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The western honey bee (Apis mellifera) is the most frequent floral visitor of
crops worldwide, but quantitative knowledge of its role as a pollinator out-
side of managed habitats is largely lacking. Here we use a global dataset of
80 published plant—pollinator interaction networks as well as pollinator
effectiveness measures from 34 plant species to assess the importance of
A. mellifera in natural habitats. Apis mellifera is the most frequent floral visitor
in natural habitats worldwide, averaging 13% of floral visits across all
networks (range 0-85%), with 5% of plant species recorded as being exclu-
sively visited by A. mellifera. For 33% of the networks and 49% of plant
species, however, A. mellifera visitation was never observed, illustrating
that many flowering plant taxa and assemblages remain dependent on
non-A. mellifera visitors for pollination. Apis mellifera visitation was higher
in warmer, less variable climates and on mainland rather than island sites,
but did not differ between its native and introduced ranges. With respect
to single-visit pollination effectiveness, A. mellifera did not differ from the
average non-A. mellifera floral visitor, though it was generally less effective
than the most effective non-A. mellifera visitor. Our results argue for a
deeper understanding of how A. mellifera, and potential future changes in
its range and abundance, shape the ecology, evolution, and conservation
of plants, pollinators, and their interactions in natural habitats.

1. Introduction

The western honey bee (Apis mellifera L.) provides highly valued pollination ser-
vices for a wide variety of agricultural crops [1], and ranks as the most frequent
single species of pollinator for crops worldwide [2]. A long history of domesti-
cation and intentional transport of A. mellifera by humans has resulted in its
current cosmopolitan distribution that includes all continents except Antarctica
and many oceanic islands. Given the advanced state of knowledge concerning
this species and its role in agriculture, it seems surprising that the importance
of A. mellifera as a pollinator in natural habitats remains poorly understood [3-5].

Clarifying the role of A. mellifera as a pollinator in natural habitats is important
for several reasons. First, animal-mediated pollination represents a vital ecosys-
tem service [6,7]; an estimated 87.5% of flowering plant species are pollinated
by animals [8]. Quantification of the pollination services provided by the cosmo-
politan, super-generalist A. mellifera [9] will thus provide insight into the
functioning of many terrestrial ecosystems. Second, non-A. mellifera pollinators
are declining as a result of habitat loss, habitat degradation and other factors
including pesticides, pathogens, parasites and climate change [10-12]. In cases
where A. mellifera populations can withstand these perturbations, the degree to
which they replace pollination services formerly performed by extirpated pollina-
tors [13—17] deserves scrutiny. Third, recent increases in the mortality of managed
A. mellifera colonies in some regions of the world [11,18] may extend to popu-
lations of free-living A. mellifera [19-21]. Threats to A. mellifera populations
could thus affect the reproduction and population dynamics of plants in natural
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areas, with potential shifts in the composition of plant
assemblages [22,23], and in turn, the ecosystem services
(e.g. carbon sequestration, soil retention) that these plants pro-
vide. Lastly, where introduced populations of A. mellifera attain
high densities [24-26], they may compete with other pollina-
tors [27-29] or compromise plant reproductive success [30].
These phenomena are of broad ecological, evolutionary and
conservation importance, but to our knowledge, there cur-
rently exists no global quantitative synthesis of the numerical
importance of A. mellifera as a pollinator in natural ecosystems
in their native or introduced ranges.

Here, we address questions concerning the importance of
A. mellifera by exploiting a recent trend in pollination
research—the documentation of community-level, plant—pol-
linator interaction networks (hereafter ‘pollination networks’).
Quantitative pollination network studies document the iden-
tity and frequency of each type of pollinator visiting each
plant species within a locality [31]. Network data are used to
address a variety of questions (e.g. [32-34]), but key for our
goals here, they provide an underused opportunity to gauge
the importance of A. mellifera in natural habitats, particularly
because the role of A. mellifera has rarely been the focus of
these studies [25,26,35]. We compiled a database of 80 quanti-
tative pollination networks from natural habitats worldwide.
To further assess the importance of A. mellifera as a pollinator,
we also compiled data on per-visit pollination effectiveness of
A. mellifera relative to other floral visitors from studies of 34
plant species.

