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Improvement of teaching-materials of Biology for
the Departments of Humanities students IV:
Nectar guide of the flowering plants,

Part 2 False ultraviolet color images of nectar guide.

Kageyuki Yamaoka™

Abstract

In order to screen the appropriate flowers for the presentation of images and image
data processing procedure of the nectar guide in the presence of students at the class-
room, ultraviolet absorption patterns of some flowers were examined. Among them,
the flowers of pumpkin, California poppy and garlic chive were selected for that pur-
pose. Although the pumpkin flower did not show any pattern under the visible RGB
light, a typical UV absorption pattern was observed at the floral central part. Although
the garlic chive flowers were attracting many pollinators, the whole part of corolla was
reflecting UV light very well. Contrarily, that of the California poppy absorbed UV
well. Almost all of the present results on UV absorption and reflection pattern of the
flowers were verified the results reported before. In ‘okura’ the clear UV absorption
pattern was observed at floral center, but this result was opposite to the finding
before: it had been reported that the whole part of okra's carolla equally absorbed UV
and had no special pattern by UV light. If author’s result was wrong, it meant that the
author’s image data processing technique was probably unsuitable. To verify this, the
spectral reflection of central and peripheral parts of the flowers of two Malvoideae

species was measured, and the characteristics of the reflection at the floral central part
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were completely different from those of the peripheral part at both UV and visible
light. It meant the technique had no problem. The biological meaning of UV absorptive

nectar guide was discussed to some extent.
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1 *27F6MoTSOLE %, #EUV 427 —liffs L OEL UV 7L — 27 — V(RO 1L
(1) 50 WAk RGB Wif%. (2)%): ML UV # 7 —mifg, (3) 4] FW UV 7L =27 — Vg (LLF, X
2~5 k). (a) =7 - V=7 R Zinnia liniaris. (b) ¥ 27 4 € Helianthus tuberosus, (¢) 0% T
<7 H. argophyllus, (d) < b)) # )T Chrysanthemum parthenium. (e) 2> F 7 C. coronari-
um, (f) 4 /N2 T Rudbeckia laciniata-



(d)

2 T URSHE, 7Y AR o BUEER, BUUV AT —E{EB X CERU UV 7L — A7 — Vg
DIz

(a) ¥4 3 HKFx Cucurbita maxima, (b) =74 71) Momordica charantia, (¢) &7 7%~ Benincasa

hispida. (d) F 27 Cucumis sativus, (e) 71 7 A7) Trichosanthes cucumeroides, (f) &+ 7 F

Belamcanda chinensis-
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Alstroemeria spp. (d) 7 71 27 Hemerocallis fulva var. longituba. (e) =7 Allium tuberosum. (£) 7

HNHA(LTHIRT 22T ) Agapanthus africanus
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(a) 7 7 Abelmoschus esculentus, (h) A4 7 37 Hibiscus mulabilis. (¢) X/ #K > T 7 Pavonia

hastata, (d) 7 1 * FEZERE Viola X wittrockiana, (e) & # <2 34 74 Oenothera ervthrosepala, (f)

VXY F IV O. speciosa
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5 7 VB2 ML, EEEOTHEYEER, B UV 2T —mli&B L O UV 2L — 27 — V(RO Ik
(a) 7)) 7+ W=7 KK — Eschscholzia californica. (b) 7% /7 F Chelidonium majus var. asiaticum. (c)
> a7 A N7 Begonia grandis, (d) Y L7 Commelina communis, (e) 5T F V174 Trades-

cantia ohiensis, (f) Y7717 ¥ Cayratia japonica
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THbo TOHBIZ, WRIAOHBE AR UV 2T 2 BIEE2 o7 — A, [E&Eks UV
RIS D — A, WIS 57 — A% % TE AL FEEIENGEARR T WEL DR S
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S5bidZz %/ 4+ THYy, JHAETIEERE LTHATH L), ERFBEEHEEIRL
UV 2L, B, Tb b0l UV 2R 83 5,
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M5fD7T FoROYTH T VIZFERICE L DERRZEE DT 2{ETH D725 UV
DYFN 2787 — ERED BN,
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RICTLEDOLOPE]LITH S,

