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Understanding the mechanisms by which non-native plants can attract pollinators
in their new geographical zones is important because such species infiltrate native
communities and can disrupt native ecological interactions. Despite the large number of
studies assessing how invasive plants impact plant–pollinator interactions, the specific
comparison of pollination interactions between native and non-native plant pairs has
received much less attention. Here we focused on four coexisting co-flowering pairs
of common native and non-native species, both with abundant flowers but different
floral traits, and asked: (1) to what extent native and non-native plants share pollinator
species, and whether the non-native plants attract a different set of pollinators, (2)
whether the most shared pollinators are the most frequent floral visitors and the most
generalized in their interactions, and (3) how much of the variation in the diversity and
frequency of pollinator species between native and non-native plant species can be
explained by floral trait dissimilarity and flower abundance. Direct pollinator observations
revealed that the plant pairs shared a low fraction (0–33%) of insect species, i.e.,
non-native plants tended to acquire a different set of pollinators than their native
counterparts. The most shared pollinators in each plant pair were the most common
but not the most generalized species, and non-native species attracted both generalized
and specialized pollinators. Corolla length at opening and flower abundance showed to
be important in determining the differences in flower visitation rate between natives and
non-natives. Our findings support the general pattern that non-native species have no
barriers at the pollination stage to integrate into native communities and that they may
attract a different assemblage of pollinators relative to those that visit native plants with
which they coexist.

Keywords: Balearic Islands, Darwin’s naturalization hypothesis, plant invasions, plant–pollination interactions,
floral traits, generalized pollinators, species richness, visitation rate

INTRODUCTION

Among the different interactions that flowering non-native plants establish with other organisms
in their new areas, those that involve their pollinators are expected to play an important role
in plant reproduction and hence invasion success (Stout and Tiedeken, 2017). This is especially
the case of most angiosperms that depend on, or benefit from, animal pollination to set fruits
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(Klein et al., 2007; Ollerton et al., 2011). Moreover, most of
the top invasive plants in the world, at least the woody
ones, are biotically pollinated (Traveset and Richardson, 2014).
A recent review also shows that the large majority of
non-native plants receive suitable pollination service from
resident pollinators, whereas other species can minimize
their reliance on pollinators by increasing their selfing levels
(Montero-Castaño and Traveset, 2020).

An increasing body of literature has emerged in the last
two decades assessing how invasive plants infiltrate native plant
communities and impact plant–pollinator interactions in them
(Aizen and Morales, 2020). Once in a new area, invasive plants
attract pollinators that were previously monopolized by the
natives (Thijs et al., 2012). Such pollinator “usurpation” can
imply lower visitation rates to native flowers which can lead
to decreases in seed set (Brown et al., 2002; Moragues and
Traveset, 2005; Larson et al., 2006; Lopezaraiza-Mikel et al., 2007;
Matsumoto et al., 2010; Thijs et al., 2012) and long-term changes
in population size and species richness (SR) in the invaded
habitats (Emer et al., 2015). By contrast, invasive plants can have
a facilitative effect by enhancing pollinator abundance, diversity,
and pollination success in native plants (Memmott and Waser,
2002; Feldman et al., 2004; Moragues and Traveset, 2005; Larson
et al., 2006; Tepedino et al., 2008). Alternatively, neutral effects of
invasive plants on native pollination interactions have been also
documented (Aigner, 2004; Moragues and Traveset, 2005; Thijs
et al., 2012). Different meta-analyses have indeed shown that the
impact of plant invaders on native plant–pollinator interactions
is context-dependent, varying among species, local populations,
environmental conditions, study designs, and other local-scale
effects (Morales and Traveset, 2009; Emer et al., 2015; Charlebois
and Sargent, 2017). Despite the large number of studies, however,
the comparison of pollination interactions between pairs of co-
flowering common species that coexist in the same habitat with
abundant flowers but with different floral traits has still received
little attention (Brown et al., 2002; Morales and Traveset, 2009;
Ha et al., 2020).

