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Abstract Pollination pattern of various insects, which visit flowers of Vitex rotundifo-
lia, was studied at the Taisya sand dune in Sanin district, southwestern Japan in[I11].
A total of (1] species, belonging to thell order&] Hymenoptera, Dipteraand Lepidopterall

were recorded as flower-visitors of V. rotundifolia. The following[TJ hymenopteran spe-
cies were regarded as promising pollinators JC0Campsomeriella annulata annul ata ] Scoli-
dael] 000 Lasioglossum fergidunid Halictidael3 00 Megachile disjunctiformis] Megachili-
dae] OOM. humilid] dittodd OOM. kobensid] ditto[3 01M. nipponica nipponical ditto]
O0OM. tsurugensi€] dittol] 0O0M. xanthothrixd dittolj 010 Xylocopa appendiculata circum-
voland] Apidael] (IO Amegilla quadrifasciatal] dittol] [TJ1Bombus ignitug ditto and
10 Apis melliferald dittol1 In flowers of V. rotundifolia, a single pistil and0 stamens
are protruded from the corolla tube. However, the position of [ stamens is differed spa-
tialy. Two of them situate vertically, but the otherd horizontally together with a single
pistil. Except forO specied10] and] all other species collected nectar by creeping into
the mouth of the corolla tube, landing on the flabellum. In the process to collect nectar,
pollen grains released from the horizontal stamens were principally adhered on either ver-
tex or dorsal thorax, relating to their height of heads. Two major pollination patterns, i.
e."vertex transferring type’ and “ventral thorax transferring type’, were resulted, depend-
ing on the place where contact with the stigma. The species of O[T and[T10whose
head height exceedsOMT] mm, belong to the former, and the other specied 1000000
OMOandMOwith lower head height less thanO M mm to the latter. In megachilid bee
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species one more pollination pattern, “ventral scopa transferring type’, was recognized.
They usually foraged pollen and nectar separately from different flowers, but collected
both of them simultaneously within the same foraging trip. Collecting pollen, they cov-
eredd anthers and together with a single stigma with their metasomal scopa Megachile
kobensis was the most dominant specied] about (10 in % frequencyJand regarded as
a specialist, because matching of various characters was remarkably recognized between
V. rotundifolia and M. kobensis, i.e.,J0growing and inhabiting places were the same
environment; OO blooming and flying periods were coincident; (] patterns between nec-
tar secretion] also release of pollen grainsd and flower-visiting activity were synchro-
nized; 00O morphological characters between flowers and bees were well matched; and
O0Olots of pollen grains were adhered on the dorsal thorax, where contact with the stigma
Moreover,0d00time spent for foraging on one flower in M. kobensis was the shortest among
the above mentioned pollinators.

Key wordsd Pollination patterns, morphological characters, pollinators sand dune plants,
Vitex, floral resources, Sanin district
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Fig. 0O Laterald AQ and frontald BO views of Vitex rotundifolia, showing the parts measured. The basal parts of
0 stamens are not drawn in B. [ — Length of corolla tubel distance between surface of nectariferous area and mouth of
corolla tubel1 0 — Length of flabellum. 0 - Length of the upper filamentsd distance between surface of nectariferous area
and base of anthers of the upper stamensCl O — Length of style] distance between surface of nectariferous area and base of
stigmall [0 — Height of the lower filaments] distance between base of anthers of the lower stamens and base of flabellum(]
0— Height of the upper filamentg] distance between base of anthers of the upper stamens and base of flabellum— Height
of style] distance between base of stigma and base of flabellumC 0 - Length of the horizontal axis of mouth of corolla tube.
0 - Length of the vertical axis of mouth of corolla tube. (11 — Width of flabellum.
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Fig.0. HeadO A thorax() B and C[ and glossall DO of Megachile kobensis, showing the parts measured. [ —
Length of glossa. 0 — Length of prementum.d— Length of head AO distance between vertex and the anterior-margin of clyp-
eusl] [0 - Ditto BO distance between vertex and base of mandiblel] 0 — Width of head distance between the outer margin
of both compound eyes1 — Basal width of head distance between the outer-margin of both genael1[1— Width of thorax
O distance between the outer-margin of both tegulaell 0 — Length of thorax distance between the anterior-margin of scutum
and the posterior-margin of propodeum(] ] — Height of thorax(] distance between notum and sternum(l
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Figs.O—{10. Study area, flowering plant and pollinators. — Landscape of the Taisya sand dune where the present study
was carried out. (0 — Community of Vitex rotundifolia. 0 — Inflorescences of V. rotundifolia were covered with a polyethylene
bag. 0 — Flower of V. rotundifolia. 0 — Megachile kobensis, collecting pollen from a flower of V. rotundifolia. 0 — Ditto,
taking nectar normally from a flower of V. rotundifolia. 0 — Xylocopa appendiculata circumvolans, stealing nectar from an
interspace between corolla tube and calyx by inserting her galeae. (11— Campsomeriella annulata annulata, taking nectar nor-
mally from a flower of V. rotundifolia.
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Fig. (. Hourly sequence of nectar amount, sugar concentration, and sugar weight in Vitex rotundifolia. Fiducia
limit at (00 level is shown with a vertical line. Those flowers measured at (1] and OfT] were al buds, and fiducial limit
is not shown at [(TIfT1J as the number of bloomed flowers was scarce at this time.
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Relative abundance of pollen grains adhered on a bee body

