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Pattern of flower size variation along an altitudinal gradient differs between
Impatiens textori and Impatiens noli-tangere
Mitsuru Hattoria*, Yusuke Naganoa, Yoshinori Shinoharaa and Takao Itinoa,b

aDepartment of Biology, Faculty of Science, Shinshu University, Matsumoto, Nagano, Japan; bInstitute of Mountain Science, Shinshu University,
Matsumoto, Nagano, Japan

ABSTRACT
Studies of factors influencing spatial variation in flower size offer insights into floral evolution. We
investigated altitudinal variations in five flower dimensions of two native Japanese Impatiens
species (I. textori and I. noli-tangere) and their interactions with their faunal visitors. These two
species have similar floral traits, including flower shape, flowering time, and pollinator species; both
species are pollinated mainly by Bombus diversus. In I. textori, all measured flower dimensions were
negatively correlated with altitude. In contrast, in I. noli-tangere, no measured flower dimensions
correlated with altitude. Thus, the altitudinal pattern of flower size variation differed between these
congeneric co-habiting herbaceous plant species. The different patterns suggest that the factors
(e.g. altitudinal variations of abiotic factors) that cause variation of flower size differ between these
two Impatiens species even though focal species have similar floral traits (e.g. flower shape,
flowering time, and pollinator species).
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Introduction

Many recent studies have investigated factors (e.g. pollinator
distribution, plant community composition) influencing the
diversification and evolution of floral traits such as shape,
color, and scent (Van der Niet et al. 2014). In many ani-
mal-pollinated plants, evidence has accumulated that floral
diversification and adaptation occur in response to selection
by pollinators (Schemske & Bradshaw 1999; Whittall &
Hodges 2007; Pauw et al. 2009; Gómez et al. 2014; Nagano
et al. 2014; Kuriya et al. 2015). Although many floral adap-
tations have undoubtedly arisen under selection pressure by
pollinators, other selection agents also drive floral adaptation
(reviewed by Strauss &Whittall 2006). Indeed, pollinator and
non-pollinator agents often drive floral adaptation in differ-
ent directions (Armbruster et al. 1997; Strauss & Whittall
2006). Therefore, to understand the relative importance of
pollinator and non-pollinator agents and to elucidate how
pollinators influence floral trait evolution, we should focus
not on a single plant species but on multiple sympatric species
(Itino & Hirao 2016). Furthermore, comparisons of related
plant species may facilitate the detection of factors affecting
floral trait variation (Whittall & Hodges 2007; Ollerton
et al. 2009).

Mountain ecosystems are especially suitable for investi-
gations of the relative importance of pollinator and non-pol-
linator agents in floral adaptation because steep
environmental clines along an altitudinal gradient can
strongly influence adaptive traits and often lead to adaptive
diversification within a narrow geographic range (Byars
et al. 2007; Milá et al. 2009). For example, clinal abiotic
environmental changes along an altitudinal gradient (e.g.
meteorological changes) cause variations in plant vegetative

size (Fabbro & Körner 2004; Anderson & Johnson 2009; Hau-
tier et al. 2009). Moreover, in some bumblebee-pollinated
species, altitudinal changes in biotic interactions have been
shown to influence flower size indirectly (Dohzono & Suzuki
2010; Nagano et al. 2014; Kuriya et al. 2015). In this study, we
investigated altitudinal variations in flower dimensions and
flower visitors in two native Japanese Impatiens species that
have broad altitudinal distributions.

Impatiens (Balsaminaceae) comprises over 900 species and
is one of the largest plant genera in the world. Impatiens
species, which are distributed mainly in tropical highlands
and mountains in the OldWorld, and also in parts of temper-
ate Asia and Europe (Song et al. 2003; Cai et al. 2008), have
diverse reproductive characteristics and flower morphs
(Yuan et al. 2004). Previous studies have investigated the
relationship between flower morph and pollen transfer in
Impatiens species (Wilson 1995). For example, Wilson
(1995) showed that in Impatiens pallida and Impatiens capen-
sis, both of which are pollinated by bumblebees, flower morph
variations generally do not influence pollen transfer during
the interaction with bumblebees. It is not known, however,
whether this finding is applicable to other Impatiens species.
In this study, we investigated altitudinal variations in the
flower dimensions in Impatiens textori Miq. and Impatiens
noli-tangere L. as well as altitudinal variations in their flower
visitors. Both of these Impatiens species are annual herbs.
They have similar vegetative and flower shapes (Tokuda
et al. 2015) and produce both chasmogamous and cleistoga-
mous flowers (Sugita 2001). In I. noli-tangere, however, the
chasmogamous flowers are protandrous and always need pol-
len transfer from other flowers for fertilization, whereas in
I. textori they are homogamous and do not always need
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pollen transfer (Sugita 2001; Hatcher 2003; Iwaizumi & Sakai
2004; Masuda et al. 2004). Therefore, although in central
Japan these species are reported to be pollinated by the
same pollinator, namely, Bombus diversus (Miyamoto 1961;
Kato 1988; Tokuda et al. 2015), the importance of the pollina-
tor to seed set may differ between them.

