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Karyomorphology of Procris laevigata Bl. (Urticaceae) in Taiwan

Tadashi Kanemoto

Botanic Gardens of Toyama
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
kane@bgtym.org

Abstract: Chromosome observations were conducted in Procris laevigata Bl.
(Urticaceae) collected from Nanfeng Village, Ren’ai Town, Nantou County, Taiwan. This
study is the first to report the chromosome number of P. laevigata to be 2n = 26. Procris
laevigata is considered diploid with a basic chromosome number x = 13.

Key words: chromosome number, Procris laevigata, Taiwan, Urticaceae

Procris Comm. ex Juss. (Urticaceae) is a small genus comprising approximately 20
subshrubs, shrubs, and epiphytic forms (Chen et al. 2003). It is distributed throughout the
warm temperate and tropical regions of the Old World (Chen et al. 2003). Blume (1825)
described that Procris laevigata Bl. from Indonesia is characterized by a very short
raceme. Procris laevigata is a perennial herb or subshrub found at low to medium altitudes
on tree trunks and rocks in moist forests and ravines distributed in Africa, tropical Asia,
South China, and Taiwan (Institute of Botany, Chinese Academy of Sciences 1972; Liu &
Huang 1976; Liu 1996).

Species of Procris, however, have not been examined cytologically; therefore, chromo-
some number has yet to be determined in this genus. An individual plant of P. laevigata
was collected on April 1, 2006, from Taiwan. In the present study, the number of chromo-
somes in this species was investigated.

Materials and methods

One individual of P. laevigata collected in Nanfeng Village, Ren’ai Town, Nantou
County in Taiwan (Fig. 1), was used for the present study. Lin & Chen (2005) treated P.
laevigata as a synonym of P. crenata, although the assignment of the plant to taxa follows
Liu & Huang (1976), Shih et al. (1995), and Liu (1996) in this study.

The plant was cultivated in a pot in a greenhouse at the Botanic Gardens of Toyama.
Somatic chromosomes were observed in meristematic cells of the root tips. Fresh root
tips, 5 mm in length, were pretreated with a 0.002 M 8-hydroxyquinoline solution for 8 h
at 20 °C and then fixed in a 3:1 mixture of 99.5 % ethanol and glacial acetic acid for 20 h.
Root tips were macerated in 1 mol/L hydrochloric acid at 60 °C for 10 s, and meristematic
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Fig. 1. Procris laevigata in its habitat (Nanfeng Village, Ren’ai
Town, Nantou County in Taiwan, April 1st, 2006). Scale bar
indicates 10 cm.

cells were stained with 1 % aceto-orcein. Chromosomes were prepared by the squashing
method. The nomenclature of the centromeric position of the chromosomes followed the
conventions used by Levan et al. (1964). The voucher specimen was deposited in the her-
barium of the Botanic Gardens of Toyama (TYM).

Results and discussion

Chromosomes were counted as 2n = 26 at the mitotic metaphase in P. laevigata (Fig.
2A); this is the first report for Procris. The measurements of somatic chromosomes at
metaphase are shown in Table 1. The 26 chromosomes showed varying sizes from 2.2-3.8
um (Fig. 2B), thus, the karyotype of this species was categorized as the monomodal type
(Tanaka 1980). Among the 2n = 26 chromosomes, 14 chromosomes had centromeres at
the submedian position, and the satellite was observed on the two submedian centromeric
chromosomes. The remaining 12 chromosomes were median centromeric (Fig. 2B). Thus,
the karyotype formula was designated K (2n) = 26 = 10sm + 2sm**" + 14m.

Satake (1982) and Schroter & Winkler (1935, 1936) stated that Elatostema, Pellionia,
and Procris are closely related to each other. The basic chromosome number has been
reported to be x = 13 for Elatostema (Fu et al. 2017; Kanemoto & Yokota 1997; Kanemoto
2015, 2018; Yamashiro et al. 2000) and Pellionia (Kanemoto & Naruhashi 2003). As
observed in the present study, the basic chromosome number of Procris was estimated to
be x = 13, considering 2n = 26 for P. laevigata as diploid.
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Fig. 2. Somatic chromosomes of Procris laevigata (2n = 26).
A: Metaphase, B: Individual chromosomes arranged in pairs
according to their lengths. Scale bars indicate 4 um. Arrows
show satellites.

According to Wang & Chen (1995), the genera Elatostema, Lecanthus, Pellionia, Pilea,
and Procris are morphologically distinct among members of the Urticaceae and are char-
acterized by the absence of stinging hairs on leaves and stems and two or five perianths
of the female flower, and hence form the tribe Elatostemateae. The basic chromosome
numbers of the genera in Elatostemateae, as described above as x = 13, are known for
Elatostema, Pellionia, and Procris, and x = 12 has been reported for Lecanthus (Kanemoto
2002) and Pilea (Kanemoto 1998, 1999). Therefore, cytologically, the tribe Elatostemateae
was divided into two groups determined by x = 12 and x = 13.

The arrangement of the two groups was aligned with the morphological differ-
ences and results of molecular phylogenetic analysis. Morphologically, the x = 12 group,
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Table 1. Measurements of somatic metaphase chromosomes of
Procris laevigata (2n = 26). Individual numbers were given
in order of the length.

Lecanthus, and Pilea have opposite symmetrical leaves with petioles, whereas the x = 13
group, Elatostema, Pellionia, and Procris have alternate asymmetrical leaves, which are
basally unequal, with either very short or no petioles (Wang & Chen 1995). Molecular-
phylogenetically, the tribe Elatostemateae is separated into two different lineages—one
comprising Lecanthus and Pilea and the other Elatostema, Pellionia, and Procris (Wu et
al. 2013).

