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MIHAIL GARBUZOV AND FRANCIS L. W. RATNIEKS

Pollinators are in global decline. One of the few ways in which the general public can help is by cultivating ornamental garden plants that
attract pollinators by producing nectar, pollen, or both. Advice in the form of lists of recommended plants is available, but how good are these
recommendations? Here, we overview a sample of 15 such lists and discuss their strengths and weaknesses. In particular, we found that the
range of the number of plant genera per list was large (29–257) and that there was rather little overlap in the recommendations, even among
lists addressing the same geographic region (e.g., Britain or North America). Furthermore, the lists often included poor recommendations,
omitted many good plants, lacked detail, and were almost invariably based on their authors’ general expertize rather than on empirical data.
Nevertheless, some advice given in the lists was good, because these recommendations were presumably backed by personal observations and
less formally gathered data. The lists were also very appealing to the public, which makes them an excellent tool in communication and a useful
starting point for further research.
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any pollinators are in global decline. The causes
are mostly associated with human activities, such as
land-use intensification and the spread of alien species and
diseases (Potts et al. 2010, Winfree et al. 2011, Vanbergen and
the Insect Pollinators Initiative 2013). One of the few ways in
which the public can help is by growing bee- and pollinatorfriendly plants in their gardens (Garbuzov and Ratnieks
2014a). Although urbanization is generally disadvantageous
for wildlife (McKinney 2008), especially compared with
pristine natural habitats, it has been shown that urban green
spaces often harbor considerable biodiversity (Angold et
al. 2006). Among all types of urban green space, domestic
gardens are probably the largest and most important component (Davies et al. 2009, Goddard et al. 2010, Owen 2010).
In the United Kingdom, gardening is a popular hobby,
and the public interest in helping pollinators is mirrored, for
example, in an initiative of the Royal Horticultural Society
launched in 2011 that lists selected ornamental plants and
labels them with the Perfect for Pollinators logo (www.rhs.
org.uk). Numerous other lists and recommendations are
available through leaflets, pamphlets, information stands,
books, Web sites, and even television programs (figure 1).
But how good are these recommendations? A list is only
as good as the data that went into it. However, to our surprise, such lists almost never refer to the empirical sources

on which they are based and may have other shortcomings.
For example, Thompson (2006) described one list compiled
by Natural England, a government-funded agency responsible for the protection and improvement of the natural
environment, as looking “very much as if it was put together
late one Friday afternoon” (p. 54). Here, we evaluate a selection of 15 lists of plants recommended to attract flowervisiting insects to gardens and discuss their strengths and
weaknesses.
A sample of lists
In making our sample of lists of recommended garden
plants, we simulated an enthusiastic gardener searching the
Internet on Google and the Amazon online bookstore using
the following English keywords and combinations: bee, butterfly, pollinator, garden, plant, flower. The lists that we found
were written by both lay or amateur authors and professional
or semiprofessional organizations (figure 2). We included all
of the latter category and most of the former. In particular,
we omitted unpublished lists that were available only on Web
sites, which were often without a clear author. Most of the
lists that we found were aimed at Britain and the others at
the United States or Canada.
When we compared and overviewed the lists, we found
that it was most practical to do so at the plant genus level.
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Listmania: The Strengths and
Weaknesses of Lists of Garden
Plants to Help Pollinators
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Figure 2. Some of the lists of bee-, butterfly-, and insect-friendly plants analyzed in this article. The top row shows lists
produced by organizations with standing in plants or pollinators: from left to right, UK’s Royal Horticultural Society
(RHS 2011), Natural England (2007), the Xerces Society. The bottom row shows lists produced by individuals and
published as books: from left to right, Lavelle and Lavelle (2007), Hooper and Taylor (2006), Baines (2000).
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Figure 1. Promotion of pollinator friendly plants. (a) The selection of Bee Friendly plants on sale in a UK garden center.
The photograph of a “bee” on the yellow sign in the center is actually a hoverfly. (b) Sedum ‘Rose Carpet,’ which is
attractive to bees, sold in pots bearing the (c) Bee Friendly logo. (d) Plant labels bearing the Royal Horticulture Society
Perfect for Pollinators logo. (e) Information leaflets with advice on helping bees and butterflies in British gardens
featuring a photograph of a monarch butterfly that does not occur in Britain. (f) Information stand on helping to save
bees, including a quote attributed to Albert Einstein, stating that the “human race would have no more than four years
to live if bees disappeared,” which it seems he never said (Calaprice 2010).
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Table 1. Sample of 15 lists selected for overview.
Reference

