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ABSTRACT

Aim Although the negative effects of invasive species are globally recognized,

little is known about the potential positive impacts they can have on other spe-

cies in the ecosystems they invade. However, the persistence of invaders in a

wide range of ecological communities may mean that they provide resources

and refuge for threatened native species, or supplement ecosystem services.

Location Agroecosystems in the USA.

Methods We use a 2-year field experiment to explore the potential positive

and negative impacts of an invasive thistle (Carduus acanthoides) on the com-

position of the resident community of foraging insects. The presence or absence

of the thistle was the only difference in experimental and control plots com-

prising a background community of ten flowering annual species.

Results We demonstrate that the invasive thistle is both highly visited and

strongly preferred by bees relative to other flowering species. Bee abundance

was 302% higher and bee species richness 35% higher in habitat patches where

the thistle was present compared to where it was absent. In addition, the abun-

dance of Bombus species, a native group recently found to be in decline, was

479% higher when the thistle was present.

Main conclusions Our results suggest that, despite causing significant prob-

lems, the invasion of this non-native species may also provide crucial benefits

via floral resources for pollinators. Benefits, such as the floral resources that

invaders provide to pollinators, should also be taken into account in conserva-

tion and invader management plans. Eradication or complete removal of inva-

sive species which provision insects with floral resources could have

unintended negative impacts on the associated pollinator community.

Keywords

agroecosystem, biological invasions, Carduus acanthoides, ecosystem services,

invasive species, plant–pollinator interactions, pollinator diversity, resource

provisioning.

INTRODUCTION

The negative impacts of non-native invasive species are well

documented. Indeed, invasive species are known to have

many detrimental effects on ecosystems (e.g. Elton, 1958;

Charles & Dukes, 2007; Vil�a et al., 2011) and are considered

to be one of the major threats to biodiversity (Williamson,

1998; Parker et al., 1999; Hejda et al., 2009). The costs of

controlling the populations of non-native species, in addition

to the costs from losses and damages, are estimated to be

billions of dollars per annum (Pimentel et al., 2005). Particu-

larly in agricultural ecosystems, management of unwanted

weeds can be a costly burden, with estimates of US$8 billion

in control costs and US$25 billion in damages and losses per

year for crop and pasture weeds (Pimentel et al., 2005).

Given that approximately 40% of the land surface is dedi-

cated to agriculture (Foley et al., 2005), the management of

these ecosystems may have far-reaching impacts.

Considerably less is known about the potential beneficial

aspects of these invaders, in part because studies of invader
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impact often focus on competitive effects with native species

(Kumschick et al., 2015). However, invader impacts are not

always negative (Gurevitch & Padilla, 2004; Rodriguez, 2006;

Sax & Gaines, 2008; Davis et al., 2011; Schlaepfer et al.,

2011). In some cases, invasive species can become integral

parts of the ecosystem, even to the point of providing refuge

for endangered native species (Zavaleta et al., 2001) or

replacing lost pollination services (Junker et al., 2010). Inva-

sive species may have facilitative effects on native species, for

example, by providing limited resources or habitat (Zavaleta

et al., 2001; Rodriguez, 2006; Stout & Morales, 2009; Gled-

itsch & Carlo, 2010; Davis et al., 2011). The opposing nega-

tive and positive effects of invaders may lead to significant

controversy (e.g. Cullen & Delfosse, 1985; Davis et al., 2011;

Simberloff, 2011; Richardson & Ricciardi, 2013).

