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Abstract

Background and aims - Fluorescence is the emission of light by a fluorophore that has absorbed light of shorter
wavelengths. While the role of fluorescence in visual communication has been documented in some animals (budgerigars,
gelatinous zooplankton), it is controversially discussed in plants. Floral nectar fluorescence has been mainly found in
flowers pollinated by bees. It has been suggested as direct visual cue by which bees can evaluate the available quantity
of nectar, thus being important for pollination and foraging efficiency. However, this function has been questioned,
since fluorescence is said to be obscured by floral reflections due to low quantum efficiency. The aim of this study was
to examine the nectar of plants pollinated by non-flying mammals, namely Eucomis regia, Massonia grandiflora, M.

echinata, and M. pustulata (Asparagaceae) from South Africa.

Material and methods - To detect possible fluorescence in flowers, the plants were illuminated in a darkened room
under UV light and photographed with a camera equipped with a UV/IR cut filter (transmitting at 400-700 nm).
Key results - Within the inflorescences, the nectar of all species showed blue to bluish fluorescence and UV absorption.

Separated nectar also fluoresced.

Conclusion - As fluorescence in flowers occurs not only in bee-pollinated plants but also in plants pollinated by wind,
and by nocturnal or crepuscular pollinators (non-flying mammals, bats, moths) for which floral scent is an important
attractant, floral fluorescence seems to have no adaptive value for the attraction of flower visitors. We discuss the
potential role of fluorescence in flowers as just a by-product of compounds that might have other functions such as visual
attraction by reflection (or UV absorbance), protection of genetic material in pollen from UV induced damage, or as a
floral filter causing nectar to be bitter, repelling ineffective pollinators but not effective ones.
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INTRODUCTION

Communication between animals as well as between
plants and animals operates mainly via olfactory and
visual channels (Stevens 2013). Colour is an important
visual cue and communication based on colour depends
on the animals’ sensory capacities. Colour vision is the
capability to discriminate between different wavelengths

of the visible spectrum independently of light intensity
(brightness) (Jacobs 1993). To be able to perceive colour,
light-sensitive visual pigments with at least two different
spectral sensitivities are necessary. Humans can perceive
light from about 380 (violet) to 750 nanometre (red)
wavelengths and different animals’ visual capacities reach
from 280 (ultraviolet) to 800 nm (red), depending on the
photoreceptors’ sensitivities, pre-receptoral filters and the
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associated neural processing (Li et al. 2008; Osorio and
Vorobyev 2008). Only few species are able to perceive
colours beyond this range, ie. in the near-infrared
(Meuthen et al. 2012).

Fluorescence is a phenomenon that occurs when
light of shorter wavelength (e.g. UV, blue, blue-green)
is absorbed by a fluorophore (e.g. a carotenoid) and
subsequently some of the absorbed energy is emitted as
light of longer wavelength (e.g. blue, green, yellow, or red
fluorescence) (Marshall and Johnsen 2017; Van der Kooi
et al. 2019). Fluorescence occurs in animals and plants.
However, its biological implication is rarely documented.
In animals, fluorescence is important as a mate choice
signal for budgerigars (Arnold et al. 2002) and possibly
in jumping spiders (Lim et al. 2007) and gelatinous
zooplankton uses fluorescence for prey capture (Haddock
and Dunn 2015). In plants, fluorescence is found in
different tissues and organs such as leaves, wood, bark,
fruits, and flowers; however, its ecological significance
in visual communication is controversial (Lagorio et al.
2015).

Regarding flowers, different visual and olfactory floral
signals attract animals that visit flowers to satisfy their
needs (mostly food: mainly sugar-containing nectar, also
pollen) and thereby transfer pollen (Schiestl and Johnson
2013; Wester and Lunau 2017). Visual floral signals
include shape and colour including patterns (Leonard and
Papaj 2011) mainly of petals, but also other floral organs.
The importance of visual signals varies depending on the
visual capacities and preferences of the different animal
pollinator groups. For instance, bees have a trichromatic
visual system based on three types of photoreceptors
with sensitivity peaks at 340 nm (UV), 430 nm (blue),
and 540 nm (green). They exhibit innate preferences
for colours dominated by short wavelengths. Birds are
tetrachromatic: with an additional red photoreceptor,
they are sensitive in the red, green, blue, and additionally
violet or ultraviolet range of wavelengths. Some flies and
butterflies possess multiple (up to 16) different types of
photoreceptors, perceiving wavelengths in the UV to red
(Kelber and Osorio 2010; Song and Lee 2018). Bats are
nocturnal dichromats with the ability of colour vision (UV
and red) during twilight (Miiller et al. 2009). Non-flying
mammals, that pollinate flowers (Wester 2010; Wester et
al. 2019), such as rodents and elephant-shrews, are mostly
nocturnal or crepuscular (Skinner and Chimimba 2005).
As dichromats, they are sensitive in the green and blue, or
alternatively the ultraviolet range of wavelengths (Jacobs
et al. 2001; Thiis et al. 2020).

Concerning flowers, fluorescence occurs in different
floral organs such as petals (Cruden 1972; Gandia-Herrero
et al. 2005a; Ono et al. 2006), filaments and anthers
(Ashman et al. 2000), pollen (Roschina 2012; Mori et al.
2018), stigmas (Thien et al. 1995) as well as nectar (Frey-
Wyssling and Agthe 1950; Thorp et al. 1975), and appears
mostly blue, green, and yellow, but also purple, pink, red,
and other colours (Thorp et al. 1975; Hagler and Buchman
1993; Thien et al. 1995; Mori et al. 2018). Fluorescent

compounds were identified as phenolics (flavonoids and
other compounds) (nectar, petals, pollen), carotenoids,
and azulene (pollen) as well as betalains (petals) (Scogin
1979; Hagler and Buchmann 1993; Gandia-Herrero et al.
2005b; Ono et al. 2006; Roshchina 2012; Mori et al. 2018).

