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o Floral color change during anthesis has been documented in many angiosperms
and is widely regarded as a visual signal influencing pollinator visitation. Neverthe-
less, direct empirical evidence remains scarce, and no study has demonstrated that
color change confined to floral organs other than petals or sepals is associated
with pollinator visitation patterns.

e We investigated pistil color change in Saxifraga fortunei by assessing its association
with pollinator activity in natural populations and laboratory hand-pollination and
wounding experiments. We also surveyed floral morphology in closely related taxa
through field observations, literature review, and online image databases.

e In S. fortunei, pistils often changed from yellow to red after pollination, and
reddened pistils consistently showed pollen tubes reaching the ovules, whereas
yellow pistils often exhibited incomplete or absent pollen tube growth. Field
observations showed that hoverflies and honeybees visited only flowers with yel-
low pistils, a pattern suggesting that pistil color change underlies reduced visita-
tion following pollination and may enhance pollination efficiency. Comparative
surveys revealed that similar pistil color change occurs in several related species,

suggesting that they may share the same pollination strategy as S. fortunei.
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1 | INTRODUCTION

The coloration of angiosperm flowers has evolved to align with the
sensory characteristics of their primary pollinators, most often insects
with species-specific visual systems, thereby enhancing pollinator
attraction (Fenster et al., 2004; van der Kooi et al., 2021). Because
pollinators visit flowers in search of rewards such as nectar and pollen,
floral coloration can enhance pollination efficiency by signaling the
location of these rewards (McEwen & Vamosi, 2010; van der Kooi
et al., 2019). Patterns of floral coloration vary among taxa, with some
species accentuating particular floral organs such as petals and the
gynoecium, whereas others exhibit color patterning (e.g., spots and
gradients) that directs pollinators toward reward sites (Kevan &
Backhaus, 1998; Leonard & Papaj, 2011; van der Kooi et al., 2019,
2021).

Another strategy for directing pollinator visitation toward fresh,
highly fertile, or unpollinated flowers is floral color change during
anthesis. Such changes are widespread among angiosperms: Flowers
initially present colors that attract pollinators and subsequently shift
to less attractive colors (Rezende et al., 2025; Weiss, 1995; Weiss &
Lamont, 1997). This shift is considered a mechanism that deters polli-
nators from visiting flowers whose reproductive capacity has declined
with age or that have already been pollinated (Weiss, 1995; Weiss &
Lamont, 1997). Floral color change can occur in different organs
depending on the species, including entire petals or sepals, localized
petal or sepal regions, the calyx, androecium, gynoecium, or combina-
tions of these structures (Ohashi et al., 2015; Weiss, 1995). Despite
the many species that exhibit floral color change, relatively few stud-
ies have shown through field observations or experimental manipula-
tion that these changes influence pollinator visitation patterns.
Moreover, most studies have focused on cases in which color change
occurs in petals or sepals, either alone or together with other organs
(e.g., Brito et al., 2015; Delph & Lively, 1985, 1989; Ida & Kudo, 2010;
Lim & Burns, 2024; Pereira et al., 2011; Santana et al., 2022). To date,
no study has shown that color change confined to a single floral organ
other than petals or sepals, such as the gynoecium, is associated with
pollinator visitation patterns.

In Saxifraga fortunei (Saxifragaceae), flowers with yellow pistils
and those with red pistils occur simultaneously on the same individual
during anthesis (Figure 1a). Previous work has reported frequent visi-
tation by hoverflies and honeybees (Negoro, 2005; Tanaka, 1983).

e Overall, our study provides the first empirical evidence that color change
restricted to the pistil is associated with changes in pollinator visitation and high-
lights previously overlooked roles of non-perianth floral organs in plant-pollinator
interactions. Further investigation is needed to clarify how this trait evolved and

diversified among related taxa.

floral color change, pistil color change, pistil reddening, pollinator visitation patterns, Saxifraga
fortunei, Saxifraga sect. Irregulares

Because hoverflies often prefer yellow and show low sensitivity to
longer red wavelengths (An et al., 2018; llse, 1949; Neimann
et al,, 2018; van der Kooi et al., 2021), S. fortunei may modulate polli-
nator visitation patterns through pistil color change. Accordingly, this
study aimed to determine (i) whether pistil color in S. fortunei changes
during anthesis and what factors trigger this change and (ii) whether
pistil color change is associated with pollinator visitation patterns.
Additionally, based on literature review, field observations, and online
surveys of floral morphology in related species, we discuss how the
focal species may have evolved pistil color change as a mechanism for

regulating pollinator visitation.

2 | MATERIALS AND METHODS

21 | Study species and study sites

S. fortunei s.l. (Saxifragaceae) is a perennial herb widely distributed
across East Asia and classified within sect. Irregulares, which is charac-
terized by zygomorphic flowers (Magota, Sakaguchi, Lee, et al., 2021;
Pan et al, 2001; Tkach et al., 2015; Wakabayashi, 2001; Zhang
et al., 2020). Although several infraspecific taxa have been described
based on morphology, habitat preference, and related traits
(Hara, 1935; Nakai, 1938, 1953; Wakabayashi, 2001), many of them
do not reflect genetic relationships, and taxonomic boundaries remain
unresolved (Magota, Sakaguchi, Lee, et al., 2021).

S. fortunei var. suwoensis occurs in riparian habitats in Japan and is
characterized by orbicular leaves with a cordate base that are pal-
mately divided into five to seven lobes (Nakai, 1953;
Wakabayashi, 2001; Fujii et al, 2020; Magota, Sakaguchi, Lee,
et al., 2021; Figure 1a). Field surveys were conducted each October
from 2023 to 2025 in a natural flowering population of S. fortunei var.
suwoensis (hereafter S. fortunei) in the Tanjo Mountains, Kita-ku,
Kobe-shi, Hyogo Prefecture, Japan (34°47'N, 135°11’E). The site is a
temperate broad-leaved secondary forest along a stream at approxi-
mately 500-m elevation in a rhyolitic region. Plants grow on exposed
rhyolite or shallow soil over bedrock, and about 1000 individuals
flower annually from late September to early November. Laboratory
experiments, including pollination treatments, used three individuals
cultivated in an incubator (12 h light at 20°C; 12 h dark at 15°C) and
20 individuals grown to flowering in an unheated greenhouse.
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FIGURE 1 Saxifraga fortunei var. suwoensis and its pollinators. (a) Flowering plant. (b) Close-up of the inflorescence showing both yellow and
red pistils. (c) Flower in the male phase. (d) Yellow pistil with immature stigmas (male phase). (e) Yellow pistil with mature stigmas (female phase).
(f) Red pistil with mature stigmas (female phase). (g) Green, immature fruits. (h, i) Episyrphus balteatus visiting a flower. (j) Eupeodes corollae visiting
a flower. Scale bars: 3 cm (a), 1 cm (b, ), 3 mm (d-g), and 5 mm (h-j). Photographs by Kazuma Takizawa.