Our meta-analyses address three interrelated lines of
inquiry concerning the ecological importance of A. mellifera
in natural habitats: (i) what proportions of floral visits are con-
tributed by A. mellifera foragers to individual networks
worldwide, and to individual plant species within networks?
(ii) what environmental factors govern the relative contribution
of A. mellifera to community-level floral visitation, and do levels
of visitation differ between its native and introduced ranges?
and (iii) given that pollination network studies often use visita-
tion frequency as a proxy for pollinator importance (e.g. [36]),
how does the per-visit pollination effectiveness of A. mellifera
compare to the effectiveness of other floral visitors?

2. Material and methods

(a) Database for network synthesis

We used two approaches to compile our dataset of pollination
networks. First, we performed a literature search using the ISI
Web of Science database with the search terms [pollinat* net-
work], [pollinat* web] and [pollinat* visit* community],
examining all studies available as of August 2016. Second, we
downloaded all pollination network data from the Interaction
Web Database of the National Center for Ecological Analysis
and Synthesis website (http://data.nceas.ucsb.edu/) and the
Web of Life Ecological Networks Database (http://www.web-
of-life.es/) available as of December 2014. We collected all
studies and plant—pollinator interaction network datasets that
documented visitation frequency (i.e. number of individuals
observed contacting flowers or number of floral contacts per
unit time) between each pair of plant and pollinator taxa. We
defined a network as the sum of recorded plant—pollinator inter-
actions in all sites from a single study that fell within a 50 km
diameter circle, regardless of the number of sites that constitute
the network. Sites within the same study that are separated by
more than 50 km were treated as separate networks. When we

encountered networks from different studies that were less than
50 km apart, we excluded those that sampled a smaller number
of plant or pollinator taxa, or documented fewer interactions. We
chose 50 km as a threshold to avoid over-representing studies
that include many networks within a locality (e.g. [32,37]), while
keeping separate those networks originating from distinct
localities within the same geographical region, such as networks
documented on different islands from the same archipelago (e.g.
[38]). When studies included multiple years of data collection at
the same sites using the same protocols, we pooled data from all
study years into a single network.

All networks retained for analyses met the following criteria.
The data were collected in natural habitats, here defined as
largely unmanaged assemblages of plant species where the
identities and relative abundances of plant species are not purpo-
sefully manipulated (thus excluding, for example, agricultural,
urban and experimental habitats; see the electronic supple-
mentary material, table S1-1). Each network consisted of
observations on five or more plant species when pooled across
the sites making up an individual study. All networks documen-
ted a broad range of pollinators; studies with a narrow
taxonomic scope (e.g. social bees, bird pollinators with incidental
observations of A. mellifera) or those that a priori excluded
A. mellifera were not included. We also excluded networks from
sites that were known to be heavily influenced by A. mellifera
colonies stocked for adjacent agricultural pollination. Thus, our
estimates of the numerical importance of A. mellifera may be con-
servative with respect to mosaic landscapes where natural
habitats are intermixed with agricultural fields with managed
A. mellifera colonies [39]. We did not a priori exclude networks
from localities outside of the presumed climatic niche of
A. mellifera [40], or where A. mellifera was never introduced. In
all, we obtained 80 networks (see the electronic supplementary
material, table S1-1) from 60 peer-reviewed studies and three
graduate theses [37,41,42]. While lacking coverage in some
regions (figure 1), our dataset attains geographical coverage com-
parable to other recent studies that examine the importance and
conservation of pollinators at a global scale [2,12,43].

For each network, we obtained the following data from their
associated publications or from study authors when data were
not available from publications: latitude, longitude and final
year of data collection. When these data were not available and
authors could not be reached, we used the approximate geo-
graphical centre of the study locality listed in the publication,
and the year of publication as the last year of data collection.
We defined the native status of A. mellifera based on [40] and
[44]; although we caution that the native status of A. mellifera
in the British Isles and northern Europe remains unresolved.
We also extracted the following information from each study,
when available: the proportion of all floral visits contributed
by A. mellifera (in two networks this metric was estimated by cal-
culating the proportion of the total visitation rate, summed
across plant species, contributed by A. mellifera; see the electronic
supplementary material, table S1-1), the proportion of plant
species receiving at least one visit by A. mellifera, and the rank
of A. mellifera with respect to both the proportion of all floral
visits contributed and the proportion of plant species visited.
Additionally, we used geographical information system (GIS)
analysis to obtain elevation data and bioclimatic variables ([45],
http://www.worldclim.org) for each network based on its
global positioning system (GPS) coordinates. We also categorized
each network as being on an island or a mainland; the latter
category includes all continents as well as islands greater than
200 000 km?, namely Great Britain (United Kingdom), Honshu
(Japan) and Greenland. For studies for which raw data were
not available, we contacted the corresponding authors to request
data, or, in cases where data could not be shared, requested sum-
mary statistics on plant—pollinator interactions. When raw
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Figure 1. Proportion of all floral visits contributed by the western honey bee (Apis mellifera) in 80 plant—pollinator interaction networks in natural habitats
worldwide. Apis mellifera is generally considered a native species in Europe, the Middle East, and Africa; and introduced elsewhere. (Online version in colour.)