One important way in which invasive species may have

unrecognized beneficial effects is in providing floral resources

for pollinators (Rodriguez, 2006; Stout & Morales, 2009;

Gibson et al., 2012). Pollination services in agroecosystems

are valued in the billions of dollars (e.g. Gallai et al., 2009),

and to ensure sufficient pollination for crop species depen-

dent on insect vectors, many land managers must expend

resources to buy or rent hives of honeybees and colonies of

other domesticated bees. At the same time, they often

attempt to encourage the populations of wild bee communi-

ties by establishing patches of floral provisioning habitat

(Isaacs et al., 2009). This floral provisioning habitat is associ-

ated with an increase in pollinator abundance and can result

in a higher crop yield (Blaauw & Isaacs, 2014). Many recent

studies suggest that fragments of remnant habitat are also

critical refuges for wild bee populations (Garibaldi et al.,

2011). These fragments, though not always thoroughly

described in the literature, are likely composed of mostly

hardy weed species that can persist in the face of intense

agricultural practices (D. Mortensen, pers. comm.). Weed

diversity has been found to enhance pollinator diversity

within sunflower fields (Carvalheiro et al., 2011), and inva-

sive weeds can be disproportionately well visited in agricul-

tural systems and therefore important components of the

plant–pollinator community structure (Pocock et al., 2012);

indeed, pollen from crop species has been found to be a rela-

tively small component of the pollen found in honeybee

hives (Pettis et al., 2013). This suggests that agricultural

weeds have the potential to provide resources or habitat that

support valuable crop pollinators.

We selected a noxious invader, the plumeless thistle (Car-

duus acanthoides), which is notoriously difficult to eradicate

(Zhang et al., 2011), for our study. Our goal was to quantify

the impacts of the thistle on the species richness and abun-

dance of the insect community within a patch of floral pro-

visioning habitat over the course of a single flowering

season. Specifically, the thistle has a showy floral display and

can produce hundreds of large purple-red flower heads over

a summer. Its attraction for pollinators is noticeable (K.

Shea, L. Russo, pers. obs.) and, for this reason, we hypothe-

sized that the largest changes would be in the community of

insects that are anthophilic, especially the bees (members of

the superfamily Apoidea). Using both active and passive

sampling methods, we monitored the insect communities at

experimental plots composed of a background community of

flowering annuals with and without this thistle over 2 years.

METHODS

Study species

The plumeless thistle (Carduus acanthoides L. Asteraceae),

native to Eurasia, was first recorded in the United States in

1879 (Desrochers et al., 1988) and is invasive in North and

South America, Australia and New Zealand. The thistle is

widely distributed in the United States and is considered a

pest in agricultural areas and roadsides (Desrochers et al.,

1988; Allen & Shea, 2006); in agricultural systems, it can

reach extremely high densities of more than 15,000 individu-

als per hectare (Tipping, 1992). The thistle is actively man-

aged, but notoriously difficult to eradicate, requiring

continuous reapplication of both mechanical and chemical

control methods (Desrochers et al., 1988). It does not com-

pete well in natural systems, but does persist in the face of

extreme disturbances, for example, frequent mowing by

farmers (Zhang et al., 2011).

C. acanthoides is a monocarpic perennial and reproduces

strictly by wind-dispersed seed (Skarpaas & Shea, 2007).

C. acanthoides is self-compatible (Warwick & Thompson,

1989), but depends on insect pollinators for outcrossing pol-

lination (Yang et al., 2011). It produces hundreds of com-

posite flower heads across its flowering season and an

individual plant can have more than 200 flower heads at a

given time (Yang et al., 2011); each flower head can have

more than 100 florets (Giurfa & N�u~nez, 1993) and produces

up to 80 mg of nectar in a day (Giurfa & N�u~nez, 1992). In

addition to these nectar resources, a single flower head can

produce more than 125,000 grains of pollen (Costa & Yang,

2009).

Experimental design

We established eighteen paired 2 9 2 m plots in March

2009 at the Russell E. Larson Agricultural Research farm,

Pennsylvania, USA. All plots were spatially separated by

more than 100 m along the edges of agricultural fields and

sprayed with the herbicide glyphosate (‘Round-up’TM) in

early April and then seeded with 3.5 g each of 10 flowering

annual species (Table 1). Pairs were selected as plots that

were more than 100 m apart, but less than 250 m apart and

matched for surrounding habitat as much as possible, and

treatments were randomly assigned within each pair. The

flowering species in the background community were

selected based on the following criteria: (1) they were annu-

als and would flower in the same summer in which they

were planted, (2) they had a showy floral display attractive

to pollinators, (3) we could acquire them from a local
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source, and (4) they were not considered weedy or invasive

(although some were non-native). The background species

presented a variety of different floral displays in terms of

colour, size and morphology (Table 1).