SEEE Do L4 0% 3K (20082) 25 L CTwab UV Yy — v L |
{—HL7ze ZOHNMT, 27 F3EHEMEORBEERE ALY, [EFEHIEA UV 2
BAWINLTWS (K4a). fEEIE [UV Ay —CoRonzwiE]l @55, [{EH %R
WTAERED UV 2T 5| £ OHEFO—D L LT,

FWERAMEH L T2 UV EH - TTHGER 7 1 v % —12 OMG 4t UL-360 TH 5 (i
Ji. 2008b)s OMG LAk — 24— (http://www.omg-opt.co.jp/product/filter.html)
TRMLTW5 UL-360 D&EB AT L& FZ AR ICH W27 » 3 — 50 U-340
(LB, 2009, K2) &% E, UV TIX300nm £ ) FEEMZY v F LEREHO
POEET L 750nm & ) RIERMAZERT 25, L MAEBARY P VERT, EHEHIE
M EMEEICHWAE L7 4 V20 BPB-42 12 380nm X V) kK% %#TE 4 700nm
UlhzR<EBET S, 85 UV OERPATHT B G RE—EREERL, IR 1<
ET A%, W{RAEIC X - T BPB-42 |2 X AW % U-340 12 X B H{RISEM S5
LIZTE7. AL, mEOKELEENBPB-42 # W T S M-SR ollEEAs, 1
L7274 V& —RWHFIR 5 OE T X B0 REMEIZ A LIS ve o ISH L o[l
VhHbHETNEARARTRLAEZETORERD. UV 75 —W{RICHERD L L2820V T
fEEkE L7z,

FIT, 475, BIUFHUL THARHDAAL 7372 TSSO RE AN b
WEFHRTH, K6aldt 2 5, K6bidAA 737 DL BER & hJe i 55 o LT A
N7 MVERKLZDDOTHY, Koc & eldlBIHVF 27 50D, K6d & f I
LK AL 73900, ZNFR0HDLEEU UV 45 —li{ETH L. B, AL 737
BERIR O, REEmABBL T AWEAaE LR E LEE vz,
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ZOFRE, WTNOD A EEEIETHDEE I LT 50~60% DO RSREZ /R L, &
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BREEE L o T WD, — 7, 400nm UL F OITEESERIZ M & & 20% &=\ L 30% DK
AR L7z,

L7235 C, MO L S RGBEIED RIZUV 24 TRO LML UV A 5 —Hi{&TH
ﬂ%t¢%%f@ﬁ&otFéWJ%ﬁTuffﬁh\¢&< $ G, B, UV gz i
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(f)

6 F27 524737 OLFREDIHEALTORE AT VO
(a) + 7 5 Abelmoschus esculentus {LFFDO G A X2 bv, (b) AA 7 37 Hibiscus mutabilis forma ver-
sicolor (ERDBREF AT bv,y () 7 7o #EHi%, (d) A4 737 4DLHIER, (e) &7 FHEBUV 7
—MWifg, ) A4 73 7HEBUV H 35—k (o)-f) OBEFEOTRIIBEPKTH L. (a), (b) DRES
A~ 7 bVt Ocean Optics D7EEEEEF USB2000 & K4 7 0 —7 R200-7 £ 7o —7%k ) ¥ RPH-1 %
H T gLt & B2 55 v ¥ A2 10 2RI L CTESfEE2 7y e L7 DThH L, KT
oy b BRI, HT ey b R
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(K 7)e F74FI1E, BNz X D IZHEIRIED UV 2 B UL HFRIED £HRMIZH 5
FEBEWIT 2 8 R ERAY UV 2 2R < 55 (M 1b)o X 7a XM OMEEIZE S * -
A EOREH % BEURTE T CHoe L72W8DEHERTH Y, M7b B EoHB UV # 7 — ik
Thb, MHETIIMIZEOTICHZDZLIEE ) FTL RV, HP.UV 7 7 — i
TH UV M L TREZET LD FITFEDLDT LB ENR B TE 5.