According to the Darwin’s naturalization hypothesis (DNH),
non-native plants should find higher competition for the same
resource in the presence of close relatives in the native flora
(Darwin, 1859). Darwin’s idea was that closely related species
are more likely to have similar ecological niches due to common
ancestry, and therefore would be competing for the same
resources. By contrast, “unrelated” species would be relatively
free from competition, hence they could more easily enter the
new environment. Community-level studies have shown that
non-native plants easily integrate into native pollination webs
by being visited by resident pollinators (Memmott and Waser,
2002; Traveset et al., 2015; Valdovinos, 2019). This could be
expected as non-native species use a wide range of pollinator taxa
including generalized species of different functional groups, such
as eusocial and solitary bees, flies, other Diptera and Coleoptera
(Wilson et al., 2004; Matsuyama et al., 2009; Gómez et al., 2015),
but also specialist species (i.e., visit one or very few plant species;
Stouffer et al., 2014).

Whether one group of pollinators will be more likely to
integrate a particular plant invader than another will depend

on different pollinator and plant traits (Parra-Tabla et al., 2019;
Montero-Castaño and Traveset, 2020). In the case of plants,
flower abundance, shape, color, symmetry, and corolla size (width
and length) are among the most influential in the flowering
plant–pollinator interactions (Gibson et al., 2012; Junker et al.,
2013), acting as “cues” used by flower visitors to discriminate
between the different reward sources available (Reverté et al.,
2016). In a review study, Morales and Traveset (2009) found
that the effect of non-native species on pollination visitation
of native plants was more likely to be negative if the native
and non-native plants have similar flower symmetry or color,
whereas the effect was not significant when species differed
in such traits. Co-flowering plant species with dissimilar floral
traits have been found to usually attract different pollinator
assemblages and thus are not likely to reciprocally facilitate
pollination (Reverté et al., 2016; Albor et al., 2020; Ha et al., 2020).
Other studies, however, have shown either floral trait similarity to
be associated with pollination facilitation (Bergamo et al., 2020)
or that pollinator sharing was not related with the floral similarity
between native and non-native species (Muñoz and Cavieres,
2019). Therefore, a consensus regarding the role of floral traits
on pollinator interactions between native and non-native plant
species remains elusive.

In this study, we focused on four different coexisting co-
flowering pairs of one native and one non-native species that
have morphologically distinct flowers. The two species of each
pair are unrelated and very common in the study sites and their
flowers are the most abundant in the community. First, we aimed
to determine to what extent the coexisting pairs share pollinators,
and if specific floral traits (e.g., flower abundance, corolla shape,
symmetry, and size) can explain the difference in diversity and
frequency of the pollinators. Secondly, we wanted to assess which
are the most frequently shared pollinator species and functional
groups among the different pairs. Our specific hypotheses were:

1. Non-native species attract a new assemblage of pollinators,
including pollinators of different functional groups, and share
only a small proportion of pollinator species with their native
counterparts, in accordance with the DNH.

2. The shared pollinators by each plant pair are the most frequent
and/or the most generalized species.

3. Differences in pollinator SR, the number of shared pollinator
species and visitation rates between native and non-native
plant species can be explained by floral trait dissimilarity and
flower abundance.

MATERIALS AND METHODS

Study Sites and Plant Species
The study was carried out at three sites on Mallorca (Balearic
Islands, Western Mediterranean Sea), two at the south of the
island (Torrent de Sa Riera: 39◦35′12.6′′N, 2◦38′17.6′′E; Platja
de Ca’n Pere Antoni: 39◦33′45.7′′N, 2◦39′43.5′′E), and the
other at the western part (Torrent d’Esporles: 39◦39′56.5′′N,
2◦34′46.8′′E). Torrent de Sa Riera is an intermittent stream
predominately occupied by the native Withania somnifera (L.)
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Dunal and non-native species such as Nicotiana glauca Graham
and Physalis peruviana L. Ca’n Pere Antoni is a sandy beach
mostly dominated by species dispersed along its shore such
as the native Glaucium flavum Crantz and the non-native
Mesembryanthemum crystallinum L. Lastly, Torrent d’Esporles is
also a temporary stream with abundant species such as the annual
native Convolvulus arvensis L. and Cyperus involucratus Rottb
and the non-natives Tropaeolum majus L. and Arundo donax L.