2.2 | Plant phenology and pistil color change
Although S. fortunei is expected to exhibit pistil color change during
anthesis, its flowering phenology and the timing of color transitions
have not been described in detail. Between 15 and 28 October
2023, we monitored flowering from anthesis to early fruit develop-
ment in wild plants from the study population and in cultivated
individuals grown under controlled conditions, documenting sequen-
tial changes in floral traits and coloration. We also assessed the
distribution of pollinator-visible ultraviolet reflectance across floral
organs in cultivated plants using a modified camera. Images were
obtained with a Sony NEX-5 (Sony, Japan) from which the low-pass
filter had been removed, equipped with an SEL30M35 E
30-mm F3.5 Macro lens (Sony, Japan) and a UV-pass filter transmit-
ting only 320- to 380-nm light (Baader U-Venus Filter, Baader
Planetarium, Germany).

To test whether pollination is associated with pistil color change,
on 24 October 2024 and 21 October 2025, we randomly collected
16 flowers with yellow pistils and 16 flowers with red pistils from

wild plants during the female phase and fixed them in FAA (60%

ethanol:formalin:acetic acid = 90:5:5). Pistils were excised, softened
in 1 M KOH at 60°C for 30 min, rinsed twice in distilled water, and
stained with 0.1% aqueous aniline blue for 1.5 h at room tempera-
ture. Stained pistils were mounted in 50% glycerol, and pollen tube
growth was examined using the squash method under a fluores-
cence microscope (BX-60, Olympus Corporation, Japan). Among
16 flowers with yellow pistils, we examined 11 flowers in which pol-
len grains were confirmed on the stigma under microscopic observa-
tion. The remaining five flowers with yellow pistils lacked pollen
grains on the stigma and were therefore not assessed for pollen
tubes (Dataset S2).

2.3 | Pollinator observations

Pollinator identification and behavioral observations were conducted
in the natural study population described above during October 2023,
2024, and 2025, on six non-rainy days between 10:00 and 16:00,
totaling 12.5 h (Dataset S1). Insects visiting S. fortunei flowers were

collected and examined for pollen on their body surfaces. The
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was recorded on video for 2656 and 42 s, respectively. The total
video duration exceeded the summed visitation time because it
included intervals when insects were absent from flowers or moving
between flowers. Recordings were made at 30 fps using one of the
following devices: OM-D E-M5 Mark Il (OM Digital Solutions, Japan)
with M. Zuiko Digital ED 12- to 100-mm F4.0 IS PRO (OM Digital
Solutions, Japan), OLYMPUS Tough TG-6 (OM Digital Solutions,
Japan), iPhone 16 Pro (Apple Inc., United States), or iPhone 13 (Apple
Inc., United States). A visit was defined as an insect remaining on the
same flower for at least 1 s. Pollinator preference for flowers with yel-
low versus red pistils was assessed using 80 hoverfly visits and
10 honeybee visits, and deviations from equal preference were tested
using binomial tests. Because honeybee visits were infrequent during
the observation periods, the number and duration of honeybee
recordings were limited relative to those of hoverflies. Using hoverfly
residence times on male- and female-phase flowers with yellow pistils
(58 and 22 visits, respectively), differences between sexual phases
were evaluated using Welch's t-test.

24 | Hand-pollination and wounding treatments

Floral color change may be induced by pollination, senescence, or
other physiological processes (lda & Kudo, 2010; Ram &
Mathur, 1984; Santana et al., 2022; Zhang et al., 2012). Anthocyanins,
which contribute to red pigmentation in floral tissues, are also synthe-
sized in response to stresses such as herbivory, pathogen attack, high
light, and drought (Chalker-Scott, 1999; Gould, 2004; Steyn
et al., 2002). To identify factors responsible for pistil color change in
S. fortunei, hand-pollination and wounding experiments were
performed from 11 October to 2 December 2024 and from
15 October to 12 December 2025. Flowers that opened in the incu-
bator or greenhouse were assigned to one of the following treat-
ments: (i) hand cross-pollination (pollen from a different individual
applied to female-phase flowers after anther removal; n = 25),
(i) hand self-pollination (pollen from the same individual applied after
anther removal; n = 33), (iii) emasculation (anthers removed without
pollination; n = 12), (iv) wounding during the male phase (the pistil or
nectary disk pricked with a needle; n = 5), (v) wounding during the
female phase (the pistil or nectary disk pricked; n = 5), and (vi) control
(no treatment from anthesis to senescence; n = 88). Flowers were
examined daily for pistil color change, which was categorized as
strong reddening (the entire pistil uniformly deep red), weak redden-
ing (the entire pistil reddened but pale and retaining a greenish com-
ponent), or reddening restricted to the nectary disk (reddening
confined to the nectary disk only). Greenhouse plants were enclosed
with nets to exclude insect visitors. For treatments (i) and (ii), flowers
that failed to set fruit were excluded. For treatments (jii) to (vi),
flowers exhibiting reddening were examined for pollen tube growth,
and those with pollen tubes were excluded because accidental pollina-

tion was inferred.

2.5 | Floral morphology and pistil color change in
related species

In addition to S. fortunei var. suwoensis, we examined other infraspe-
cific taxa and closely related species, particularly within sect. Irregu-
lares, through literature review, field observations, and online image
databases.

For each taxon, we recorded petal color and pattern, pistil color
at anthesis, the presence or absence of pistil color change and the
resulting color, the frequency and timing of color change, and capsule
coloration. We primarily consulted taxonomic monographs and
regional floras, supplemented by species-specific publications.
Because information on petal pattern and pistil coloration was often
limited, we inferred these traits from figures and photographs when
available. For several species, we conducted direct field observations.
We also examined photographs associated with records in the citizen
science database iNaturalist (https://www.inaturalist.org) and the
Plant Photo Bank of China (PPBC; https://ppbc.iplant.cn). For taxa
exhibiting pistil color change, we classified it as “common” when
most flowers within an inflorescence exhibited color change and as
“rare” when color change was exceptional, often limited to a single

pistil.

3 | RESULTS

3.1 | Plant phenology and pistil color change
Observations showed that S. fortunei produces protandrous, hermaph-
roditic flowers (Figure 1a-c). Pollen is released at anthesis during the
male phase (Figure 1d), after which the stigma matures and becomes
receptive in the female phase (Figure 1e). All pistils were yellow at the
onset of anthesis (Figure 1d). Although stigma maturation occurred
while pistils remained yellow (Figure 1e), some pistils turned red only
after stigma maturation (Figure 1f). As petals and stamens senesced
and fruit development began, the red coloration faded and pistils
turned green (Figure 1g). Ultraviolet imaging showed that yellow pis-
tils were UV-reflective throughout both sexual phases (Figure S1a,b),
whereas red pistils were UV-absorbing (Figure S1c). In both the visible
and ultraviolet wavelength ranges, no color change was detected in
any floral organ other than the pistil, and petals showed no conspicu-
ous patterning (Figure S1).

