FIPRPAEE AR 3 R 23—57H (267—301E) 2021
Ty a v EOBIAE « FES5E - TEMBT - B
— RO —

Flowering, fruiting, pollination, and seed dispersal in Arisaema :

a case study at Mt. Asama
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Abstract

Here, we present the results of a detailed investigation into species of Arisaema occupying
lower elevation (1,000-1,600 m) areas of Mt. Asama, Japan. Using transects 12 km in length and 20 m
in width, we recorded the species, elevation, sex expression, and inflorescence and infructescence
phenology and morphological characters of all encountered Arisaema species during 2019 and 2020.
We further identified the potential pollinators and seed dispersers of these species and assessed the
role of pollinators in fruit set. Insect visitors were captured, identified, and measured. Bird and
mammal visitors to infructescences were investigated using remote cameras in 2018 and 2020. Of the
four species encountered, A. solenochlamys was the most abundant, followed by A. peninsulae, A.
longilaminum, and A. nikoense subsp. nitkoense. The occurrence patterns of all species varied with
elevation, excluding A. solenochlamys, which occurred across the elevation gradient. A. nikoense
subsp. nikoense had the earliest flowering time (mid-May), followed by both A. solenochlamys and A.
peninsulae (late June), and A. longilaminum (early July). Elevation did not influence flowering time
in any species. Captured insects typically belonged to Mycetophilidae and Sciaridae. Of these, Exechia
seriata was the most abundant, followed by a Mycetophilidae gen. sp., and a Sciaridae gen. sp., all of
which had a chest size that allowed them to enter and escape through the spathe opening. Fruit set
was more successful in A. peninsulae and A. solenochlamys that had been visited by E. seriata. All
four species set fruit between mid-October and late November, and elevation did not influence fruiting
time. We observed no difference in fruit attractiveness (pulp fresh weight/total seed fresh weight)
among species. We observed Apodemus speciosus and Syrmalticus soemmerringii foraging the
fruits. Our results indicate that E. seriata is an important pollinator for A. solenochlamys and A.
peninsulae. Given that A. speciosus and S. soemmerringii are generally regarded as seed predators,
we were unable to identify seed dispersers for Arisaema.
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Figure 1. Patterns in pollinator and seed disperser similarity and synchronization of flowering and

fruiting periods.
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Figure 2. The measured parts of male inflorescences.
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Figure 3. A map showing the study area. Map data were obtained from the Geospatial Information

Authority of Japan (https://maps.gsi.go.jp/vector/).
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Figure 5. The number of individuals of four Arisaema species observed at each elevation.
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Figure 6. The number of female, male, and monoecious individuals of four Arisaema species.
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Figure 7. Flowering and fruiting phenology of four Arisaema species.
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Figure 8. Female and male inflorescences and infructescences of four Arisaema species.
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Figure 9. Female, male, and bisexual flowers of four Arisaema species.
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Figure 10. Insects captured at female, male, and bisexual inflorescences of four Arisaema species.
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Table 4. Chest size of insects captured from the inflorescences of three Arisaema species.

a5

Chest
il TSy e
Species n Height Width
(mm) (mm)
X7 BITH 10 1.09 0.83
Exechia seriata (1.21,0.73) (0.91,0.73)
X Janxzfo—E 3 1.01 0.83
Mycetophilidae gen. sp. (1.07,0.97) (0.90, 0.73)
TSRO 1 1.70 1.18

Bibionidae gen. sp.

K6 T Ty a Vg 2 OREFOTERER LR

i

HIEE L, &S @, 1E W), ES (D) THo,

B AL OFHIE T 2R, FEREN 2 (R, FENOSMUIOMEI T EAE, FRIMN ORI TR K E, 45
MiThy MEZ7R~T, nid 7 ns IZIFEZE/R L CHE, p<005) Za77,

Table 5. Morphological characteristics of the infructescences of two Arisaema species. Measurements
are provided for length (L), width (W), and thickness (T). Numerical characters indicate the
measurement points of each fruit part; see Figure 2 for further details. Values outside, to the left, and to
the right of parentheses represent the mean, maximum, and minimum, respectively, and n and ns

represent the sample size and non-significance (t-test ; p < 0.05), respectively.

fii R e B

Species n L W T

32 33 34

(cm) (cm) (cm)

