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aifferent between the two species (P 2001). The leaf
thickness of R.ripense and R. macrosepulium was 135
and 101 = 150 um, respectively. We also calculated the
leaf index value as the ratio o leafTength 1o leaf width, as
specified by Tsukaya (2002). Data piots shaw significant
varistion (P <0.01)in the leaf index (202 in R. ripense and
1.91in R macrosepalum). The average angle of the leaf base
was 41 10° for K. npense and 78 = 17~ for . macrosepa-
lam. In most cases the values for X. ripese were less
than 80"
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Epidermal eells of R. ripense and R. macrosepalum
We confirmed that there were no significant diferences
in the epidermal cell size between R_rip R

rescpulun t fous sites on.a leaf (Table 2). In additon, we
could not find any significant cifferences in the epider-
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mal cell size at the four sies on the leaf within a species,
even f the widih of the epidermal cellin the central part
was wider than the other parts of the lesf Therelore, the
size and number of epidermal cells was calculated using
the central part of the leat, excluding the horizantal epi-
dermal cell numbers, which were used 1o measure the
widih of the epidermal cells in the central (Min.) and
other parts (Max.) of the leaf. Epidermal cell size was

ot sty d\l‘fm.m between the two species at
2352 36x217 n (lengthx widih) i K. ripense
nd 29+ x*u m in K. macrosepalum. The

mean epidermal cll size wes calculated using the length
i widih of 2 cell measured from the SUMP samples of
R ripense and R. macrosepalurs from all localivies exam-
ined. The mean cell size was 503 = 111 unt for K. ripense
and 503 + 94.8 u for R macrosepalun; this difference is
not significant.
e epidemal cell number was estimated 1o be
approximately 406000 = 154000 for K rpnse and
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(Camanulaceae) to Water Flow Stress Along Rivers?

lorl ¥aima' | Masayuki Shiba! | Kyohet ©hga? | ¥oshimasa Kumekawa® | Talsuya Fukuda?

al Inlegr 2 | Tokye Cily Universily, Tokye, Japan | *Miyashi Clly Hall, Tokushima, Japan | *The Uniled
tnhmsdndnr.ngmllnnlmm Fhime University, ankoku, Kochi, Japan

© Masayuki ¥ com)
eeceived: 11 April 2025 | Revised: 25 Augusi 2025 | Accepted: 15 Seplember 3005

Funding: This work the Promation of Science, JPZSKI2045, IF25K09M2.

Keywords: Adensphorn iriphplla | genelic [ daptation |

I thesphryle | riverside habilal | waler (ow sires

ABSTRACT
Planis along rivers have narmow lanceolale beaves, Mexible stems, and petioles 1o avold the waler Mow siress cansed by Mooding.
This study aimed o determine whelher the adaplation of Ademophora triphylla (Thunh) ADC. var. faponice (Regel) 1. hara
(Campanulzceas) with narrow beaves in riverside habilats was achieved throogh phenolypic plasticily or genetic morphological
changes, where we conducled comparalive morphological analyses throogh colivation experimends. Our coltivalin expert-
mients revealed thal the morphalogy of radical leaves in the riverside popalation had significaniby smaller and narrower laminas
and shorier and Uhicker petioles than Lhose in the inland population, and thal the former had significantly more radical leaves
than the lalier, suggesiing Lthal the former brings the lolal keal area closer 1o Lhal of Lhe laller by increasing the nomber of radical
leaves. The canline leaves were significantly thinner and smaller in the riverside population than in the inland popalation, and
the stems of the former were significantly shorter and thicker than those of the lalter. In addition, 2 sigmficant difference was
ul:mrw.'d between Lhe riverside and inland populations in the number of rosetle keal branches from the rhizome, with the onmer
anlly more leal branches. Our resulls reveal thal populations of Ad. iriphylle var. japontce with genelically
distinct keal and stem morphologles have become established alomg rivers, where Mooded waler iImposes sirong seleclive pros-
sure. In Lhese riverside popalations, thicker and shorler pelioles and slems appear 10 reduce bending moments wilhoot breaking,
while narrower and smaller aminas of both radical and cauline leaves further contribute Lo this reduction.

1 | Introduction and Vermel] 1976; Royer and Will 2006; Micolra el al. zo11;

Schmerler el al. 2013). Leal bralls rellect the growing envi-

Various plant trals are ohservable characteristics that reflect. ronment (ohnson 197

adaptive responses o environmental conditions (Poorier
el al. 2008} In particular, the morphological characlerstics
ol keaves have oflen been used for spectes identification for
several years (Foster and GilTord 1989; Cope el al. 2012), buat
they also change depending on Lhe environment (Givnish

lenberg 1985; Yeals and Rose 2013
Goldsmith el al. 2017; Grace 2019), and recent studies have
documented waralions In Lthe morphodogy and analomy
of beal tralls along environmental gradients {Ilayakawa
el al. 2MZ; Tunala el al. 2012; Ohga, Murd, llayakawa,
Yokoyama, el al. 2012; Ohga el al. 2013; 3unaml el al. 2M2;