Among pistils collected from the natural population, pollen tube
growth was detected in seven of 11 yellow pistils, and in five of these
cases, pollen tubes reached the ovules (Dataset S2). In contrast, all red
pistils (n = 16) showed pollen tube growth, with pollen tubes reaching
the ovules. The degree of pistil reddening varied markedly among indi-
viduals (Dataset S2). Some pistils exhibited intense reddening across
the entire pistil (Figure 2a), others showed weak overall reddening
(Figure 2b), and some displayed reddening restricted to the nectary
disk while other tissues turned green (Figure 2c). These patterns were

generally consistent within individuals.
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FIGURE 2 Variation in the degree of pistil reddening in Saxifraga fortunei var. suwoensis. (a) Pistil showing strong overall reddening. (b) Pistil
showing weak overall reddening. (c) Pistil with reddening restricted to the nectary disc. Scale bars: 3 mm. Photographs by Kazuma Takizawa.
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3.2 | Pollinators and their behaviors

In the natural population, the main floral visitors were Episyrphus bal-
teatus (Figure 1h,i; >50 individuals), Eupeodes corollae (Figure 1j; >10
individuals), and Apis cerana japonica (n = 5), indicating that hoverflies,
and possibly honeybees, function as the primary pollinators of
S. fortunei, 2005;

Tanaka, 1983). These insects fed on pollen and lapped nectar, and pol-

consistent with earlier studies (Negoro,
lination occurred when pollen adhering to their bodies contacted the
stigma (Figure 1h-j). Honeybees were also observed actively collect-

ing pollen.

Flowers with a red pistils

Hoverflies and honeybees made 80 and 10 visits, respectively
(Dataset S3). Total visitation time was 1226 s for hoverflies and 17 s
for honeybees, reflecting relatively infrequent honeybee visitation
during the observation periods. All recorded visits were to flowers
with yellow pistils, and none were observed on flowers with red pistils
(Figure 3). Binomial tests showed that visitation by both hoverflies
and honeybees was strongly biased toward flowers with yellow pistils
(p <.001 and p < .01, respectively). Among flowers with yellow pistils,
hoverfly residence time per visit did not differ between male- and
female-phase flowers (p > .05; Figure 3). Although honeybees were

recorded less frequently and for shorter durations than hoverflies, the
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consistent absence of visits to flowers with red pistils suggests that
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honeybee visitation is also likely biased toward flowers with yellow
pistils. However, the limited number and duration of honeybee obser-
vations constrain direct comparisons of their overall pollination contri-

bution with that of hoverflies.

3.3 | Breeding system and probable trigger for
pistil color change

Hand-pollination experiments demonstrated that S. fortunei sets fruit
following both self- and cross-pollination and that pollination is required
for fruit production (Dataset S4). In the self- and cross-pollination treat-
ments, 87.9% (29/33) and 72.0% (18/25) of pistils reddened, respec-
tively. As in the natural population (Figure 2), substantial inter-individual
variation was observed, including strong reddening (11/58), weak red-
dening (6/58), reddening restricted to the nectary disk (30/58), and pis-
tils that did not redden despite successful fruit set but instead remained
yellow during anthesis and later turned green (11/58).

In contrast, in treatments without pollination (emasculation,
wounding, and control), pistils generally did not redden before floral
senescence. Reddening restricted to the nectary disk occurred only
rarely in unpollinated flowers (1/5 flowers in the female-phase
wounding treatment and 13/88 flowers in the control group). All such
cases lacked pollen tube growth and failed to produce fruit.

3.4 | Floral morphology and pistil color change in
related species

S. fortunei var. suwoensis bears yellow pistils at anthesis that often turn
red after pollination and later become green during fruit development
(Figures 1d-g and 4a,e). In the alpine populations we examined, pistils
of S. fortunei var. alpina remained red after petal abscission and
throughout fruit maturation (Figure 4b,f and Table S1). Observations
of a cultivated population at approximately 800-m elevation in the
Rokko Alpine Botanical Garden, together with literature review and
iNaturalist records, further indicate that var. alpina includes individuals
with green capsules, as in var. suwoensis, as well as individuals whose
capsules remain red (Figure 4c,g).

Across other species within sect. Irregulares, as well as related
sections and genera, floral traits varied widely, particularly in petal
patterning, pistil coloration, and the presence or absence of pistil color
change (Figure 4 and Table S1). Most members of sect. Irregulares
have white petals and yellow pistils at anthesis, but the occurrence of
petal spots and pistil color change varies among species. Where pistil
color change occurs, the most common transition is from yellow to
red and typically occurs in most flowers within an inflorescence. In
contrast, S. cortusifolia var. cortusifolia showed pistil reddening only
rarely, and several species exhibited shifts to other colors or no pistil
color change (Figure 4).

Species sharing the distinctive combination observed in

S. fortunei, namely, white, unspotted petals and frequent pistil

reddening from yellow to red, were identified within sect. Irregulares,
including S. rufescens and S. serotina. Similar trait combinations were
also observed in actinomorphic species from other sections or genera,

such as S. mertensiana and Micranthes occidentalis (Table S1).

4 | DISCUSSION

4.1 | Possible triggers of pistil color change

Field and laboratory observations showed that in S. fortunei the pistil
often changes from vyellow to red after successful pollination
(Figure 1). Pollen tubes reached the ovules in all reddened pistils,
whereas pollen tube progression in yellow pistils was variable. This
pattern suggests that pistil reddening is triggered after pollen tubes
reach the ovules and possibly after fertilization. Although reddening
was generally induced by pollination, weak reddening occurred in a
few unpollinated pistils. Because anthocyanins, the main red pig-
ments, are also produced in response to stress factors such as herbiv-
ory, pathogen attack, high light, and drought (Chalker-Scott, 1999;
Gould, 2004; Steyn et al., 2002), slight reddening in unpollinated pis-
tils might reflect stress-induced responses.

The degree of reddening varied markedly among individuals, rang-
ing from intense coloration across the entire pistil to faint or localized
reddening, or nearly no reddening despite successful fruit set.
Because individuals tended to show consistent patterns, this variation
likely reflects environmental conditions or genetic background (Farzad
et al., 2003; Fukada-Tanaka et al., 2000; Jabbari et al., 2013; Parrish
et al., 2024). Consistent differences among infraspecific taxa within
the S. fortunei complex, such as prolonged pistil reddening in alpine
S. fortunei var. alpina (Figure 4b,f and Table S1), further suggest that
environmental or genetic factors modulate the extent of color change.
The extent of this variation should be assessed across additional
populations of S. fortunei var. suwoensis and other infraspecific taxa.
Elucidating the molecular and physiological mechanisms underlying
pistil color change in S. fortunei, as well as the sources of individual

variation, remains an important topic for future research.