The author thanks Dr. Masashi Nakata of the Botanic Gardens of Toyama for his com-
ments on the manuscript.
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Mating system of Vaccinium vitis-idaea (Ericaceae) at Mt. Jodo in the
Tateyama Mountains, Toyama Prefecture, central Japan

Akimi Wakui

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
wakui@bgtym.org

Abstract: Vaccinium vitis-idaea (Ericaceae) is a typical arctic-alpine plant, which is
widely distributed across the northern hemisphere. Although this species has low self-
compatibility, a recent study conducted in northern Japan demonstrated that the level of
self-compatibility varies among populations depending on the growing conditions and/or
their genetic backgrounds. Vaccinium vitis-idaea population at Mt. Jodo in the Tateyama
Mountains showed a relatively high selfing rate based on genetic analysis conducted
in 2019. To clarify the mating system of this population, a pollination experiment was
conducted in 2021. Natural pollination, cross-pollination, self-pollination, and bagging
treatments were performed for 30 inflorescences, and the fruit-set rate, number of seeds
per fruit, seed-set rate, and relative seed-set rate (product of fruit set and seed set) were
compared among treatments. Only a few self-pollinated inflorescences produced fruits
and seeds, while cross-pollinated inflorescences showed moderate fruit set and seed set
rates. Fruit and seed production were quite low under natural pollination, indicating a
strong pollen limitation. Therefore, the high selfing rate observed at Mt. Jodo might have
been caused by severe pollen limitation rather than a high selfing ability.

Key Words: clonal plants, marginal population, partial self-incompatibility, Vaccinium
vitis-idaea

Mountain regions in the Japanese archipelago are the distributional margins of many
arctic-alpine plant species. Marginal populations in the distributional range often have
unique genetic and ecological characteristics owing to isolated and specific environmen-
tal conditions in comparison with distributional centers (Hampe & Petit 2005). Genetic
diversity often decreases in small populations because of frequent inbreeding or selfing
opportunities. Consequently, selfing ability and moderation of inbreeding depression are
expected to exist in isolated populations (Mee & Moore 2014). Therefore, local evolution
of the mating system may accelerate intra-specific diversification and speciation.

Vaccinium vitis-idaea, an arctic-alpine plant, is widely distributed in the Northern
Hemisphere (Ritchie 1955), and Japan is one of its distributional margins. The main grow-
ing habitats in Japan are alpine regions above the treeline, but this species also grows in
specific environments at low elevations, such as algific talus slopes and coastal meadows in
northern Japan (Sato 2007). Vaccinium vitis-idaea is known as partially self-incompatible,
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in which seed production decreases significantly after self-pollination compared to cross-
pollination (Guillaume & Jacquemart 1999). Recently, Wakui & Kudo (2021) revealed that
there are two lineages of V. vitis-idaea in northern Japan: one is a diploid lineage mostly
inhabiting alpine environments, and the other is a tetraploid lineage mostly inhabiting low
elevations. The low-elevational tetraploids showed considerable self-compatibility, whereas
the alpine diploids showed low self-compatibility. It is hypothesized that because low-
elevation populations are generally small and isolated in local places, selfing ability may
be advantageous for maintaining such populations.

Alpine populations in central Japan are recognized as genetically different lineages
from those in northern Japan, and they show relatively high selfing rates (Wakui 2021).
Reflecting the steep topographic features, alpine populations in central Japan are smaller
and more isolated each other than northern alpine populations, which may be accompanied
by few opportunities for cross-pollination. Therefore, V. vitis-idaea in central Japan may
have acquired specific mating system. In this study, I conducted a pollination experiment
on a population of V. vitis-idaea at Mt. Jodo in the Tateyama Mountains, where relatively
high selfing rates were detected in a previous study (Wakui 2021), to clarify the mating

Fig. 1. Location of study site (A, B) and flowering of Vaccinium vitis-idaea (C) at Mt. Jodo in
Tateyama Mountains.
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system of alpine populations in central Japan.

Materials and methods

A field survey was conducted on the eastern slope of Mt. Jodo (36° 35” 58 N, 137° 37’
02" E; Fig. 1) in 2021. In a genetic analysis conducted in 2019, the population of Mt. Jodo
showed a relatively high selfing rate (0.37; Wakui 2021). Furthermore, the population con-
sisted of only a small number of clones. During early summer of 2021, 30 individuals with
floral buds were arbitrarily chosen and marked. Then, one inflorescence was selected and
the flower number was counted to measure fruit-set success under natural conditions (nat-
ural pollination treatment). Further, three additional inflorescences were selected for the
pollination experiment: one for the cross-pollination treatment, one for the self-pollination
treatment, and one for the bagging treatment. The inflorescences were covered with fine-
meshed nylon bags before flowering to prevent insect visits. After the flowers were opened,
hand pollination was conducted for the cross- and self-pollination treatments. For cross-
pollination treatment, pollen donors were chosen from different patches more than 50 m
from the target plant, based on a previous report on the clone size of this species (Garkava-
Gustavsson et al. 2005; Shimokawabe et al. 2016). Inflorescences for the bagging treatment
were left untreated to evaluate seed-set viability by automatic self-pollination. The number
of treated flowers was recorded and the fruit set rate was calculated in autumn. When
fruits matured, a single fruit per inflorescence was sampled to count the number of devel-
oped seeds. At the same time, unfertilized ovules and aborted seeds were counted, and the
seed set rate per fruit was calculated. The relative seed-set rate was calculated as the prod-
uct of the fruit-set rate and the seed-set rate.

Generalized linear models (GLMs) and post-hoc Tukey tests were used to compare
fruit and seed production among the four treatments. Fruit set rate, number of seeds per
fruit, seed set rate, and relative seed set rate were considered as response variables, and
the treatment type was considered as an explanatory variable. For error distribution, nega-
tive binomial distribution was used for the fruit-set rate and relative seed-set rate to reduce
overdispersion owing to many zero values in the data. Poisson distribution was used for
number of seeds per fruit, and binomial distribution was used for seed-set rate. All statisti-
cal analyses were conducted by R 3.3.0 using the packages ‘MASS’ (Venables & Ripley
2002) and ‘multcomp’ (Hothorn et al. 2008).