At each study site, the selected co-flowering plant pair, of
one native and one non-native species, was based on the species
spatial co-occurrence and high flower abundance (Figure 1 and
Table 1). Because pollinator activity and flowering characteristics
(e.g., flower opening and receptivity) usually fluctuate during
daytime and nighttime, we ensured that the chosen flowers
of both species within a pair were open and receptive
simultaneously, particularly during the direct observations.

FIGURE 1 | Images of the flowers of all species pairs studied on Mallorca
(pictures on the left represent native species whereas their corresponding
partners are shown at right). (1) Convolvulus arvensis L. (Convolvulaceae) and
(2) Tropaeolum majus L. (Tropaeolaceae) in Torrent d’Esporles are pair 1; (3)
Glaucium flavum Crantz (Papaveraceae) and (4) Mesembryanthemum
crystallinum L. (Aizoaceae) in Ca’n Pere Antoni are pair 2; (5) Hyoscyamus
albus L. and (6) Nicotiana glauca Graham; and (7) Withania somnifera L. and
(8) Physalis peruviana L. (Solanaceae) in Torrent de Sa Riera are pair 3 and 4,
respectively.

Pair 1: Convolvulus arvensis L. and Tropaeolum
majus L.
Convolvulus arvensis (Convolvulaceae), native to the
Mediterranean Basin, is a climbing perennial plant with
solitary flowers on long peduncles. It grows in a wide range of
conditions from full sun to full shade, on all soils, particularly
on warm, dry soils, and is drought tolerant (Culhavi and
Manea, 2011). Its flowering stalk occasionally branches and
can produce 1–3 flowers. T. majus (Tropaeolaceae), native
to the Andes Mountains in South America, is a fast growing
climbing annual plant. It has single flowers and can form
extensive carpet-like growths in sunny torrent banks and beds
(Garzón and Wrolstad, 2009).

Pair 2: Glaucium flavum Crantz and
Mesembryanthemum crystallinum L.
Glaucium flavum (Papaveraceae) is a perennial herb, native to the
Mediterranean Basin that occurs along its shores and the coasts
of Western Europe. Its large flowers have a central tuft of orange
stamens and four silky long petals that drop as the long-curved
seedpods develop (Thanos et al., 1989). Native to South Africa,
M. crystallinum (Aizoaceae) is an annual or biennial succulent
herb with trailing and branched stem. Its flowers are in cymes,
with petals longer than the calyx.

Pair 3: Hyoscyamus albus L. and Nicotiana glauca
Graham
Hyoscyamus albus (Solanaceae) is an herb, primary found in
coastal areas in southern Europe and in the Near East, that grows
to a height of about 40 or 50 cm. When blooming, it develops a
long inflorescence with all flowers attached to the stem. N. glauca
(Solanaceae), native to northwestern Argentina and Bolivia, is an
evergreen perennial soft-wooded shrub or small tree up to 6 m in
height with many branches. It produces flowers that are found in
branched clusters (Ollerton et al., 2012).

Pair 4: Withania somnifera L. and Physalis
peruviana L.
Withania somnifera (Solanaceae) is a perennial shrub native to
a wide range, spreading from the Mediterranean region through
tropical regions of Africa to South Africa and also from the
Macaronesian region to the Arabia and Middle East region
(Gaurav et al., 2015). Flowers emerge in compact groups from the
leaf axils in the shape of a greenish bell. P. peruviana (Solanaceae)
is an herbaceous, semi-shrub, upright, and perennial plant from
the subtropical zones of the Andes (South America). It is usually
0.6–0.9 m tall, although in some cases it can grow up to 1.8 m. Its
hermaphrodite flowers are formed singly in the axils of the leaves
on pedicels 1–2 cm long (Cedeño and Montenegro, 2004).