4.2 | Adaptive significance of pistil color change

Our field observations and experiments show that pistil color change in
S. fortunei is closely linked to pollination status and associated with
shifts in pollinator visitation, with implications for reproductive effi-
ciency. Pistils are yellow during anthesis and the receptive female
phase and often turn red only after successful pollination and pollen
tube growth to the ovules (Figure 1d-f), accompanied by a shift from
UV-reflective to UV-absorbing (Figure S1). Hoverflies and honeybees,
the pollinators in the study population, visited only flowers with yellow
pistils and avoided those with red pistils. Because our visitation data
are observational, we cannot exclude the possibility that nonvisual
cues, such as floral scent or variation in reward availability, also contrib-

ute to this visitation bias. In densely flowering S. fortunei, it will be
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FIGURE 4 Floral morphology of Saxifraga fortunei and closely related species in sect. Irregulares. (a, €) S. fortunei var. suwoensis; a reddened
pistil is indicated by the arrow in (e). (b, f) S. fortunei var. alpina from an alpine population; reddened pistils are indicated by arrows in (f). (c, g)

S. fortunei var. alpina from a cultivated population; a reddened pistil is indicated by the arrow in (g). (d, h) S. acerifolia; reddened pistils are
indicated by the arrow in (h). (i, m) S. sendaica; pistils show no color change during flowering. (j, n) S. cortusifolia var. cortusifolia; localized
reddening is indicated by the arrow in (n). (k, 0) S. stolonifera; pistils show no color change during flowering. (I, p) S. nipponica; a pistil that turned
green is indicated by the arrow in (p). Photographs by Kazuma Takizawa (a, b, d-f, h-p) and Rokko Alpine Botanical Garden (c, g).
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important to evaluate how such cues interact with visual signals to

influence pollinator behavior (Raguso, 2008). In our experiments, red-
dening occurred primarily after pollination and pollen tube arrival at the
ovules, suggesting that pistil color can act as a post-pollination cue that
concentrates visitation on flowers still capable of seed set.

Most previous studies of floral color change have focused on
petals, with fewer examining changes in the androecium or gynoe-
cium. One of the few examples is Tibouchina (Melastomataceae), in
which coordinated color change in petals, stamens, and style directs
pollinators toward unpollinated flowers (Brito et al., 2015; Pereira
et al, 2011). In contrast, to our knowledge, no previous study has
demonstrated that color change restricted solely to the pistil during
anthesis is associated with pollinator visitation. By linking pistil red-
dening with pollen tube arrival at ovule and pollinator visitation pat-
terns in S. fortunei, this study highlights the functional importance of
color change in floral organs beyond petals or sepals.

Floral color change occurs across diverse angiosperm lineages but
is neither universal nor common (Ohashi et al, 2015; Ruxton &
Schaefer, 2016; Weiss & Lamont, 1997). It entails substantial physiolog-
ical costs, including pigment biosynthesis, pH regulation, and mainte-
nance of floral tissues (Ashman & Schoen, 1994; Rezende et al., 2025).
Many plants instead abscise old or pollinated flowers, thereby directing
pollinator visitation toward newly opened ones (Ashman &
Schoen, 1994). One hypothesis is that some species retain nonfunc-
tional flowers because doing so enhances long-distance attraction,
given that insects have limited spatial resolution and must approach
closely to resolve small floral displays (Chittka & Raine, 2006; de Ibarra
et al., 2015; Rigosi et al., 2017). Consistent with this idea, several stud-
ies have suggested or demonstrated that retaining older flowers
increases floral display size and pollinator attraction, particularly in spe-
cies with a single inflorescence (Brito et al., 2015; Gori, 1989; Kudo
et al., 2007; Oberrath & Bohning-Gaese, 1999; Weiss, 1991).

However, frequent visitation to nonfunctional flowers reduces
reproductive efficiency by diverting pollinators away from rewarding
flowers. Once pollinators approach closely enough to discriminate
color differences, they preferentially visit rewarding flowers that have
not yet undergone color change (Chittka & Raine, 2006; Reverté
et al., 2016; van der Kooi et al., 2021). In S. fortunei, dense clusters of
white flowers create a conspicuous display, whereas pistil color
change from yellow to red, accompanied by a shift from UV-reflective
to UV-absorbing, is associated with increased visitation to unpolli-
nated flowers that still offer rewards. These findings align with theo-
retical predictions that floral color change can offset the costs of

retaining nonfunctional flowers while maintaining a large floral display.

4.3 | Possible origin of pistil color change

Our finding that pistil color change in S. fortunei is associated with pol-
linator visitation raises questions about the origin and function of this
trait in related taxa. Our survey indicates that pistil reddening is wide-
spread in Saxifraga, particularly within sect. Irregulares, but varies sub-

stantially in frequency, intensity, and timing among species (Figure 4

and Table S1). Although earlier studies did not report pistil reddening
in S. cortusifolia var. cortusifolia (sect. Irregulares) (Shin et al., 2022;
Siebold & Zuccarini, 1845; Wakabayashi, 2001), our observations
revealed rare and localized reddening during anthesis in this species
(Figure 4n and Table S1). This finding suggests that even species lack-
ing conspicuous pistil reddening may express this trait under certain
conditions.

Because anthocyanins, commonly involved in floral color change,
enhance tolerance to environmental stresses such as strong light,
drought, and pathogen attack (Chalker-Scott, 1999; Gould, 2004;
Steyn et al., 2002), pistil reddening in Saxifraga may have originated or
been maintained primarily as a protective response that shields ovules
and developing seeds from abiotic stress. Such a preexisting stress-
response mechanism could subsequently have been co-opted as a
visual signal influencing pollinator visitation when ecological condi-
tions favored this functional shift. In this context, pistil color change in
S. fortunei may represent a secondary use of a stress-related physio-
logical response.

Within Saxifraga sect. Irregulares, characterized by zygomorphic
flowers, species sharing the distinctive combination observed in
S. fortunei, namely, patternless white petals and frequent pistil redden-
ing from yellow to red, including S. rufescens and S. serotina, are likely
candidates for similar shifts in pollinator visitation (Balfour, 1916; Pan
et al,, 2001; Zhang et al., 2020; Zhu et al., 2023; Dey et al., 2025;
Table S1). Similar combinations of petal coloration and pistil color
change also occur in actinomorphic taxa in other sections, such as
S. mertensiana (sect. Heterisia), and in related genera, including
M. occidentalis (Watson, 1888; Aiken et al., 2007; Brouillet &
Elvander, 2009; Table S1). Because insects have limited spatial resolu-
tion, petal spots are thought to contribute more to guiding pollinator
behavior at close range than to long-distance attraction (de lbarra
et al., 2015; Rigosi et al., 2017). Given that pistil color change in
S. fortunei is associated with shifts in visitor behavior at close range
within an inflorescence, the presence of prominent petal spots in
related species could reduce reliance on pistil-based signaling com-
pared with species lacking such patterning. By contrast, in species
such as S. acerifolia, which bear only small and inconspicuous petal
spots, a similar strategy may be feasible (Wakabayashi, 1973, 2001;
Magota et al., 2018; Magota, Sakaguchi, Hirota, et al., 2021; Magota,
Sakaguchi, Lee, et al., 2021; Enomoto et al., 2024; Figure 4d,h). Future
studies should assess how widespread visitation shifts associated with
pistil color change are within sect. Irregulares, other sections of

Saxifraga, and related genera.