Usually, floral nectar is a transparent liquid, but
occasionally it is coloured and attracts attention by
colouration or potentially gloss (Kugler 1955, 1956;
Sandvik and Totland 2003; Hansen et al. 2006, 2007;
Aldasoro et al. 2008; Zhang et al. 2012; Mione and
Argeo Diaz 2020). However, Thorp et al. (1975) detected
fluorescent nectar (in combination with UV absorption)
in several plant species of different families. The colour of
the fluorescence was described as yellow, blue, and blue-
green. They proposed that fluorescent nectar is a direct
visual cue for bees to evaluate the quantity of available
nectar, thus being important for pollination and foraging
efficiency (see also Davies et al. 2005). Additionally,
fluorescent patters of petals, stamens, and stigmas are
suggested to play a role in pollinator attraction (Thien
et al. 1995; Ashman et al. 2000; Gandia-Herrero et
al. 2005a). However, the ecological relevance of floral
fluorescence as an attractant for pollinators has been
questioned (Cruden 1972). Due to the low fluorescence
quantum efficiency (the ratio of photons absorbed to
the number of photons emitted) of floral fluorescent
pigments, the fluorescence is said to be obscured by
floral reflections (Kevan 1976; Iriel and Lagorio 2010a,
2010b). However, honeybees were reported to responded
positively to visual cues in fluorescent nectar (Thorp in
Thien et al. 1995; see also Thorp et al. 1976). Mori et al.
(2018) conducted choice experiments with honeybees
and fluorescent hydroxycinnamoyl derivatives, isolated
on filter paper from pollen and anthers of some plant
species. They showed that the bees perceived and were
attracted to the fluorescent compounds and suggested
that fluorescence from pollen and anthers may serve
as attractant for pollinators. However, there seems to
be no clear experimental evidence showing that floral
fluorescence attracts pollinators. Mori et al. (2023) found
that bees were attracted to bee-pollinated Camellia
rusticana Honda (Theaceae) flowers but not to flowers
of the related, bird-pollinated C. japonica L. Attraction
of bees to C. rusticana flowers has been explained by
the red petals reflecting additionally in UV and by the
blue fluorescence of anthers, while C. japonica has been
interpreted to be inconspicuous to bees due to lacking UV
reflection and blue fluorescence. The authors also assumed
that birds might be repelled by the blue fluorescence. The
fact that bees prefer red UV-reflecting flowers over red
UV-non-reflecting ones has been shown for neotropical
orchid bees, and it was also shown that hummingbirds
have no preference for any of these colours (Lunau et al.
2011). However, it is unknown whether the fluorescence
in C. rusticana anthers contributes to bee attraction and
bird repellence, especially as the anthers’ fluorescence is
mainly covered by non-fluorescent pollen grains (Mori et
al. 2023: fig. 1). Kurup et al. (2013) presented attraction
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Table 1. Plant species and collection localities in South Africa.

Plant species Locality

Eucomis regia September 2009

Massonia echinata 700 m, collected in September 2015

Massonia grandifora collected in September 2017

Massonia pustulata

Farm Fairfield, Western Cape, Overberg, 14 km NW of Napier; elevation 250 m, collected in
Oorlogskloof Nature Reserve, Northern Cape, Bokkeveld, south of Nieuwoudtville; elevation about
Near the Kliphuis campsite at the Pakhuis pass, Western Cape, northern Cederberg; elevation 740 m,

Napier, Western Cape, Overberg; elevation 250 m, collected in August 2014

of insects by fluorescent rims of prey catching traps
that evolved from leaves in carnivorous pitcher plants.
Masking the fluorescence of the traps’ rim (by coating
them with the acetone extract of non-fluorescent pitcher
zone) resulted in a reduction in prey capture. However,
the role of fluorescence in attracting insects has been
questioned as the acetone extract may have changed the
rim tissue not only by removing fluorescence (Jansen
2017).

In the only study examining nectar of more than
hundred plant species, fluorescence has been detected
mainly in bee-pollinated species, but not in plants
pollinated by butterflies, moths, or birds (Thorp et al.
1975). However, almost no data are available for plants
pollinated by other animal groups (except a study of a
bird-pollinated Aloe L., Asphodelaceae, with fluorescent
nectar, that was also visited by bees, Hagler and Buchmann
1993).

The aim of our study is to examine nectar for potential
fluorescence of plants pollinated by non-flying mammals,
namely four species of South African Asparagaceae, the
Pineapple lily Eucomis regia (L.) LHér. subsp. regia (Fig.
1A) and three Hedgehoglilies of the genus Massonia Houtt.
(Fig. 1C, E, G). Eucomis regia and M. grandiflora Lindl.
are pollinated by mice and elephant-shrews (Namaqua
Rock Mouse Micaelamys namaquensis (A.Smith, 1834),
Four-striped Field Mouse Rhabdomys pumilio (Sparrman,
1784), Pygmy mouse Mus minutoides A.Smith, 1834, Cape
Rock Elephant-shrew Elephantulus edwardii (A.Smith,
1839), Wester et al. 2019; Verreaux’s Mouse Myomyscus
verreauxii (A.Smith, 1834), Micaelamys namaquensis, E.
edwardii; Wester et al. 2024). Massonia echinata L.f. has
been shown to be visited and most probably pollinated
by elephant-shrews (E. edwardii, Flasch et al. 2016) and
Massonia pustulata Jacq. by mice (Petra Wester, unpubl.
data). We discuss our findings in the context of the
relevance of fluorescent nectar as a potential attractant for
flower visitors and consider alternative explanations.

MATERIAL AND METHODS

Flowering plants of three species of Massonia and one
of Eucomis UHér., all Hyacintheae of the Asparagaceae
subfamily Scilloideae (previously Hyacinthaceae subfam.
Hyacinthoideae), that have been collected in South

Africa (Table 1) and cultivated in the greenhouses of
the Botanical Garden of the Heinrich-Heine-University,
Disseldorf (Germany), were studied in the afternoons
of January (M. echinata, M. pustulata), February (M.
grandiflora), and March (E. regia) 2018.

To detect possible fluorescence in the flowers of the
four species, inflorescences were photographed with a
Lumix GH-1 camera (Panasonic, Osaka, Japan) without
low-pass filter in front of the sensor (being sensitive
additionally for UV and infrared light), mounted on a
tripod, in combination with a UV-transmissible Ultra-
Achromatic-Takumar 1 : 4.5/85 quartz glass lens (Pentax,
Tokyo, Japan) and a UV/IR cut filter (transmitting
at 400-700 nm, Baader, Mammendorf, Germany) in
a darkened room under UV illumination. Pure UV
illumination was achieved by means of a UV torch (UV
365 nm; U301, MTE, Shenzhen, China) in combination
with a UV filter (transmitting at 320-380 nm, Baader)
in front of the torch. Photographing with the UV/IR cut
filter (transmitting in the visible light only) in the dark
with UV illumination only allows merely fluorescence
(part of the visible light) to be recorded. As reference,
standard photos were taken with the same set-up, but
under ambient room light (without UV illumination
and UV filter). To detect possible ultraviolet patterns in
M. grandiflora and M. echinata inflorescences, photos
were taken in combination with the UV filter and under
UV illumination. Brightness was adjusted using a white
polytetrafluoroethylene (Teflon) disc, reflecting from 300
to 700 nm. Aperture was set manually and exposure time
was set automatically.

In the Massonia species, nectar was completely
removed in half of the flowers per inflorescence. The
removed nectar was also examined separately.