We hypothesized that altitudinal variations in flower
dimensions would differ between these two species even if
they were pollinated by the same pollinator species. To test
this hypothesis, we measured floral dimensions and observed
flower visitors in 11 populations of I. textori and 10 popu-
lations of I. noli-tangere distributed along an altitudinal gra-
dient in central Japan.

Materials and methods

Plant materials

I. textori is distributed in moist to wet habitats (e.g. along
streams and in marshes) in Japan, on the Korean Peninsula,
and in northeastern China, and it has long-spurred magenta
flowers (Figure S1). Although this species can produce chas-
mogamous and cleistogamous flowers, the frequency of cleis-
togamous flowers is very low (Sugita 2001). Iwaizumi & Sakai
(2004) reported that the chasmogamous flower biomass in
I. textori negatively correlates with the density of individuals,
a finding that implies that flower biomass is influenced by
resource competition (i.e. decreasing availability of
resources). I. noli-tangere is distributed in moist habitats
such as along streams across Europe, East Asia, and North
America, and it has long-spurred yellow flowers (Figure
S1). This species often produces more cleistogamous flowers
than chasmogamous flowers (Masuda & Yahara 1994). The
chasmogamous flowers of both species open between August
and October in central Japan (Tokuda et al. 2015).

Study sites

We studied altitudinal changes in flower size and flower visi-
tors in 11 I. textori populations (650–1350 m a.s.l.) and 10

I. noli-tangere populations (650–1480 m a.s.l.) in four moun-
tain regions of central Japan in 2013 (Table 1). Each popu-
lation was surveyed during its peak flowering season. The
geographic distance between I. textori populations ranged
from 600 m to 80 km, and that between I. noli-tangere popu-
lations ranged from 600 m to 45 km. The field study was
approved by the Chushin District Forest Office (Forestry
Agency) (25-16-60) and the Matsumoto Regional Office
(Nagano Prefectural Government) (25Matsuchikan45-13,
25Matsuchikan45-14).

Variations in local flower visitors

In each of the 21 populations, we observed flower visitors for
1 h between 08:00 and 15:00 JST on a sunny day during that
population’s peak flowering season. We counted the number
of individuals of each bumblebee, Anthophoridae, Lepidop-
tera (Macroglossinae), and Syrphidae species visiting each
population.

Measurement of flower dimensions

From each population, we randomly picked out 11–20 indi-
vidual plants and haphazardly selected one flower on each
plant for morphological measurements. We measured five
different flower dimensions on each flower (dimensions i–v,
Figure 1). We measured flower dimensions (ii–v) with a digi-
tal caliper (precision, 0.01 mm), but for flower dimension (i),
we first used a scanner (Scan 9900F, Canon Inc., Tokyo) to
obtain a digital image of the flower and then we used Photo
Measure software (Kenis Ltd, Osaka, Japan) to measure
dimension (i) on the image. We defined the flower dimen-
sions as follows: (i) the distance from the base of the stigma
(or pistil) to the tip of the spur (i.e. lower sepal length +
spur length); (ii) the distance from the base of the stigma
(or pistil) to the bottom of the lower sepal entrance; (iii)
the maximum lower sepal entrance width; (iv) the maximum
lateral petal length; and (v) the maximum lateral petal width
(Figure 1).

Table 1. Populations of I. textori and I. noli-tangere in which the altitudinal variation of flower dimensions and flower visitors were studied.

Species Populationa Altitude (m) Latitude (°N) Longitude (°E) No. of flowers for size measurements Observed visitorsb

I. textori Jn1 650 36.3130 137.8290 13 Bd: 3, Ma: 1
Uk1 780 38.2618 138.0003 15 Bd: 19
Jn2 850 36.2689 137.8329 12 Bd: 15
Af1 850 36.2704 138.5693 12 Bd: 10, Ma: 3, Ap: 2
Uk2 910 36.2616 138.0050 15 Bd: 6, An: 7
Jn3 965 36.2737 137.8302 13 Bd: 6
Uk3 1035 36.2600 138.0176 15 Bd: 8, Ma: 3
Af2 1150 36.2686 138.6025 13 Rh: 5, Sy: 2
Jn4 1250 36.3280 137.7844 20 –
Nk1 1335 36.0881 137.6477 14 Bd: 2, Bc: 5
Jn5 1350 36.3038 137.7571 13 Bh: 2