Fig. (. Hourly changes of the number of females in Megachile kobensis and Xylocopa appendiculata circumvo-
lans visited flowers of Vitex rotundifoliall upperl] and sequence of the relative abundance of pollen grains.

00 -0O0adhered on the ventral thorax] middle(]and metasomal scopa bottomof M. kobensis . Relative abundance
of pollen grains is as follows: 0 —No pollen grain0 O — Scarcelyl] [0: Moderately] [: Less plentyd O — Plenty(d Mean
number of pollen grains adhere on the ventral thorax and metasomal scopa were[1T1+ [TT1 and [(TTTTT1+ [(TTT1 0 respectivelyl]
The number of females examined at each sampling time for (IJ minutes are shown in the middle column.
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TableOO A list of insects collected on flowers of Vitex rotundifolia 0

To(tfi 'r&o.al of Purposes to visit"
Order / Family / Species” o on P N
Femae Male
Hymenoptera
Scolidae 0O Campsomeriella annulata annulatal Fabricius(¥ O [mE| O o
0O Scolia historionica japonica Smith* O o
00 S decorata ventrialis Smith* O o
Eumenidae 0O Euodynerus nipanicus nipanicus Schulthess O O o
00  Anterhynchium flavomarginatum micado Kirsh( O O o
00 Eumenes fraterculus Dalla Torre O o
Vespidae 0O Polistes chinensis antennalis Pérez O o
Sphecidae 00O Sphex argentatus fumosus Kohl O o
0O Ammophila sabulosa nipponica Tsuneki O o
[JO Bembecinus hungaricus japonicus] Sonan[] O o
Colletidae MO Hylaeus noomen Hirashima* O o0
Halictidae D0 Lasioglossum frigidum Sakagami et Ebmer* t m
Megachilidae DO Megachile disunctiformis Cockerell* O O O o
DO M. humilis Smith* 0 O o
OO M. kobensis Cockerell*O T [REE] m o
[JO M. nipponica nipponica Cockerell* O O o
MO M. sculpturalis Smith* O o
MO M. tsurugensis Cockerell* [mE] O o
MO M. sppissula Cockerell* O o
DO M. xanthothrix Yasumatsu et Hirashima* O T O O o
IO Coelioxys brevis Eversmannt O O o
O C. inermisO NylanderO O o
[0 Euaspis basalisO Ritsemal] O o
Apidae [JO Xylocopa appendiculata circumvolans Smith* (ENN] O o
D0 Amegilla quadrifaciatall Villers&¥ O O O o
MO Bombus ignitus Smith* O o
IO Apis mellifera Linnaeus* m o
Diptera
Bombyliidae [0 Ligyra tantalusC Fabricius( O o
[0 Exhyalanthrax afer O Fabriciusd O o
O Villa limbatal Coquillettd O o
Conopidae [JO Conops curtulus Coquillett O o
O Archiconos erythrocephalusl Fabricius O o
Tachinidae D0 Trocca mundal Walker(d M o
Lepidoptera
Hesperiidae [0 Pelopidas mathias oberthueri Evans [mE] o
Papilionidae [0 Graphium sarpedon nipponum( FruhstorferC) O o
[0 Papilio machaon hippcrates C. et R. Felder O o
DO P. xuthus Linnaeus O o
Lycaenidae MO Lycaena phlaeas daimio] Matsumurall O o
Pyralidae D0 Hymenia recurvalis Fabricius O o
Noctuidae DO Helicopverpa assultall Gueneel] O o
Sphingidae IO Macroglossum. bombylans Boisduval O o
IO M. pyrrhostica Butler [mE] o
[JO Cephonodes hylas[ Linnaeus O o
Total a0