RESULTS

In the inflorescences, the nectar of all tested species
showed blue to bluish green fluorescence (E. regia: Fig.
1B, M. grandiflora: Fig. 1D, M. pustulata: Fig. 1E, M.
echinata: Fig. 1H) as well as UV absorption (shown for M.
grandiflora: Fig. 2A, and M. echinata: Fig. 2B). The flowers
with nectar removed did not fluoresce (M. grandiflora:
right floral nectar chambers without fluorescence: Fig.
1D, M. pustulata: left floral nectar chambers lacking
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<« Figure 1. Inflorescences of Eucomis regia (A, B), Massonia grandiflora (C, D), M. pustulata (E, F), and M. echinata (G-H)
photographed with a camera being sensitive to UV, visible, and IR light, in combination with a UV-transmissible lens and a UV/IR

cut filter (transmitting at 400-700 nm) under ambient room light (A, C, E, G) and the same inflorescences under UV illumination in

a darkened room showing blue (B, D) to bluish green (F, H) fluorescent nectar. Note that the fluorescence appears only in the flowers

containing nectar (in E. regia: nectar clearly visible only in the two middle lower flowers where nectar accumulates in the lower gaps

between the filaments and the ovary and is not hidden by other flower parts, in M. grandiflora: nectar only in the left flowers of the

inflorescence, in M. pustulata: nectar only in the right flowers of the inflorescence, in M. echinata: nectar only in the lower flowers

of the inflorescence) and not in the Massonia flowers in which nectar was removed from the floral tubes. The light spots outside the

floral tubes are nectar drops at the two tepal tips in the bottom left flower of the E. regia inflorescence (A, B) and a tepal coated with

nectar on the left side of the M. pustulata inflorescence (C, D). Scale bars = 1 cm.

fluorescence: Fig. 1E, M. echinata: upper flowers not
fluorescing: Fig. 1H) and did not absorb UV in the nectar
chamber, formed by the fused anther bases (Fig. 2A, B).
Separated nectar also fluoresced.

DISCUSSION

At the example of four Asparagaceae, this study shows
that fluorescence of nectar occurs also in non-flying
mammal-pollinated plants. We also demonstrate for M.
grandiflora and M. echinata that fluorescence in nectar is
accompanied by UV absorption (including that of pollen
and filaments), occurring also in M. pustulata (not shown)
and E. regia (Wester et al. 2019: fig. S6b). The combination
of UV fluorescence and UV absorption in nectar has been
also found by Thorp et al. (1975). UV absorption of pollen
has been also documented for E. regia (Wester et al. 2019:
fig. S6b). UV absorption can be explained by the nature
of fluorescence as a requirement for this phenomenon.
After the absorption of shorter-wavelength light by a
fluorophore, some of the absorbed energy is released as
longer-wavelength light (Marshall and Johnsen 2017; Van
der Kooi et al. 2019).

Although the mice and elephant-shrews that visit and
pollinate the flowers of the four study species (Flasch et
al. 2016; Wester et al. 2019, 2024; Petra Wester, unpubl.
data), are sensitive in the blue and green wavelengths
(Jacobs et al. 2001; Thiis et al. 2020, 2022), the animals
are predominantly nocturnal or crepuscular (Rathbun
1979; Perrin 1981; Roxburgh and Perrin 1994; Stuart et
al. 2003; Schumann et al. 2005; Skinner and Chimimba
2005; van der Merwe et al. 2012) or, if diurnal, their flower
visiting behaviour happens also or predominantly at dusk
or dawn (Melidonis and Peter 2015; Petra Wester, unpubl.
data). In crepuscular light or in the dark, light including
radiation of shorter wavelengths (i.e. UV radiation) is
low, thus, fluorescence even weaker and, consequently,
most probably irrelevant for the mammals. When light is
scarce, scent seems to be more important as an attractant
than visual cues, and most rodents and probably elephant-
shrews have a well-developed sense of smell (Stoddard
1980; Skinner and Chimimba 2005). Remarkably, plants
adapted to non-flying mammal pollinators emit strong
floral odours that specifically attract mice and elephant-
shrews (Johnson et al. 2011; Wester et al. 2019). These
flowers are often covered by the plants’ bracts, leaves

or twigs or are cryptically coloured (Wester et al. 2009,
2019; Wester 2010, 2011; Flasch et al. 2016; Kithn et al.
2017; Connolly and Midgley 2020), and this has been
interpreted as having evolved to limit the attraction of
illegitimate flower visitors, such as bees or birds that
might steal nectar or pollen without pollinating (Wester
and Lunau 2017; Wester et al. 2019; see also Lunau et al.
2011; Wester et al. 2020). In fact, all plants studied here
were heavily visited by non-flying mammals lapping
nectar, but not or extremely rarely by insects or birds,
despite bees and birds being common visitors to flowers
of other species at the study sites (Flasch et al. 2016;
Wester et al. 2019, 2024; Petra Wester, unpubl. data). The
absence of insect and bird visitors at non-flying mammal-
pollinated flowers also supports the improbability of floral
fluorescence as an attractant for these animals.

While fluorescence of E. regia pollen is not clearly
noticeable, or, if existent, at most only weak (Fig. 1B),
fluorescent pollen has been detected in the related
Eucomis autumnalis (Mill.) Chitt. (Fukui et al. 2017). The
latter is a plant with flowers pollinated by spider-hunting
wasps (Shuttleworth and Johnson 2009). Behavioural
experiments showed that the wasps are attracted by scent
rather than visual cues (Shuttleworth and Johnson 2009),
a further argument that floral fluorescence most likely is
irrelevant as attractant for flower visitors. If E. regia pollen
shows (weak) fluorescence, this might be phylogenetically
constrained and not necessarily of biological importance.
Also, other genera (e.g. Lobelia L., Campanulaceae and
Salvia L., Lamiaceae) include species with fluorescent
pollen (Fukui et al. 2017) of which some are pollinated
by insects and others pollinated by birds (Bertin 1982;
Hiraga and Sakai 2007; Wester and Claflen-Bockhoft
2011; Wester et al. 2020).

Fluorescentpollen hasbeenalso found in bee-pollinated
plant species with keel flowers (e.g. Crotalaria spectabilis
Roth, Vigna umbellata (Thunb.) Ohwi & H.Ohashi,
Fabaceae; Fukui et al. 2017) in which the reproductive
organs - and thus, pollen - are enclosed by the keel petals
and are only exposed during the contact with pollinators
that open the flowers (Arroyo 1981; Westerkamp 1997).
Thus, this pollen - and its fluorescence - does not play any
role in the visual attraction of pollinators.

Fluorescence in flowers occurs also in plants pollinated
by other animal groups. In bat-pollinated flowers,
fluorescent nectar (Cheirostemon platanoides Bonpl.,
Malvaceae; Scogin 1980) and pollen (Musa L., Musaceae;



332 Wester and Briihn: Fluorescent nectar in non-flying mammal-pollinated plants

Fukui et al. 2017) have been detected. Fluorescent pollen
and petals have been found in hawkmoth-pollinated
flowers (Gandia-Herrero et al. 2005a; Fukui et al. 2017)
and fluorescent pollen in plants pollinated by moths,
butterflies, and birds (Fukui et al. 2017). Although
fluorescence theoretically could be perceived also by
insects and other flower visitors such as birds and bats
(Miiller et al. 2009; Kelber and Osorio 2010), it seems
to be irrelevant for their foraging behaviour. Bats are
nocturnal, thus floral scent and shape (for echolocation)
seem to be more important than colour for finding food
(Simon et al. 2011; von Helversen et al. 2000; Jones et al.
2013; Gonzalez-Terrazas et al. 2016). Also, moths and
hawkmoths are nocturnal or crepuscular and thus rely
predominantly on floral scent to find flowers (Knudsen
and Tollsten 1993; Dobson 2006; Riffell et al. 2013).
Pollen and other floral parts have been found to be
fluorescent even in wind-pollinated plants (e.g. grasses)
(Roshchina 2012; Baby et al. 2013; Fukui et al. 2017). In
wind-pollinated flowers, attractiveness is insignificant
and in general floral display and nectar production did
not evolve or were reduced (Faegri and van der Pijl 1979).