I. noli-tangere Jn1 650 36.3130 137.8290 19 Bd: 15
Uk1 780 36.2618 138.0003 12 Bd: 6
Jn2 850 36.2689 137.8329 13 Bd: 13
Jn3 965 36.2737 137.8302 12 Bd: 7
Jn4 1020 36.3052 137.7866 15 Bd: 6, Bc: 4
Jn5 1180 36.2809 137.8281 15 Bd: 4, Bh: 1, Bhy: 1
Nk1 1180 36.0824 137.6571 11 Bd: 1
Nk2 1400 36.1480 137.6235 12 Bd: 3
Uk2 1455 36.2501 138.0441 12 Bd: 8, Bc: 4
Uk3 1480 36.2628 138.0982 15 Bd: 4, Bc: >20, Bu: 2

Notes: The body size of the observed legitimate bumblebee pollinators decreases in the order Bc > Bd > Bu > Bh (Takamizawa 2005). Bc, Bombus consobrinus; Bd,
B. diversus; Bh, B. honshuensis; Bhy, B. hypocrita; Bu, B. ussurensis; Ap, Apis cerana; An, Anthophoridae sp.; Ma, Macroglossinae sp.; Rh, Rhingia sp.; Syrphidae sp.; –no
visitors observed.

aThe surveyed populations were in the following mountain regions: Jn, Mt. Jyonen; Uk, Utsukushigahara; Af, Mt. Arafune; Nk, Mt. Norikura.
bVisitors were observed for 1 h on a sunny day during the peak flowering season of each population.
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When insects visit I. textori and I. noli-tangere flowers,
they enter the corolla throat, crawl into the corolla, and insert
their mouthpart into the innermost part of the spur (Figure
S1). Pollen can be transferred from flower to flower if the
flower’s dimensions are such that the head and the dorsal
thorax of visiting bumblebees, the presumptive pollinator,
touch the anthers and stamens. Therefore, we consider flower
dimensions (i–iii) to influence pollination efficiency. On the
other hand, because lateral petals of the focal species are
large and conspicuous in the wild, these traits are expected
to play a role in attracting pollinators. Therefore, flower
dimensions (iv) and (v) may influence the pollinator visita-
tion rate.

Data analysis

We explored the variation in the five flower dimensions
among populations by using one-way analysis of variance
followed by pairwise comparisons with Tukey’s HSD post
hoc test. To examine whether flower size variation corre-
lated with altitude, we calculated Kendall tau rank corre-
lations between each of the five flower dimensions and
population altitude. Significance levels for multiple tests
were adjusted by using the sequential Bonferroni correction
(Rice 1989). The statistical analyses were performed with the
JMP version 12.0.1 software package (SAS Inc., Cary, NC,
USA).

Results

In the study areas, I. textori flowers were visited primarily by
B. diversus. However, most populations were visited not only
by B. diversus but also by other insects (Table 1). The Nk1

population of I. textori was visited by Bombus consobrinus,
which has the biggest body size among the observed flower
visitors, but the Jn4 and Af2 populations of I. textori were
not visited by any bumblebees during our observation period.
Hoverflies and small bees, which have smaller body sizes than
B. diversus, visited the Jn5, Uk3, Af1, and Af2 populations of
I. textori (Table 1). Because the bodies of hoverflies and small
bees do not touch the androecium and stigma when they visit
I. textori flowers, however, they are not likely to be very effec-
tive pollinators.

I. noli-tangere flowers in the study areas were also visited
primarily by B. diversus, but flowers in most populations
were also visited by other insects (Table 1). In particular,
the Jn4, Uk2, and Uk3 populations of I. noli-tangere were vis-
ited by B. consobrinus.

We found significant geographic variations in the flower
dimensions of both species: [I. textori: (i) F = 30.01, P
< .001; (ii) F = 58.30, P < .001; (iii) F = 30.18, P < .001; (iv) F
= 37.59, P < .001; (v) F = 34.25, P < .001; I. noli-tangere: (i)
F = 7.44, P < .001; (ii) F = 12.8, P < .001; (iii) F = 2.46, P
= .013; (iv) F = 7.92, P < .001; (v) F = 10.49, P < .001; Table 2
and Figure 2]. The variations in flower dimensions (i–iii)
were larger in I. textori than in I. noli-tangere (Figure 2). In
particular, the variation in flower dimension (i) was within
5 mm in I. noli-tangere, whereas in I. textori it varied by
more than 10 mm (Table 2 and Figure 2).