numeric data were unavailable from the publication or from
authors, we used IMAGE] to extract data from figures, where pos-
sible (see the electronic supplementary material, table S1-1).
Owing to the different methodologies and data reported by
each study, not all of the above-mentioned variables were
extracted from all networks.

(b) Frequency and patterns of Apis mellifera visitation
We calculated the global mean and median proportion of all floral
visits contributed by A. mellifera, using each network as a data
point (17 = 80 networks). Calculations were repeated after exclud-
ing networks that documented no A. mellifera visits, in order to
examine the role of A. mellifera specifically in localities where it
occurs. Additionally, we examined plant species in 41 networks
in which (i) A. mellifera was present, and (ii) data on the number
of visits contributed by A. mellifera and non-A. mellifera visitors
were available for each plant species. Across these networks, we
calculated the mean and median proportion of plant species that
were (i) not visited by A. mellifera, (ii) numerically dominated by
A. mellifera (i.e. A. mellifera contributing >50% of all floral visits),
and (iii) visited exclusively by A. mellifera. Because plant species
receiving few visits overall may tend to have extreme values of
proportion of visits by A. mellifera, we restricted the analysis
to 834 plant taxa with >10 visits recorded. Additionally, to aid
in visualizing the distribution of the numerical importance of
A. mellifera across plant species, we also calculated for each net-
work the proportion of plant species that fell into each of 10 bins
with respect to the proportion of visits contributed by A. mellifera
(range = 0-1; bin width = 0.1). We then constructed a histogram
by calculating the mean and 95% confidence intervals of each
bin across all 41 networks.

(c) Environmental correlates of Apis mellifera visitation
frequency

We constructed multiple regression models to identify environ-
mental factors that best explain variation in the visitation
frequency of A. mellifera among networks. The response variable
in these regression models was the proportion of all floral visits
in each network contributed by A. mellifera. Owing to the
strongly non-normal distribution of the data as well as the pres-
ence of numerous zeroes, we performed zero-inflated, multiple 3

regression using package gamlss [46] in R (v. 3.3.1 [47]). One net-
work located above the Arctic Circle [48] was excluded from this
analysis because bioclimatic data were unavailable (hence, n =
79). We note that the exclusion of networks with no A. mellifera
visits did not qualitatively alter our results (see the electronic
supplementary material, table S2-1).

To incorporate bioclimatic variables [45], we first performed
principal components analysis (PCA) to avoid constructing
models with highly collinear terms. We performed one PCA
for the 11 variables measuring temperature, and a separate
PCA for the eight bioclimatic variables measuring precipitation
(see the electronic supplementary material, table S3). We then
reduced bioclimatic variables to the first two principal com-
ponents of the temperature and precipitation variables, which
accounted for 86% and 89% of the variance, respectively. We con-
structed a full model containing the following explanatory
variables, without interactions: latitude, longitude, altitude,
land category (mainland versus island) and the first two princi-
pal components of temperature and precipitation variables. We
used R package glmulti [49] to generate all possible permutations
of the full model on which to perform zero-inflated, multiple
regression; and then selected the best-fit model using corrected
Akaike’s information criterion (AICc) scores. We also used the
best-fit environmental model to address whether the proportion
of visits contributed by A. mellifera, after accounting for environ-
mental factors, was affected by (i) A. mellifera native status (native
versus introduced), and (ii) year of data collection.

(d) Pollination effectiveness

We used two approaches to compile data on pollination effective-
ness. First, we performed a literature search using the ISI Web of
Science database with the search term [pollinat*] in combination
with one of the following terms: [efficiency], [effectiveness],
[‘pollen deposition’], [‘seed set’], ['fruit set’], or [‘pollination
biology of’], examining all studies available as of August 2016.
Second, we examined the literature cited sections of each of the
studies found through the first approach for additional studies
not captured in the initial literature search. Data points in this
analysis consist of studies of focal plant species that compared
A. mellifera and at least one other pollinator taxon with respect
to pollen deposition, seed set, or fruit set resulting from single
floral visits [50]. We used seed set data whenever available
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Figure 2. The distribution of the proportion of floral visits contributed by the western honey bee (Apis mellifera) (a) across 80 plant— pollinator interaction networks
in natural habitats worldwide, and (b) across plant species in 41 networks where A. mellifera was documented and where the numbers of visits to each plant species
by A. mellifera and other floral visitors were available. Bars show the mean value of each bin across networks; whiskers show 95% confidence intervals.