Thus, fluorescence in flowers seems to have no
significance or adaptive value for increasing visibility or
the attraction of flower visitors. This is consistent with
the view that fluorescence is obscured by floral reflections
due to its low quantum efficiency (Kevan 1976; Iriel and
Lagorio 2010a, 2010b). Fluorescence in flowers could be
just a by-product of a pigment or other molecule that has
other functions such as visual attraction by reflection or
UV absorbance (mainly in petals) or protective effects
(in anthers and pollen or in nectar). The widespread
occurrence of fluorescence in pollen in different families
independent of the pollinator group, might suggest a
protection of genes from UV induced damage. Fluorescent
compounds in pollen might quench harmful UV energy

by transducing the absorbed UV radiation to fluorescence
(Rozema et al. 2001) or indirectly by scavenging radicals
from reactive oxygen species caused by UV radiation
(Mori et al. 2018). Fluorescent substances in nectar are
suggested to have antimicrobial properties, keeping
microbes from degrading carbohydrates in nectar
(Hagler and Buchmann 1993). Fluorescent compounds in
nectar might also render carbohydrates less or even non-
metabolizable and therefore nutritionally unavailable for
non-pollinating flower visitors (Hagler and Buchmann
1993). Fluorescent phenolics are known to impart an
unfavourable taste to nectar (e.g. Aloe littoralis Baker)
for non-pollinators (e.g. honeybees), that is accepted
by adapted pollinators (some birds). Phenolics causing
nectar to be bitter are also found in other Aloe species (e.g.
A. vryheidensis Groenew.), functioning as a floral filter,
repelling ineffective pollinators such as honeybees and
sunbirds, but not short-billed generalist nectarivorous
birds as effective pollinators (Johnson et al. 2006). The
nectar of at least M. grandiflora and M. pustulata tastes
bitter (Wester et al. 2024; Petra Wester, unpubl. data),
thus it is possible that phenolics repel insects or sunbirds,
but not mammals. One cannot exclude that fluorescent
compounds in flowers exhibit multiple functions.
However, so far, no convincing evidence exists for visual
signalling for pollinators. This is in line with observations
of fluorescence in other organisms, being without
ecological function. For example, fluorescent porphyrin
accumulation in the pelage of some mammals is probably
a by-product of physiological processes (Toussaint et al.
2022). Another example is coloured nectar in Stemona
tuberosa Lour. (Stemonaceae) as a nonadaptive by-
product of pigment biosynthesis in other flower parts
(Cai et al. 2022).

However, further observations and experiments are
necessary to clearly evaluate whether flower visitors

Figure 2. Massonia inflorescences, photographed with a camera being sensitive to UV, visible, and IR light, in combination with

a UV-transmissible lens and a UV filter (transmitting at 320-380 nm) under UV illumination, showing strong UV absorption

(appearing black) of the nectar in flowers of M. grandiflora (A, note the glossy nectar only in the left flowers of the inflorescence)

and M. echinata (B, note the glossy nectar only in the lower flowers of the inflorescence). Compare with Fig. 1C, D, G, H. Scale bars

=1cm.
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are able to perceive floral fluorescence and whether
fluorescent nectar or other flower parts play a role in the
attraction of flower visitors, independent of other floral
cues such as colour, gloss, shape, or scent.

Regarding the examined plant species, further analyses
should include a comparison with insect-pollinated
conspecifics (nectar fluorescence), measurement of the
absorption and emission spectra of the fluorescence
as well as chemical analyses of nectar for (fluorescent)
secondary compounds (e.g. phenolics). Furthermore, the
latter should be tested by bioassays for biological functions
(e.g. taste filter, antibiotic function) as an alternative for
visual signalling.

ACKNOWLEDGEMENTS

We thank the gardeners of the research greenhouses
(Anja Salaka, Andrea Wiister, and Jochen Stappmanns)
of the Botanical Garden of the Heinrich-Heine-
University, Diisseldorf (Germany) for their excellent
care of the studied plants, Klaus Lunau (Heinrich-Heine-
University, Disseldorf) for the opportunity to use the
photographic equipment as well as Cape Nature (Cape
Town, South Africa), and the Northern Cape Department
of Environment and Nature Conservation (Kimberley,
South Africa) for the necessary permits.

REFERENCES

Aldasoro JJ, Aedo C, Navarro C (2008) Insect attracting
structures on Erodium petals (Geraniaceae). Plant Biology 2:
471-481. https://doi.org/10.1055/s-2000-5960

Arnold KE, Owens IPE Marshall NJ (2002) Fluorescent
signaling in parrots. Science 295: 92. https://doi.org/10.1126/
science.295.5552.92

Arroyo MTK (1981) Pollination mechanisms in Papilionoideae.
In: Polhill RM, Raven PH (Eds) Advances in Legume
Systematics, Part 2. Royal Botanic Garden, Kew, 735-736.

Ashman T-L, Swetz ], Shivitz S (2000) Understanding the basis
of pollinator selectivity in sexually dimorphic Fragaria
virginiana. Oikos 90: 347-356. https://doi.org/10.1034/
j.1600-0706.2000.900216.x

Baby S, Johnson AJ], Govindan B, Lukose S, Gopakumar
B, Koshy KC (2013) UV induced visual cues in grasses.
Scientific Reports 3: 2738. https://doi.org/10.1038/srep02738

Bertin RI (1982) The ruby-throated hummingbird and its major
food plants: ranges, flowering phenology, and migration.
Canadian Journal of Zoology 60: 210-219. https://doi.
org/10.1139/282-029

Cai X-H, Shi B-B, Niu Y, Ge J, Chomicki G, Chen G (2022)
Mystery revisited: is nocturnal colored nectar a nonadaptive
floral trait? Ecology 103: e3663. https://doi.org/10.1002/
ecy.3663

Connolly A, Midgley JJ (2020) Flowers are hidden in nonflying
mammal-pollinated plants to deter birds. African Journal of
Zoology 58: 864-867. https://doi.org/10.1111/aje.12739

Cruden RW (1972) Pollination biology of Nemophila menziesii
(Hydrophyllaceae) with comments on the evolution
of oligolectic bees. Evolution 26: 373-389. https://doi.
org/10.1111/j.1558-5646.1972.tb01943.x

Davies KL, Striczynska M, Gregg A (2005) Nectar-secreting
floral stomata in Maxillaria anceps Ames & C. Schweinf.

