squared = 0.15, df = 1, p - value = 0.7, CI = 0.43-0.55). 63%
of the genera were present at both times of the day (mid-day
and afternoon), 11% preferred the afternoon while 26% had
a preference for mid-day (Appendix A. Table A.6; Appendix B.
Figure B.6).

Plant preference

Differences between sites were mainly due to the type
of vegetation present, as other important factors, such as
climate and altitude, were the same between the grassland
and the thicket. Plant species richness was the same in the
grassland when compared to the thicket (S = 8). However,
flower availability and composition were different between
the sites. The thicket had flowers available from March (Cistus
ladanifer) while the grassland started to have flowers later in
the season, around April (Diplotaxis tenuifolia (L.) DC, Ruta
montana (L.)). However, the grassland had more plant species
that flower during the warmer season (Appendix A. Table
A.7). Some of the plant species were shared between both
sites (Echium vulgare L., Daphne gnidium L. and Lavandula
angustifolia). Others were only found in one site (Figure 2).

Bee abundance was found to be significantly difference
across plants (chi-squared test for given probabilities, chi-
squared = 1,832.9, df = 12, p - value < 2.2e-16). C. ladanifer
was the most visited species in the thicket (11%), while
L. angustifolia prevailed in the grassland (69%) (Figure 3;
Appendix A. Table A.8). Moreover, bee abundance across sites
was found to be influenced by the plant species (generalized
linear model with binomial errors, d.f. = 330, AIC = 71.3). Thus,
higher bee presence in Lavandula angustifolia was recorded
in the grassland compared to the thicket (generalized linear
model with binomial errors, coefficienthndum angustiolia = 54,p-
value <0.05) (Appendix C. Table C.3). Along the same lines, less
bee presence in Echium vulgare was recorded in the grassland
when compared to the thicket (generalized linear model
with binomial errors, coefficientmium Vulgare = -5.2, p - value <
0.05). In general, more bee genera visited L. angustifolia (11),
Echium vulgare (9), and Daphne gnidium (8) than other plants.

Regarding bee preferences, Apidae (S ea = 11)
Megachilidae (S = 6), and Andrenidae (S =5)

plant_visited - plant_visited -

families visited more plant species than Halictidae (S
= 3), Melittidae (S = 2) and Colletidae (S =1)

plant_visited - plant_visited -

(Appendix A. Table A.9; Appendix B. Figure B.7). At genus
level, Apis (S = 10), Andrena (S = 5), Megachile

plant_visited - plant_visited
= 5), Xylocopa (S = 4) and Anthidium (Splam,

(Splant,visited - plant_visited -
.= 4) visited more plant species than the rest of the genera.
visited

Almost half of the genera (37%) visited only one plant species
(Appendix A. Table A.9; Appendix B. Figure B.8).

plant_visited

Results showed that there was a significant relationship
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between the type of corolla (open or closed) and the type of
tongue (shortorlong) (X-squared =68.1,df=1, p - value < 2.2e-
16). Long-tongued bees were almost three times more likely
to be found in flowers with close corollas than open corollas
(odds. Ratio = 2.96, p - value < 2.2e-16) while short-tongued
bees were two times more likely to be found in flowers with
open corolla than long-tongued bees (risk ratio estimate, CI =
1.5-3.4, Estimate = 2.2, p - value < 2.2e-16).

Sex

A significantly greater number of female individuals (n =
284) were recorded in our study when compared to males
(n = 47) (1-sample proportions test without continuity
correction, chi-squared = 169.7, df = 1, p - value < 2.2e-16, CI
= 0.8-1.0, sample estimates = 0.9) (Appendix B. Figure B.9).
These results coincided in both the grassland (n_, = 234,
n_ = 36) and thicket (n,_ =50,n_ =11) (Appendix A.
Table A.10). The phenology of both sexes matched, with both
females and males being more active between April and
June, and with lower activity in the warmer month (August)
(Appendix B. Figure B.9).