00 Foraging behavior of those species, numbered [ -0 00O OO0 -[MO DO DO DO ONOOOOIDIT andI Owas observed on flow-
ers of V. rotundifolia.

00 Sampling was made for O times between July (10 and August (OO T 0each spending for one hour. Those specimens, which were obtained
by samplings to study the daily activity of flower-visitors carried out on August (DI TTT]Oare also included.

00 P+NO Pollen and nectar collectingd PO Pollen collecting; N: Nectar collecting or nectar feeding.

*  Promising pollinators, whose parts of the body were smeared with pollen, contacted the stigma. " Sand dune habiting species + Frequently found
at sand dune.



TableOO Measuring valuesd mmO of various parts of the body in females of (I] species of flower-visitors collected on flowers

of Vitex rotundifolia (1"

Spedies Length of Length of Length of Length of Length of
glossa 0 prementuriy 010 head A100 head BIO1O) thorax] 00
Campsomeriella annulata annulata O+ Omd O+ O O+ Omo 0+ Omd O+ O
Lasioglossum fergidum DI+ 0mo OO+ 00D 0D+ 0o DI+ 0mo 0O+ 0Mo
Megachile disunctiformis O+ Omd O+ O O+ Omo O+ Omd O+ O
M. kobensis DM+ 0o O+ 0MO OO+ 0o DM+ 0o O+ 0MO
M. nipponica nipponica 0=+ 0md 0+ 0mm 0M+ Omd 0=+ 0md 0+ 0mm
M. humilis™ DI+ 0mo O+ 0mo Omo+ 0mo 0O+ 0mo OO+ 0mo
M. tsurugenis DI+ 0mo OO+ 0Mo 0o+ 0o DO+ 0mo OO+ 0Mo
M. xanthothrix OO+ 0mo OO+ 0Mo OO+ 0o OO+ 0Mo OO+ 0Mo
Coelioxys brevis™ O+ OM0 OO+ OmO OO+ OMD O+ 000 OO+ OmO
Xylocopa appendiculata circumvolans 0=+ 0md 0+ O 0+ Omd Jm=+ 0md 0+ Omm
Amegilla quadrifasciata™ DI+ 0mo O+ 0mo Omo+ 0o O+ Omo OO+ Omo
Bombus igntitus OO+ Omo OMo+ Omo 0o+ 0o DI+ 0mo OO+ 00D
Apis mellifera OO+ 0mo OO+ 0Mo OO+ 0o OO+ 0mo O+ 0Mo
TableOO Continued.
Species Width of Basal of Width of Height of N
headl 0] of headl 10 thorakl 00 thorak] 0]
Campsomeriella annulata annulata O+ Omd 0+ O 0m+ Omd O+ Omd O
Lasioglossum fergidum O+ Omd 0+ O 0+ Ommd O+ Omd O
Megachile digunctiformis 0=+ 0md O+ O 0+ Omd 0=+ 0md M
M. kobensis OO+ Omo 0o+ 0mo 0o+ 0o D+ 0mo D
M. nipponica nipponica 0o+ Omo OIo+ 0mo 0o+ OMo 0o+ Omo 0
M. humilis™ O+ 0MO O+ 0mo O+ 0o DM+ 0mo O
M. tsurugenis O+ 0MO O+ 0mo O+ 0o DM+ 0mo O
M. xanthothrix OO+ 0MD OO+ 0Mo 0o+ 0o DI+ 0mo O
Coelioxys brevis™ 0o+ 0mo OO+ 0Mo DD+ 0o Do+ 0mo O
Xylocopa appendiculata circunvolans OO+ 0 00+ DM OO+ DO Omo+ 0m 0
Amegilla quadrifasciata™ O+ 0O O+ 0mo OO+ OO DM+ 0o O
Bombus igntitus O+ 0MO O+ 0mo O+ 0o DM+ 0mo O
Apis mellifera O+ 0MO OO+ 0mo 0o+ 0o 0O+ 0mo N