(Orchidaceae). Annals of Botany 96: 217-227. https://doi.
org/10.1093/aob/mci182

Dobson HEM (2006) Relationship between floral fragrance
composition and type of pollinator. In: Dudareva N,
Pichersky E (Eds) Biology of Floral Scent. CRC Press, Boca
Raton, 147-198.

Faegri K, van der Pijl L (1979) The Principles of Pollination
Ecology. Pergamon, Oxford, 1-244.

Flasch L, von Elm N, Wester P (2016) Nectar-drinking
Elephantulus edwardii as a potential pollinator of Massonia
echinata, endemic to the Bokkeveld plateau in South
Africa. African Journal of Ecology 55: 376-379. https://doi.
org/10.1111/aje.12352

Frey-Wyssling A, Agthe C (1950) Nektar ist ausgeschiedener
Phloemsaft. ~ Verhandlungen  der  Schweizerischen
Naturforschenden Gesellschaft 130: 175-176.

Fukui H, Hirai N, Mori S, Goto K, Toyoda J, Tsukioka J (2017)
Floral fluorescence database. The Garden of Medicinal Plans,
Kyoto Pharmaceutical University. https://labo.kyoto-phu.
ac.jp/mpgkpu/ffd.html [accessed 15.05.2020]

Gandia-Herrero F, Garcia-Carmona F, Escribano ] (2005a)
Botany: floral fluorescence effect. Nature 437: 334. https://
doi.org/10.1038/437334a

Gandia-Herrero F, Escribano ], Garcia-Carmona F (2005b)
Betaxanthins as pigments responsible for visible fluorescence
in flowers. Planta 222: 586-593. https://doi.org/10.1007/
s00425-005-0004-3

Gonzalez-Terrazas T, Martel C, Milet-Pinheiro P, Ayasse M,
Kalko EKYV, Tschapka M (2016) Finding flowers in the dark:
nectar-feeding bats integrate olfaction and echolocation
while foraging for nectar. Royal Society Open Science 3:
160199. https://doi.org/10.1098/r505.160199

Haddock SHD, Dunn CW (2015) Fluorescent proteins
function as a prey attractant: experimental evidence from
the hydromedusa Olindias formosus and other marine
organisms. Biology Open 4: 1094-1104. https://doi.
org/10.1242/bio0.012138

Hagler JR, Buchmann SL (1993) Honey bee (Hymenoptera:
Apidae) foraging responses to phenolic-rich nectars. Journal
of the Kansas Entomological Society 66: 223-230. https://
www.jstor.org/stable/25085437

Hansen DM, Beer K, Miiller CB (2006) Mauritian coloured
nectar no longer a mystery: a visual signal for lizard
pollinators. Biology Letters 2: 165el168. https://doi.
org/10.1098/rsbl.2006.0458

Hansen DM, Olesen JM, Mione,T, Johnson SD, Miiller CB
(2007) Coloured nectar: distribution, ecology, and evolution
of an enigmatic floral trait. Biological Reviews of the
Cambridge Philosophical Society 82: 83elll. https://doi.
org/10.1111/j.1469-185X.2006.00005.x

Hiraga T, Sakai S (2007) The effects of inflorescence size and
flower position on biomass and temporal sex allocation in
Lobelia sessiliflora. Plant Ecology 188: 205-214. https://doi.
0rg/10.1007/s11258-006-9157-9

Iriel A, Lagorio MG (2010a) Is the flower fluorescence relevant
in biocommunication? Naturwissenschaften 97: 915-924.
https://doi.org/10.1007/s00114-010-0709-4

Iriel A, Lagorio MG (2010b) Implications of reflectance
and fluorescence of Rhododendron indicum flowers in
biosignaling. Photochemical & Photobiological Sciences 9:
342-348. https://doi.org/10.1039/B9PP00104B

Jacobs GH (1993) The distribution and nature of colour vision
among the mammals. Biological Reviews 68: 413-471.
https://doi.org/10.1111/j.1469-185X.1993.tb00738.x

Jacobs GH, Fenwick JA, Williams GA (2001) Cone-based
vision of rats for ultraviolet and visible lights. Journal
of Experimental Biology 204: 2439e2446. https://doi.
org/10.1242/jeb.204.14.2439


https://doi.org/10.1055/s-2000-5960
https://doi.org/10.1126/science.295.5552.92
https://doi.org/10.1126/science.295.5552.92
https://doi.org/10.1034/j.1600-0706.2000.900216.x
https://doi.org/10.1034/j.1600-0706.2000.900216.x
https://doi.org/10.1038/srep02738
https://doi.org/10.1139/z82-029
https://doi.org/10.1139/z82-029
https://doi.org/10.1002/ecy.3663
https://doi.org/10.1002/ecy.3663
https://doi.org/10.1111/aje.12739
https://doi.org/10.1111/j.1558-5646.1972.tb01943.x
https://doi.org/10.1111/j.1558-5646.1972.tb01943.x
https://doi.org/10.1093/aob/mci182
https://doi.org/10.1093/aob/mci182
https://doi.org/10.1111/aje.12352
https://doi.org/10.1111/aje.12352
https://labo.kyoto-phu.ac.jp/mpgkpu/ffd.html
https://labo.kyoto-phu.ac.jp/mpgkpu/ffd.html
https://doi.org/10.1038/437334a
https://doi.org/10.1038/437334a
https://doi.org/10.1007/s00425-005-0004-3
https://doi.org/10.1007/s00425-005-0004-3
https://doi.org/10.1098/rsos.160199
https://doi.org/10.1242/bio.012138
https://doi.org/10.1242/bio.012138
https://www.jstor.org/stable/25085437
https://www.jstor.org/stable/25085437
https://doi.org/10.1098/rsbl.2006.0458
https://doi.org/10.1098/rsbl.2006.0458
https://doi.org/10.1111/j.1469-185X.2006.00005.x
https://doi.org/10.1111/j.1469-185X.2006.00005.x
https://doi.org/10.1007/s11258-006-9157-9
https://doi.org/10.1007/s11258-006-9157-9
https://doi.org/10.1007/s00114-010-0709-4
https://doi.org/10.1039/B9PP00104B
https://doi.org/10.1111/j.1469-185X.1993.tb00738.x
https://doi.org/10.1242/jeb.204.14.2439
https://doi.org/10.1242/jeb.204.14.2439

334 Wester and Briihn: Fluorescent nectar in non-flying mammal-pollinated plants

Jansen MAK (2017) Carnivorous plants and UV-radiation: a
captivating story? UV4Plants Bulletin 1: 11-16. https://doi.
0rg/10.19232/uv4pb.2017.1.12