Discussion

Six bee families and forty-six bee species, previously
recorded in the Iberian Peninsula [6,22], were detected in the
considered areas. The study showed the influence of several
environmental and biological factors on bee biodiversity,
such as floral composition [13]. We further demonstrated
the complementary use of different biodiversity indexes (E.g.,
species richness, Shannon and Jaccard index) to assess and
compare two different habitats. Circadian rhythms showed
bee preference towards the warmer part of the day (mid-
day and afternoon) and late-spring season, characterized
by sunny conditions and warm but mild temperatures. Both
sexes preferred these conditions although females were more
abundant than males at both sites.

According to Ortiz-Sanchez [22] the bee fauna composition
of the Iberian Peninsula is: Apidae (27.7%), Megachilidae
(22.1%), Andrenidae (21.6%), Halictidae (18.4%), Colletidae
(7.9%), and Melittidae (2.3%). These results matched
ours. Besides Dasypoda, the most abundant genera (Apis,
Anthophora, Bombus, and Xylocopa) were all polylectic bees
(Falk, 2019). Dasypoda, considered an oligolectic bee genus,
was found in two different plant species (Cistus ladanifer
and Echium vulgare) matching with previous studies [25,56].
These results showed that the current study could establish
an accurate picture of the potential community comprising
this surrounding. Nevertheless, sample coverage showed
incomplete sample size (SC<1) in both sites (Appendix A.
Table A.5). Thus, higher and more intensive sampling effort
(more days in the season) could have led to more complete
results [57].
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The grassland showed higher bee richness than the thicket.
However, species were not evenly distributed (Hx1.5) at
either of the sites. This was a result of some species being more
abundant than others in both the grassland (Apis mellifera,
Bombus terrestris, and Anthophora bimaculata) and the thicket
(A. mellifera and Dasypoda crassicornis). Nevertheless, index
values changed in the absence of honey bees (A. mellifera).
Biodiversity values (Shannon (H) and Margalef) increased in
both the grassland and thicket. Along the same lines, Jaccard
and Sorensen’s indexes supported that both sites differed
in community composition. Firstly, Sorensen’s higher value
in the absence of A. mellifera showed that differences in the
number of individuals recorded between both sites were notas
big as in its presence. Secondly, not only does bee composition
differ between sites, with the grassland being more diverse
than the thicket, but a few bee species dominated over the
others in both sites. Nevertheless, traditional indexes are
known to be sensitive to small sample sizes and rare species
[28,39,40,58,59].

Higher numbers of workers and female bees compared to
males at both sites could be due to the biological functionality
of each sex. While males’ function is to delimitate their territory
and forage for themselves, females have to provide food for
their offspring, and their main task is foraging [12,24]. This
is why female bees are easier to find at any time in areas with
high plant biodiversity, as they need more resources [23].

Meteorological conditions and temperature fluctuations
(environmental factors) have been shown to shorten bee
activity periods, which are usually longer under warm and
sunny conditions [13,29,60]. Negative interactions across
pollinators (biological factors) in areas with limited resources
have also been proven to modify bee activity in natural
landscapes [8,18]. Below, we discuss some environmental and
biological factors that might have played an important role in
shaping our biodiversity data and results.

Environmental elements

Climatic conditions and temperature are known to modify
bee activity in the field as temperature in their surroundings
determines foraging activity [14,29,61,62]. The Iberian
Peninsula, especially the Mediterranean area, is characterized
by fluctuations in weather and temperature conditions, whose
effects on pollinator rhythms have become more noticeable by
climate change [29,60,63-65]. Bee activity increases around
19 2C, being very low at temperatures below 13 2C depending
on the bee species [62,66]. Our results showed that bee
activity was higher in the warmer season (May-July) and in
the temperate part of the day (mid-day and afternoon). Higher
and lower temperatures, and adverse conditions after July,
could explain the lower number of individuals recorded in the
following months [62]. Some bee species are more resistant to
colder periods and adverse climatic conditions [13,61,67]. Our
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results supported this hypothesis with genera such as Bombus
or Megachile, being active for longer periods and earlier in the
season (Appendix B. Figure B.5) [25,29,57,61,68]. Changes in
pollinator rhythms have been observed in some species, such
as A. mellifera, whose activity started earlier and ended earlier
in the season, probably due to warmer days (Appendix B.
Figure B.5) [29]. This could reflect the fact that climate change
modifies bees foraging activity which may lead to other
problems such as an increase in resource competition among
different bee species due to niche overlap [18,28,29,61,69].