All eight species flower between April and September and
are insect-pollinated, although C. arvensis (pair 1) (Prokop and
Neupauerova, 2014), H. albus (Fettig and Hufbauer, 2017) and
N. glauca (pair 3) (Issaly et al., 2020), and W. somnifera (pair
4) (Kaul et al., 2005) can also be self-pollinated. For the eight
plant species, seven floral morphology traits were measured on
three fresh flowers from five individuals by the same observer
(M. Abdallah). Four morphological traits were measured with a

Frontiers in Ecology and Evolution | www.frontiersin.org 3 October 2021 | Volume 9 | Article 709876

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-09-709876 September 30, 2021 Time: 17:11 # 4

Abdallah et al. Native and Non-native Plant Pairs

TABLE 1 | Qualitative and quantitative (mean and SD) values of floral traits and number of open flowers of each studied plant species.

Pair species Status Shape Flower
symmetry

Corolla length
at opening

Corolla total
length

Corolla
diameter

Bell
diameter

No. open
flowers

1

Convolvulus arvensis Native Funnel Radial 5.03 ± 0.61 25.13 ± 3.1 31.11 ± 2.19 3.58 ± 0.32 5.7 ± 1.56

Tropaeolum major Non-native Funnel Bilateral 27.4 ± 2.59 41.11 ± 4.61 60.59 ± 6.43 15.82 ± 1.13 7.9 ± 1.12

Glaucium flavum Native Bell Radial 21.95 ± 1.92 35.36 ± 3.15 45.67 ± 5.96 30.86 ± 2.03 6.15 ± 1.97

2
Mesembry anthemum crystallinum Non-native Tubular Bilateral 5.06 ± 0.48 14.22 ± 0.58 23.89 ± 1.59 12.44 ± 1.04 7.85 ± 1.82

Hyoscyamus albus Native Funnel Bilateral 18.74 ± 0.86 33.83 ± 2.16 22.76 ± 1.94 6.57 ± 0.46 17.9 ± 2.96

3 Nicotiana glauca Non-native Tubular Bilateral 14.91 ± 0.87 41.56 ± 1.39 9.91 ± 0.83 4.73 ± 0.38 121.9 ± 22.87

4
Withania somnifera Native Bell Bilateral 4.42 ± 0.55 8.47 ± 0.71 5.76 ± 0.81 2.88 ± 0.24 37.35 ± 8.36

Physalis peruviana Non-native Tubular Radial 4.88 ± 0.36 14.1 ± 0.83 17.18 ± 1.14 5.1 ± 0.37 4.88 ± 1.67

Number of measured flowers for bell and corolla diameter and length = 15.

digital caliper: corolla length and diameter at opening, corolla
total length and corolla bell diameter at nectary level. Following
codes by Castroviejo (1986), floral shape was classified as: (1)
tubular, (2) funnel, and (3) bell, whereas floral symmetry was
either (1) radial or (2) bilateral (Table 1).

Pollinator Censuses
Direct observations of insect flower visitation were done in
2018, from April 6th to June 25th. Each plant species was
censused on an average of 10 h in total, during an average
of 4 days, between 10:00 am to 8:00 pm. Between 10 and 30
individuals per species were observed during 25 min periods
from a 1 m distance. In each census, we recorded the insect
species (or morphospecies) visiting the flowers, the number of
legitimate visits (i.e., times that the visitor entered the corolla
and contacted the reproductive organs), the number of flowers
contacted by each visitor, the number of flowers observed
during the census, and the total number of open flowers in
the individual plant as a proxy of flower abundance. All insects
performing legitimate visits were considered as pollinators
regardless of their effectiveness. After finishing each census,
flowers were closely inspected to confirm the insect species or
to collect them for further identification. Identifications were
performed at the Mediterranean Institute for Advanced Studies
(IMEDEA), using the pollinator reference collection available at
this institution. All pollinators were grouped into the following
functional groups: Coleoptera, Diptera, Formicidae, Hemiptera,
Hymenoptera, and Lepidoptera.