Johnson SD, Hargreaves AL, Brown M (2006) Dark, bitter-
tasting nectar functions as a filter of flower visitors in a
bird-pollinated plant. Ecology 87: 2709-2716. https://doi.
0rg/10.1890/0012-9658(2006)87[2709:DBNFAA]2.0.CO;2

Johnson SD, Burgoyne PM, Harder LD, Détterl S (2011)
Mammal pollinators lured by the scent of a parasitic plant.
Proceedings of the Royal Society London B 278: 2303-2310.
https://doi.org/10.1098/rspb.2010.2175

Jones G, Teeling EC, Rossiter SJ (2013) From the ultrasonic to
the infrared: molecular evolution and the sensory biology of
bats. Frontiers in Physiology 4: 117. https://doi.org/10.3389/
fphys.2013.00117

Kelber A, Osorio D (2010) From spectral information to animal
colour vision: experiments and concepts. Proceedings of
the Royal Society London B 277: 1617-1625. https://doi.
0rg/10.1098/rspb.2009.2118

Kevan PG (1976) Fluorescent nectar. Science 194: 341-342.
https://doi.org/10.1126/science.194.4262.341

Knudsen JT, Tollsten L (1993) Trends in floral scent chemistry
in pollination syndromes: floral scent composition in moth-
pollinated taxa. Botanical Journal of the Linnean Society
113:  263-284. https://doi.org/10.1111/j.1095-8339.1993.
tb00340.x

Kihn N, Midgley J, Steenhuisen S-L (2017) Reproductive
biology of three co-occurring, primarily small-mammal
pollinated Protea species (Proteaceae). South African
Journal of Botany 113: 337-345. https://doi.org/10.1016/j.
5ajb.2017.08.020

Kugler H (1955) Zum Problem der Dipterenblumen.
Osterreichische Botanische Zeitschrift 102: 529-541. https://
www.jstor.org/stable/43336859

Kugler H (1956) Uber die optische Wirkung von Fliegenblumen
auf Fliegen. Berichte der Deutschen Botanischen Gesellschaft
69: 387-398. https://doi.org/10.1111/j.1438-8677.1956.
tb01556.x

Kurup R, Johnson AJ, Sankar S, Hussain AA, Kumar CS, Sabulal
B (2013) Fluorescent prey traps in carnivorous plants.
Plant Biology 15: 611-615. https://doi.org/10.1111/.1438-
8677.2012.00709.x

Lagorio MG, Cordon GB, Iriel A (2015) Reviewing the relevance
of fluorescence in biological systems. Photochemical
& Photobiological Sciences 14: 1538-1559. https://doi.
org/10.1039/C5PP00122F

Leonard AS, Papaj DR (2011) X’ marks the spot: The possible
benefits of nectar guides to bees and plants. Functional
Ecology 25: 1293-1301. https://doi.org/10.1111/j.1365-
2435.2011.01885.x

Li J, Zhang Z, Liu E Liu Q Gan W, Chen J, Lim MLM, Li D
(2008) UVB-based mate-choice cues used by females of the
jumping spider Phintella vittata. Current Biology 18: 699-
703. https://doi.org/10.1016/j.cub.2008.04.020

Lim MLM, Land MFE Li D (2007) Sex-specific UV and
fluorescence signals in jumping spiders. Science 315: 481.
https://doi.org/10.1126/science.1134254

Lunau K, Papiorek S, Eltz T, Sazima M (2011) Avoidance of
achromatic colours by bees provides a private niche for
hummingbirds. Journal of Experimental Biology 214: 1607-
1612. https://doi.org/10.1242/jeb.052688

Marshall J, Johnsen S (2017) Fluorescence as a means of colour
signal enhancement. Philosophical Transactions of the
Royal Society B 372: 20160335. https://doi.org/10.1098/
rstb.2016.0335

Melidonis CA, Peter CI (2015) Diurnal pollination, primarily
by a single species of rodent, documented in Protea foliosa
using modified camera traps. South African Journal of
Botany 97: 9-15. https://doi.org/10.1071/BT15111

Meuthen D, Rick IP, Thiinken T, Baldauf SA (2012) Visual prey
detection by near-infrared cues in a fish. Naturwissenschaften
99: 1063-1066. https://doi.org/10.1007/s00114-012-0980-7

Mione T, Argeo Diaz I (2020) Dracula’s mistress: removal of
blood-red floral nectar results in secretion of more nectar.
Plant Ecology and Evolution 153: 59-66. https://doi.
org/10.5091/plecevo.2020.1589

Mori S, Fukui H, Oishi M, Sakuma M, Kawakami M, Tsukioka
], Goto K, Hirai N (2018) Biocommunication between plants
and pollinating insects through fluorescence of pollen and
anthers. Journal of Chemical Ecology 44: 591-600. https://
doi.org/10.1007/s10886-018-0958-9

Mori S, Hasegawa Y, Moriguchi Y (2023) Color
strategies of camellias recruiting different pollinators.
Phytochemistry 207: 113559. https://doi.org/10.1016/j.
phytochem.2022.113559

Miiller B, Glésmann M, Peichl L, Knop GC, Hagemann C,
Ammermiiller J (2009) Bat eyes have ultraviolet-sensitive
cone photorecepators. PLoS ONE 4: e6390. https://doi.
org/10.1371/journal.pone.0006390

Ono E, Fukuchi-Mizutani M, Nakamura N, Fukui Y, Yonekura-
Sakakibara K, Yamaguchi M, Nakayama T, Tanaka T,
Kusumi T, Tanaka Y (2006) Yellow flowers generated by
expression of the aurone biosynthetic pathway. Proceedings
of the National Academy of Sciences USA 103: 11075-11080.
https://doi.org/10.1073/pnas.0604246103

Osorio D, Vorobyev M (2008) A review of the evolution of
animal colour vision and visual communication signals.
Vision Research 48: 2042-2051. https://doi.org/10.1016/j.
visres.2008.06.018

Perrin MR (1981) Notes on the activity patterns of 12 mice
species of southern African rodents and a new design of
activity monitor. South African Journal of Zoology 16: 247-
258. https://doi.org/10.1080/02541858.1981.11447763

Rathbun GB (1979) The social structure and ecology of
elephant-shrews. Zeitschrift fiir Tierpsychologie Suppl. 20:
1-77. https://doi.org/10.1016/0376-6357(81)90040-1

Riffell JA, Lei H, Abrell L, Hildebrand JG (2013) Neural basis
of a pollinator’s buffet: olfactory specialization and learning
in Manduca sexta. Science 339: 200-204. https://doi.
org/10.1126/science.1225483

Roshchina VV (2012) Vital autofluorescence: application
to the study of plant living cells. International
Journal of Spectroscopy 2012: 124672. https://doi.
0rg/10.1155/2012/124672

Roxburgh L, Perrin MR (1994) Temperature regulation
and activity pattern of the Round-eared Elephant shrew
(Macroscelides proboscideus). Journal of Thermal Biology 19:
13-20. https://doi.org/10.1016/0306-4565(94)90004-3