We transplanted four second-year C. acanthoides rosettes

(greater than 10 cm in diameter to ensure bolting) into each

of the four corners of one randomly selected plot from each

pair; this density falls within the naturally occurring range.

After being seeded, plots were subsequently layered with

mulch and watered. Maintenance of the plots included

watering and weeding out any plant material that had not

been planted. Because the plants in the plots were annuals,

and because we destructively sampled above-ground biomass,

we established eighteen new plots in the second year of the

study (2010); we prepared them in exactly the same way

except that we planted the thistle rosettes in the corners in

the previous fall to allow them to overwinter in the plots

and avoid transplant stress. These second-year plots were

established directly adjacent to the former year’s plots, but

not on exactly the same patch of ground, to avoid any unan-

ticipated below-ground legacy effects. In 2010, we established

three additional plots with the same background community

of annual plants and four thistles, also more than 100 m

away from any existing plots. In these additional plots, we

removed all flower heads from the thistles every other day

throughout the summer, leaving other thistle biomass intact.

The purpose of these floral removal plots was to allow us to

distinguish whether changes in the insect community might

be solely attributed to the green biomass or to the flower

heads of the thistle and also whether there were any compet-

itive effects on the other plants in the community due to the

presence of the thistle root and shoot biomass.

Data collection

In both years, we sampled plots for insects every other week

from late May through early September. At each sampling

period, we observed plots for 5 min to record floral visitors,

vacuumed for 1.5 min with a Bioquip insect vacuum and

passively sampled with a composite insect trap, which

included cone, malaise, flight intercept and pan components

(Russo et al., 2011). We sampled each plot six times in each

summer, for a total experiment-wide sampling time of 19.5

observation hours and 5.85 vacuum hours.

The observations have the advantage of recording interac-

tions on particular plant species, but lose resolution in insect

identification to groupings of solitary bee (SB), bumblebee

(BB), honeybee (HB), syrphid fly (SF), carpenter bee (CB)

and Lepidoptera (Lep). In contrast, we identified all bee

specimens collected in the vacuum to the species level, but

do not have information about the specific plants they were

visiting when they were captured.

We completed three plant censuses each year by recording

the stem number, tallest stem and number of flowering

stems of each species in each plot (Table S1). We terminated

the experiment in early September of each year by collecting,

drying and weighing all above-ground plant biomass. We

counted the number of flowers of each species for every sam-

pling period.

Insect identification

We identified all collected insect specimens to the order level

and all hymenopteran specimens to the family level (voucher

specimens at the Pennsylvania State University). Within

Hymenoptera, we identified all members of the superfamily

Apoidea to the species level (voucher specimens for each spe-

cies are at the Pennsylvania State University) and all identifi-

cations were confirmed by Leo R. Donovall at the

Pennsylvania Department of Agriculture.

Data analysis

We tested differences in plant biomass, insect counts at the

order, family and species level between plots with and with-

out thistles for significance using generalized linear regression

models using the R package LME4 (R Development Core

Team 2011). We assumed the count data to be Poisson dis-

tributed, and the individual bee genera and species to follow

a zero-inflated Poisson distribution. Random effects included

sampling date, plot location and year, while the treatment

was the presence of the invasive thistle. Full details on each

model are included in the supporting information (see

Appendix S1 in Supporting Information). To compare the

relative proportion of bee species and genera found only in

Table 1 List of ten flowering annual plant species, as well as the

invasive thistle (in bold), used as the background community in

this study, sorted by family.