3. EE
fED ] OEYFNEREHERTL12H7), EHEFMAGCOEEZ L FINED S

T X7 4 TEHOWBDLmI G LB T — UV mifg
(a) nTHOEMMI%R, (b) HEL A 7 — UV Wik,
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AT TCIE G RER B EEOWME O AW AR L M ERIR E LTI R B 720D
R LDPTTERD, BEZZEO—DOD MYy 7 ATHb, TOOICWHEHGE L%
MR O W %72 HP. UV # T — iR &2 E 3 2 TR D W CEaiEk T L7z (i,
2009) .

B E LTIRRL D 2MEOMBICIZHT LRIz H 5, EFH KD Urd7zmifg T —
Tho, AL LTIIRT 527018 RNEEZ SN LHEGEE EBNHTLEDNH), RO
FEHETHIR L 720
(1) wHDEEHBL UV A F — R0 125 7 O IR 2 A2 F 24T, H 7 5 — UV Il

BOERTIHOIEHIC bW L2 — A h{aﬁﬁf%*(DZQO
(2) FEREEEP R UV ZRINT H4E - A 7+ V=T HFE— (X 5a).

(3) UV ZIF LA LWINE TR 5L =7 (X 3e)o

T2, WHETIRIIERELL ) ABBICARZ TRE UV 2 5 —l{ETldR 2> 72 /AT
35, LEO)RETERIT M3y HhKRFr (K2, b Ay (Mlc), ¥
(M1d) Dty FTHA9e WINRDITHATIZIZIZFRL L9 2B -4 BELRTDH S5
BPLUV 7 7 —W{E T A I 0 RF v 1 ZEE PR EA B UV 25 245, &
7 A LN AE TR R AN L TR & SR S K5 50 F 27 Vb’
UV WL L, fEFREMREAETEES L DRI T H 54 72016 ThHL, WG
TH®BICEZ, DEVHOSNTORVENRL—RRTY) Y IV 2D LW FEKE, UV,
A ERFO N T A7) (K2e)ZHEE LTy PTRTZEIRNEDVHLLEEZD
n5s,

M, BEOHIIBIT A EREOMEDITTH 5,

—HOFE TR DACIZEEE (nectar guide) E IS, EITITERIVEZ WIS 5 K5
BNy — BN (e.g Davies et al, 2005), KRV A —% —IZEBROFTHEEZRLIZD, &
3 2R L % b EHOTMBA 2R TX DU%%KT& ELZLOHMAPERELTWS
(Thorp et al., 1975; Kevan, 1976; Penny, 1983; Waser and Price, 1985; Dyer, 1996:
Gronquist et al., 2001: Wi, 2002, 2003: Schwinn, et al., 2006; Syafaruddin et al.,
2006; Dafni and Kevan, 2008, efc.) -

UV 2 IR L TEEDONY — V2R T AWEDMON TS, $4bH, ‘black-eyed
susan’ OFEFTIHIENZ IV FXF T Rudobeckia hirta {5 IRAEDAEFTHLELIZ 340-380
nm OEENLZWRINT 53D 75K — VAL RET S (Thompson et al.,
1972)0 L7z235 Ty L O EEND 77K = VORIEAR UV 2B 5 — > 2
KLTWwbEEZBNS,

1920 FACCFHIAERIMA UV 2R AT EHNTE, [EOUV Y — 0 %2B#THZ LA
LR 72 (Lutz, 1924, 1933: Frish, 1950; Daumer, 1956, 1958; Autrum, 1965: Men-
zel and Blaker, 1976: Menzel, 1979, etc.) 1990 £40I121F UV &2 vl A 85D A5
NLEI otz Thbb, IYNF®O540nm (G), 440nm (B) B £ F350nm (UV)
CEEY =7 28 0 3OO B-BX O UV-IRZWA 7> v 23— F 35 #E1FH°
JU—ZVZEN, ¥A49Y 3 7Y a NI Drosophila melanogaster THIMT 5 Z L A3
R s N7z (Townson et al., 1998). I VY INF DAL LT A4 T/INT Musca domestica b
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UV 212 Z EHRD FENP MR I TS (Goldsmith and Fernandez, 1968). 3
INFDML E BO5UWE e BT 7o e EH e 2 RO 2 & A FIA L 7z Frisch (1950)
% Daumer (1958) D —HE DM RIIRVICSHHTH S, /20 IVNFDOAELELTS
COFRB IRy — 2R T LR ZFH O EFMEN TS (Kelber,
1996; Kandori and Ohsaki, 1998; Kinoshita e al, 1999; K F, 2006, etc.)s RV % —% —
DEBGEI LM E o T BEOENEIK - B SN2 L bHMHNTBY (Waser
and Price, 1985; Medel et al., 2003, etc.). {b& @i bR RO IAELIYBIFRASEAL L T & 72
EEZOLNTWVE, CORIZLTHEDO UV Sy —>, FifERBO UV REE & a3
¥ — VBN D% AT AN AIZEIGAHT S, IHEICBEEAN T S TIED UV 285 — »
WCEBEE. LWIEBEZTPRBEZEDL L) I ho7:F 2 b5,

