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1. XFL®HIZ
ME=

1925 T THAR T VA MENHIGES N, TR TZ UHIETT VERHEBLT 5 %
TREARARZED LR, TLEOHBIUBEG BE THEMATLZ L 60y, A1
DIVHT ATV (FA~=0 LT PF, FLeTV4)] LE-T, £ ¥HR Ik
STOHBL ZENTE, ZO%, 5TIERHURbLOTHD THZEET O] N3
Sh, 4A¥YFryTiER, AV—F—THZLERTEDLH TR, KEhFETHT
LHEohotz, TL T2 HEICAD L, AV F—Fy FTVFRMET X LT VAN
Mmoo, 7ruerIotmkl bz, V0N EAL TS,

(2)BHW

MOTZ OHTHD (P~ ATV XEMR L TCHEAT LI ENAETHD, &

WH LT, BEMEDRWT VFOMEIZENRSOVWNERRDLZ LT LT,
(3) &

CREFTICE D IEWVIE D B Z 2T,

T T FTREWIEINRE I AT,

cEZDOREOIE ) DHEZ 2T W,

2. MEAHE
MEREBICAW:=1D
IR I N TNWDE L~ T A TEX Y b (Vo —F v M) TERLES V=
= AT VA (BEHE 1)
AEFERALEA LT VT, Pl AX A F— RPAFHETHLT-DRDYICY
3y N =N THAF—REFHL TS,
(2)EBAHE
TUVANPOH TS o0 a— REZNENBOERBIZER L(ZARNT 7T Fo&H %
T5)(BEE2), FOMER4 0.5m, 1.0m, 1.5m D =EEREICHT, VA EXEFHmNS A#A, B
RO SOOHRIZBWT, EOXHICHI 20 ERERT 5,
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3. #R

TODBEFINLZE LT,

ABC 7 A4 JE %L 1008kHz Hi 71 50kw
0BC 7 ¥4 JE % 1314kHZ 1 7] 50kw

0. 5m 1. 0m 1.5m
9. Okm . B .
Hh A (ABC 5 < 4) Bz 270 NDOFE & MEE Y PR RGN AY s ol
1.5k
Hi A5 A (Ongj) Bl- 22 | BIZ 20 B - 2 A0
5. 0km . o USRS .
S B (0BC 5 o) Bz x 2w HE S MEFIXIR LA E - &0

BINTHEBRLTHAERN, ILOFIZHDZ &0, MEmNHLNRYOREERHDLZ L XY,
MEWAZ LIXITER o, SHLICHHESRCRKEDO ST EZE X TEM L 7ZA, FFICEbid
Mmoo Tz,

4 EER

FERNOEDLND XD, KEEBY TERLS, MEFNPLEWIE O PE I AT Wb Tidk
Mmode, BN, Ty T TREWIEIBRH AT holz, Db RnoizZ L1k, HEEAIITW
EH XD, BWE)DOKRETR»LDOEKREZE L, LHOBRKRZR EEZFT2H, HonRH
MR oz, SREHLEAAL~= T AT OHITIE, WAWARBEEREKO TS,
1oDOBEWKF T EREAFFEKEFEINIAIHOD I L, FEEOKWERZBLLT T4~
DO TaAf ] ZWROAMFTTIC, AEZOSWERAZBLYLTLS T2 [avryFor¥—] 0oh%x
Bt T, 20T, bL2rLied, a4 ] 230V T EICE-T, AEIZN-
THEE A O T ZENARRIZR LD Liv W,

5.EEERY

COERESEZ, TUAICL W HKERTE SR E L, Bl HIZERE 5 E 2 7 SSH
OMBICRY MATEELER, EREBBT 20080 LBALTLEY, LV#MAT— 4%
FICAND ZEBRTEEHATLE, BHBHAZ S 5 ICHOEIE L - LH#MRZ L RDh 5T
LEZLNET.