Species binomial

Flower

colour

Bloom

diameter

(cm)†

Plant

height

(cm)‡

Asteraceae

Carduus acanthoides Pink/purple 2.5–3 89.4 � 1.4

Centaurea cyanus Blue/purple 1.5–3 45.4 � 1.7

Coreopsis tinctoria* Yellow/maroon 2.5–4 42.9 � 1.4

Cosmos bipinnatus Pink/purple 7.5–8.9 107.3 � 6.1

Gaillardia pulchella* Red/yellow 4–6 16.4 � 3.7

Helianthus annuus* Yellow 7.5–12.7 137 � 1.6

Rudbeckia hirta* Yellow 5–7.5 40.3 � 1.9

Fabaceae

Chamaecrista

fasciculata*

Yellow 1.5–2 52.1 � 0.6

Melilotus albus White 0.4–0.5 2.5 � 1.8

Melilotus officinalis Yellow 0.5–0.7 2.5 � 1.8

Malvaceae

Lavatera trimestris Pink 6–7 28.5 � 1.8

*Species native to the study area.

†Estimated diameter range of individual flower or flower heads on

the plant.

‡Height of tallest flowering stem averaged across each plot and year

at the time of the destructive census (� standard error).
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thistle plots, only in non-thistle plots, or found in both, we

used a single-sample chi-square test. We also used a two-way

chi-square test to compare the proportion of specimens in

thistle and non-thistle plots for hymenopteran families that

include natural enemies of agricultural pests. We used the

two-way test in this case because we were interested in the

association between many independent variables (hy-

menopteran families) in thistle versus non-thistle plots, while

we used a single-sample chi-square for the first test because

we were only interested in the response of one independent

variable (i.e. bee species or genera richness) in thistle versus

non-thistle plots.

RESULTS

Observational data

We observed a total of 1903 insect visitors to flowers in the

plots. There was a higher average number of observed pollina-

tor visits at the plot level in thistle plots across both years

(P < 0.01, Fig. 1A). However, there was no significant impact

on the visitation rates to other plants in the plots (i.e. no sig-

nificant difference between the visitation to plots without this-

tles as compared to thistle plots, excluding visits to thistles,

P > 0.05, Fig. 1A). Bumblebees, solitary bees and lepidopter-

ans were found in significantly higher numbers when the this-

tle was present (P < 0.01, Fig. 1B). Syrphid flies, honeybees

and carpenter bees did not respond significantly to the thistle,

although each of these groups was slightly more abundant in

thistle plots (P > 0.05, Fig. 1B). The presence of the thistle

did not affect the frequency of visits by these groups to other

plants in the plots (i.e. there was no difference between the

number of visits received by non-thistle plants in plots with-

out thistles and plots with thistles, P > 0.05, Fig. 1B).

Vacuum collections

We collected 3008 insects, of which 432 were bees, with the

vacuum over the 2 years. These collections included twenty-

eight bee species (Fig. 2, Table S3). The vacuum collections

follow a similar pattern to the observations. There were more

than four times as many bee specimens collected in thistle

plots relative to non-thistle plots over the 2 years (346 vs.

86), and significant increases in both bee abundance

(P < 0.01, average number of bee specimens collected per

plot sample, Fig. 3A) and species richness (P < 0.05, average

number of bee species collected per plot sample; Fig. 3B).

The genera Bombus and Ceratina responded especially

strongly, with almost 6 and 12 times as many specimens,

respectively, collected in thistle plots over the 2 years (110

vs. 19 and 83 vs. 7, P < 0.01). The genus Lasioglossum

(P < 0.05, Fig. 2) and the species Augochlora pura, Bombus

bimaculatus, Bombus impatiens, Ceratina calcarata and Cer-

atina dupla (P < 0.01, Fig. 2) were also more abundant in

thistle plots. There were no bee species that were in signifi-

cantly lower abundance in thistle plots, although three bee

species were found in low abundance in non-thistle plots

that were not found in thistle plots.