For each plant species and census day, we estimated pollinator
species richness (SR) as the total number of species visiting the
flowers, insect visitation rate (IVR) as the number of legitimate
visits to the plant by any insect, regardless the number of flowers
contacted, and flower visitation rate (FVR) as the number of
flowers contacted by each insect species, standardized by the
number of flowers observed in each census and by total flower
abundance of the plant species.

The observed pollinator species were categorized as either
specialized or generalized based on the number of flowering plant
species they visited according to published information and on
our own data from Mallorcan pollinators. To do this, we searched
for records on flower visitation from previous pollination studies
in Mallorca island and by using the search engine Google Scholar

with the following keywords: (“pollinator species” OR “pollinator
genus”) AND (“pollinat∗” OR “flower visit∗” OR “nectarivor∗”).
Arbitrarily, we considered a pollinator as specialized if it visited
less than five plant species (even if these did not belong to the
same family) and as a generalized if it visited at least five different
plant species from different families.

Data Analysis
For each pair, we obtained the number of shared and non-shared
pollinator species with its native counterpart. Contingency tables
were used to compare the number of functional groups between
natives and non-native plants with the function “chisq.test” from
the R package “car.” To test whether the pollinators shared
between native and non-natives within each pair are the most
frequent and/or the most generalized species, a generalized linear
model (GzLMs) with binomial distribution was performed using
shared/non-shared species as response variable, and IVR, and
generalized/specialized species as independent variables. Finally,
a set of generalized linear mixed models (GLMMs) were built
for each of the response variable (SR, IVR, and FVR) to test
if variation in SR (Poisson distribution) and visitation rate
(either IVR or FVR; Gamma distribution) can be explained by
differences in floral traits, flower abundance and origin status of
the species (native vs. non-native). For this, we included shape,
symmetry, corolla size, flower abundance and status, and their
interactions, as independent variables, and “pair” as a random
variable, using the “glmer” function from the package “lme4” in
R version 3.6.3. Because the study species differ greatly in color
regardless of their status (Figure 1), and because floral spectral
readings by insects were not available, we decided not to include
this variable in the statistical analyses.

RESULTS

A total of 50 insect species were observed visiting the flowers of
the eight flowering study plants. Nearly one third of them (32%;
n = 16 spp.) were shared between native and non-native plants,
whereas 40% visited only native species and 28% visited only the
non-native ones. No differences were found in the number of
functional groups (X2

= 6.34, df = 8, p = 0.609) visiting native
vs. non-native species.
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Pair 1: Convolvulus arvensis vs.
Tropaeolum majus
Only five (16%) of all insect species were shared by the two
species of this plant pair. The non-native T. majus showed the
highest values in SR, IVR, and FVR (Figure 2). Hymenoptera
was the most important pollinator functional group for both
species; namely Lasioglossum malachurum and Apis mellifera for
C. arvensis and Polistes dominula and A. mellifera for T. majus.

Pair 2: Glaucium flavum vs.
Mesembryanthemum crystallinum
This pair shared only 12% of the insect species. The native
G. flavum showed the highest SR, IVR, and FVR (Figure 2).
Sarcophaga carnaria (Diptera) was the most important visitor
of the native plant (in both IVR and FVR), followed by one
Coleoptera (Oedemera simplex) and one dipteran species (Ensina
sonchi). The non-native M. crystallinum was mostly visited by
two hymenopterans Lasioglossum punctatissimum and Nomioides
squamigera and one coleopteran Tentyria schaumi.