because it is most directly related to plant reproductive fitness
[51], fruit set when seed counts were unavailable and pollen
deposition when measures of seed and fruit set were unavailable.
When raw data were unavailable, we used IMAGE] to extract data
from figures. In all, we obtained 32 studies reporting single-visit
pollination effectiveness data for 34 plant species, spanning 22
plant families (see the electronic supplementary material, table
S1-2). Of these, 18 plant species in 15 families were undom-
esticated, and 16 plant species in seven families were grown in
agricultural settings. For each plant species considered, we
divided the pollination effectiveness of A. mellifera by the mean
effectiveness of all other visitors studied to obtain the relative
effectiveness of A. mellifera. We also divided A. mellifera effective-
ness by that of the most effective non-A. mellifera visitor. We then
used one-sample f-tests to examine whether the pollination effec-
tiveness of A. mellifera differed significantly from that of the
average, or the most effective, non-A. mellifera floral visitor.

3. Results

(a) Frequency and patterns of Apis mellifera visitation
Apis mellifera was recorded in 88.89% (16 out of 18) of the pol-
lination networks from its native range and in 61.29% (38 out
of 62) of the networks from its introduced range (figure 1; see
also the electronic supplementary material, table S1-1).
Across all networks, the mean proportion of visits contribu-
ted by A. mellifera was 12.64% (figure 2a; median = 1.56%);
among the 54 networks in which A. mellifera was recorded,
this proportion increased to 18.72% (median = 8.13%). Apis
mellifera was the most frequent floral visitor in 17 networks
and visited the most plant species in 14 networks.

Across 41 networks in which A. mellifera was present and
the proportion of visits to each plant species by A. mellifera
was recorded, we found a positively skewed distribution of
the proportion of visits contributed by A. mellifera to individ-
ual plant species (figure 2b). Apis mellifera was the only
documented visitor to 4.48% of plant taxa (median = 0%,
range = 0%—66.67%) and contributed the majority (>50%)
of visits to 17.28% of plant taxa (median = (0%, range =
0%-100%). However, A. mellifera went unrecorded as a visi-
tor to nearly half (49.38%) of plant taxa (median = 47.22%,
range = 0%—-100%). The overall patterns we report remain
similar when we expand the analysis to include plant species
where fewer than 10 visits were recorded (i.e. those species
that might be expected to produce extreme values; see the
electronic supplementary material, figure, S4-1).

(b) Environmental correlates of Apis mellifera visitation

frequency

The best-fit zero-inflated, multiple beta regression model
of environmental variables revealed that the proportion of visi-
tation by A. mellifera in networks increases with the first
principal component of temperature variables, with higher
values corresponding to higher overall temperature, higher iso-
thermality, lower annual temperature range and less seasonality
(table 1; further statistics are reported in the electronic sup-
plementary material, table S2-2). Apis mellifera visitation was
also higher in mainland than island networks (table 1), but we
found no effect of native status on the proportion of visits
contributed by A. mellifera (table 1). Nevertheless, it is note-
worthy that eight of the 10 networks with the highest
A. mellifera visitation came from introduced range localities.
In five of these networks [25,26,35,37,52], A. mellifera accounted
for more than half of the total visits recorded. Lastly, we found
that study year was unrelated to the proportion of A. mellifera
visits in natural habitats worldwide (table 1).

(c) Pollination effectiveness

A literature survey of single-visit pollinator effectiveness data
revealed that A. mellifera does not differ from the average
non-A. mellifera floral visitor, with the effectiveness of
A. mellifera averaging 90.1% that of other visitors (one-
sample t-test, t33 =1.25, p=0.22; figure 3a). On the other
hand, A. mellifera was generally less effective than the most
effective non-A. mellifera visitor, with A. mellifera effectiveness
averaging 75.6% that of the top non-A. mellifera visitor (one
sample t-test, t33 =3.28, p = 0.0024; figure 3b). The relative
effectiveness of A. mellifera did not differ between non-
agricultural (n = 18) and agricultural (7 = 16) plant species,
either when compared with the average non-A. mellifera visi-
tor (figure 3a; Welch’s two-sample t-test, t3975 =044, p=
0.67) or when compared with the top non-A. mellifera visitor
(figure 3b; Welch's two-sample t-test, tr4 46 = 0.96, p = 0.34).