AR THN LR O THMFEEDTH 5220 UV QWIS 7 — 2 H5FED S N72hY F Dk
Ny =V EREERWIEL S v, Lah > T, fE (2008b) b3 5 L HI1I2 UV /Y%
—UBRONGWI A TOLHROEN AT H I E (R1 SR OFREZ 2 LTI %
578\,

KISTWCR L7 T A T VIFEEAEECEELLE UVIIUSY — 25 Wik
Wt sd, LaL, TOREELORUEG|IEDT 5, TOEHRAHRE LIHEH 305
FOMICEED S L 2 2iER BRI, 5 3 752 Papilio xuthus, 74 AT T 72
Graphium sarpedon. 7 % &2 T ¥ F H/3F Polistes chinensis antennalis, I 5 A X R
INTF Vespa analis. A 37 I I 3F A, mellifera. £ A4 37 <IN} 235F Bombus ter-
restris, ¥ 7 % 7 7HH Sphaerophoria spp. FTH o7z TORIZE L DFifERRZF] X
DNFBHETH DO THRLEREZFFOZ L2 WL Tiiogz A7 b0 12H, #EUsh/:
B3 Bo FEPIIZENEY EABIIEERZONTWDHIETS ) WRICHNL BHAZ W
DIFHIRTIEEDHHH. TOMLIET AL EDS UVIRIUSY —  ClddEIc7E— LV L TW»
3\

H&BIZHAES 2 71 7 A7 VAL HLEIZILA% L — ARD 7 1) VG b &0 TESR
EERP UV 2 B T2 (M2e)e 75 AT DRSS E T AXRX Theretra japoni-
can TEH T AXR Agrius convolvuli S5HN WK 4 LN TOAW 2 B W I218 LiAA TR
B 5. MEDLTOEMETH I X7 ) DN FELT EN->TRZ 207056, UV 25
CEHELIZHTATYDEDPAXAFTEICZ I AZLZDTHA ). ZOBEILHD
TYTHTITDEERLTALE, UV ZRILTIE R TRELTWDERICRZIT SN, D
T, UVEWINT A2 THRARETAHZ EBFERRICTE—V 3 LW E O @S &
LEZBHTENTED,

~bhUA)T (@I RTUFS (Kle) #4277 (H4a, 6a. ¢) FL TR, 737
(4 4b. 6b, D) 1Z UV O EWIRDOWE /88 — 2 ZFfoTwb L, 7% 77 (K
3b) DE AUV & BT A48 TH] TS 28R T 52594 TbH b, D
T, UVEZRINT A [BEE] Z0BR) A= =T = V$E5bIITIERVWIEICR
Hig

HRIFICRA UTHET A4~y 34 ZFFIACh RS EE IS UV 2T 55 4 7
DERZFF>TWD (Kde)o BT VT FYFIVvodbttwyasf rH4LH
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FOBELZ LD (K4, EFHEOATH D5 TERMBANTIEIA SR T T v 7 Macro-
glossum pyrrhosticta 5. <> 34 7Y EAET LKA TH A HEBINIE 4 Z KD
THERTLIEST 5o [FMIE S OBEBHIC A B — 3 Salvia guaranitica R F =) —t—7
S. microphylla, ** =V 34 FHIHEDP S, HEBREZBEL LAY IA Y ziih
ARHIE, 7T K2 AR X Acosmeryx castanea A+~ 34 7"%’2@%&?‘%’\’“ AR
A Deilephila elpenor lewisii |23 T 5o HEFRZ LIZWEMS T, HEBZETIK2IIHZ
AP0 F <Y T4 FHIH F NI EBERERBRICT D EIEE 21T W,