Y~ oTrotrvay 19 6.7 43 3.8

Arisaema solenochlamys (11.0,5.0)  (7.0,2.8) (7.0,2.7)

auIAT I ay 13 6.8 4.7 4.1

Arisaema peninsulae (10.5,3.5) (7.5,2.8) (5.8,2.4)

URIE ns ns ns
t-test

RELFEF OV A AREI Y~V /T T
vay, augATrFrvay, T v AV
D3FETHIEL THDLHE, 2E M LTI~
V)T lhvvavkayifrrbrvavki
N RS EomES, 1 RIS Vo 1R

-0 OEFHE T OBEROENAEICKL, &
IKREDRHEIZE -T2 (36 ; Tukey @ HSD FRE.
p <0.05), FADRERII=ZVIAT L Friay
I0Y~ 7 rF v avoinaEICEL, B
DEKRRIIY~Y )T rvavkavifsy
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Table 6. continued

# 6.
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Friavl)aE b AV SV OFNEEILE
7oz (Tukey @ HSD FRE, p < 0.05), FFEDGE
J1E (RARER AR FRER) 2OV T, 3
TR CHEREVDRED b/ o7 (Tukey D
HSD #%E, p >0.05),

AR L B
2019 4, 2020 -0 2 ATl S mlisLEEI

Fruit attractiveness

m B g Eg : § R a1 Cervus nippon centraris (21 {EIK)
2 |Yg-g=¢g PEHE< WOTT HHRRL (18 fHK), = A
EZ -T2 /3 Sus serofa leucomystax (8 L), =
fé HEH Capricornis crispus SRIK), =k
ﬁf X U= U. thibetanus japowicus (2 8IK), 7=
ilfj v KT v Martes melampus melampus (2 ff{4)
= DIETH 7= (K 13a~f. £7). BEIL. Y~k
> % cgrzoa U (2{EK) &E X Lanius Bucephalus (1 {E{K)
MEEERE Tholz (K13-g, h, KD, TDIH, REDOR
< 8 2 ﬁﬁ@@ ASNIFEL, THRRI (LA &
£s ST B8 RU (L) D 2FEThHoTm, THRRINTY
@ Sgeg°g 747/+//av@%%ﬁif STREDHD
“x @|-g<g-°z R 2T 51TBE . ¥~ RUDY~2 ) 7o
8% |gsgiss Vv a Y DREIFOWAEIRET B REE OV
- Tr, BEENEHT DITEDHERS =,
Hz 3| “g°§%§
5 |=3gs=S 22
2 “2°E°3 AL BT BT a B
) s> ~|sces-a BAICATT BT T a RO b, A
€ Elsigngs KUY A takedae, I TA T F LAY, Y
8§ 8 8 <~V h~AbLTTY A galeiforme, Y~ )T )
N Ay, Y hFulvvay, kv AVSY
nEdEaE D 6 Y, ZALE TITBHRRNT CoAi AR S C
£22F(°8°6°% WAHTETH S (BHIEN 2018), TDH L, AMFIE
MEREREN COTAHERSNIRRIL, Y~ FrFvvay,
PR AYTATLT YAy, YT v Ay, 2
w"E|gfigldgs TRV LYV OATETH oI, 7Y 2FOF7A4
led TETLTE BHERSTHD L, A4 L 7D -
e . EEREZA L S TRY (BEIE) 2018), ¥~
3 W= AL ZHIIHIRICA BN DS, BRHRETNT
H 1. ATIZEORRE N T2t 7 MpbIIC 4km BLEHE
2fa, NI IREERPROKIRC AT 5 L SRT0s (R
RS IS [ 1995), ST e, Zib 2 FEOLHHER
NEEE TEANSTEAFRI L LT, JiE T b
F N I LB Ao T R0, L
2 LERsis EREAEEN T E LTHOAMIRE B DA
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(@) 7hHr A= (b)Y RV 2o

=3 =

Apodemus speciosus Cervus nippon centraris

(=t % % (D =ZRVAESS
Sus scrofa leucomystax Capricornis crispus

(e)=Royx/I7<
Ursus thibetanus japonicus

(@v<kY (h)EX

Syrmaticus soemmerringii Lanius bucephalus

: ¢ N

-

13. 7 v a Ug 4 FRORSSURIRICE vy S - rLE & A,

Figure 13. Mammals and birds photographed visiting fruiting individuals of four Arisaema species.
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MINZ, F b~ A7 A S Rl LA
DT TOMRIZHAT D (AR 1986 5 & HIZH
2018), ZAVE TOHEE LAFEAIE L T2y,
AR Z DWW TR A>TV,