Seventy percent of all bee species and 77% of all bee genera

were more common in thistle plots relative to non-thistle

(A)

(B)

*

*

*

Figure 1 The average number of insect

visitors per plot-sample-year observed in

experimental plots, organized by plot

type. The average sum (A) of all visitors

to plots with no thistle (white), thistle

present (light grey) and floral removal

plots (dark grey), as well as the average

sum of visitors in thistle plots excluding

visits to the thistle (black), with error

bars representing the standard error. The

thistle plot has a significantly higher

number of visitors on average, while the

other plot types are not significantly

different from each other. The average

number of visits sorted by insect group

(B) shows that there were significantly

more bumblebees, solitary bees and

lepidopterans in thistle plots, while the

other plot types are not significantly

different from each other. The asterisk

(*) represents statistical significance
(P < 0.01).
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plots (Table 2, P < 0.01). Ten bee species (including

two species of Bombus) were only found in thistle plots,

while three species were only found in non-thistle plots

(Fig. 2).

Composite insect trap data

The composite insect trap collected a total of 24,852 insect

specimens over the 2 years, but did not detect significant dif-

ferences in the number of insects between thistle and non-

thistle plots for any taxonomic group and is therefore

described further only in the supporting information

(Appendix S2). Rather than targeting insects specifically visit-

ing small habitat patches, the composite traps are more likely

to capture a background community of insects in the land-

scape (Cane et al., 2000; Russo et al., 2011); thus, it is not

surprising that these traps did not detect a difference

between our small plots.

Other insect groups

At the order level, we collected fewer Diptera in thistle plots,

but more Hymenoptera overall (P < 0.05, Fig. S1). We did

not detect a difference in any other insect order collected

(P > 0.05, Fig. S1). Within the Hymenoptera, we did not

detect significant differences in the abundance of any non-

Apoidean family, or in the number of families collected

between thistle and non-thistle plots (P > 0.05, Table S4).

We looked specifically at 18 families of Hymenoptera that

contain natural enemies of agricultural pest species, but did

not detect a significant difference in their abundance in this-

tle plots relative to non-thistle plots (P > 0.05, Table S5).

Plot data

The presence of the thistle did not add significantly to plant

biomass, stem counts, species richness or flower counts in

Figure 2 The total number of bee

specimens collected in vacuum traps,

arranged by bee species. The number of

specimens is separated by those that were

collected in thistle (light grey) and non-

thistle (dark grey) plots, with significant

(P < 0.01) differences between the

treatments indicated by an asterisk (*).
See Table S2 for numbers.

(A) (B)

Figure 3 The average abundance (A)

and species richness (B) of bee species

collected by vacuum traps in thistle

(grey) and non-thistle (white) plots. The

error bars represent the standard error.

The thistle plots had both significantly

higher species richness (P < 0.05) and

abundance (P < 0.01).
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either year, likely due to a large amount of variation between

plots (P > 0.05, Tables S1 and S2, and Fig. S5 in Supporting

Information).

DISCUSSION

Recent research increasingly highlights the beneficial impacts

that invaders can have on native species (Rodriguez, 2006;

Davis et al., 2011; Schlaepfer et al., 2011). For example, inva-

sive species can provide resources in disturbed and managed

ecosystems (Gleditsch & Carlo, 2010) and habitat for threat-

ened species (Zavaleta et al., 2001). As we demonstrate here,

an invasive species may provide useful floral resources for the

resident pollinator community over the scale of a flowering

season, and be particularly attractive to key native bee species.