4. Discussion

While A. mellifera is acknowledged to be a widely introduced
[53,54], super-generalist [55,56] species that occupies a central
role in many pollination networks [9,24,57], our study presents,
to our knowledge, the first quantitative synthesis demonstrat-
ing the importance of A. mellifera as a floral visitor in natural
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Table 1. The best-fit, zero-inflated, multiple beta regression models relating environmental variables to the proportion of visits contributed by the western
honey bee (Apis mellifera) in plant—pollinator interaction networks worldwide (n = 79 networks where bioclimatic variables were available). (Temperature PC1
increases with overall temperature and isothermality, and decreases with temperature seasonality and annual range. Models examining the influence of
A. mellifera native status and last year of study on proportion of visits by A. mellifera were constructed by adding these two variables to the best-fit model

of environmental variables.)

model (AAICc)/variable

best-fit environmental model (BFEM) (AAICc = 0)
‘ .temper‘atur‘e PC1 - ‘ o
land category (mainland = 1, island = 0)
‘ BFIEMF +> Apis‘ na'.[ivé stétljé (‘AA‘ICf - 1‘.39) ‘
temperature PC1
» land catégbry.(mainland — 1 iSIahd =0)
Apis native status (native = 1, introduced = 0)
BFEM -+ last study year (AAICc = 2.25) o
temperature PC1
bland tafegbry.(mainiahd - 1 iélahd' =0)
last study year (years CE)
. BFEM + A.pis.naﬁve statds + Iést study yéar (AAIC( - 3.75) .
temperature PC1
. Land cétegory (mainla‘nd‘=.1, island = 0)‘
Apis native status (native = 1, introduced = 0)
.Iaét study ‘yea.r (yeafs ICFE)‘ .

habitats at a global scale. Despite considerable variance in its
local abundance (figures 1 and 2a), A. mellifera appears to be
the most important, single species of pollinator across the natu-
ral systems studied, owing to its wide distribution, generalist
foraging behaviour and competence as a pollinator. The
numerical dominance of A. mellifera is further underscored
by our finding that, in a subset of 68 networks with sufficient
taxonomic resolution, the average proportion of floral visits
contributed by A. mellifera was more than double that contrib-
uted by all bumblebee species (Apidae: Bombus) combined
(A. mellifera mean = 13.79%, Bombus mean = 6.26%, p = 0.055;

estimate t value p value
Cox—Snell R = 0.19
Cw=03%  4n <0.001
=081 227 0.026
sl P00 B o
n=041 431 <0.001
Cw=074 2 0045
m=1031 0.99 0.33
sl B0t o e
m=1039 4.75 <0.001
Cw=081 26 0026
= 0.0056 0.31 0.76
sl Pt T DA
=041 4.95 <0.001
Cu=04 3 0.046
©=1030 0.96 0.34
..#:0'00.41.. s e

see the electronic supplementary material, S5). Given that
Bombus is the only other pollinator genus comparable to A. mel-
lifera with respect to both local importance and global
distribution [7,9,54], it seems unlikely that any other single pol-
linator species contends with A. mellifera with respect to
worldwide numerical importance in natural habitats. That
said, with appropriate data, it would be instructive to compare
the worldwide importance of A. mellifera with that of other cos-
mopolitan and widely introduced pollinator taxa, such as the
hover fly (Syrphidae) species Syrphus ribesii (L.) and Eristalis
tenax (L.) [58], or with that of pollinator taxa that numerically
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dominate pollination networks in key biomes, such as stingless
bees (Apidae: Meliponini) in tropical ecosystems [24,59].

We quantify for the first time, to our knowledge, that
despite the global distribution and often high local abundance
of A. mellifera, it is a frequent visitor to only a minority of insect-
pollinated plant species (figure 2b). Even in networks where
more than half of all visits are contributed by A. mellifera,
approximately 16% of the plant species, on average, receive
fewer than 10% of their visits from A. mellifera (see the elec-
tronic supplementary material, figure S4-2). Although
individual A. mellifera colonies are known to forage extensively
on only a fraction of the plant species available at any given
time [60], the skewed pattern of floral visitation documented
here (figure 2b) is nonetheless surprising given that A. mellifera
has the greatest diet breadth of any pollinator species studied
[55,56]. This result underscores the importance of maintaining
robust, diverse assemblages of non-A. mellifera pollinators to
provide pollination services for the majority of flowering
plant species in natural habitats.