Results
The fruit set rate was significantly higher in the cross-pollination treatment (mean
SD: 0.25 £ 0.23) than in the natural pollination (0.036 + 0.10), self-pollination (0.027
0.10), and bagging treatments (0.0067 + 0.037) (Fig. 2A). Only two of the 30 self-pollinated
inflorescences and one of the 30 bagged inflorescences produced fruits. Thus, the self-
pollination and bagging treatments were excluded from the GLM comparisons of number

+
+
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Fig. 2. Results of the pollination experiment conducted in Vaccinium vitis-idaea population at Mt.
Jodo. Comparisons of (A) fruit-set rate, (B) number of seeds per fruit, (C) seed-set rate, and (D)
relative seed-set rate across four treatments: natural pollination (N), cross-pollination (C), self-
pollination (S), and bagging treatment (B). Different letters represent significant differences (P <
0.05) according to GLM and Tukey’s post hoc test.

of seeds per fruit and seed set rate. Number of seeds per fruit was 5.7 + 4.5 in the natural-
pollination treatment and 4.6 + 4.7 in the cross-pollination treatment (Fig. 2B), whereas
seed-set rate was 0.25 + 0.12 in the natural-pollination treatment and 0.14 + 0.099 in the
cross-pollination treatment (Fig. 2C). The seed set rate was significantly different between
natural pollination and cross-pollination, although no significant differences were detected
in the number of seeds per fruit. The relative seed set rate was highest in the cross-pollina-
tion treatment (0.037 + 0.049), although a significant difference was not detected compared
to the natural pollination (0.0069 + 0.016), self-pollination (0.0020 + 0.075), and bagging
treatments (0.00056 + 0.0030) (Fig. 2D).
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Discussion

Although a relatively high selfing rate was detected by genetic analysis in 2019 (Wakui
2021), the pollination experiment indicated that seed production via self-pollination rarely
occurred in Mt. Jodo. This inconsistency might be explained by the incomplete self-com-
patibility of this species and severe pollen limitation under natural conditions.

Many species of the genus Vaccinium, including V. vitis-idaea, have been reported to be
partially self-incompatible, with a varied degree of self-compatibility depending on envi-
ronmental conditions (Krebs & Hancock 1990; Guillaume & Jacquemart 1999; Hokanson
& Hancock 2000; Nuortila et al. 2006; Wakui & Kudo 2021). In the present study, some
self-pollinated and bagged inflorescences set seeds, indicating that V. vitis-idaea growing
on Mt. Jodo was not completely self-incompatible.

As seed-set rate and number of seeds per fruit were lower in the artificially pollinated
inflorescences than in the naturally pollinated inflorescences, there is a possibility that arti-
ficial treatments may have affected the results of pollination experiments to some extent.
As pollen donors from a single flower were used for the pollination treatments, the ger-
mination capacity of the pollen used might be related to the freshness of the flowers from
which pollen was collected. Hence, pollination treatments may not have been conducted in
adequate timing, resulting in low fruit and seed set rates.

Additionally, the fruit set rate and relative seed set rate of the natural-pollinated inflo-
rescences were significantly lower than those of the cross-pollinated inflorescences. A
low fruit set rate under natural conditions was also observed in 2019 in the same popula-
tion (Wakui 2021), suggesting that strong pollen limitation is common in this population.
Furthermore, the clonal diversity of this population is quite low, with only a few large
clone patches occupying a large area (Wakui 2021). Hence, even when pollen deposition
occurred, it is highly possible that most of the transferred pollen grains were from the
same genets. It is possible that there are few opportunities for stigmas to receive pollen
from other individuals at Mt. Jodo, due to the absence of pollinators and/or crossing mates.
Taken together, a low frequency of cross-pollination under natural conditions might result
in low fruit and seed set rates, and the proportion of self-fertilized seeds became relatively
higher in this population.

The results of this study suggest that there may be a discrepancy between the apparent
selfing rate and potential selfing ability of V. vitis-idaea. Although the selfing ability of the
Mt. Jodo population is low, the low opportunity for cross-pollination may result in a high
proportion of seed production by self-pollination. Further studies are needed to confirm
whether cross-fertilized and self-fertilized seeds contribute to the maintenance of the pop-
ulation. It is possible that regeneration via seedling establishment rarely occurs, and that
clonal growth mainly contributes to population maintenance. Comparisons of the germi-
nation ability and growth rate of seedlings between the cross-fertilized and self-fertilized
seeds are crucial for understanding the maintenance mechanism of V. vitis-idaea in alpine
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environments. Furthermore, the mating system may vary among mountain regions in cen-
tral Japan. Pollination experiments and genetic analyses across multiple mountain ranges
are needed to further elucidate the mating system of V. vitis-idaea distributed in central
mountainous regions.

I would like to thank Assoc. Prof. Gaku Kudo, Hokkaido University, for helpful discus-

sions and comments on the manuscript.
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Floral characteristics and spatial distribution patterns of Hedyotis uncinella

(Rubiaceae), a distylous plant in Yunnan Province, China
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Abstract: The floral morphology and spatial distribution patterns of Hedyotis uncinella
(Rubiaceae) in Yunnan Province, China were investigated. The species exhibits distyly—
it produces both short-styled, and long-styled flowers. The stigma of short-styled morphs
and the anther of long-styled morphs were almost the same as the height, as was the
anther of short-styled morphs and the stigma of long-styled morphs. Pollen grain size,
stigma length, and corolla tube height were greater in short-styled morphs than in long-
styled morphs. In the two populations, the morph ratios of the short-styled and long-
styled morphs were not significantly different from 1:1. According to the distribution
pattern analysis, short-styled and long-styled morphs showed a concentrated distribution,
and both morphs grew sympatrically.

Keywords: distribution pattern, distyly, flower morphology, Hedyotis uncinella, pollen
grain size, Yunnan Province

SAUACREVEI B AT DS 72 2 (EIRRR] THE
JERE,

EWA A B4 5 (Massinga et al. 2005) ,

B BASEAENE I R S 1 DB D RIMET, T HFEBDILFE T X XN T T & Hedyotis
HESZCRBAER COZMERET 2 HE  (ZR OB 2 500 FELL B35
ASFIEMEORERE & BE6R L Cu T (Ferrero et al. fii L (Dutta & Deb 2004) . Z o JiciZFE R

flugi z feste 4 DA & LCREL

TITMEES LB R DR SN R

D TAGEAR S S RGEAEE N B 0 . BRI D
HEAOALIRRZLHL AL DY A X1

1t & FACHEAE 2 Fp 2 ZARUEAEMEOIERE B 22
DB AT LONVET S AU TV 5 (Robbrecht
1988; Wagner & Lorence 1998; /& 1999), 7
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Fig. 1. Flowers of Hedyotis uncinella. A: Short-styled inflorescence, B: Long-styled inflorescence,
C: Short-styled flower, D: Long-styled flower. Bar indicates 4 mm.