Rozema J, Broekmana RA, Blokkerb P, Meijkampa BB, de
Bakkera N, van de Staaij J, van Beem A., Ariese F, Kars SM
(2001) UV-B absorbance and UV-B absorbing compounds
(para-coumaric acid) in pollen and sporopollenin: the
perspective to track historic UV-B levels. Journal of
Photochemistry and Photobiology B 62: 108-117. https://
doi.org/10.1016/s1011-1344(01)00155-5

Sandvik SM, Totland @ (2003) Quantitative importance of
staminodes for female reproductive success in Parnassia
palustris under contrasting environmental conditions.
Canadian Journal of Botany 81: 49e56. https://doi.
org/10.1139/B03-006

Schiestl FP, Johnson SD (2013) Pollinator-mediated evolution of
floral signals. Trends in Ecology & Evolution 28: 307-315.
https://doi.org/10.1016/j.tree.2013.01.019

Schumann DM, Cooper HM, Hofmeyr MD, Bennett NC
(2005) Circadian rhythm of locomotor activity in the four-
striped field mouse, Rhabdomys pumilio: a diurnal African
rodent. Physiology & Behavior 85: 231-239. https://doi.
org/10.1016/j.physbeh.2005.03.024


https://doi.org/10.19232/uv4pb.2017.1.12
https://doi.org/10.19232/uv4pb.2017.1.12
https://doi.org/10.1890/0012-9658(2006)87[2709:DBNFAA]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[2709:DBNFAA]2.0.CO;2
https://doi.org/10.1098/rspb.2010.2175
https://doi.org/10.3389/fphys.2013.00117
https://doi.org/10.3389/fphys.2013.00117
https://doi.org/10.1098/rspb.2009.2118
https://doi.org/10.1098/rspb.2009.2118
https://doi.org/10.1126/science.194.4262.341
https://doi.org/10.1111/j.1095-8339.1993.tb00340.x
https://doi.org/10.1111/j.1095-8339.1993.tb00340.x
https://doi.org/10.1016/j.sajb.2017.08.020
https://doi.org/10.1016/j.sajb.2017.08.020
https://www.jstor.org/stable/43336859
https://www.jstor.org/stable/43336859
https://doi.org/10.1111/j.1438-8677.1956.tb01556.x
https://doi.org/10.1111/j.1438-8677.1956.tb01556.x
https://doi.org/10.1111/j.1438-8677.2012.00709.x
https://doi.org/10.1111/j.1438-8677.2012.00709.x
https://doi.org/10.1039/C5PP00122F
https://doi.org/10.1039/C5PP00122F
https://doi.org/10.1111/j.1365-2435.2011.01885.x
https://doi.org/10.1111/j.1365-2435.2011.01885.x
https://doi.org/10.1016/j.cub.2008.04.020
https://doi.org/10.1126/science.1134254
https://doi.org/10.1242/jeb.052688
https://doi.org/10.1098/rstb.2016.0335
https://doi.org/10.1098/rstb.2016.0335
https://doi.org/10.1071/BT15111
https://doi.org/10.1007/s00114-012-0980-7
https://doi.org/10.5091/plecevo.2020.1589
https://doi.org/10.5091/plecevo.2020.1589
https://doi.org/10.1007/s10886-018-0958-9
https://doi.org/10.1007/s10886-018-0958-9
https://doi.org/10.1016/j.phytochem.2022.113559
https://doi.org/10.1016/j.phytochem.2022.113559
https://doi.org/10.1371/journal.pone.0006390
https://doi.org/10.1371/journal.pone.0006390
https://doi.org/10.1073/pnas.0604246103
https://doi.org/10.1016/j.visres.2008.06.018
https://doi.org/10.1016/j.visres.2008.06.018
https://doi.org/10.1080/02541858.1981.11447763
https://doi.org/10.1016/0376-6357(81)90040-1
https://doi.org/10.1126/science.1225483
https://doi.org/10.1126/science.1225483
https://doi.org/10.1155/2012/124672
https://doi.org/10.1155/2012/124672
https://doi.org/10.1016/0306-4565(94)90004-3
https://doi.org/10.1016/s1011-1344(01)00155-5
https://doi.org/10.1016/s1011-1344(01)00155-5
https://doi.org/10.1139/B03-006
https://doi.org/10.1139/B03-006
https://doi.org/10.1016/j.tree.2013.01.019
https://doi.org/10.1016/j.physbeh.2005.03.024
https://doi.org/10.1016/j.physbeh.2005.03.024

Plant Ecology and Evolution 157 (3): 327-335, 2024

335

Scogin R (1979) Nectar constituents in the genus Fremontia
(Serculiaceae): sugars, flavonoids, and proteins. Botanical
Gazette 140: 29-31. https://doi.org/10.1086/337054

Scogin R (1980) Floral pigments and nectar constituents of
two bat-pollinated plants: coloration, nutritional, and
energetic considerations. Biotropica 12: 273-276. https://doi.
org/10.2307/2387698

Shuttleworth A, Johnson SD (2009) A key role for floral scent
in a wasp-pollination system in Eucomis (Hyacinthaceae).
Annals of Botany 103: 715-725. https://doi.org/10.1093/aob/
mcn261

Simon R, Holderied MW, Koch CU, von Helversen O (2011)
Floral acoustics: conspicuous echoes of a dish-shaped leaf
attract bat pollinators. Science 333: 631-633. https://doi.
org/10.1126/science.1204210

Skinner JD, Chimimba CT (2005) The Mammals of the
Southern African Subregion. Third Edition. Cambridge
University Press, Cambridge, 1-815. https://doi.org/10.1017/
CB09781107340992

Song B-M, Lee C-H (2018) Toward a mechanistic understanding
of color vision in insects. Frontiers in Neural Circuits 12: 16.
https://doi.org/10.3389/fncir.2018.00016

Stevens M (2013) Sensory Ecology, Behaviour, and Evolution.
Oxford University Press, Oxford, 1-260. https://doi.
org/10.1093/acprof:0s0/9780199601776.001.0001

Stoddart DM (1980) The Ecology of Vertebrate Olfaction.
Chapman & Hall, London, 1-234. https://doi.
0rg/10.1007/978-94-009-5869-2

Stuart C, Stuart T, Pereboom V (2003) Aspects of the biology
of the Cape sengi, Elephantulus edwardii, from the Western
Escarpment, South Africa. Afrotherian Conservation 2: 2-4.