High temperatures and adverse weather conditions not
only limit bee activity but can also negatively influence floral
initiation and pollen production [61,66]. Floral resources
decline in late spring when most pollinator species start to
be active, and therefore, floral resources are more likely to
become a limiting factor [70,71]. Plant composition, floral
abundance, and sunlight access were different between our
sampling sites. Although Lavandula angustifolia was the
predominant plant species in the grassland, other species such
as Echium vulgare or Daphne gnidium were also common. On
the other hand, Cistus ladanifer comprised the higher floral
density in the thicket, with a low abundance of the other
plants. L. angustifolia flowers are available from May to June
while C. ladanifer has accessible flowers earlier in the season
(March-June) (Appendix A. Table A.7). Thus, higher bee species
richness and abundance present in the grassland could be due
to higher flower availability (plant richness and abundance)
when temperatures were higher, and bees were more active
(May-June). This supported previous studies where bee
activity, although synchronized with plant flowering, was
highly influenced by climatic conditions, temperature, and
plant abundance [13,18,29,66,69]. Moreover, our results
could support future climate change perspectives with
flowering periods being modified, and plant-pollinator
synchronization changing. This scenario might result in less
efficient pollination and a shorter life span [29,60,62,72,73].

Biological elements

Bee presence and plant preference are marked by several
factors, not only resource availability but also by interspecific
competition, local specialization, or biological traits [1,69,74].

Our results showed high numbers of honey bees (Apis
mellifera) (160 individuals out of 331). Honey bees are
widespread managed bees essential for pollinator-dependent
crops (E.g., apples, almonds) [23,75-77]. According to the
Registro General de Explotaciones Agrarias (REGA), 32,845
hives were registered in Spain in 2019. Thus, the high
numbers of honey bees in our study were probably a result of
the presence of domestic honey bee hives in the surroundings.
Several studies have shown a possible competition between
wild bees and managed bees [35,75,78,79]. Moreover, floral
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resources could become a limiting factor when plant species
richness and abundance are low [35,70,71,75]. Our results
showed how A. mellifera was mainly found in Lavandula
angustifolia and Cistus ladanifer, both dominant plants in
the grassland and thicket respectively. Only a few bees were
recorded in other plant species such as Echium vulgare or
Daphne gnidium. One explanation could be that the presence
of honey bees in the predominant plants might have displaced
native wild bees towards other plants and areas, where
resources were available, resulting in a smaller number of
wild bee individuals recorded [75,79-81]. Along the same
lines, our results showed how several genera such as Amegilla,
Ceratina, Coelioxys, or Colletes, were more abundant in those
months in which A. mellifera was less active (July-September)
(Appendix B. Figure B.5). Higher resistance of wild bees when
temperatures are below or over honey bee standards (from
July-April) might have resulted in more wild bees recorded
[10,14,82]. A decrease in honey bee activity during those
months might have led other generalist and specialistic bees
to have access to more floral resources previously limited by
the presence of A. mellifera [8,18,75,79]. These observations
suggest how the foraging preferences of bee species and
climatic conditions play a role in their presence throughout the
day, the month, and the year, shaping the different ecological
niches that bee species occupy.

Differences in sizes could have also played a role in our
study as it has been shown to influence the capacity of bees to
obtain nectar and pollen [74,83]. Bigger bees, Bsuch as Apis,
Bombus, Xylocopa, or Anthophora, or territorial bees such
as Rhodanthidium might have ruled over the smallest bees
(Ceratina or Halictus), controlling the resources and displacing
them towards other environments [84-86]. Interspecific
competition could also happen between bees and other
insects that might negatively affect bee presence [87]. Such an
example is C. ladanifer, which is visited by other pollinators
(Coleoptera and Diptera) and non-pollinators (Thomisidae)
that can compete for floral resources with bees [84,88,89].