BZNLT T RO ZHRGEREMEORE L L CiX
Hedyotis acutangula Champ. ex Benth. <> H.
brachiata Wight, H. caerulea (L.) Hook., H.
nigricans (Lam.) Fosberg, H. taishanensis G.T.
Wang et R.J. Wang, H. pubirachis Y.D. Xu et
RJ. Wang 72 £ < #75 ShCT\V % (Bahadur
1970; Sampson & Krebs 2012; Wu & Zhang
2010; Solomon & Radhakrishna 2018; Wang
et al. 2018; Xu & Wang 2021), L 2> L. H.
caerulea CIFEREMICIT “AUEMEZ R L s
DO BT DAL ARG I E 72 B E
EMED B 2 Z & Mg ST Y (Ornduff
1977). H. salzmannii (DC.) Steud. Ti3IEHE
AN “REAENE Cd B DN EAERAE & BAEk:
L BICAEFMAMERH D Z En@EENT
V% (Riveros et al. 1995),

=7 2% Hedyotis uncinella Hook. et Arn.
RS, FEEE PO I vy — A K
(253419 % 244 O B T (Chen & Taylor
2011) ., [E] PN T e R AL A S T R
EHRDICAEFTT 5 LS T0 D (ZFH
1975), AfEH “HRUEHEMERER STV D
DO (Chen & Taylor 2011) . ZEAM 72 ZRERY
FC Wi s Ty, SEhEE
G C=AA 79O " AGEREHIC OV THER

{ER DOIRERVFER & LN CORAEEAE & &
TEREAED AR A T L 72D THE T 5,

M EAE

=AY OBIHGRE L IE0E OREIR,
2006 4F- 8 H 24 ~ 31 H I [EFLFBe LA
WIAIFZERT O B IR R PN DA ) 1965 m (2
BT HEME, 2006 -9 A 12 HIZZEMEE
B TR | L R R 2310 m ICAEE T DM
TiToT,

EOFEHERET 720, BHMEYET
SACAEAE & BACREAE D% 50 (B 5 116
SFE L (Fig. 1), 70% T~ % /—/LCHEE L
7o BE LTeFALOH bR % V) =—FS
HEOFT VX T A H A Z HDR-HC3 T
# L C Image) THHII L7z, HIEMEATIXIER
HE B B E Tom & (TESE Corolla
tube height) . & f& o [EL 22 (18 fai £% Corolla
tube diameter) . B A HAFEEA B E T
D S (MR Stigma height) FEEEOE & (1
HHF Stigma lobe length) . TERFEE82 5% E
HE ToOm S (HEEE R Anther height) Th %
(Fig. 2), &HHI L 7= B DT TR F AT >~
7 b Rver4.1.2 ZF|H L TE EHERE D
Tukey @ HSD #EZ1T -7,
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Fig. 2. The measurements of floral character-
istics of Hedyotis uncinella. A: Short-styled
flower. B: Long-styled flower. 1: Corolla
tube height, 2: Corolla tube diameter,

3: Stigma height, 4: Stigma lobe length,
5. Anther height.

EL BRI EE A D RLAEREAE & RACHAED S
5 AN DE AL L, (B OFHANZ AV,
ENOLHEROH L TATA 7T AR
BIRT, ay hTIN—e T N T ) —)L
TR CYett L7, Nikon #8020
ECLIPSE E400 |Z#&f¢ L 7okttt L A ~—
ML o B85 USB 4 A 7 WRAYCAM-
NOAG630 THEM & s LT, #Ri L7- i
M5 1A 100 hill Foget iz
BB DEL(FEMER) % Imaged THHAIL 72,

ENIEDS - TRUEREMEREY) = A1 7Y OTERE & 3 Aikk K 17

SACKEAE & BACRAE OO FHNEIZ S
TtREZIT- T2,

= A TV O & BARAE LN
PR AE R T D720, EFEYE & g Lo
2 SOEFMWNIZAF T HmER O Z 5K
Z, EHNOWRN L 1 LD 2 REE
1To7=,

EWAMEEMNICERE L7210 m X 25 m @
FIEXKIZAER T 5 2EIRD A LE % Feék
L C, FAEHAE & RAEHAE D Ak A fiR
BrUTe, JEAERETE & RAERAE O itk o
fRFTIZIZ )7 TEX % 25 cm?, 50 cm®, 100 cm?,
200 cm’, 500 cm* {2 X%y L C Iwao (1972)
m*-m F550& N, mERL O FE R 22 22 [ 5
A DFFHTIZ I Iwao (1977) D o F550 % Fv 7=,

BREBER

=FA TV OIRDOE A FHA L= fE5, #
TEAEAEOMEES £ 3.41 + 0.46 mm CERME + 12
Heffz2, LLTRER) & RIBHAEORESR R 3.13
+0.55 mm 5 L OVEAEAEAE O IERE K 5.66 +
0.67 mm & EACAEIEOMEE R 5.84 £ 0.80 mm
OMNITIHBEZEZDR O S L7 h>- 7= (Table
1. Tukey ® HSD #&%E, p>0.05), Z#aHD
ZEMD, =4 A TV OBIEOMEE L £
TERAEDREE DR &, 36 L OEAEHAEDORESR
& RACHAEDHESR DR S —BT 2 Lo %t

Table 1. Measurements of floral characteristics in two floral morphs of Hedyotis uncinella in the

Kunming Botanical Garden population.
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Table 2. Pollen grain diameter in the two floral morphs of Hedyotis uncinella in Kunming Botanical

Garden.

Table 3. The number of individuals of the two floral morphs of Hedyotis uncinella in two popula-

tions in Kunming City, Yunnan Province, China.