In I. textori, all flower dimensions gradually decreased
along altitude: (i) T = –0.27, P < .001; (ii) T = –0.30, P < .001;
(iii) T = –0.33, P < .001; (iv) T = –0.30, P < .001; and (v) T
= –0.39, P < .001. In I. noli-tangere, however, no flower
dimensions correlated with altitude: (i) T = 0.004, P > .05;
(ii) T = –0.09, P > .05; (iii) T = 0.03, P > .05; (iv) T = –0 .08,
P > .05; and (v) T = –0.058, P > .05.

Figure 1. Sketches of a whole Impatiens flower and of its various parts showing the measured dimensions. (a) Whole flower (front view); (b) whole flower (side view);
(c) corolla (side view); (d) corolla (front view); and (e) lateral petal. The dotted lines labeled (i)–(v) indicate the measured dimensions (see text for details).

154 M. HATTORI ET AL.



Table 2. Mean ± SE of each of five flower dimensions (see Figure 1) in the 11 I. textori populations and the 10 I. noli-tangere populations.

Species Population Dimension (i) Dimension (ii) Dimension (iii) Dimension (iv) Dimension (v)

I. textori Jn1 33.02 ± 0.61cde 10.34 ± 0.17c 6.50 ± 0.13cd 16.02 ± 0.75def 9.31 ± 0.48de

Uk1 39.31 ± 0.39ab 10.90 ± 0.16cd 7.67 ± 0.14 a 21.52 ± 0.43ab 12.56 ± 0.31ab

Jn2 38.79 ± 0.66ab 12.43 ± 0.38ab 7.36 ± 0.12ab 20.87 ± 0.39ab 12.25 ± 0.37abc

Af1 35.79 ± 0.87bc 11.50 ± 0.27bcd 6.81 ± 0.18bc 18.01 ± 0.41cde 10.76 ± 0.48cd

Uk2 41.03 ± 0.62a 13.26 ± 0.27a 7.51 ± 0.13ab 22.85 ± 0.38a 13.74 ± 0.34a

Jn3 38.66 ± 0.50ab 12.00 ± 0.27bc 7.17 ± 0.12abc 19.97 ± 0.39bc 10.60 ± 0.40cd

Uk3 34.33 ± 0.65cd 9.07 ± 0.18e 7.04 ± 0.17abc 19.68 ± 0.53bc 11.39 ± 0.38bc

Af2 30.24 ± 0.56ef 9.06 ± 0.28e 5.56 ± 0.20ef 14.92 ± 0.64fg 9.00 ± 0.43de

Jn4 28.11 ± 1.31f 7.57 ± 0.22f 4.97 ± 0.22f 13.58 ± 0.31g 7.00 ± 0.20 f

Nk1 38.05 ± 0.65 ab 11.45 ± 0.11bcd 6.88 ± 0.09bc 18.22 ± 0.62cd 8.00 ± 0.42ef

Jn5 31.18 ± 0.80 def 8.49 ± 0.32 ef 5.91 ± 0.18 de 15.74 ± 0.63 efg 8.52 ± 0.38 ef

I. noli-tangere Jn1 31.91 ± 0.49 bcde 9.95 ± 0.16 cd 7.46 ± 0.16 ab 22.78 ± 0.73 a 13.83 ± 0.62 abc

Uk1 33.08 ± 0.57 abc 8.99 ± 0.18 de 7.67 ± 0.25 a 22.65 ± 0.67 ab 14.14 ± 0.50 abc

Jn2 32.15 ± 0.30 abcde 11.47 ± 0.19 a 7.55 ± 0.16 ab 22.96 ± 0.63 a 14.40 ± 0.37 ab

Jn3 30.56 ± 0.53 cde 11.01 ± 0.22 ab 7.39 ± 0.17 ab 19.63 ± 0.70 bcd 11.54 ± 0.68 cde

Jn4 29.83 ± 0.47 e 10.26 ± 0.28 bc 7.17 ± 0.19 ab 17.80 ± 0.55 d 9.34 ± 0.37 e

Jn5 34.41 ± 0.49 a 8.80 ± 0.14 e 6.71 ± 0.19 b 21.03 ± 0.73 abc 12.03 ± 0.67 bcd

Nk1 32.01 ± 0.48 abcde 11.10 ± 0.29 ab 7.60 ± 0.25 ab 18.60 ± 0.64 bcd 11.11 ± 0.41 de

Nk2 32.37 ± 0.62 abcd 10.10 ± 0.32 bcd 7.46 ± 0.25 ab 19.46 ± 0.64 cd 11.30 ± 0.53 de

Uk2 33.87 ± 0.94 ab 9.95 ± 0.38 bcd 7.31 ± 0.21 ab 21.50 ± 0.75 abc 12.88 ± 0.60 abcd

Uk3 30.54 ± 0.37 de 9.49 ± 0.20 cde 7.88 ± 0.19 a 23.09 ± 0.72 a 14.67 ± 0.53 a

Note: Lowercase letters indicate significant differences (P < .05) identified by Tukey’s HSD post hoc pairwise comparisons.