Pair 3: Hyoscyamus albus vs. Nicotiana
glauca
The flowers of H. albus and N. glauca were visited by a different
set of insect species, i.e., they did not share any visitors. The

non-native N. glauca recorded the greatest values in SR, IVR,
and FVR (Figure 2). The most frequent visitor of H. albus was
Sphaerophoria sp. (Diptera), followed by a wasp (Braconidae
sp.), whereas N. glauca was mainly visited by an alien ant
(Crematogaster scutellaris) and the fly E. sonchi.

Pair 4: Withania somnifera vs. Physalis
peruviana
This pair shared six (33%) of the insect species visiting
their flowers. The native plant W. somnifera recorded the
maximum values of SR, IVR, and FVR (Figure 2). Spilostethus
pandurus (Hemiptera) was the most important visitor for
both plant species, followed by P. dominula (Hymenoptera)
and Oxycarenus lavaterae (Hemiptera) for W. somnifera and
P. peruviana, respectively.

Results of the GzLM showed that the shared pollinator species
between natives and non-natives species were also the most
frequent floral visitors (β = 25.78, z = 2.20, p = 0.028), but not
the most generalized species (β= 0.50, z = 0.66, p= 0.505).

Variation in FVR can be explained by corolla length
dissimilarity, flower abundance as well as status (native
and non-native). Overall, non-native species, usually
with larger corolla length at opening and more flowers,
showed higher FVR than natives (β = 0.20, z = 0.03,
p < 0.001; β = 0.02, z = 5.46, p < 0.001, respectively).

FIGURE 2 | Mean and SD of insect species richness SR (A), insect visitation rate IVR (B) and flower visitation rate FVR (C,D) to native (in gray) and non-native (in
red) plant species studied. SR is the number of insect species visiting the flowers, IVR is the number of legitimate visits regardless the number of flowers contacted,
and FVR is the number of flowers contacted by each insect species, standardized by the number of flowers observed in each census and by total flower abundance
of the plant species.
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SR and IVR significantly increased with corolla length
at opening (β = 0.05, z = 2.76, p < 0.006; β = 0.06,
z = 2.23, p = 0.026, respectively) but it was independent
of plant species status (see model selection summary in
Supplementary Table 1).

DISCUSSION

Although previous studies have shown small-scale effects of plant
invaders on neighboring natives (Gibson et al., 2012; Goodell
and Parker, 2017; Ramsey et al., 2019), we found that, overall,
the shared proportion of pollinators between non-native species
and their co-existing native counterparts fluctuated from 0 to
33%, suggesting little “interference” with the pollination success
of the latter. This result is in accordance with the Darwin’s
Naturalization Hypothesis, suggesting that “unrelated” flowering
non-native plants are more likely to coexist with native ones
if they do not compete for resources (i.e., if they share few
pollinators). It is important to note that even when comparing
pairs of species belonging to the same family (in our case, H. albus
vs. N. glauca and W. somnifera vs. P. peruviana, all in the
Solanaceae), the number of shared pollinator species is very low
(0% in the first pair vs. 33%% in the latter). This is probably
because of the wide variation found in flower traits and display
in this family (Knapp et al., 2004; Knapp, 2010; Sarkinen et al.,
2013). Species in the two pairs indeed differ much in flower traits,
as seen in Table 1.

Our findings are also congruent with those of previous studies
that showed that non-native plants can acquire a completely
different set of pollinators, encompassing even different orders,
than their native counterparts (Ollerton et al., 2012; Ackerman
et al., 2014; Maruyama et al., 2016). One possible explanation
of the different ways non-native species integrate into resident-
pollinators networks is that the non-native species might find
their specific pollinators or pollinators functional groups, due
to the pollinator’s wide distribution ranges, or because these
might have been introduced in the same area as the non-native
plant species (Rodger et al., 2010). Indeed, a study conducted
by Rodger et al. (2010) showed that the main pollinator of
Lilium formosanum is the moth Agrius convolvuli, whose wide
distribution area covers both the native (Taiwan) and the invaded
(South Africa) distribution areas of this lily. In our study, it might
also be possible that the “new assemblage” of pollinators do prefer
the non-natives. To test this, however, data on the pollinator
interactions of native species in sites without the non-native
species would be needed.