Thils Is an upen access arlicle undcr he lemms of the Crealive Commons Allribution |kmss, and In any medium,

provided the ariginal wark ks propesty clled.
25T by Hrilish Ecnioghcal Sockely and John Wikey & Sons [Ld.
onlogy. polstion, 2025; 1 XCTIZI2 1ol 14
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FIGURE 1 | Adenaphora triphyila var. japonica. Cultivation of (A)
riverside and (B) inand. Wild of (C) riverside and (D) inland. Scale
bar=10cm.

and the racemes form al the apex of the stem. The pale purple
to white, 1.5-2cm Jong, bell-shaped Mlowers grow in whorls
slightly downwards, with fused sepals thal are five-lobed, and
the sepal lobes are linear and 3-5mm long (Okazak! 1993).
Yamanaka and Takezaki (1959) reported that populations
with narrow lanceolale leaves of Ad. (riphylla var. japonica are
found along several rivers In Japan. Ohga, Murol, Hayakawa,
1to, et al. (2012) reported thal the riverside population of Ad
triphyila var. japonica adapts to riverside environments as a
rheophytic ecotype by forming narrow lanceolate Jeaves and
decreasing both the stze and number of leafl cells. The gues-
ton then arises as 1o whether the narrow lanceolate leaves,
of the riverside populations of Ad. triphyila var. japontca are
phenolypic plasticity, inlfuenced by waler flow stress duging
leal growth, or whether this group has genetscally nirrow
lanceolate leaves. Therefore, Lhis study atmed o clasify the
adaptive morphological characteristics of Ad. triphy/ia var. Ja-
ponica assoctated with riverside adaplation, using/wild popu-
lation data from Ohga, Murol, Hayakawa, Ito, eL4l. (2012) and
culttvated populations from this study.

2 | Materials and Methods
2.1 | Seed Collection and Cult’vation Conditions
The seeds of the rheophylic ecgtvpe of triphylla

var. faponica prsed s stady were collected from a popula-
ton along the Yoshino River 'n Moloyama, Moloyama-cho,

Nagaoka-gun, Koch! Prefecture (33°76'N, 133°60" E), Lhe same
slle as the population used by Ohga, Murol, Hayakawa, 1o,
et al. (2012). The seeds of the inland population were collected
from a population In Shuoridot, Minamiawajl City, Hyogo
Prefecture (34°20°N, 134°48" E).

On April 6, 2023, & cultivation experiment was conducted al
Tokyo Cily University. Seeds from bolh groups were sown In
vertically orfented pots with a capactly of 1,600mi. filled with
black soll. The study was conducted until the second year, when,
stem and caaline leal formation occurred. The tolal number 40
samples used in this study was 35 individuals from the rivepide
population and 92 individuals from the inland popalation,

22 | Mor

Morphological measurements were condocted’ In Seplember
2024. Radical and cauline leaves were pholdgraphed using a
dignial camera (Tough TG-6; OM Digilal Solitions Corporatson,
Tokyo, Japan). Lamina length (mm), lam#fa width (mm), angle
at lamina base (*), and lamina area (myi®) were analyzed using
the tmage analysts soflware Imagel/The leal index was cal-
culated as the ratso of lamina lengfn to lamina width. Petiole
length (mm) was measured thrpe Uimes using a 15cm ruler
(model 14,001; Shinwa Rules C/. Lid., Niigata, Japan), and the
average value was calculated /The basal diameter of the petiole
(mm) was measured three/limes using a digial caliper (CD-
15APX; Mitutoyo Corpopition, Kanagawa, Japan), and the av-
erage value was calculalod. The number of leaves per individual
was also counted. Stepi length (cm) was measured using 2 60 cm
ruler (model 14,03675himwa Rules Co. LLd., Nifgala, Japan). The
basal stem diame!ér (mm) was measured using a digital caliper
(CD-15APX: MPatoyo Corporalion, Kanagawa, Japan). In adds-
ton, the numPer of rosette-leal branches per individual was also
counted.

To delepinine whether the morphological phenotypes of cauline
leaves/and stems are genelically fixed, a comparison wis made
wiil/ the values from the field populations of Ohga, Murot,
Hdyakawa, ef al (2012).

2.3 | Statistical Analysis

Stalistical comparisons belween two samples were conducted
using Microsofl Excel. An F-test was first used (o assess Lhe ho-
mogeneily of vartances between Lhe two samples. Based on the
resulls of the F-lest, a (-test was performed under the assump-
ton ol etther equal or unequal variances. Relationships between
wo vartables were analyzed using the

software R. The coefficient of determination (R%) and the regres-
ston equation were calculated, followed by regression analysts.
To evaluate the applicability of ANCOVA belween two groups,
the normality of the data was tested.

3 | Results

In the relalionship between the two variables, a natural loga-
rithmic transformation was applied to Improve normality. After

3ol14
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