Type of insect

Geographic region

Author credentials

Thurman (1994)

Number of genera
69

Pollinating insectsa

Britain

Lay

Gibbons and Gibbons (1996)

69

Pollinating insectsa

Britain

Lay

a

127

Pollinating insects

Britain

Lay

Hooper and Taylor (2006)

140

Bees

Britain

Lay

Ellis (1997)

116

Butterfly adults

North America

Lay

29

Pollinating insectsa

North America

Lay

92

insectsa

North America

Lay

Pollinating insectsa

North America

Lay

87

Butterfly adults

Britain

Professional

Xerces Society (2001)

88

Pollinating insects

North America

Professional

Natural England (2007)

130

Pollinating insectsa

Britain

Government

CCW (2008)

116

Pollinating insectsa

Britain

Government

IBRA (2008)

257

Bees

Britain and Western
Europe

Professional

RHS (2011)

198

Pollinating insects

Britain

Professional

Bumblebees

Britain

Professional

Merilees (2000)
Creeser (2004)
Lavelle and Lavelle (2007)
Vickery (1998)

Bumblebee Conservation Trust (2014)

162

68

Pollinating

aIn

cases in which the scope of the list included other wildlife (e.g., birds), only plant genera explicitly recommended for pollinators were
included.

In part, this is because many of the recommendations were
given at this level, perhaps implying that all or most species
in the genus are equally or almost equally good (e.g., Aster,
Lavandula). In addition, some of the recommended plants
are hybrid varieties of horticultural origin, for which the
distinction between species is unclear. Many such varieties,
once bred, are propagated vegetatively, and it is not uncommon for the information on their parentage to have become
lost and unknown even to experts. Indeed, parentage can
be a well-guarded commercial secret in newly developed
varieties.
The 15 lists included in our sample are shown in table 1.
The number of recommended genera per list ranged from
29 to 257, with 455 in total across all of the lists. Eight lists
were compiled by lay authors and seven by organizations
with standing or authority in plants or pollinators. Ten were
for Britain and five for North America.
The weaknesses of the lists
We found the following common weaknesses in the lists that
we surveyed.
The overlap among the lists was not high. The overlap in the rec-

ommended genera among the lists was not very high. Over
half of the total genera recommended across all of the lists
(233 of 455, 51%) were present in only one or two lists, and
over a third (165 of 455, 36%) were in just one list (figure 3).
No single genus was present in all 15 lists, whereas only a few
were present in 10 or more lists (38 of 455, 8%).
This pattern is unlikely to be because of combining lists
from two distinct geographic areas, because a similar pattern
was also seen in the 10 British lists. Only 3 of 395 genera—
less than 1%—were present in all of the lists, whereas over
http://bioscience.oxfordjournals.org

half (211 of 395, 53%) were present in one or two lists, and
over a third (143 of 395, 36%) was in just one list (figure 3).
One obvious reason why the overlap among the lists was
not higher is that the authors did not agree on which plants
are attractive. There were also other possible explanatory
factors. For example, some of the lack of overlap may have
been due to the geographic region. North America is much
larger and more climatically diverse than Britain. It is probably not easy to recommend plants that would do well across
the whole range of climates, and this may be the reason for
which we found fewer North American lists. For example,
milkweed (Asclepias spp.) was often found in the North
American lists, but not in any of the British lists, because it
is poorly suited to the local conditions; does not survive the
winter; has a high chance of not flowering at all in a season;
and, as a consequence, is rarely grown. Nevertheless, there
was considerable overlap between the regions: Almost half
(202 of 455, 44%) of all of the listed genera were found in at
least one list from each region.
In addition, some of the lack of overlap among the lists
may have been due to their scope, because some were
focused on adult butterflies or bees, whereas others were for
insect pollinators in general. However, even the lists with
different scopes were in some agreement, probably because
different types of insects, such as butterflies and bees, often
visit the same plants for nectar.
Furthermore, some of the nonoverlap may have been due to
the changes in plant taxonomy, such that the same plant species
were reclassified into another genus and were recommended
under different binomial names by lists before and after the
reclassification event. For example, many species that were formerly in the genus Aster have been reclassified into the genus
Symphyotrichum (Harms 2002). However, to our knowledge,
November 2014 / Vol. 64 No. 11 • BioScience 1021
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Poor plants were sometimes recommended. Some plants included in the