6. & XXk
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REBEDARADRKIOMEDEWVWCELSIBECZAADEIL
B#L 15 ZOMTINEM D 13 F &byt EH 9F #HEIEIN

1. [FC&HIC

TR bl o TRERAI 22— a3V — L Thd, HTHLSFIIEKAHE L L
TlEbL L0, [ETE T TRIBERCEEOF THL X< BEbb, 22T, /hSWVWH, RLELXB
ELLTWHEETHLIEERCR) ZFAH LEREFHEE-> TlEATLZ EZBVWH L, RoMER
KEDE NI TEDOIHICHIZITRREENDEDLLZ O EZFE-7-0D T, EBEICRE
LT THLZ EIZLT,

2. MiIEAE
(M %EM
Moy 7(EES 8em, ODDOEEE Tem), WAWARK(F T A, Z=2WF, ZF U8, EHo )

ARV LHE ), ~ AT, A —H— PC, A7 NTF LT FF AP — (WaveSpectra Ver. 1. 51),
JE W RS G g (x> 4))

(2)EBAE

DFENEFNDOL%E 1mI2H Y, BMEELZFHS,

QFENTFhoOREHa y ZTITEY AT, REFEEZED,

@FNETNDOAREIFICHAFZ AN, EOLHICBWIzxsdh, BT
W TS,

@200Hz, 400Hz, 800Hz, 1200Hz, 1800Hz, 10000Hz @ & ¥ (IF 5%
B)E A= —NbETNFNOREI[FICAN(BEE 1), K5l
D v I i~ A4 7 TEEHY, AT NI LTS
FTAY = AN L TCHRBAEBEOBTROEIEEZHNL (EH2),

OAXRIT N T AT FITAY—THLNTEAXRT MVERKIZT Y v
K7 RL, EBREHEOEFIEEZ 7 77 EOE ST THIEL
Tre TDEEX, A= —NOLOEBEEOREL VR T 5T
O, A=A —0LOHEEDLDLEGEDEEZZ LW,

3. #R -t ;

(ECRWTHRHER) HE 2

F 7 Z2(0.1Tmm) - LoV iELZFETH I 220, SEIHXENS, A
L2L, 2bolmXkohi,

7 7 A (0.29mm) -7 Z A (0. 1Tmm) K VX~ T VI 25, ZTH-o TR,

7 7 A (0. 4Tmm) LD T 2 L0 FNR/NELS B 27,

T2 F(F) OB MEID HLEETTDLT 0, BOTENTNICEI 25,

T2 FEE) - EOREDBEETIYT WV, BEOTHENTNICHI 25,

AT Uz a—RBen D EIR IV, FIERED, FOTHLREISHE I 25,

By 98- AT UBIVNESDDOTa—RNnnd, BOTHENTMCEI 25,

AU L0 5mm) - BEXEL IV,

AU 7 L& (0. 8mm) - Z B 12 < vy,

(FEHEORE R CEAE : cm)
SR DOEH HREEEE | 200Hz | 400Hz | 800Hz | 1200Hz | 1800Hz | 10000HZ
7 2 % (0. 17mm) 0.23g/m 3.3 4.5 2.4 0.9 0.6 0.6
7 7 2 (0. 29mm) 0.089g/m 3.3 3.6 2.6 0.8 0.8 0.7
7 7 Z (0. 47mm) 0.027g/m 2.8 3.0 3.5 2.2 0.9 0.6
7 =¥ (F) 0.077g/m 3.3 4.8 3.5 2.1 2.4 0.8
7 = ¥ (i) 0.018g/m 2.1 5.3 3.0 1.6 2.1 0.7
2T 0.629g/m 3.4 3.3 4.5 1.3 1.4 0.7
HHo 9 0.696g/m 3.4 3.3 4.5 3.1 1.4 0.2
RY L& (0.5) |0.25g/m 0| -0.1] -0.6 0.3 0.6 —
AU L &2(0.8) [0.133g/m| 0.15 0.7| -0.5| -1.1 -0. 1 —
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(AR b T AT FITA P —DEEDIET)