5 | CONCLUSION

This study demonstrates that pistil color change in S. fortunei is closely
associated with pollinator visitation patterns. A rapid transition from
yellow to red coincided with strongly reduced visitation to flowers
with reddened pistils, while maintaining a conspicuous floral display,
thereby potentially enhancing pollination efficiency. Experimental

results show that reddening is associated with pollen tubes reaching
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the owvules, linking visual signaling with reproductive development.
Comparative observations in related taxa suggest that similar systems
may be more widespread than previously recognized. These findings
expand current understanding of floral color change and highlight the
important role of non-perianth floral organs in shaping plant-

pollinator interactions.

AUTHOR CONTRIBUTIONS

Kazuma Takizawa and Kenji Suetsugu conceived and designed the
study. Kazuma Takizawa and Masayasu Furukawa conducted field-
work and laboratory experiments. Kazuma Takizawa performed litera-
ture review and online database searches. Kazuma Takizawa and Kenji
Suetsugu drafted the initial manuscript. All authors revised the manu-

script and approved the final version for submission.

ACKNOWLEDGMENTS

We thank Takahiro Kimoto, Kazuki Inui, Itsuki Taniguchi, and Kento
Yagiuchi for their invaluable support during fieldwork. We also
thank Junya Urazumi for assistance with pollinator identification in
S. fortunei. We are grateful to the Rokko Alpine Botanical Garden and
Koki Yanagihara for providing information on S. fortunei and its related

species.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
Additional supporting information is available online in the Supporting

Information.

ORCID

Kazuma Takizawa "= https://orcid.org/0009-0005-8313-4761

Keniji Suetsugu "= https://orcid.org/0000-0002-7943-4164

REFERENCES

Aiken, S. G., Dallwitz, M. J., Consaul, L. L., McJannet, C. L., Boles, R. L.,
Argus, G. W,, Gillett, J. M., Scott, P. J., Elven, R., LeBlanc, M. C,,
Gillespie, L. J., Brysting, A. K., Solstad, H., & Harris, J. G. (2007). Flora
of the Canadian Arctic Archipelago: Descriptions, illustrations, identifica-
tion, and information retrieval. NRC Research Press, National Research
Council of Canada.

An, L., Neimann, A., Eberling, E., Algora, H., Brings, S., & Lunau, K. (2018).
The yellow specialist: Dronefly Eristalis tenax prefers different yellow
colours for landing and proboscis extension. Journal of Experimental
Biology, 221, jeb184788. https://doi.org/10.1242/jeb.184788

Ashman, T.-L., & Schoen, D. J. (1994). How long should flowers live?
Nature, 371, 788-791. https://doi.org/10.1038/371788a0

Balfour, B. (1916). Saxifrages of the Diptera section, with description of
new species. Transactions of the Botanical Society of Edinburgh, 27, 65-
75. https://doi.org/10.1080/03746601609468463

Brito, V. L. G., Weynans, K., Sazima, M., & Lunau, K. (2015). Trees as
huge flowers and flowers as oversized floral guides: The role of
floral color change and retention of old flowers in Tibouchina pulchra.
Frontiers in Plant Science, 6, 362. https://doi.org/10.3389/fpls.2015.
00362

Brouillet, L., & Elvander, P. E. (2009). Saxifraga. In Flora of North America
Editorial Committee (Eds.). In Flora of North America, Volume

g}%— ts People Planet ”'Pf”‘J—9

8 Magnoliophyta: Paeoniaceae to Ericaceae (pp. 132-146). Oxford Uni-
versity Press.

Chalker-Scott, L. (1999). Environmental significance of anthocyanins in
plant stress responses. Photochemistry and Photobiology, 70, 1-9.
https://doi.org/10.1111/j.1751-1097.1999.tb01944.x

Chittka, L., & Raine, N. E. (2006). Recognition of flowers by pollinators.
Current Opinion in Plant Biology, 9, 428-435. https://doi.org/10.1016/
j.pbi.2006.05.002

de Ibarra, N. H., Langridge, K. V., & Vorobyev, M. (2015). More than colour
attraction: Behavioural functions of flower patterns. Current Opinion in
Insect Science, 12, 64-70. https://doi.org/10.1016/j.cois.2015.09.005

Delph, L. F., & Lively, C. M. (1985). Pollinator visits to floral colour phases
of Fuchsia excorticata. New Zealand Journal of Zoology, 12, 599-603.
https://doi.org/10.1080/03014223.1985.10428309

Delph, L. F., & Lively, C. M. (1989). The evolution of floral color change:
Pollinator attraction versus physiological constraints in Fuchsia excorti-
cata. Evolution, 43, 1252-1262. https://doi.org/10.1111/j.1558-5646.
1989.th02572.x

Dey, S., Barbhuiya, H. A., Khiamniungan, T. M., Moaakum, & Jing, |. (2025).
Saxifraga rufescens var. rufescens (Saxifragaceae): A new addition to
the flora of India. Feddes Repertorium, 136, 152-155. https://doi.org/
10.1002/fedr.70007

Enomoto, H., Sakamoto, H., Hasuura, Y., Okawa, S., & Kobayashi, S.
(2024). Habitat and population records of Saxifraga acerifolia Waka-
bayashi et Satomi confirmed in Fukui Prefecture (2013-2023)
(in Japanese). Ciconia (Bulletin of Fukui Nature Conservation Center), 27,
173-184.

Farzad, M., Griesbach, R., Hammond, J., Weiss, M. R., & Elmendorf, H. G.
(2003). Differential expression of three key anthocyanin biosynthetic
genes in a color-changing flower, Viola cornuta cv. yesterday, today
and tomorrow. Plant Science, 165, 1333-1342. https://doi.org/10.
1016/j.plantsci.2003.08.001

Fenster, C. B., Armbruster, W. S., Wilson, P., Dudash, M. R., &
Thomson, J. D. (2004). Pollination syndromes and floral specialization.
Annual Review of Ecology, Evolution, and Systematics, 35, 375-403.
https://doi.org/10.1146/annurev.ecolsys.34.011802.132347

Fuijii, S., Tokuoka, Y., & Maki, M. (2020). Leaf morphology of Saxifraga for-
tunei var. obtusocuneata and var. suwoensis (Saxifragaceae). Acta Phyto-
taxonomica et Geobotanica, 71, 231-242. https://doi.org/10.18942/
apg.202001

Fukada-Tanaka, S., Inagaki, Y., Yamaguchi, T., Saito, N., & lida, S. (2000).
Colour-enhancing protein in blue petals. Nature, 407, 581. https://doi.
org/10.1038/35036683