From a different perspective, A. mellifera often numerically
dominated a portion of the plant species in a given network.
While non-A. mellifera pollinators may find such plant taxa
inherently unprofitable in some cases, they may be displaced
by A. mellifera via interference or exploitative competition
in other cases (e.g. [61]). In instances where A. mellifera numeri-
cally dominates plant species belonging to the ‘core” of a
pollination network (i.e. the subset of locally abundant plant
species that are visited by a variety of pollinator taxa [31,62]),
they may exert a strong influence on co-occurring pollinators
[39]. While this phenomenon has been documented in the
native range of A. mellifera [39], it may be especially consequen-
tial in its introduced range, where plant species numerically
dominated by A. mellifera presumably coevolved with, and
supply food for, native pollinators [63]. Our results thus
suggest that A. mellifera may disrupt interactions between
plants and other pollinators in many areas, including localities
where A. mellifera attains only modest abundance (see the
electronic supplementary material, S4-3).

Our analyses of how A. mellifera visitation correlates with
environmental variables revealed significant associations
with climatic and geographical predictors, but no effect of
native status (table 1). Release from pathogens and parasites
can contribute to the success of introduced species [64], but
this mechanism may be less important for A. mellifera given
that major pathogens and parasites have spread worldwide
with the trafficking of managed colonies [17,18]. Nevertheless,
the majority of networks with the highest proportion of
A. mellifera visits come from introduced range localities.
Researchers have long recognized the potential for introduced
A. mellifera to impact co-occurring pollinators (e.g. [29,65]) and
plants (e.g. [66]) at the local scale. Numerical dominance of
introduced A. mellifera may also lead to homogenization [67]
of pollinator faunas, and of pollination networks, across large
spatial scales. Accordingly, further studies are needed to clarify
why A. mellifera reaches high levels of abundance in some parts
of its introduced range (e.g. [25,26]) and how its local
abundance modifies its impacts on native plants and pollinators.

Despite recent increases in the mortality of managed
A. mellifera colonies in Europe and North America [68,69],
our analyses found that study year was unrelated to the
proportion of A. mellifera visits in natural habitats world-
wide (table 1). Agents responsible for increased mortality in
managed colonies can affect wild or feral A. mellifera colonies

[19-21], but ongoing research suggests that unmanaged
A. mellifera populations may be better able to cope with para-
sites and pathogens compared to managed populations [70].
In our pollination networks, the degree to which A. mellifera
foragers originated from managed versus unmanaged colonies
probably varies. However, in one network numerically
dominated by A. mellifera [37], genetic testing indicated that
the majority of A. mellifera foragers were derived from feral,
Africanized colonies [71].

Most network studies equate visitation frequency with
the importance of a particular pollinator, but pollination
biologists usually define pollinator importance as the per-
visit effectiveness multiplied by visitation frequency [50].
Our survey of pollinator effectiveness estimates involving
A. mellifera (figure 3) suggests that the average importance
of A. mellifera as a pollinator is satisfactorily estimated by
its visitation frequency. However, given that A. mellifera exhi-
bits poor effectiveness at pollinating certain plant taxa [57,72],
additional studies are needed to demonstrate the importance
of A. mellifera as a pollinator of any particular plant species.
Repeated visits by abundant pollinators, for example, can
damage flowers and reduce reproductive success [73]. On
plant species where A. mellifera attains high visitation rates,
negative relationships between visitation frequency and
plant reproductive fitness may occur [39] and are worthy of
investigation [74].

As a numerically abundant, super-generalist pollinator,
A. mellifera may influence the fitness [27] and behaviour [63]
of competing pollinators, enhance [15] or reduce [30] plant
reproduction, and facilitate the spread of non-native weeds
[75] and pathogens [76]. Given the ecological importance of
A. mellifera, changes in its distribution and abundance may
impact the evolutionary trajectory of co-occurring animal-pol-
linated plants [77] and pollinators. Our study quantifies the
current importance of A. mellifera in natural communities,
and also highlights the vital importance of non-A. mellifera pol-
linators, whose key role in maintaining ecosystem function
cannot be replaced by A. mellifera. Our study underscores the
need for more data on how A. mellifera, and potential changes
in its range and population size, shape the ecology, evolution
and conservation of plants, pollinators and their interactions
in natural habitats on local and global scales.
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