IVUNFEflo 7z Frish ZOER 2 R EBROME 8 T, afEERPSETR Z R
AFTICUVZHZLEZDFBTHEH, CHIZHETH ) UV Z2HEHT 2013 GHRT
H5bo

FITHENEBIZUV, V, By G R, BIOLEHO 6 B oaFZHMELZAE L.,
I REZK 39 5 LI SO &2 TV 7228 9280 20 nm R T 360nm 2* 5 680nm (2
W7z 13RO E N THERERIK T TL T L, BLU380, 500, 600nm D 3P
WACKEMR AT D b D T LM 2T (Kinoshita et al., 1999: Arikawa,
2003: AT, 2006). E> ¥ 0F 37 Pieris rapae Ti&, WS 2 BEEIC L TED
BOUFARE RRTAER & R THWISH] T2 [RFICE] OBERELHIR S —
YEOIF TALWAE] T THDE] & [FHISKEOIE] PFEhd 2 ehMESINT
W% (Kandori and Ohsaki, 1998), L7725 T, BHIZE >TIE UV OALLTHA 7
KRMONT [EE] PREINTOLHBEEH), LFL UVIHEZ L3R wE
7% %,

—Ji, BROFEBRORINEIVAFTLIARLNTVREDHLELT, T y0Fay
HETHHER/NY — Y OFEREIMO TEHWZ EPALN TS (FIL 1997 : Kan-
dori and Ohsaki, 1998). CHOZ L 3MMOFETIH N HL LEZ RITNEL LRV, L7z
MHoT, A=2) (K3a) e+ 7F (K2f) ORRICHBR BN 2 AT HE4IZRRICEK
S TIIHEMICHEETRETH A9 L, BEBREFHICIVHFATRINSTREELD S,

L2l WWER) A= —OMb ) IHEHHRICRONL Z 3w, £ 0F 3
3k A I EF Ligustrum japonicum OAEIZE A LEF/R WS phenylacetaldehyde,
2-phenylethanol, 6-methylhept-5-en~2-one. benzaldehyde, methyl phenylacetate %
(Honda et al. 1998) %, 7’7°5 F DIEFE S Td 5 2-phenylethanol, phenylacetonitrile
(Omura et al., 1999a) 2351 &, ¥ 7F 37 Luehdorfia japonica 7347 5 (V) A4 3

/) ® benzaldehyde, phenyacetaldehyde WZFEF | XN A% (Omura et al, 1999b), 4
BRLBENEFEY) TR A =7 —%FT L TWb,

W72 — A TIEH BN < —F—F v F Chiloglottis trapeziformis ®{ElE ‘thyn-
nine wasp & FHEIL % 2NF Neozeleboria cryptoides D7 0T ZDHLDTH %
2-ethyl-5-propylcyclohexan-1, 3-dione # & L THEZEY L. MEOEEIZEIETO
Bk L DB RR L LD LT L ERPN YT —D L) IINTF OS24 E L, {E
M EAE SEEZENMSNT WA (Schiestl et al., 2003), & —Z ~Z7 1) TREDMD
Chiloglottis THRFROZ EDMBNT WS (Bower, 1996). 1%, Miz3I3I v 2 L7

BRoOMEE [8E] LE3Eh2v. ZORKIS, TP EESELR) A —F—%
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FOITHHA LHERREFEREESZHAONTVEILIZR LA TNE L LW
(&M, 1976 Honda et al, 1998: K#f. 2000, 2006: Li et al, 2004: Botto-Mahan et al.,
2004; IIF5, 2004; L, 2005; Ushimaru et al, 2007, ete.)s L72%> T, #FHEMD
BRI [BIE] 2/ 2L EZDP LRI LRBETDH 5,

FBREZEMET IRz 20 2T IR b2 i, UV 2N T 2 BEIZLVE
W [EBEE] O—2D54 7 THY)., F/2F0M% [EE] SWTFHEWIR) £A—% —IC
TE—LVTH72OIH#EL SR A LFEO—DICBELRNI LICHEL., HBRSELZ
EThbrEEZ D,
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