Gori, D. F. (1989). Floral color change in Lupinus argenteus (Fabaceae):
Why should plants advertise the location of unrewarding flowers to
pollinators? Evolution, 43, 870-881. https://doi.org/10.1111/j.1558-
5646.1989.tb05184.x

Gould, K. S. (2004). Nature's Swiss army knife: The diverse protective roles
of anthocyanins in leaves. Journal of Biomedicine and Biotechnology,
2004, 314-320. https://doi.org/10.1155/51110724304406147

Hara, H. (1935). Preliminary report on the flora of southern Hidaka, Hok-
kaidd (Yezo) v. Botanical Magazine, Tokyo, 49, 69-85. https://doi.org/
10.15281/jplantres1887.49.69

Ida, T. Y., & Kudo, G. (2010). Modification of bumblebee behavior by floral
color change and implications for pollen transfer in Weigela midden-
dorffiana. Evolutionary Ecology, 24, 671-684. https://doi.org/10.1007/
s10682-009-9324-2

lise, D. (1949). Colour discrimination in the dronefly, Eristalis tenax. Nature,
163, 255-256. https://doi.org/10.1038/163255a0

Jabbari, S. G., Davis, S. L., & Carter, E. J. (2013). Interaction between floral
color change and gender transition in the protandrous weed Saponaria
officinalis. Plant Species Biology, 28, 21-30. https://doi.org/10.1111/j.
1442-1984.2011.00352.x

Kevan, P. G., & Backhaus, W. G. K. (1998). Color vision: Ecology and evolu-
tion in making the best of the photic environment. In W. G. K.

85US017 SUOLULLIOD SAIERID 3ol dde 8y} Aq pauAoh 318 S3o1e YO ‘8sN JO S3IN 10} AReiq 7 8UIIUO AB]IA UO (SUOHIPUOD-PUE-SWISHLI0D" 3| 1M Afe.q U1 |UO//SANY) SUO IPUOD PUe swiid | 8U) 835 *[9202/50/20] U0 Ariqiaulluo Ao |im ‘AiseAIuN 3do Ag e6T0 '€ddd/200T 0T/10p/wod A | 1w Areiqiutjuo yduy/:sdny wo papeojumoq ‘0 ‘TT922.52


https://orcid.org/0009-0005-8313-4761
https://orcid.org/0009-0005-8313-4761
https://orcid.org/0000-0002-7943-4164
https://orcid.org/0000-0002-7943-4164
https://doi.org/10.1242/jeb.184788
https://doi.org/10.1038/371788a0
https://doi.org/10.1080/03746601609468463
https://doi.org/10.3389/fpls.2015.00362
https://doi.org/10.3389/fpls.2015.00362
https://doi.org/10.1111/j.1751-1097.1999.tb01944.x
https://doi.org/10.1016/j.pbi.2006.05.002
https://doi.org/10.1016/j.pbi.2006.05.002
https://doi.org/10.1016/j.cois.2015.09.005
https://doi.org/10.1080/03014223.1985.10428309
https://doi.org/10.1111/j.1558-5646.1989.tb02572.x
https://doi.org/10.1111/j.1558-5646.1989.tb02572.x
https://doi.org/10.1002/fedr.70007
https://doi.org/10.1002/fedr.70007
https://doi.org/10.1016/j.plantsci.2003.08.001
https://doi.org/10.1016/j.plantsci.2003.08.001
https://doi.org/10.1146/annurev.ecolsys.34.011802.132347
https://doi.org/10.18942/apg.202001
https://doi.org/10.18942/apg.202001
https://doi.org/10.1038/35036683
https://doi.org/10.1038/35036683
https://doi.org/10.1111/j.1558-5646.1989.tb05184.x
https://doi.org/10.1111/j.1558-5646.1989.tb05184.x
https://doi.org/10.1155/S1110724304406147
https://doi.org/10.15281/jplantres1887.49.69
https://doi.org/10.15281/jplantres1887.49.69
https://doi.org/10.1007/s10682-009-9324-2
https://doi.org/10.1007/s10682-009-9324-2
https://doi.org/10.1038/163255a0
https://doi.org/10.1111/j.1442-1984.2011.00352.x
https://doi.org/10.1111/j.1442-1984.2011.00352.x

TAKIZAWA ET AL

10 . ST

© | plang People Planet "Pj*—g}%@
Backhaus, R. Kliegl, & J. S. Werner (Eds.), Color vision: Perspectives from
different disciplines (pp. 163-184). De Gruyter. https://doi.org/10.
1515/9783110806984.163

Kudo, G., Ishii, H. S., Hirabayashi, Y., & Ida, T. Y. (2007). A test of the effect
of floral color change on pollination effectiveness using artificial inflo-
rescences visited by bumblebees. Oecologia, 154, 119-128. https://
doi.org/10.1007/s00442-007-0820-1

Leonard, A. S., & Papaj, D. R. (2011). “X* marks the spot: The possible ben-
efits of nectar guides to bees and plants. Functional Ecology, 25, 1293-
1301. https://doi.org/10.1111/j.1365-2435.2011.01885.x

Lim, G., & Burns, K. C. (2024). Conspicuous, green flowers are an honest
signal of nectar rewards in a bird-pollinated tree (Fuchsia excorticata,
Onagraceae). Plant Ecology, 225, 227-233. https://doi.org/10.1007/
s11258-023-01390-6

Magota, K., Sakaguchi, S., Akai, K., Isagi, Y., Murai, Y., & Setoguchi, H.
(2018). Genetic diversity of Saxifraga acerifolia and S. fortunei based on
nuclear and chloroplast microsatellite markers. Bulletin of the National
Museum of Nature and Science, Series B, Botany, 44, 85-96.

Magota, K., Sakaguchi, S., Hirota, S. K. Tsunamoto, Y., Suyama, Y.,
Akai, K., & Setoguchi, H. (2021). Comparative analysis of spatial
genetic structures in sympatric populations of two riparian plants, Saxi-
fraga acerifolia and Saxifraga fortunei. American Journal of Botany, 108,
680-693. https://doi.org/10.1002/2jb2.1644

Magota, K., Sakaguchi, S., Lee, J.-S., Yamamoto, M., Takahashi, D.,
Nagano, A. J., & Setoguchi, H. (2021). Phylogeographic analysis of Sax-
ifraga fortunei complex (Saxifragaceae) reveals multiple origins of mor-
phological and ecological variations in the Japanese Archipelago.
Molecular Phylogenetics and Evolution, 163, 107230. https://doi.org/
10.1016/j.ympev.2021.107230

McEwen, J. R., & Vamosi, J. C. (2010). Floral colour versus phylogeny in
structuring subalpine flowering communities. Proceedings of the Royal
Society B: Biological Sciences, 277, 2957-2965. https://doi.org/10.
1098/rspb.2010.0501

Nakai, T. (1938). Notes on some saxifragaceous plants from East Asia. The
Journal of Japanese Botany, 14, 223-234. https://doi.org/10.51033/
jiapbot.14_4_2072

Nakai, T. (1953). Opera phytologica novissima. Bulletin of the National Sci-
ence Museum, 33, 1-30.