Overall, we found that the most shared pollinators in each
plant pair are the most common but not necessarily the
most generalized species. However, the non-native plants did
not only interact with generalized but also with specialized
species, which might result from the asymmetrical nature of
plant–pollinator webs (Aizen and Morales, 2020). The fact
that generalized pollinators often introduce non-native plants
into pollination networks might simply be a result of their
abundance and wide diets and not a preferential linking
(Montero-Castaño and Traveset, 2020). However, by analyzing

25 invaded pollination networks, Stouffer et al. (2014) found
that specialized pollinators are far more likely to integrate with
non-native plants than would be expected by chance. Further
studies on the role of specialized resident pollinators integrating
non-native species are necessary, both from an ecological and
evolutionary viewpoint.

Among the assessed floral traits, we discovered that corolla
length at opening was important in explaining variation in the
diversity and frequency of pollinators. Our findings revealed
that non-native species with longer corollas at opening had
higher FVR than native species. It is well established that
the primary function of corollas is to attract pollinators and
corolla size can influence such attraction (Ida and Totland,
2014; Gao et al., 2019). However, compared to the considerable
attention that has been paid to specific floral traits such as
floral color and corolla shape in explaining the differences in
pollination attraction between native and non-native species,
research on the effect of corolla size is strikingly scarce (Gómez
et al., 2016; Gao et al., 2019). Further studies are thus needed
to assess whether there is a general pattern in the effect of
corolla size on pollinator attraction when comparing native
and non-native species. It is also important to note that
evaluating other traits (e.g., scent, nectar rewards, volatiles from
different parts of the plant) at multiple stages of the pollination
process, and across a larger number of species, is necessary
to unveil the different mechanisms by which non-native
plants can attract pollinators in their new geographical zones
(Parra-Tabla and Arceo- Gómez, 2021).

Our non-native plants also produced more flowers and this
resulted in higher insect visitation rates. Such finding is consistent
with previous studies showing that non-native plants with more
flowers/inflorescences tend to attract a wider array of pollinators
and receive higher FVRs (Lopezaraiza-Mikel et al., 2007; Padrón
et al., 2009; Kaiser-Bunbury et al., 2011). However, non-native
plants might be more attractive to pollinators than natives not
only for their flower display but also for their rewards. Indeed,
some non-native plants can allocate more resources to both floral
display and rewards (Bjerknes et al., 2007) as they are superior
competitors for abiotic resources or are released from enemies
in the invaded regions (Agrawal and Kotanen, 2003). Besides
attracting legitimate pollinators, however, flower abundance also
enhances the visits by animals that interact negatively with the
pollination process, such as nectar robbers (Irwin et al., 2010).
This is actually what we found with T. majus. Nectar robbers
are important members of the community of floral visitors and
have both neutral and negative effects on the visitation rates of
pollinators (Irwin et al., 2010; Lobo et al., 2016).

The impact of plant invaders on native interactions varies
among species and is influenced by different ecological attributes
of plant species. In our study system, the non-native species
attract an assemblage of pollinators which are by and large not
shared with their native counterparts. This, however, does not
preclude that those that are shared interfere with the pollination
success of the natives, for instance by usurping floral rewards to
natives and reducing fruit/seed set (not measured in this study) or
by lowering the quality of pollination (through, e.g., allelopathy,
stigma clogging, or hybridization) (Morales and Traveset, 2009).
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This highlights the importance of performing long-term studies
mainly at the community level to understand under what
circumstances non-native species are more likely to be successful
and even outcompete native species, using both observational
and experimental studies that evaluate pollination success.
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