Figure 2. Altitudinal variation (mean ± SE) of each of the five measured flower dimensions (see Figure 1) in I. textori (white circles) and I. noli-tangere (black circles).
Each symbol represents one population.
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Discussion

Previous studies that have investigated flower size variations
along an altitudinal gradient in mountainous environments
have reported corresponding altitudinal variations in, for
example, pollinator species composition and nectar robbing
frequency (Hattori et al. 2014, 2015; Nagano et al. 2014;
Kuriya et al. 2015; Zhao & Wang 2015). In this study, we
showed that the pattern of flower size variation along an alti-
tudinal gradient differed between two Impatiens species
growing in similar habitats.

In I. textori, all measured flower dimensions correlated
negatively with altitude (Figure 2), and the primary flower
visitor was B. diversus (Table 1). Other studies (Miyamoto
1961; Kato 1988; Tokuda et al. 2015) have also reported
that I. textori flowers are visited primarily by B. diversus.
These findings suggest that the flower dimensions were
more strongly affected by an abiotic environmental factor
correlated with altitude (e.g. air temperature), or by an alti-
tude-related pollen limitation (Cosacov et al. 2008), than by
size-matching between flower and pollinator, because the pol-
linator species composition in central Japan seems to be simi-
lar, regardless of time or place. Various environmental factors
such as air temperature and pollinator abundance change
along an altitudinal gradient (Körner 1999; Nagano et al.
2014; Kuriya et al. 2015). These environmental factors can
affect flower size variation along the gradient (Galen 2000;
Knight et al. 2005; Parachnowitsch & Kessler 2010). For
example, Galen (2000) and Carroll et al. (2001) reported
negative correlations between flower size and resource avail-
ability as related to environmental stress and suggested that
these negative correlations reflected the increased physiologi-
cal cost of producing large flowers when resource availability
is poor as a result of high environmental stress. Further study
is needed to test how variations in flower dimensions might
relate to variations in the abundance, diversity, and visit
rate of pollinators.

In this study, I. textori flowers were smaller in higher alti-
tude populations than in lower altitude populations (Figure
2). Iwaizumi and Sakai (2004) suggested that pollinators
visit small flowers of I. textori less frequently than they visit
large flowers. These facts suggest that the higher altitude
populations of I. textori may suffer from pollen limitation.
Pollen limitation can cause selection on various floral traits
(e.g. flowering duration, flower size, and number of flowers)
(Ashman et al. 2004; Parachnowitsch & Kessler 2010; Lázaro
et al. 2015). Therefore, floral traits other than flower size may
also differ between lower and higher altitude populations in
I. textori. Further study is needed to determine whether pol-
len limitation is indeed stronger in higher altitude popu-
lations than in lower altitude populations of this species.

In I. noli-tangere, no measured flower dimensions were
correlated with altitude (Figure 2). The primary flower visitor
to I. noli-tangere was also B. diversus, as Tokuda et al. (2015)
also reported (Table 1). The flower–pollinator size match
often influences plant fitness more than other factors
(Nagano et al. 2014; Kuriya et al. 2015). Therefore, these
results suggest that flower dimensions were affected not by
a clinal change in any abiotic environmental factor along alti-
tude but by the size-match between the flowers and the
B. diversus body size. Because in I. noli-tangere, the chasmo-
gamous flowers are strongly protandrous and the
pollens must be transferred from other flowers by insects

for fertilization (Hatcher 2003; Masuda et al. 2004), the
production of flowers not size-matched to their primary
pollinator would likely decrease the fitness of I. noli-tangere.

Conclusion

We showed that the altitudinal pattern of flower size variation
differed between I. textori and I. noli-tangere, although these
species have similar floral traits (i.e. the same flowering time,
flower shape, and pollinator species) (Table 2 and Figure 2).
Our result suggests that some factor that differs between them
causes the different altitudinal pattern of flower size variation.
To understand the factors that influence the altitudinal flower
size variation in Impatiens species (e.g. interannual changes in
pollinator species composition or altitudinal changes in plant
reproductive systems), further study is needed.
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