Negoro, H. (2005). A survey of flower-visiting insects at Bijo-daira in the
mountainous zone of Mt. Tateyama region, Toyama Prefecture,
Hokuriku, Japan (in Japanese). Bulletin of the Toyama Science Museum,
28,1-11.

Neimann, A., An, L., & Lunau, K. (2018). The yellow specialist: Colour pref-
erences and colour learning of the hoverfly Eristalis tenax (Diptera:
Syrphidae). Entomologie Heute, 30, 27-44.

Oberrath, R., & Bohning-Gaese, K. (1999). Floral color change and the
attraction of insect pollinators in lungwort (Pulmonaria collina). Oecolo-
gia, 121, 383-391. https://doi.org/10.1007/s004420050943

Ohashi, K., Makino, T. T., & Arikawa, K. (2015). Floral colour change in the
eyes of pollinators: Testing possible constraints and correlated evolu-
tion. Functional Ecology, 29, 1144-1155. https://doi.org/10.1111/
1365-2435.12420

Pan, J.-T., Gornall, R. J., & Ohba, H. (2001). Saxifraga. In Z.-Y. Wu, P. H.
Raven, & D.-Y. Hong (Eds.), Flora of China, Volume 8: Brassicaceae
through Saxifragaceae (pp. 280-344). Science Press.

Parrish, S. B., Paudel, D., & Deng, Z. (2024). Transcriptome analysis of Lan-
tana camara flower petals reveals candidate anthocyanin biosynthesis
genes mediating red flower color development. G3 (Bethesda, Md.), 14,
jkad259. https://doi.org/10.1093/g3journal/jkad259

Pereira, A. C., da Silva, J. B., Goldenberg, R., Melo, G. A. R., & Varassin, |. G.
(2011). Flower color change accelerated by bee pollination in Tibou-
china (Melastomataceae). Flora, 206, 491-497. https://doi.org/10.
1016/j.flora.2011.01.004

Raguso, R. A. (2008). Start making scents: The challenge of integrating
chemistry into pollination ecology. Entomologia Experimentalis et

Applicata, 128, 196-207. https://doi.org/10.1111/j.1570-7458.2008.
00683.x

Ram, H. Y. M., & Mathur, G. (1984). Flower colour changes in Lantana
camara. Journal of Experimental Botany, 35, 1656-1662. https://doi.
org/10.1093/jxb/35.11.1656

Reverté, S., Retana, J., Gomez, J. M., & Bosch, J. (2016). Pollinators show
flower colour preferences but flowers with similar colours do not
attract similar pollinators. Annals of Botany, 118, 249-257. https://doi.
org/10.1093/aob/mcw103

Rezende, F. M., Rossi, M., & Furlan, C. M. (2025). Molecular control of
flower colour change in angiosperms. Plants, 14, 2185. https://doi.
org/10.3390/plants14142185

Rigosi, E., Wiederman, S. D., & O'Carroll, D. C. (2017). Visual acuity of the
honey bee retina and the limits for feature detection. Scientific Reports,
7,45972. https://doi.org/10.1038/srep45972

Ruxton, G. D., & Schaefer, H. M. (2016). Floral colour change as a potential
signal to pollinators. Current Opinion in Plant Biology, 32, 96-100.
https://doi.org/10.1016/j.pbi.2016.06.021

Santana, P. C., Raderschall, C. A, Rodrigues, R. M., Ellis, A. G, &
Brito, V. L. G. (2022). Retention of colour-changed flowers increases
pollinator attraction to Lantana undulata inflorescences. Flora, 296,
152152. https://doi.org/10.1016/j.flora.2022.152152

Shin, J.-S., Kim, Y.-I., Jung, E.-K,, Kim, J. H., Kim, B.-Y., & Kim, Y.-D. (2022).
Saxifraga cortusifolia (Saxifragaceae): A new record for the Korean flora
from Jejudo Island. Korean Journal of Plant Taxonomy, 52, 251-254.
https://doi.org/10.11110/kjpt.2022.52.4.251

Siebold, P. F., & Zuccarini, J. G. (1845). Florae Japonicae familiae
naturales, adjectis generum et specierum exemplis selectis. Sectio
prima. Plantae dicotyledoneae polypetalae. Abhandlungen Der
Mathematisch-Physikalischen Classe Der Kéniglich Bayerischen Akademie
Der Wissenschaften, 4, 109-204. https://doi.org/10.5962/bhl.title.
10718

Steyn, W. J., Wand, S. J. E, Holcroft, D. M., & Jacobs, G. (2002).
Anthocyanins in vegetative tissues: A proposed unified function in
photoprotection. New Phytologist, 155, 349-361. https://doi.org/10.
1046/j.1469-8137.2002.00482.x

Tanaka, C. (1983). Flower-visiting insects of Saxifragaceae (in Japanese).
Bulletin of the Toyama Biological Society (Toyamaken-Seibutsu-Gakkai
Kaishi), 23, 13-29.

Tkach, N., Roéser, M., Miehe, G., Muellner-Riehl, A. N., Ebersbach, J.,
Favre, A., & Hoffmann, M. H. (2015). Molecular phylogenetics, mor-
phology and a revised classification of the complex genus Saxifraga
(Saxifragaceae). Taxon, 64, 1159-1187. https://doi.org/10.12705/
646.4

van der Kooi, C. J,, Dyer, A. G., Kevan, P. G., & 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 Kooi, C. J.,, Stavenga, D. G., Arikawa, K., Belusi¢, G., & Kelber, A.
(2021). Evolution of insect color vision: From spectral sensitivity to
visual ecology. Annual Review of Entomology, 66, 435-461. https://doi.
org/10.1146/annurev-ento-061720-071644

Wakabayashi, M. (1973). On Saxifraga sect. Diptera of Japan, with descrip-
tion of a new species. Acta Phytotaxonomica et Geobotanica, 25, 154-
169. https://doi.org/10.18942/bunruichiri.KJO0001078111

Wakabayashi, M. (2001). Saxifraga L. In K. lwatsuki, D. E. Boufford, & H.
Ohba (Eds.), Flora of Japan llb (pp. 47-57). Kodansha.