AT U # 400Hz 7 =¥ J (F) 10000Hz 277 2 (0. 29mm) 400Hz
(EEE2TTF7I2ELEZHOD)

b

-0.5 200Hz ) Hz 1200Hz 10000Hz

w77 20.17mm 0.23g/m — 77 20.29mm 0.089g/m 777 20.47mm 0.027g/m

't B/ 0.077g/m —8— 7t o+ # 0.018g/m —— 7 5 %% 0.629g/m

—

4. FEH
PLEDFER LD, RO LI R LRHEERINS,
AR L2 FEAEKRRORSICEEBINDZ EIFIFEAERL, ZEEFEIEILRD/NE N,

—HE LT WWMEDZD, FURE)PEBRPTCREISBELTCLEI DL LB S,
T T AFMDNIEEZEFENRRKE W,

SHIWVIE) NN ESYZVOEENNESIEHLLT VWD EEbR S,

« 7 =Y 1T 400HZ 2RV T, KWIZEZEETENRKE W,

SHMEBEEIDLMEBICLIDZEVWVHARKREILSEETIZDELEbND,

ARV T U H UATE, BEENRRKREWIEE, ZEEFENNSL LD,

—SEWEEEOEOFNHELLTWEWHIWEERH DD TIERWTEAS D D),

INH XY, ROBBEESCHEDOENITOLEDLY HFICHALN2EWELTELT I ERD
Moz LRI, MEOLRWNWICE > TIEDLIIRTWVWEERLLZEbbrotz, KEEE
LTOHBTE>E, H2ABR 72 FREL Y YMOGENRR L KIS EREDLY, XK
EE LTEHPENTHD Z Enbrolz, W, HHELLTWVWRY 7L X DR TIHAE
FRE LTI oLV Ebbhotz,

D #F 0.696g/m —pe T 427 20.50.258/m =TT |57 ,0.80.133g/m

5. &k
EONEGERR - AEAATE R (2014) @ W BE, EEAREE, pplb5—163
FEFENnEEL2E 225 (http://www. toli.co. jp/m_library/m_library6_2 1.html)
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1. [XL&HIZ

I BIL, BETETFOTHIZOWTHEALEN, BIRNIZED L S RBG 00k %2 o T2,
FTIT, BBIZIAVFEZEEL, SO THOERLTHOKREONELEL T, HEILE
TAEEERD THADLZ LT LT,

2. RAE

MEHFI S LD

Hib e = 8o KEE (E X 25em— AN 20mm D H D% 44K, £ X 25em— WNEE 13mm O H D %
4K, EX 10en—HNZE1BmDOLO%E 2AK), AT FCME), LEHITFTUAME), boxL,
oy Tr—7, arva—4%, A7 T AT F T A VP — WaveSpectra Ver. 1.51), J&IKE
iR B E (X>2hR)), A v&Hy, A7, IREEH

(2) BL4F & RBR
R
LA ET SOMEF
ODKEE DK EE
PIDIKEE ‘\
AP e
1 HFHE1

O K1oLH)REEBTATE)EED, —FHOFOWIIA YA %2, MFOEDOTHIZ<
A7 EZNENEY ST %,
Q@ A¥YHRLrDOIFEa L a—& (FEEEBEIRSE) ISHHE L, 500~3000Hz 2 £ D ¥ i (1%
W) =RAESED,
@ ~A7DWiTFEALE2a—F (AT N T AT F T4 =) ICERL, 74V TE~DA
FERIZHTOHNERORE S (FE) 2B TEL L0175,
@ FEELTWARWFOKEEZD-L D EHLANL, ZYEEHOFEOFIELEEH
B35,
@TAKEENKIT D2EME T, FENRD RN L2 HMEZIEREIET S,
OOREEFKBEVIRL, FHERD D,
HEPRRKEK) LR HMBEICHONTHRKRICHET 5,
ETNENDOHET, MEDEZRD D,
EREWET 5,
FHEEPOHEONTZEREEIREBENOFTHZRD, THEEQREOBEEKEINLHE LN
DAL T 5,
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3. R
(AR b T AT FIFTA P —0OHEHEDEF)

| ' 2 100Hz /M: f; f: = v | 3 200Hz I oNe foco 7‘:9: & -
FENE/AN « BERICRDAE]) (BEA7 :cm)
FE1[aH FE2[EE EDTH