Our study shows that the insect community within an

agroecosystem responds over short times and small spatial

scales to the presence of an invasive thistle, demonstrating

that the presence of non-native plants can result in a signifi-

cant localized increase in the abundance and species richness

of resident pollinator species. The order Hymenoptera as a

whole was significantly more abundant in thistle plots,

although there was no significant difference in the non-Apoi-

dean families collected, suggesting that this effect was largely

driven by the increased abundance of the bee species. Our

results show that this noxious invader is highly attractive to

bee species relative to a selection of ten other flowering

annuals. The strong response of the bee community is dis-

tinct from that of the rest of the insect community, which

suggests that bees as a group are attracted to thistles in a

way that other insects are not. We did not detect significant

differences at the order level of Hemiptera (true bugs),

Coleoptera (beetles) or Lepidoptera (butterflies, skippers and

moths), although it is possible that individual species within

these orders responded. The order Diptera (flies) was signifi-

cantly less abundant in thistle plots. We did not detect a sig-

nificant difference in any insect group using passive trapping

methods (see Appendix S2), in agreement with studies that

show such traps collect the background community of

insects at a larger spatial scale rather than those actively visit-

ing flowers or foraging in small patches of habitat (Cane

et al., 2000). This information, coupled with the fact that

bees were not in higher abundance in plots where thistle

flowers had been removed, suggests that bees are responding

to the floral resources (i.e. nectar and pollen) provided by

thistles.

Some bee species responded particularly strongly to the

presence of the thistle. Five native bee species were found in

significantly higher abundance, and nine were only found

where the thistle was present (Fig. 2). This higher abundance

was not only significant, but large for several groups. For

example, the genus Ceratina was 12 times more common in

thistle plots. In addition, we collected almost six times as

many bees of the genus Bombus in thistle plots. Two of the

bumblebee species in our study were only detected in plots

where the thistle was present and the other two species were

both significantly more abundant. Our observational data

corroborate this result; we observed much higher visitation

rates of Bombus specifically to thistles in thistle plots, with-

out affecting their visitation to other plant species in the

plots. This result may be of interest because bumblebees have

recently been shown to be in decline and therefore of conser-

vation concern (Bartomeus et al., 2013). Although the spe-

cies found in our study are not among the most threatened,

this larger bodied genus has been shown to be more vulnera-

ble overall, relative to other bee species (Bartomeus et al.,

2013).

In otherwise identical plots, we found the total abundance

of bees to be four times higher in plots where the thistle

(C. acanthoides) was present. Over the short time-scale of

the study, the thistle is more likely to be attracting these bees

from elsewhere in the landscape than to be directly affecting

the population size. One possibility is that these non-native

flowers are competing for pollinators and attracting them

away from other species at a larger temporal or spatial scale

(Chittka & Sch€urkens, 2001; Brown et al., 2002; Gibson

et al., 2013; Traveset & Richardson, 2014).

On the other hand, there is little evidence to support the

claim that invasive species have a negative effect on the polli-

nation of adjacent species (Bjerknes et al., 2007; Nielsen

et al., 2008). Indeed, resources from managed native flower

strips on field margins have been shown to increase the

abundance of native bees and the pollination services pro-

vided to adjacent crop species (Blaauw & Isaacs, 2014). The

use of a highly attractive species to increase visitation rates

to other species is known as a magnet effect (Molina-Monte-

negro et al., 2008). Given the value of crop pollination

services (Gallai et al., 2009), and the relationship between

Table 2 Number and proportion of species/genera and their distribution in thistle/non-thistle plots, with one-way chi-square

comparison and two degrees of freedom.

Species Genera

Proportion of total Number v2 P value Proportion of total Number v2 P value

More individuals in thistle plots 0.7 21 12.1 – 0.77 10 7.41 –

Fewer individuals in thistle plots 0.17 5 2.5 – 0.15 2 1.26 –

Same number of individuals in

thistle/non-thistle plots

0.13 4 3.6 – 0.08 1 2.56 –

Total – 30 18.2 < 0.01 – 13 11.23 < 0.01
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pollinator diversity and crop yields (Garibaldi et al., 2013),

the presence of a plant attractive to pollinators may be

advantageous to land managers. At the scale of our study, we

found that the presence of the thistle did not alter visitation

rates of insects to other plant species present, suggesting that

the thistle has neither a magnet species effect nor a competi-

tive effect in terms of pollinator visitation over short time

periods or small spatial scales.