REZRBRE 7o o TRV | =44 VT HE
AL B 72 “RAERE 2 R > TV D 2 & D3HE
MO BT,

Zofh, TERIRAICITFEAEHAED 4.19 + 0.58
mm & £AEAEAE 3.51 £ 0.64 mm & TH &=
2 5L 6 41 (Tukey @ HSD f# &, p < 0.001) .
HALREAE O THF R E < > T,
Gaertnera vaginata Poir. <> H. caerulea |3 &
AEFEAEDZE M U T-HEBH & FEAEREAE DFER O |
b RE N H OB I Rz 57
O, FEAAEAEOIER 292 &L THVLORE
HEHORmIEZ—HIETNDHEEZI LN
T % (Pailler & Tompson 1997; Sampson &
Krebs 2012), A IRlFHE L7-=41 7% D3t
HFER DS AR D R S A=,

AERBRIZ IV T B AL 2.04 £ 0.22 mm
& FAEAETE 1.70 £ 0.17 mm & O T (Tukey
D HSD WR7E, p <0.05), FEHRIZOWTH
FIAEAEAE 1.27 £ 0.26 mm & EAEAAE 0.87 +
0.1 mm (Tukey @ HSD # &, p <0.01) TH
HEDROIL, WITNOFHIE & EERAED
FPREMEZ R LTz, FAHACOREADT7

AR E U H. acutangula TIEASH T FEBRTHE
s T L CHEBRICfilvn 5 BAEHAETZ 1 TR
B & TV 5 & S3L(Wu & Zhang 2010) .
A U < BAEHAEDHEAAY K Z VY H. brachiata
TIFAEZ#ILD 7 X U~ O OEER T8
B AV T SERAEHAED AiEZAET L O
Fafiit & 5 (Solomon & Radhakrishna 2018).
FACFEAEOREAD T3 FE L TWe=AA 7
FIZBNTE, FAEAREAED BIEMERAE R B
& DBRICONWTARFEMRMENEEN
el

MR OB Z R LT & 2 A, FAE
FAEDTEREIE 31,5 + 9.0 um CTEAEFEIEIX
30289 um & 720 HWIIHEZED R
SHARME, p<0.01), BEAEEEDIER DK
TUVMEANRD Hi7=(Table 2), = 5 L7z
SAEREAE DI DO PRANZ 22 DR IE, —
WM 2R o 727 Z 3BT Z J@ORH D 5
+ H. nigricans, H. acutangula, H. caerulea, H.
taishanensis, H. pubirachis 72 & TH#E S
TW A 1E/>(Bahadur 1970; Wu & Zhang 2010;
Sampson & Krebs 2012; Wang et al. 2018; Xu
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Fig. 3. Spatial distribution of the population of
Hedyotis uncinella in Kunming Botanical
Garden. Open circles and triangles indicate
short-styled and long-styled morphs respec-
tively. The bar shows 1 m.

&Wang 2021), RILT HxFOT Y R4+
J& Damnacanthus @ 5 Z358#EC & [FEEOEH] A
DM TU S (Naiki & Nagamasu 2003)
ELEREY b & BB TR (L oD 2 S D
PIZAEE T DEAEFEIE & RABFEIE OB {A% %
RHAIL72 & 2 A, EUEELEE Tl brE

BIED « TRGEREREY) = A 7Y DIETRE & ikl 19

Fig. 4. Changes in the m*-m index with quadrat
size (25 cm?, 50 cm?, 100 cm?, 200 cm?, 500
cm?) of short-styled and long-styled morphs
in the population of Hedyotis uncinella in
Kunming Botanical Garden. Open circles
and triangles indicate short-styled and long-
styled morphs respectively. The dashed line
in the graph shows the expected value from
the Poisson distribution.

16 92 AR, FACFEAE 104 fEA %% %, B
TR LR R CIXZ 24 10 fEfR L 9 fE{k
Th o7z (Table 3), &H 6D FAEH
B RABHAEDLET L 1 1 OHEEITR
DHNIRNST2Z ED (2 BE, p > 0.05),
WA OEANDIRITIZEFR CTH D L&
2 b,

=FA T Y O MR OFA L, EYIHE
BylE N o v > ) 2 =Y Pinus yunnanensis
Franch. o /3—/ L~ /7 5 Alnus nepalensis
D. Don 72 ESBR B IZAE T 5 HA) & R O
FRRIZ 10 m X 25 m D H K AHRE L TIT->
72 (Fig. 3), Iwao(1972) ® m*-m 5t &,
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Fig. 5. Changes in the © index of short-styled
and long-styled morphs in the population of
Hedyotis uncinella in Kunming Botanical
Garden. The line at ® = 0 indicates the
expected value for mutually independent
distribution.

FEAEREAE & BAERAEIL & BT B0 E &
FVOHDLan=—NERSMAL, TDan
=—NDEIRIL T o & DA DA A,
iz (Fig. 4), F7o. RAEEIED S H3 5L
FEAE L 0 TR o T DM 2R L
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72 Ak BAfR & lwao (1977) D o FEERIC
KWL 2 A, F/hOXEY A X 25
em? THIEDEE 720 | KA AR KE <
IRDITHE S THER B L, X1 X 500
cm? Tl 0.87 & KAE 1S3z (Fig. 5).,
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A AP KE < 72 BT O TRV RTINS
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RIS BOBETH D,
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Foliar epidermal microstructures of Pleioblastus nabeshimanus
(Poaceae: Bambusoideae)

Kazuomi Takahashi
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Abstract: Abaxial foliar epidermal microstructures of Pleioblastus nabeshimanus, an
endemic species of Kyushu, were examined using a scanning electron microscope and
compared to those of P. simonii, a widespread species included in the same section (sect.
Medakea). The abaxial foliar microstructures of the two species were similar in the dis-
tribution of prickle hairs and papillae adjacent to the stomata. However, the distribution
patterns of papillae on the costal zones are different between the species; papillae are
present on the costal zones between the midrib and inner margin in P. simonii, whereas

they are absent in the entire costal zones of P. nabeshimanus.