Ty a v ROMRBUL, EEMERR, KERR, 1R
TRl MERERIR O 4 DD 57210 . Z DA R TMEED
RbREL, MR, BYEROIET/NE L e DH—
R THS (BHIED 2018), HEPERRDYA X3/
SOERH T BRI 3 L QU W MR D
ThDHH, M EHEROT A XOEE, iR
BFRECOFREIRRBICBIR L TR0 | S RiEN R <
20, TR ETED L, BEED DR~ D
RS 2 5 (B 1986), MHEHITIHEKIZ R > Tk
D GUIHED> 2004;/MKIE)2 2010), T2~/ A.
urashima Tix, PRt (MR MERE) 233 ~ 5 R
ThH L, WBEEN 11 ~ 12 K72 D & MR
DRERR~, 13 ~ 14 K272 2 EHEED D IERE~, &
MHREANEE Z 5 Z 25 C5  (Takasu 1987),
INHDZ ENG, BEFENRZL ., HROEIG D
WEE, ZOFEIZE T, 2O ) 7 HAAERGEHT
HHEEBEZDILENTEDLIEAD, AFETY~Y )
TroF vy a AR R B < MROFIEIT
20%% Lo T =2 b, 2o ) TIXEFHE
MThsrEEZLND, FOMD IFEIZOWTIE,
2019 4 & 2020 FEDWT DA THERRDFIA 23
20%% B> T\ b DD, av T4 T Frany,
Y~ hTrotrvay, 2 AU YOIATE
REDNBD L o722 enh, 2O TIZEHDD
EREMOEIGN Y~ )T Frvav b
Dol Z LAMEIIEND,

FfE7 =/ O — EfEFOFEN RS, S
BRA5TERENEDFHR

A TEOBIHEFEN A Z N E TOME (IR 2017 ; &
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RRAEDBAAAIRENAS 1IEMERE, AL CW=DITRT L,
BB TIRENIXIZIFE B L Qi BITEDBRAAIE
WAEN T =DlE, o E <, B
SETHT-T-DIE LB L BND, Tz, Bl -
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LavOTIEE KL, ZNHO2FEE KT E

RO, L M= AV ZYNEIC 10 HERE, ¥
~ by a UMEAIZ 10 BREEES AR,
InFEFTOFREL—E LT\, Ll = E b
LT LY~ bT T a U ORBIHERE - B,
N ETOE CIITEEITER > TR TZDIT
xHL, AWFFETIE 10 HRREOER D AT, LA
FORERENS, Y~ T rvavlau T AT
vy a v OBIERHHIEEFAN ThH 7= b DD,
Y~ bhTrFrvaviat b Ay ORTER
HIREIHFETHH L, Y~ /T o) ria
vEay ATl avd2filrv vy
va v EOEFIE. HDHNTLE v AT EOlE
FAEIZOWTIE, & BICPRIBEOER Y 2Ff-> T
UWe 2 ED BN IR,

(LA« fEE~D TREOREAD LTS 12
R HBAREE (RAR) ObEE, k> TRRS
EERHE BN, £z, WTHOFETH, ZOMEN
WL DT TIRL T2 DA HALTZA, T
MR & MERRODD XovsEy LA 2004) A3
SNTFERIELZZ OND, —HCTHEHEFNGDOINR
HOBUHO LT X ICBEMRT AR 05 (B 0)
DA RIZHONTIL, ZOENEL, FEMEVT
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NERORBRTHY (Sasakawa 1993 ; Vogel and
Martens 2000 ; Nishizawa et al. 2005 ; Barriault
et. al. 2009 ; Tanaka et al. 2013 ; Kakishima and
Okuyama 2018 ; Kakishima et al. 2020), 7>}
T avROY Y N7 x—V 8T TSRO
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(Vogel and Martens 2000 ; Nishizawa et al. 2005),
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~OFDFERZARESE TN Lnb, 202
L > Cr X7 )7 4 PNEERICH
THDHIEIVNERSNT,

FAT e CHhDHE, FrTrFrvay A
cucullatum w=xXt5 L LI-9ETlE, 7o vay
JBDZ < OFERET, 722 BRBEHEOM VT L
% [EFREEE 2, RIEmINC AT 5% 2~ A
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