1022 BioScience • November 2014 / Vol. 64 No. 11

http://bioscience.oxfordjournals.org

Downloaded from https://academic.oup.com/bioscience/article-abstract/64/11/1019/2754229 by University of Sussex user on 21 September 2018

lists were not particularly good for other
reasons. For example, teasels (genus
Dipsacus), although they attract some
flower-visiting insects, are biennials that
do not produce flowers in the first year of
their life cycle and that have a relatively
short flowering period in the second year
(figure 4a). Petunias (Petunia × hybrida),
included in the list of Lavelle and Lavelle
(2007), have particular cultivars that have
been empirically shown to attract relatively few pollinators, despite having large
standing crops of nectar (Corbet et al.
2001).
Thompson (2006) noted that some
lists
rely heavily on nativeness as a criFigure 3. Overlap in plant genera recommended as attractive to pollinating
terion
of friendliness for wildlife. As
insects in the 15 garden plant lists from Britain and North America combined
a
result,
this includes plants that are
(the black bars) and the 10 British lists alone (the white bars). The bars show
unattractive
from the human perspecthe number of genera included in exactly that number of lists.
tive and that are therefore unsuitable as
ornamental garden plants. Indeed, some
of the recommended plants, such as clovers (Trifolium ssp.;
such events were infrequent relative to the large number of
figure 4b) and dandelions (Taraxacum ssp.), are regarded as
recommendations in the lists and were unbiased with respect
weeds by many gardeners. In addition, many of these native
to the plant’s attractiveness to pollinators. Therefore, it is probplants are rare and difficult to obtain, even from specialist
ably a very minor factor in the overall picture.
suppliers, and so are effectively unavailable to the typical
gardener (Thompson 2006).
The lists lacked detail on how they were compiled. With one
There has been a long-standing belief that only native
exception, the lists that we overviewed did not include any
plants are useful to native wildlife (e.g., Comba et al. 1999a).
information, by way of reference or otherwise, on how the
Although this may be true in certain parts of the world, such
authors determined the plants’ attractiveness to pollinators.
as Australia, Madagascar, or Hawaii, where the majority of
The exception was the list of 100 best plants for butterflies
plant and animal species are endemic, it is generally not the
by Vickery (1998), which referred to a research survey carcase in the temperate regions, including Britain (Thompson
ried out by Butterfly Conservation. However, to our knowl2006). For example, the survey carried out as part of the BUGS
edge, the analyses of the results of this survey have not been
(Biodiversity in Urban Gardens in Sheffield) project in the
published in peer-reviewed literature, although the results
United Kingdom showed that a substantial proportion—on
were briefly summarized in a chapter of an edited volume
average 55%—of the plant species found in domestic gardens
(Vickery 1995), whereas the exact same list remains current
are nonnative (Smith et al. 2006a). However, neither the speon the Butterfly Conservation Web site more than 15 years
cies richness nor the abundance of invertebrates generally
later. In all other lists, the authors have left the reader to
correlates with either native or alien plant richness (Smith
assume or conclude that the plant recommendations were
et al. 2006b, 2006c). Because the main reward component of
based on their personal opinion, derived presumably from a
nectar is sugar (Nicolson and Thornburg 2007), many nectarinumber of sources, including personal experience, reading,
vores will visit nonnative flowers as readily as the native ones.
and quite likely through the influence of other lists.
For example, the bumblebee Bombus terrestris, introduced
Furthermore, the lists seldom provided any information
to Australia, is thriving in local ecosystems and is known to
on the relative attractiveness of the plants that they recomvisit flowers of at least 66 native plant species from 21 famimended. A reader might, therefore, assume that all plants
lies (Kingston and McQuillan 1998). Similarly, the European
recommended are equally or almost equally attractive to
honeybee, Apis mellifera, may forage on over 100 plant species,
pollinators, although this is almost certainly not the case.
both native and exotic, in any one geographic region (Goulson
Again, the only exception was Vickery (1998), which ranked
2003 and the references therein), whereas Crane (1990)
the plants in descending order of attractiveness. Our own
estimated the total number of flowering plant species used
research has shown that garden plants, even those that are
by the honeybee at around 40,000 worldwide. In the urban
often recommended in lists, can vary greatly in the number
gardens of the New York City, Matteson and Langellotto
of flower-visiting insects that they attract (Garbuzov and
(2011) showed that small-scale experimental additions of
Ratnieks 2014a).
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native plants failed to increase bee and butterfly species richness, and pollinators heavily used introduced ornamental and
crop plants for floral resources. In addition, our own recent
research showed that exotic ornamental garden flowers can be
as attractive as—or even more attractive than—native flowers
to native flower-visiting insects (figure 4c, 4f; Garbuzov and
Ratnieks 2014a).
Although the breeding of ornamental varieties can reduce
their value to insect flower visitors, such as by the doubling
of petals, which reduces the amount and accessibility of floral
rewards (Comba et al. 1999b, Corbet et al. 2001, Garbuzov
and Ratnieks 2014a), it is not always the case. For example, the
hybrid varieties of lavender (Lavandula × intermedia) attract
more insects than their nonhybrid counterparts (Lavandula
angustifolia; Garbuzov and Ratnieks 2014a). In other cases,
hybrid sterility may cause the inability to set seed and may
therefore result in a longer flowering period—in some cases,
resulting in almost continual flowering (e.g., Erysimum linifolium ‘Bowles’ Mauve’; Garbuzov and Ratnieks 2014a).
Many good plants were omitted. Many plants attractive to pol-