Watson, S. (1888). Contributions to American botany. Proceedings of the
American Academy of Arts and Sciences, 23, 249-287. https://doi.org/
10.2307/20021520

Weiss, M. R. (1991). Floral colour changes as cues for pollinators. Nature,
354, 227-229. https://doi.org/10.1038/354227a0

Weiss, M. R. (1995). Floral color change: A widespread functional conver-
gence. American Journal of Botany, 82, 167-185. https://doi.org/10.
1002/j.1537-2197.1995.tb11486.x

85US017 SUOLULLIOD SAIERID 3ol dde 8y} Aq pauAoh 318 S3o1e YO ‘8sN JO S3IN 10} AReiq 7 8UIIUO AB]IA UO (SUOHIPUOD-PUE-SWISHLI0D" 3| 1M Afe.q U1 |UO//SANY) SUO IPUOD PUe swiid | 8U) 835 *[9202/50/20] U0 Ariqiaulluo Ao |im ‘AiseAIuN 3do Ag e6T0 '€ddd/200T 0T/10p/wod A | 1w Areiqiutjuo yduy/:sdny wo papeojumoq ‘0 ‘TT922.52


https://doi.org/10.1515/9783110806984.163
https://doi.org/10.1515/9783110806984.163
https://doi.org/10.1007/s00442-007-0820-1
https://doi.org/10.1007/s00442-007-0820-1
https://doi.org/10.1111/j.1365-2435.2011.01885.x
https://doi.org/10.1007/s11258-023-01390-6
https://doi.org/10.1007/s11258-023-01390-6
https://doi.org/10.1002/ajb2.1644
https://doi.org/10.1016/j.ympev.2021.107230
https://doi.org/10.1016/j.ympev.2021.107230
https://doi.org/10.1098/rspb.2010.0501
https://doi.org/10.1098/rspb.2010.0501
https://doi.org/10.51033/jjapbot.14_4_2072
https://doi.org/10.51033/jjapbot.14_4_2072
https://doi.org/10.1007/s004420050943
https://doi.org/10.1111/1365-2435.12420
https://doi.org/10.1111/1365-2435.12420
https://doi.org/10.1093/g3journal/jkad259
https://doi.org/10.1016/j.flora.2011.01.004
https://doi.org/10.1016/j.flora.2011.01.004
https://doi.org/10.1111/j.1570-7458.2008.00683.x
https://doi.org/10.1111/j.1570-7458.2008.00683.x
https://doi.org/10.1093/jxb/35.11.1656
https://doi.org/10.1093/jxb/35.11.1656
https://doi.org/10.1093/aob/mcw103
https://doi.org/10.1093/aob/mcw103
https://doi.org/10.3390/plants14142185
https://doi.org/10.3390/plants14142185
https://doi.org/10.1038/srep45972
https://doi.org/10.1016/j.pbi.2016.06.021
https://doi.org/10.1016/j.flora.2022.152152
https://doi.org/10.11110/kjpt.2022.52.4.251
https://doi.org/10.5962/bhl.title.10718
https://doi.org/10.5962/bhl.title.10718
https://doi.org/10.1046/j.1469-8137.2002.00482.x
https://doi.org/10.1046/j.1469-8137.2002.00482.x
https://doi.org/10.12705/646.4
https://doi.org/10.12705/646.4
https://doi.org/10.1093/aob/mcy119
https://doi.org/10.1093/aob/mcy119
https://doi.org/10.1146/annurev-ento-061720-071644
https://doi.org/10.1146/annurev-ento-061720-071644
https://doi.org/10.18942/bunruichiri.KJ00001078111
https://doi.org/10.2307/20021520
https://doi.org/10.2307/20021520
https://doi.org/10.1038/354227a0
https://doi.org/10.1002/j.1537-2197.1995.tb11486.x
https://doi.org/10.1002/j.1537-2197.1995.tb11486.x

TAKIZAWA ET AL

Weiss, M. R., & Lamont, B. B. (1997). Floral color change and insect polli-
nation: A dynamic relationship. Israel Journal of Plant Sciences, 45,
185-199. https://doi.org/10.1080/07929978.1997.10676683

Zhang, M.-H., Wang, C.-Y., Zhang, C., Zhang, D.-G,, Li, K.-G., Nie, Z.-L., &
Meng, Y. (2020). Phylogenetic relationships and biogeographic history
of the unique Saxifraga sect. Irregulares (Saxifragaceae) from eastern
Asia. Journal of Systematics and Evolution, 58, 958-971. https://doi.
org/10.1111/jse.12547

Zhang, Y.-W., Zhao, X.-N., Huang, S.-J., Zhang, L.-H., & Zhao, J.-M. (2012).
Temporal pattern of floral color change and time retention of post-
change flowers in Weigela japonica var. sinica (Caprifoliaceae). Journal
of Systematics and Evolution, 50, 519-526. https://doi.org/10.1111/j.
1759-6831.2012.00218.x

Zhu, Z., Chen, B., Chen, X., Tan, C., Luo, X., & Chen, S. (2023). New records
of angiosperm in Jiangxi Province (in Chinese). South China Forestry
Science, 51, 39-41. https://doi.org/10.16259/j.cnki.36-1342/5.2023.
05.008

(I):BBS?UIQRAL ants People Pbﬂ@t

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Takizawa, K., Furukawa, M., &
Suetsugu, K. (2026). The pistil as a traffic light: Yellow-to-red
color change likely influences pollinator visitation patterns in
Saxifraga fortunei (Saxifragaceae). Plants, People, Planet, 1-11.
https://doi.org/10.1002/ppp3.70193

85US017 SUOLULLIOD SAIERID 3ol dde 8y} Aq pauAoh 318 S3o1e YO ‘8sN JO S3IN 10} AReiq 7 8UIIUO AB]IA UO (SUOHIPUOD-PUE-SWISHLI0D" 3| 1M Afe.q U1 |UO//SANY) SUO IPUOD PUe swiid | 8U) 835 *[9202/50/20] U0 Ariqiaulluo Ao |im ‘AiseAIuN 3do Ag e6T0 '€ddd/200T 0T/10p/wod A | 1w Areiqiutjuo yduy/:sdny wo papeojumoq ‘0 ‘TT922.52


https://doi.org/10.1080/07929978.1997.10676683
https://doi.org/10.1111/jse.12547
https://doi.org/10.1111/jse.12547
https://doi.org/10.1111/j.1759-6831.2012.00218.x
https://doi.org/10.1111/j.1759-6831.2012.00218.x
https://doi.org/10.16259/j.cnki.36-1342/s.2023.05.008
https://doi.org/10.16259/j.cnki.36-1342/s.2023.05.008
https://doi.org/10.1002/ppp3.70193

	The pistil as a traffic light: Yellow‐to‐red color change likely influences pollinator visitation patterns in Saxifraga for...
	1  |  INTRODUCTION
	2  |  MATERIALS AND METHODS
	2.1  |  Study species and study sites
	2.2  |  Plant phenology and pistil color change
	2.3  |  Pollinator observations
	2.4  |  Hand‐pollination and wounding treatments
	2.5  |  Floral morphology and pistil color change in related species

	3  |  RESULTS
	3.1  |  Plant phenology and pistil color change
	3.2  |  Pollinators and their behaviors
	3.3  |  Breeding system and probable trigger for pistil color change
	3.4  |  Floral morphology and pistil color change in related species

	4  |  DISCUSSION
	4.1  |  Possible triggers of pistil color change
	4.2  |  Adaptive significance of pistil color change
	4.3  |  Possible origin of pistil color change

	5  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