Key Words: abaxial leaf surface, costal zone, papillae, sect. Medakea

v Z < A X7 Pleioblastus nabeshimanus
Koidz. 1< A # /7 J& A % /7 i Pleioblastus sect.
Medakea Koidz. ¢ 1 i C, &[]V (3 & PED
FEARZ & EIT/NR(1934) I X » TRt s h
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AL, ERICHEN D DONFHETH D (85

K 1996; /MK 2017)

& AT, F i EMEY) OB D fEH
IR IE 13, PRI HE 2T
B & I S5 (Metcalfe 1956; Leandro et al.
2020), L2l ¥ T3 =AZ7ICHoONWTIL,
JRIBIEIZ X0 BARPE S 7 fiEME) DBED TR
ZEIZ L7 Ohki (1932) <o, 43K o
R EZH ST DD ORED—BR & LT
A B B DOFED LGRS I e 21T - 72
Bae & Namba(1981) IB W TH & W HIF 5
TR, £ 2T, I 2 CIIReAR TR
SNV T I~ AR DERIZONWT, AR
PR CHED T R OIS 2 8152
L. A&7 Loz,
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Table 1. Voucer specimens.
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7, 2021, H. Tomita s.n.) 13K AR CTrame—
OEMO HOTCEH FME) . FREE O
BILTFEERNTEIEZSL T, VTV~ AFr
ELTHEHEODRWRIE BN b, BREEAER
PERTR R D EEOFEA (Jan. 30, 2021, H. Tomita
SN IFERBE N O RIZ A B b DT, 1A
’T}Téé%‘é;}’bf:f: DRREIIOCHEEL TV D

L CIRBED XV I IR 2SR B
Zoo AZATELTNOLEDT, T~ A
Ao LRER A SR AT AL 1 A
PAE LT EARE AV, 2405 OFFIUEA
B LR G (TYM) IR ST 5,
PRUBEEARN D REZ RO, FEH RO,
H & PNARIEER (REBRRTIZIEAV B0 Tz
L XM 72> TV T DERR) DR, B &
O EAMABEG ORI ORI S . EEh
FI5mm X 5mm oY EE) o7z,
ROV v 7 A%brE L TG O824
BRBZTHEDIZL, 6D T uix
L AZiR LTTHY 10 S S I vEE 2 AT
(Déavila & Clark 1990) , i (F5ili) (21 A
v z—4%— (JEOL JFC-1100E) T4 % 0.02
um OESZa—7 4 7 L, EEE M
#i (JEOL JSM-T20) “CHsilitit 2 8152 L7-,
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BREER

ERE M CBIE LI EY THRK
OIS % Fig. 11273, AR CATIR & {8
HJTWDF'EJ \Z & B HIR) o> — 2 (costal zone:
cz) 127 » TEAFL(stoma: st) 2304 3~ B K
E‘Lﬂ?(stomatal band: sh) 28 & V| K fL#HT &
AL DOMICIFEILE R BN A B D
(interstomatal band: is), 4|2 %k D FLEA
745t (papilla: pa) 2304248, T v~ A
2 TR E (c2) 123 —8 U CHLEAZS R 2 K
< (Fig. 1A-D), —Ji. AX 7 Tliahih& st
MIEEZ O OIR EICIZHLEEERE Z K< H D
@ (Fig. 1F, H) . b1 & WARIEERZ O M DR -
(VLB EAET 5 (Fig. 1E, G), 7235,
8-9 HITHE ST iFEA (Fig. 1A, B, E, F) &
1 AICERE S N2#EAK (Fig. 1C, D, G, H) 1t
T D&, BEOHN, FHIATENLOLARL
ROMEMDBAHHIDD, Rk IS D FLERZE
FLOA M B U CIIBRARIRAYNC X 508 3R
DHNIR, ZDIED, VTR AL T R
& Bz, KIS OEBIZ T v L
~7 (prickle hair: pr), X 2 @~7 (microhair:
mi) NFEAE L. IR BT E B4 A BEHa
(silica cell: si) BFED HILD,

Fig. 2 13K LIER LT b D TH D, v~
T AR AL BT, KL (st) D
FHIZIZo0M R LTz 4 [0 FLEAZEHLE (pa) 73
HiL, DTFNIIKILEE O 25, KALOBE RS
Df SITHAATHIAZEEI L 0NELS . K
FLOBAERITARH LT D,
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Fig. 1. Abaxial foliar epidermal microstructure. A & B: Pleioblastus nabeshimanus (Aug. 7, 2021,
H. Tomita s.n). C & D: P. nabeshimanus (Jan. 30, 2021, H. Tomita s.n.). E & F: P. simonii (K.
Takahashi 110906-5). G & H: P. simonii (K. Takahashi 220122-1). A, C, E, & G: Between midrib
and inner margin. B, D, F, & H: Between midrib and outer margin. cz: costal zone. is: intersto-
matal band. mi: microhair. pa: papilla. pr: prickle hair. sb: stomatal band. si: silica cell. st: stoma.
Scale bar = 100 um.
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Fig. 2. Close-up of stomatal band. A: Pleioblastus nabeshimanus (Aug. 7, 2021, H. Tomita s.n.). B: P.
simonii (K. Takahashi 110906-5). pa: papilla. st: stoma. Scala bar = 10 um.

ZOEHT, AXTRAXTEICHES L
HYT U AR L AXIX, B N E#EKL
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Zostera marina population under the ramp of boat lift yards in Miyazaki
Fishing Port, Asahi Town, Toyama Prefecture, central Japan
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Abstract: We found a population of the seagrass Zostera marina under the ramp of boat
lift yards in Miyazaki Fishing Port, Asahi Town, Toyama Prefecture. In this study, we
observed the ecological conditions of the population using a small flying drone and snor-
keling. Zostera marina grew only near the quay on the southern side of the infralittoral
zone (at a depth of 0.6-1.2 m). Zostera marina formed a 5 m x 3.6 m community and
had sexual reproductive organs. We hypothesize that 1) sand and mud that flowed from
the end of the drainage channel were deposited at the bottom of the ramp; 2) the gradual
water depth from the land due to the slope and accumulated sand and mud recapitulated
the environment of a natural coastline; and 3) Z. marina seeds or live plantlets had been
flowed with the movement of seawater due to the tide, and arrived on the muddy substrate
and formed a small population. We suggest that this population is an example of the
expansion of seagrass distribution in the northernmost part of the Toyama Prefecture.

Key Words: ecological conditions, flora of Toyama, Japan Sea, seagrass, sexual
reproduction, Zostera marina
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Fig. 1. Map showing the location of study area. A: The Miyazaki Fishing Port is located about 4
km west of the mouth of the Sakai River, which is the border between Toyama and Niigata pre-
fectures. B: Drawing of Miyazaki Fishing Port. The ramp of boat lift yards is surrounded by the

dashed line and photographed in Fig. 2A.