linators were often not included in the lists. For example,
http://bioscience.oxfordjournals.org

open-flowered varieties of Dahlia, as well as Agastache and
Borago were among the most attractive plants to insects in
a recent quantitative study (Garbuzov and Ratnieks 2014a),
but were not included in over half of the lists in our sample.
However, with many thousands of plant varieties available
to gardeners (Cubey and Merrick 2011), many of which
are attractive to pollinators, it is likely that no list can ever
be complete. We therefore agree with an important point
previously made by both Thompson (2006) and Gaston and
colleagues (2007) that lists can implicitly convey the wrong
impression—namely, that the plants not included are of little
value to pollinators. This is certainly not the case.
Although many pollinators are generalists with respect
to the type of plant that they will visit, some are specialists
dependent on one or a few plant species or related genera
(Johnson and Steiner 2000). These plants may not necessarily attract a wide range of insects and, as a result, will
not usually be included in a typical list, but they can have
a place in gardens, especially if the plants are attractive
in their own right and offer an opportunity to observe
and aid insects that are of special interest or are rare. For
example, Baldock (2008) reported that mignonette (Reseda
November 2014 / Vol. 64 No. 11 • BioScience 1023
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Figure 4. Recommended ornamental garden plants illustrating specific points. (a) Teasel, Dipsacus fullonum, a native
British insect-attractive plant, which is biennial and so flowers only in the second year of its life cycle and dies. (b) White
clover, Trifolium repens, a native British plant attractive to bees, which is not suitable for planting in flowerbeds but can
be allowed to grow in lawns. (c) Dahlia ‘Bishop of Llandaff,’ a plant from Mexico that is considerably modified by breeding
and was seldom recommended in the surveyed lists but that is very attractive to bumblebees and other pollinators. (d)
Yellow loosestrife, Lysimachia vulgaris, which was rarely recommended, visited by Macropis europaea, a solitary bee that
specializes on this plant. (e) Marjoram, Origanum vulgare, a species native to Britain that is very attractive to insects
and was recommended in almost all (14 of 15) of the lists. (f) Lavender (Lavandula), a Mediterranean plant that is very
attractive to British bees and that was recommended in most (13 of 15) of the lists in our sample. Photographs: (d) Albert
Krebs, Swiss Federal Institute of Technology in Zürich (ETH Zürich), from the ETH Zürich Library’s E-Pics service (http://
biosys.e-pics.ethz.ch); otherwise, Francis L. W. Ratnieks.
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Table 2. Thirty-eight most frequently recommended genera, included in 10 or more lists, out of the total 455 genera
in a sample of 15 lists. Four rightmost columns indicate availability of empirical data showing high attractiveness to
pollinators of at least one member of the plant genus.
Corbet group papersa

Frankie group papersb

Tommasi paperc

Garbuzov and
Ratnieks papersd

Origanum

14

x

x

x

x

Sedum

14

Solidago

14

x

Aster

13

x

Ceanothus

13

Centaurea

13

Dianthus

13

Erysimum

13

Lavandula

13

Mentha

13

Amelanchier

12

Lonicera

12

Malus

12

Prunus

12

Scabiosa

12

Thymus

12

Buddleja

11

Echinops

11

Salix

11

Viburnum

11

Achillea

10

Allium

10

Aubrieta

10

Cotoneaster

10

Crataegus

10

Dipsacus

10

Eschscholtzia

10

Eupatorium

10

Geranium

10

Hedera

10

x

Helianthus

10

x

Heliotropium

10

Iberis

10

Limnanthes

10

Lobularia

10

Primula

10

Rubus

10

Syringa

10

x
x

x

x
x

x

x

x
x
x

x

x

x

x

x
x
x
x
x

x
x

x

aComba

et al. (1999a,1999b), Corbet et al. (2001).
et al. (2005, 2009), Pawelek et al. (2009).
cTommasi et al. (2004).
dGarbuzov and Ratnieks (2014a, 2014b).
bFrankie