Thien LB, Kawano S, Latimer S, Devall MS, Rosso S, Azuma H,
Jobes D (1995) Fluorescent Magnolia flowers. Plant Species
Biology 10: 61-64. https://doi.org/10.1111/j.1442-1984.1995.
tb00121.x

Thorp RW, Briggs DL, Estes JR, Erickson EH (1975) Nectar
fluorescence under ultraviolet irradiation. Science 189: 476
477. https://doi.org/10.1126/science.189.4201.476

Thorp RW, Briggs DL, Estes JR, Erickson EH (1976) Response:
fluorescent nectar. Science 194: 342. https://doi.org/10.1126/
science.194.4262.342

This P, Lunau K, Wester P (2020) Colour vision in sengis
(Macroscelidea, Afrotheria, Mammalia): choice experiments
indicate dichromatism. Behaviour 157: 1127-1151. https://
doi.org/10.1163/1568539X-bjal0039

This P, Lunau K, Wester P (2022) Associative colour learning
and discrimination in the South African Cape rock
sengi Elephantulus edwardii (Macroscelidea, Afrotheria,
Mammalia). Mammalia 87: 166-171.  https://doi.
org/10.1515/mammalia-2022-0034

Toussaint SLD, Ponstein J, Thoury M, Métivier R, Kalthoff DC,
Habermeyer B, Guilard R, Bock S, Mortensen P, Sandberg S,
Gueriau P, Amson E (2022) Fur glowing under ultraviolet:
in situ analysis of porphyrin accumulation in the skin
appendages of mammals. Integrative Zoology 18: 15-26.
https://doi.org/10.1111/1749-4877.12655

Van der Kooi CJ, Dyer AG, Kevan PG, Lunau K (2019)
Functional significance of the optical properties of flowers
for visual signalling. Annals of Botany 123: 263-276. https://
doi.org/10.1093/aob/mcy119

van der Merwe I, Oosthuizen MK, Bennett NC, Chimimba CT
(2012) Circadian rhythms of locomotor activity in captive
eastern rock sengi. Journal of Zoology 286: 250-257. https://
doi.org/10.1111/}.1469-7998.2011.00875.x

von Helversen O, Winkler L, Bestmann HJ (2000) Sulphur-
containing ‘perfumes’ attract flower-visiting bats. Journal
of Comparative Physiology A 186: 143-153. https://doi.
0rg/10.1007/s003590050014

Wester P (2010) Sticky snack for sengis: the Cape rock
elephant-shrew, Elephantulus edwardii (Macroscelidea),
as a pollinator of the Pagoda lily, Whiteheadia bifolia
(Hyacinthaceae). Naturwissenschaften 97: 1107-1112.
https://doi.org/10.1007/s00114-010-0723-6

Wester P (2011) Nectar feeding by the Cape rock elephant-
shrew Elephantulus edwardii (Macroscelidea) — A primarily
insectivorous mammal pollinates the parasite Hyobanche
atropurpurea (Orobanchaceae). Flora 206: 997-1001. https://
doi.org/10.1016/j.flora.2011.05.010

Wester P, Cairampoma L, Haag S, Schramme J, Neumeyer C,
Claflen-Bockhoff R (2020) Bee exclusion in bird-pollinated
Salvia flowers: the role of flower color versus flower
construction. International Journal of Plant Sciences 181:
770-786. https://doi.org/10.1086/709132

Wester P, Clalen-Bockhoff R (2011) Pollination syndromes
of New World Salvia species with special reference to bird
pollination. Annals of the Missouri Botanical Garden 98:
101-155. https://doi.org/10.3417/2007035

Wester P, Johnson SD, Pauw A (2019) Scent chemistry is key
in the evolutionary transition between insect and mammal
pollination in African pineapple lilies. New Phytologist 222:
1624-1637. https://doi.org/10.1111/nph.15671

Wester P, Lunau K (2017) Plant-pollinator communication.
Advances in Botanical Research 82: 225-257. https://doi.
0rg/10.1016/bs.abr.2016.10.004

Wester P, Stanway R, Pauw A (2009) Mice pollinate the Pagoda
Lily, Whiteheadia bifolia (Hyacinthaceae) - First field
observations with photographic documentation of rodent
pollination in South Africa. South African Journal of Botany
75: 713-719. https://doi.org/10.1016/j.sajb.2009.07.005

Wester P, Jakobi ASN, Brithn P, Makiej A, Lam A-D T,
Niedzwetzki-Taubert T, Hartmann M, Zeier J, Lunau
K (2024) Non-flying mammal pollination in Massonia
grandiflora. South African Journal of Botany 165: 79-90.
https://doi.org/10.1016/j.sajb.2023.11.040

Westerkamp C (1997) Keel blossoms: bee flowers with
adaptations against bees. Flora 192: 125-132 https://doi.
0rg/10.1016/S0367-2530(17)30767-3

Zhang FP, Larson-Rabin Z, Li DZ, Wang H (2012) Colored
nectar as an honest signal in plant-animal interactions. Plant
Signaling & Behavior 7: 811-812. https://doi.org/10.4161/
psb.20645


https://doi.org/10.1086/337054
https://doi.org/10.2307/2387698
https://doi.org/10.2307/2387698
https://doi.org/10.1093/aob/mcn261
https://doi.org/10.1093/aob/mcn261
https://doi.org/10.1126/science.1204210
https://doi.org/10.1126/science.1204210
https://doi.org/10.1017/CBO9781107340992
https://doi.org/10.1017/CBO9781107340992
https://doi.org/10.3389/fncir.2018.00016
https://doi.org/10.1093/acprof:oso/9780199601776.001.0001
https://doi.org/10.1093/acprof:oso/9780199601776.001.0001
https://doi.org/10.1007/978-94-009-5869-2
https://doi.org/10.1007/978-94-009-5869-2
https://doi.org/10.1111/j.1442-1984.1995.tb00121.x
https://doi.org/10.1111/j.1442-1984.1995.tb00121.x
https://doi.org/10.1126/science.189.4201.476
https://doi.org/10.1126/science.194.4262.342
https://doi.org/10.1126/science.194.4262.342
https://doi.org/10.1163/1568539X-bja10039
https://doi.org/10.1163/1568539X-bja10039
https://doi.org/10.1515/mammalia-2022-0034
https://doi.org/10.1515/mammalia-2022-0034
https://doi.org/10.1111/1749-4877.12655
https://doi.org/10.1093/aob/mcy119
https://doi.org/10.1093/aob/mcy119
https://doi.org/10.1111/j.1469-7998.2011.00875.x
https://doi.org/10.1111/j.1469-7998.2011.00875.x
https://doi.org/10.1007/s003590050014
https://doi.org/10.1007/s003590050014
https://doi.org/10.1007/s00114-010-0723-6
https://doi.org/10.1016/j.flora.2011.05.010
https://doi.org/10.1016/j.flora.2011.05.010
https://doi.org/10.1086/709132
https://doi.org/10.3417/2007035
https://doi.org/10.1111/nph.15671
https://doi.org/10.1016/bs.abr.2016.10.004
https://doi.org/10.1016/bs.abr.2016.10.004
https://doi.org/10.1016/j.sajb.2009.07.005
https://doi.org/10.1016/j.sajb.2023.11.040
https://doi.org/10.1016/S0367-2530(17)30767-3
https://doi.org/10.1016/S0367-2530(17)30767-3
https://doi.org/10.4161/psb.20645
https://doi.org/10.4161/psb.20645