WV, B0 7T < REKIE, HEROANTH
PRREIEY) BT C X TRk e T HEMERE R 1 T A
BT 5 EHElShD, 2T EHORE
TROMNS T ~EDEBRN L A EREA
BIEUE L, PR CEORER ORI OWNT
BRIz,
BRI, BIILIR R R OREE L
LN DOFAS 4 km FEIE T, HIRVEED
AEHIEICAD IO L 9 ICEREATWD
(X 1A), =IEfEEIE, B AYEOSMERNZBR
A9, B> 7-mPE S mICBE 0 Lcfa
BT, RBRBEDIE M, 2 0TS & 4
DT DZEEENN B 70 % (X 2B), MO IMAN
i, T ey 7 RERE STV D (R -
%511 1995), s DO—FHRIALE Lo
WL JERN T 7 U — BT, BEeMITER L.
HENZIZ Y ¢ T RN Z S & B 57200
L— VISR & 7o TN D, ihES
P D FEREIC LT, PRI & DT B D

72518 2 m BROHEKEEOH A2 S 5,
4ﬂ 6 H. M5 ORIKETRON ST~
DOARRIL AR D701, T Fe—
ymuﬁMmmnmm%mwT 7~ ER
%h LN OBIE LT, RIT ke —2 %
FERIE m 5820 m £ TORTHRIEL, R
ITRe— DOH AT Ly AEETFICTT T,
Mg 2R Uiz, ZORE, 7~Eidme
Gra{ oD JERERR T OW FARIZAFAEL, 5 m X
36 MOXENIZAEFT 5 Z LA bhoT (¥
2A,B), Fio, REEEOW N Epﬁ@?ﬁ%% iz
I RN ESAB L, TEFLICIET
77 2 ¥ Ulva pertusa Kjellman *?37?/\ )
Gracilaria textorii (Suringar) Hariot 23[R
IZHEIEL TV,

WIZ, A=V TEKRERNT, T
EOEBRMEMEFT N OBIZE LT, 2 ORER,
FEEOKBE O OB NIZIET wE0372<, K
B0 5 HIC 1 m B 5T 0 B IFAE



March 2022

HUED - AN E IR O 7 ~ TR 31

X 2. SO EERIKIC BT AT ~EDOLEBT RN, A Ne— 22 AW CEER 15m H»

S LI O EH (2021 424 H 6 H). KN,

KEHAZRY. B: 7~

D/INHBRER AR LT BE. a~eld. X 2C OREKITHIE. C: FEfllod FEE) DR L
7w EREOER, RKANL, o< bFERT (02144 H 2 H). D:#HoO7~
TAFERC S HEF O, KEMIMEF 42759 (2021 4E4 H 6 H).

Fig. 2. Zostera marina in the infralittoral zone at the ramp of boat lift yards. A: Aerial photo of the
ramp taken by a flying drone. Arrow indicates the end of the agricultural drainage channel (April
6, 2021, from a height of about 15 m). B: Low-altitude photography (April 6, 2021, from a height
of about 5 m) of the Z. marina population, where a—e corresponds to the shoots shown in Fig.
2C. The arrow indicates the shooting direction in Fig. 2C. C: Photograph of Z. marina population
taken from the quay on the southern side. Arrows indicate sexual reproductive organs (April 2,
2021). D: Reproductive organs of Z. marina photographed underwater. Arrows indicate spadixes

(April 6, 2021).
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Changes in the species composition in “specific plant communities” in the
Tateyama Mountains, Toyama Prefecture, in the last 40 years (3)
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Abstract: Following our previous surveys in 2008 and 2009, we reassessed species com-
position of specific plant communities in the Tateyama Mountains, Toyama Prefecture,
which had been selected in 1978 by the Environment Agency of Japan. We assessed
6 communities in 2020, and another 6 communities in 2021. In the two communities
belonging to the forest zone, the species previously appearing in the subtree layer grew
to the tree layer height; the observation was consistent with the 2020 survey. In the
Juniperus communis community in the alpine zone, Sasa palmata increased in abun-
dance and partially covered J. communis. In the other two alpine zone communities, the
number of species observed has increased.

Key Words: Cirsium otayae, Cryptomeria japonica f. radicans, Dryas octopetala var.
asiatica, Juniperus communis var. hondoensis, Pinus parviflora var. pentaphylla, Sibbaldia

procumbens, species composition, Tateyama Mountains
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WX INR I X5 H I+ Anoplophora glabripennis 0
IR TP USRI DR A & Z D G

AR V% - R L AT Y

Vo R T 939-2713 L B E L HT AR T LA 42
2) r= H & i
& R T

Invasion of Asian long-horned beetle (Anoplophora glabripennis) into the
Botanic Gardens of Toyama, Toyama Prefecture, central Japan, and its
damage to the trees (urgent report)

Yuya Hayase"* & Satoshi Kiriyama®

YBotanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
*hayase@bgtym.org (corresponding author)
Toyama City

Abstract: On August 26, 2021, the Asian long-horned beetle Anoplophora glabripen-
nis, one of the “100 of the World’s Worst Invasive Alien Species” listed by the IUCN,
was spotted in the Botanic Gardens of Toyama. An urgent survey was conducted on the
trees planted in the Botanic Gardens of Toyama to determine whether they were damaged
by the Asian long-horned beetle. Damage or suspected cases of damage by this species
were confirmed in 67 trees from 18 taxa in six families. The most damaged tree was the
horse chestnut (Aesculus turbinata); 33 trees were damaged. In the maple genus (Acer),
nine taxa, 13 trees were suspected to be affected. Since Asian long-horned beetles were
discovered in eight prefectures in Japan in 2020 and 2021, it is important to investigate
botanic gardens in yet-unaffected prefectures for early detection and control of this inva-
sive species.

Key Words: Anoplophora glabripennis, Asian long-horned beetle, Botanic Gardens of
Toyama, invasive alien species, Toyama prefecture

VY oNH I~ 4T F 2% Y Anoplophora RIS O 1 O ABEEZ KL (HHE LT~
glabripennis (Motschulsky 1853) IZ#iftfl-le  # 7  I% U TlL, LIE LI R ABEADS
O HREREIIC T TERS ML, B HKT DI, 2OMHSIE. M LI/ m4)
RERICIETARIEROI~X T H I XV A ZEIZH D) (K1la), 2) AL 14 o
malasiaca (Thomson 1865) (24578, 1) R ZEE 2 K < (¥ 1b) . 3) /INEDEH 3
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Occurrence of the sycamore lace bug Corythucha ciliata (Say)
in Toyama City, Japan

Sachika Nishimura

Botanic Gardens of Toyama,
42 Kamikutsuwada, Fuchu-machi, Toyama 939-2713, Japan
s-nishimura@bgtym.org

Abstract: The sycamore lace bug Corythucha ciliata (Say) (Heteroptera: Tingidae) is
an alien pest of sycamore trees (Platanus spp.). In September 2021, C. ciliata adults and
nymphs were found in rows of London plane trees (Platanus x acerifolia) in the Botanic
Gardens of Toyama and Yukimi street in Toyama City. Infested leaves turned bronze or
yellowish white, and the lower leaf surface was smeared with dark brown spots of lace
bug excrement. In September, overwintering adults under the barks of London plane trees
were observed in the Botanic Gardens of Toyama. These observations suggest the pos-

sible establishment of C. ciliata population in Toyama City.