lutea or Reseda luteola) in a garden attracted oligolectic
Hylaeus signatus (Müller et al. 2006), although this bee
species was not previously recorded in the area. Plants
in the genus Lysimachia, such as the yellow loosestrife
(Lysimachia vulgaris), are reputed to be a magnet for
1024 BioScience • November 2014 / Vol. 64 No. 11

highly specialized Macropis bees (figure 4d), of which
the females provision their offspring with loads of pollen
and floral oils, collected from special structures (trichome
elaiophores) instead of with nectar (Simpson and Neff
1983, Celary 2004).
http://bioscience.oxfordjournals.org
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that floral resources are, indeed, a limiting factor (Holzschuh
et al. 2013, Diekötter et al. 2014).
However, butterflies are, perhaps, not as easily helped by
garden flowers. In a recent meta-analysis, Thomas and colleagues (2011) concluded that there was no evidence that
populations of European butterflies are limited by any kind
of adult resource, except for shelter. The most important factors influencing population size or trends were the quality
of the larval habitat and the ability of adults to colonize new
habitat patches. In Britain, a quarter of the resident butterfly
species are limited by climate (Warren et al. 2001). This may
not be good news for butterfly lovers, but there is probably
no harm in attracting butterflies to gardens. Butterflies are
some of the most beautiful insects and, with the possible
exception of the cabbage whiles, Pieris rapae and Pieris brassicae, are generally welcomed by gardeners and bring beauty,
nicely complementing the buzz brought by the bees.
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The strengths of the lists
Many of the recommendations included in the lists were
good. This is particularly true for the plant genera that were
present in several of the lists—that is, the genera included
in a large proportion—two-thirds or more of the lists in our
sample—such as Origanum (figure 4e), Sedum, and Solidago
(table 2). This shows that even recommendations based on
personal opinion can be valuable, because they will likely be
based on years of general observation and experience. The
top 38 most frequently recommended genera constituted
only 8% of the total 455 genera recorded in the list sample.
However, half of these featured in at least one research study
that empirically showed their attractiveness to pollinators
(table 2). Although most recommendations in the lists were
not based on hard data, they can provide a useful starting
point for future research. Future lists could be improved by
greater reliance on empirical studies (e.g., such as those cited
in table 2). Future studies might also use citizen science data
collection, because the necessary protocols are quite simple
(Garbuzov and Ratnieks 2014a).
Lists can raise public awareness. For whatever reason, lists
per se appear to be very attractive to the public. Lists of the
fastest cars, the best rock songs, the scariest horror movies, top universities, or just about anything abound in the
popular media, including the press, books, magazines, television, and, of course, the Internet. Therefore, lists of plants
recommended to help pollinators via gardens are in a good
position to raise awareness, educate, and enthuse a very large
audience. As long as future lists state their limitations and
encourage their readers to think for themselves and outside
the confines of the list, they can be useful tools in communication from scientists to gardeners and conservationists.
Can garden plants really help mitigate pollinator declines?
When sympathetic gardeners select pollinator-friendly plants
for their gardens, their main motivation is to help bees, butterflies, and other insect flower visitors by providing nectar
and pollen for forage. But are garden plants really beneficial?
The putative benefits of garden plants rest on the assumption that pollinating insect populations are limited by the
available forage. Indeed, floral resource limitation is thought
to be a major driver of the population abundance and
diversity of wild bees, which are often positively correlated
(reviewed in Roulston and Goodell 2011). In a landmark
study, Biesmeijer and colleagues (2006) showed that both
bees and hoverflies have declined in parallel with insectpollinated plants in both Britain and the Netherlands since
1980. Similarly, declines in floral abundance and diversity
are blamed for the long-term decline of bumblebees (genus
Bombus) in Europe (Goulson et al. 2008). Goulson and colleagues (2010) found that gardens are the land-use class that
is most consistently positively correlated with bumblebee
nest density and survival at a landscape-scale. Bumblebees
have also declined dramatically in North America, but the
causes in this region remain uncertain (Cameron et al. 2011).
In Germany, the abundance and richness of solitary bees and
wasps are enhanced by mass-flowering crops, which implies
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