In contrast to the negative impacts of invasive species, which,

in agricultural systems, largely seem to manifest via resource

competition with crop species or through reduction of available

forage in pasturelands (Pimentel et al., 2005), the potential

benefits of invasive species may be seen in the trophic subsidy

they provide to resident species (Rodriguez, 2006). This trophic

subsidy may result in the provisioning of floral resources for

bees, as our study suggests, but it also has the potential to pro-

vide resources for natural enemies of pests (Landis et al., 2000).

Although we did not detect significant differences in hymenop-

teran families of natural enemies between thistle and non-

thistle plots, other agricultural weeds might be more attractive

to them. Indeed, there is the potential for many non-native

species to provide resources to insects (Carvalheiro et al., 2011;

Schlaepfer et al., 2011; Pocock et al., 2012).

Many other species may also provide resources for agricul-

tural pollinators (Pettis et al., 2013), especially those with a

phenology complementary to the crop species requiring pol-

lination (Russo et al., 2013). Thus, there is potentially an

added complexity to the impact of an invasion: an undesir-

able species may also have desirable effects. In the context of

a resource-poor agroecosystem, the presence of flowering

weeds may provide an essential supply of resources for polli-

nators such as bees when the crops are not in flower, or

when a non-flowering crop is in rotation. As such, weeds

may support pollinator populations in the longer term,

although this hypothesis remains to be tested.

This study is restricted in its temporal and spatial scale.

Thus, we observed short-term changes in bee foraging beha-

viour rather than long-term changes in population dynamics.

An important future direction will be to assess whether the

floral resources provided by the thistle will lead to an

increase in the size of the populations of some bee species in

the longer term. In addition, the floral resources provided by

the thistle or other non-native weeds may prove to be either

competitive or facilitative; the net effect on longer spatial

and temporal scales remains to be quantified.

The invasive thistle C. acanthoides is already ubiquitous in

agricultural regions throughout North America, and it is

invasive in South America, New Zealand and Australia. It is

a persistent, noxious weed, yet the very fact that it is difficult

or impossible to eradicate may mean that it also provides

reliable resources and habitat in regions of high-intensity

agriculture. In addition, this plant species is highly generalist,

attracting abundant numbers of many species of bees. Mod-

els suggest that such generalist species (in both the number

and frequency of their interactions) tend to have a much lar-

ger impact on the structure of plant–pollinator communities

than specialist invasive species (Russo et al., 2014). We do

not suggest that the thistles (or any other invader) be

planted deliberately, only that, in the calculation of the nega-

tive impacts of non-native species, the potential indirect and

facilitative effects of their presence also be accounted for.

Our work shows that native pollinators are strongly associ-

ated with invaded habitat and that, on a restricted spatial

and temporal scale, the entire pollinator community is posi-

tively impacted by invader presence. Thus, our results sug-

gest that agricultural weeds may provide undocumented

resources for a broad range of crucial crop pollinators, in

turn potentially buffering a key ecosystem service. It is possi-

ble that some pollinators may depend on the weedy habitat

fragments that pervade agroecosystems (Pettis et al., 2013).

Floral resource provisioning has been shown to lead to

increased crop yields (Blaauw & Isaacs, 2014); weed popula-

tions adjacent to crop fields may provide a similar service to

these deliberate plantings.

More general insights also arise; although the potential

beneficial services provided by invaders do not counter their

negative impacts, non-native species often become integrated

into ecological communities and may have important impli-

cations for a wide range of conservation, restoration and

land management issues (Schlaepfer et al., 2011). Indeed,

non-native species that integrate into ecological communities

may become a key component of the ecosystem services

those communities provide. The potential beneficial aspects

of non-native species documented here are not unprece-

dented; they have been demonstrated in other systems as well

and the potential unintended negative impacts of their eradi-

cation have been noted (Zavaleta et al., 2001; Gleditsch &

Carlo, 2010). Only with clear quantification of beneficial, as

well as negative, effects in a diversity of different invaded sys-

tems can the true impacts of invasive species on resident

communities be assessed fairly and thus addressed in conser-

vation and agricultural management plans.
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