Key Words: alien pest, sycamore lace bug, Corythucha ciliata (Say), sycamore trees
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O Masashi NAKATA: Karyotype of Leucanthemella linearis (Asteraceae) conserved
in the Botanic Gardens of Toyama

Leucanthemella linearis (Matsum) Tzvelev is a perennial plant that grows in marsh-
lands and wet grasslands in Japan, Korea, China, and Russia (Shi et al. 2011). In Japan, it is
distributed discontinuously in the Kanto, Chubu, Chugoku, and Kyushu Districts (Kitamura
1967); however, it has become extinct in some localities and is designated as an endan-
gered plant categorized as vulnerable (VU) (Ministry of the Environment 2020).

In the Botanic Gardens of Toyama, two strains of L. linearis from Hiroshima and Aichi
Prefectures were cultivated for ex situ conservation. Cytological characteristics were inves-
tigated as basic information for plant conservation.

One plant collected in Shimotakeni, Fukutomi-cho, Higashi-hiroshima-shi, Hiroshima
Prefecture, and 12 individuals grown from seeds collected in a wetland, Toyohashi-shi,
Aichi Prefecture were used. The plants were collected under the guidance of the boards
of education of the two cities as part of the survey for designating natural monuments
(Higashi-hiroshima) and as an ex situ conservation project to prevent species extinction
(Toyohashi).

The methods used for chromosome observation were the same as those described in
a previous report (Nakata 2021). Vouchers, as living plants, are conserved in the Botanic
Gardens of Toyama (material number: Nakata28161 for Higashi-hiroshima Strain and
Nakata40038-40049 for Toyohashi Strain). In addition, herbarium specimens as chromo-
some vouchers will be made and stored in TYM.

The chromosome number 2n = 18 was counted in 13 plants (Fig. 1A—C), confirming
previous reports of this species (Ishikawa 1916; Shimotomai 1933; Tanaka & Shimotomai
1961, etc., as Chrysanthemum lineare). Figure 1D and E show the 18 individual chromo-
somes of the two strains arranged in the order of Tanaka & Shimotomai (1961). The 18
chromosomes were large (6—9 pm), showed gradual and small size variation, and had
centromeres at the median position (measurement data not shown). Thus, the karyotypes
of the two strains were highly symmetrical in terms of chromosome length and shape.
Small satellites were observed on chromosomes 0-5 (Fig. 1C, D), but the numbers varied
not only among individuals (Fig. 1B and C) but also among cells within individuals (Fig.
1A and D). Although the degree of chromosome condensation and the number of satellite
chromosomes differ, the karyotypes of the two strains are comparable to those presented
by Tanaka & Shimotomai (1961).
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Fig. 1. Somatic metaphase chromosomes of Leucanthemella linearis, 2n = 18, from Higashi-
hiroshima, (#28161: A, D), and Toyohashi, (#40044: B, C. #40047: E). Individual chromosomes
of the figures D and E are arranged following Tanaka & Shimotomai (1961). Arrows indicate sat-
ellites. The bars represent, C: 10 um for A-C, and E: 5 um for D and E.

The author would like to thank Dr. Tarow Seki, Professor Emeritus of Hiroshima
University, and Mr. Motohiro Nie, the former director of the Toyohashi City Museum of
Art and History, for giving me a chance to study chromosomes.
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O Masashi NAKATA: Karyotype of Sagittaria subulata (Alismataceae) naturalized
in Toyama Prefecture

Sagittaria subulata (L.) Buchenau s.l. (Alismataceae), also known as “sagittaria” or
“chain sagittaria,” is cultivated as ornamental plant for aquariums (Kadono 2021). In
Japan, naturalized plants of this species were first recorded in the Toyama Prefecture
(Kadono 2021). Since the chromosome number and karyotype of cultivated S. subulata
have been reported (Uchiyama 1989), cytological confirmation of naturalized individuals
was attempted.

Naturalized S. subulata (Fig. 1A) was found in the Ichinose stream, Toide-ichinose,
Takaoka City, Toyama Prefecture, where spring water is the water source. Five plants
(Nakata40012—-40016) were collected, and their root tips (5 mm long) were excised within
a solution of 2 mM hydroxyquinoline and pretreated in the same solution for 5 h (19 °C).

Fig. 1. Sagittaria subulata. A. Male flower and the top of the leaves near the surface of the water.
B. Mitotic metaphase chromosomes with 2n = 22. (Nakata40012). C. Individual chromosomes of
the figure B. Arrows show satellites. Bars indicate 10 um (B) and 5 pm (C).
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The fixation and subsequent procedures to prepare chromosomes were the same as those
described in Nakata (2019). Voucher specimens were deposited in the herbarium of the
Botanic Gardens of Toyama (TYM). The description of karyotypes followed Tanaka (1977).

At the mitotic metaphase, 2n = 22 chromosomes (Fig. 1B) were counted in all five
plants. The 22 chromosomes consisted of two large chromosomes of median centromeric,
two small chromosomes of submedian centromeric, and the remaining 18 chromosomes
with subterminal or terminal centromeric (Fig. 1C). Thus, the karyotype was trimodal in
terms of length variation and asymmetric shape (data not shown). Small satellites were
observed on chromosomes 0—2 with a terminal centromeric. The karyotype characteristics
were similar to those described by Uchiyama (1989), although they did not mention the
presence of satellites.

The author would like to thank Dr. Yasuro Kadono, Professor Emeritus of Kobe
University, for providing information on the naturalization of Sagittaria subulata.
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