Bee preference towards specific flowers is key to
understanding foraging behavior and bee biodiversity in
natural ecosystems [1,66,74,86]. Bees can visit flowers for
pollen, nectar, or both, whose specialization depends not
only on morphological traits (hairiness, proboscis length, or
body size) but also on the quality of the floral resources and
the accessibility of the floral structures (e.g. open or closed
corollas) [17,10,29,67,74,90,91]. This could be the reason
why L. angustifolia was visited by 84.8% of individuals as it is
known to constitute an easily accessible and primary nectar
source for bee species such as honey bees and bumble bees
[92-94]. A similar explanation can be used to explain why
C. ladanifer was very popular in the thicket in comparison
with other plants (62%). Several studies showed C. ladanifer
is very popular among bees not only because of their pollen
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availability but also because of the very accessible big corolla
[88,95,96].

Although they forage in several plants, polylectic bees
also have a preference towards specific families and may
locally restrict visits to one or a few plants [1,8,13,18]. This
was supported by our results with more than half of the
bee genera visiting only one or two plant species (Appendix
B. Figure B.8). Specialist bees are more vulnerable to plant
richness decreased [1,79]. The low numbers of monolectic
bees (Colletidae or Halictidae) in our study may be due to
the higher abundance of a few plant species that were not
attractive to these bees. However, we did not record enough
wild bees to establish a preference towards specific plant
species. Thus, more specific research should be done to test
this hypothesis.

Tongue length has been associated with the foraging
efficiency of bees and bee preference towards specific plants
[74,79]. This was supported by our results as short-tongued
bees rarely obtained pollen from flowers where nectar had
difficult access but from flowers with more exposed pollen and
nectar, like C. ladanifer. On the other hand, long-tongued bees
preferred flowers with closer corollas such as L. angustifolia,
D. gnidium, and E. vulgare. [1]. It has also been shown that
long-tongued pollinators can pollinate flowers with open or
closed corollas, while short-tongued pollinators are only able
to pollinate close corolla flowers [13,94].

In addition, future studies could include more sampling
days within each month and more replicates to avoid
sampling bias and to follow these trends more accurately.
Along the same lines, a more complete floral assessment of
not only the area where we were sampling but also the close
surroundings, could help us to better understand the bee
community. Heterogenic landscapes have been positively
linked to bee biodiversity and ecosystem services [1,14,41,91].
Understanding the biological relations across individuals
within the environment and their circadian rhythms is
key to understanding community composition [18,35]. A
wider fauna assessment of the sites, including not only bee
insects but also other arthropods, could help us understand
potential interactions within our sites. This study provides
a framework that can be implemented in other regions with
similar ecological and geographical characteristics, enhancing
bee conservation and habitat protection.

To conclude, wild pollinators are essential to maintain
healthy and resilient ecosystems [5,10,89,97]. Moreover,
pollinator biodiversity is globally declining as a response
to anthropogenic activities and most of the bee species are
threatened by climate change [10,31,97-102]. Therefore,
more assessments of bee diversity and phenology may be
useful in designing appropriate conservation strategies.
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Our study constituted an updated list of wild bees present
in this area of the Community of Madrid. It manifested that
pollinator’s diversity and presence constitute a multifactor
problem that includes both environmental and biological
factors. The current research could outline significant
implications for both global and regional bee conservation
efforts illuminating the importance of protecting the natural
landscapes to preserve local bee communities as well as the
impact of managed species, such as A. mellifera, in pollinator
communities. Future regional and global conservation policies
should consider the importance of diverse and resilient floral
habitats, in the foresight of climate change future scenarios
[29,60,63-65]. Encouraging the protection of native and
diverse flowering plants providing food for a variety of wild
bee species and preserving natural areas offering continuous
blooms throughout the year, helping maintain pollinator
communities.

Conclusion

The current study highlighted the importance of the
floral diversity for holding diverse bee communities as well
as pointing out that extreme temperatures are not suitable
for bee activities. Moreover, we suggested possible negative
interaction with A. mellifera whose presence might have led
to resource depletion and domination forcing wild bees to
find other foraging places outside our sampling sites and
their usual activity period. Although greater efforts will lead
to greater accuracy in results, we have set a starting point for
future research toward a better understanding of pollinator
communities and networks in natural environments in the
Iberian Peninsula.
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