00 Values are given as meant SD. The parts shown in parentheses are indicated in Fig.OO
00 Those specimens are aso included, which were collected except in[(I 1110

goboOooooooooobooooooog
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TableJO Number of pollen grains adhered on various parts of the body, where contacted with the stigma of Vitex rotundifolia, in females of
[ species of flower-visitors[1”

. Around Dorsal Ventral Ventral Hind tibial scopal
Species Vertex . N
mouth parts thorax thorax scopa corbiculae
Campsomeriella annulata O Mmoo OooOorm O O o 0 O g
annulata I+ 00 I+ OO
Anter hynchium flavomarginautum O oom ooam O O o 0 o o
micado 0+ D0 [T+ (1)
Sphex argentatus fumosus O oo mom 0 O o 0 O o
[+ [+ M
Lasioglossum fergidum O O O O ad MooTmn g u]
O+ 01O
Megachile diguctiformis O M M N o™ O 0 O d
M. humilis g o [ERIRIERN] oo o™ o 0 O u]
0+ 11 0+ 110 M+ 0
M. kobensis 0 ooano 0noomm O0ooomd NEEEEEE[NREEEN O 0 O O
O+ (110 O+ (110 [EENESNE| (T O+ 110
M. nipponica nipponica 0 Moo Mooy moam o™ O 0 O g
M+ M 0+ 11 M+ M
M. tsurugensis 0 moao Oooano ooamo o™ o 0 O 0
O+ 10 O+ M O+ (11
M. xanthothrix g [ENIRIERN] god goo o™ o 0 O u]
T+ M 0+0 0+0
Xylocopa appendiculata ooam O O onoorsd O TMoOorIIman O o
circumvolans [EERESNE| I+ (11 (T O+ 110
Amegilla quadrifasciata 0 mom 000 O O Oo“ 0O g
M+ M BEN
Bombus ignitus ooam ooom oo ogm O o o o™ u]
D+ (010 M+ 0+0 M+
Apis mellifera O moaoo mooo 0 0 [0 0mooorm O
I+ 11 I+ 11 T+ (11T

00 O0oooo oooob ooooboo Dbo

00O Those females, adhered a lot of of pollen grains on respective parts of the body, were selected. The places, where pollen grains were not usually adhered, are shown
with a bar(J O (1] Values are given as range and meant SD.
00O Those females with a full pollen load were not collected.
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Table OO TimeO secl spent for foraging on one flower of Vitex rotundifolia in females of

O species of pollinators.

_ _ Purpases to Range and mean no. _ No of
Species Time" of flowers counted individuals
collect )
by one pursuit observed

Megchile digunctiformis om Nectar N a
M. kobensis 0m+ Om® Pollen/Nectar jomg mm M
M. humilis O+ 0m° Nectar oomo mm O
M. nipponca nipponica O+ Om* Pollen/Nectar [Omo mm O
M. tsurugensis O+ O0m* O gomg mm g
Codlioxys brevis m O ™ O
Xylocopa appendiculata Om+ om® Nectar oMo mm M

circumvolans™ 0
Apis mellifera O+ O™ O gomg mm [mN
Bombus ignitus™ am Nectar M O
Campsomeriella annulata Mm+ Om* 0 00MmoO 0O O

annulata

00 Vaue is obtained by total number flowers visited / time spent for foraging on these flowers. Significant difference is indi-
cated by different letters a, b, ¢, d00 between speciesT P OO by Bonferroni multiple comparison test[T]
00 Exclusively or occasionaly robbed nectar from an interspace between corolla tube and calyx.
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Fig. . Relation between length of corolla tube of Vitex rotundifolia and
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texO of (11 species of flower-visitors. a—b: POOT] by Kruska-Wallis multi-
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rotundifolia and width of heads of (1 species of flower-visitors. a—b: PO

000 by Kruskal-Wallis multiple comparison.
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