188 /N1 B B A2 B &/N2E B A E B &/ E R N2E B SN2E AR &/ | X
800Hz | 5. - 14.2 - 5.1 - 145 - 9.25 -
1200Hz | 4.1 1.1 108 | 128 46 6.8 106 - 6.35 5.7
1600Hz [ 34 5.6 135 | 159 33 54 135 | 158 | 1045 | 10.35
2000Hz | 6.6 9.6 153 | 182 6.6 9.5 154 | 183 | 875 8.7

BN LIEIBICHRK - /DT> THDBWIZEK - BN D DI 7 A g Z R T
EHLEEETHD, JoTERTRDLEZDEHEZ 2B LEZERIEEL TH D,

ZofEE, AR V=1 XA (V: FHE, IR CAERE)ICHEAL, THERD D EKD
FERME LN,

(FHEE» L/ DN TFE] (BT @ m/s)
800 1200 1600 2000
VEEZF/NELGLHEZTALIGE)| 148 152.4 324.8 350
VEREEARELGLEETAVIEE) - 136.8 331.2 348

— 77, BHEK[IEOEMBRE  V=331.4540.6 ¢ (¢ : =R [*C) )iz, EBRIFFO=EIE 26.5C%
WHLT, T@iEV=331.45+0.6X26.5=347.35=34Tm/s %15 %,

4. FEH
HFHERIBOBEBRANTHONTHE L ERTHONATLEEE 2L THLH L, 1600Hz &
2000Hz OGAIXFREN 20 L FTH Y, KRIE—FH L TW5H A, 800Hz & 1200Hz DIGAIZ DWW T
X 2001 FELENAEL, BEMTIERWERE 272, ZHIEEC, PCOMEE D D FE O g/
BLOMKOZYAI LT ERDTHOERENEH L, ZHRIHEIBARYD OBEKIICEIDS D
DEBDONDN, 74T EEEHLTWKEDORTZSENLA L D2REZOHRMEND D
TRl bLEELEZOTE RN EEDbN D,

TGN D220l Z L EFELTWIEEREIHE LV DRI o T LES LI LIIRET
REEN, BERICFEOTHZRE T, —HE2Ras2YRTERELNTZZ 00D,
BEREEVWERNTELZLEES,

5.5 %X
EAREGERR - REANTE S (2014) - W R, FEEAAE, ppl63— 164
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1. [XL&HIZ
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ZORMENDLNALIZEZT, ROTHRED XS ICEILT D00, £, EOHENRERDL LS
RED), RERICHTHD Z LT LT,

2. IRAE
MWFERLEY

- RETRATHE SR (X v b)),

- HIEOREERE (T4, bOSL, 2AX U, DER), BR, 7V v7(1.8g)
(2) KB AHE
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BFE 1 R LUZHERITHEGE2LOIRICAR, BHR, CHEAFTITD)
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| HHAELRTEROBR | EOBBOMELRITHERMOBR |
RATEEEE (M) ARATEERE (M)
SHHEAEC ) ARY BH! &%= AR BHY &%
10 3.2 36| HBEEY 2cmEl 3.1 | HBEHE
20 4.4 3.6|TLD31E  10em ||4cmEl] 3.2 3.2|9LM51EF  10cm
30 3.8 3| ERMA 15° 2cmit 2.6 26|58  30°
40 3.1 2.1 4emtt 2.9 21| L RfA 15°
45 2.9 15
50 2.4 1.4 &2
1
FHE T ARSI ERITEROBEEZ I R ERATIERE D BE{R |
RITEEM)] BE RTIERE (M)
JLDF|E10cm 2.5 ;IEE%ﬁ: Cﬂ%{ﬁﬁﬁ _t}iﬁ AZ! BEY 1%%
3 LO3IE150m 43|58 30° 0° 3 24| HEEH
I LD3|E20cm 56| ERA 15° TIZ15° 3.2 2.6|3LDEIZ 10cm
% 3 FIz15 43 2.6/5¥F4 30
%4
4. FLHEER
OE-3
10° ~30° L&, HBhEaxZFRIZEST-ZL ) BRRITE T DM, 40° ~50° TITEIZKT 5

MzANKELBRYVEELTCLES, ML E L TE

CThHd, RITEPRSITITEH N BRI,
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N2 T 122,
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ZTOEERRD D & D Rk
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MbEFHEL LT3Rl T D720, HE
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DT HEHELMKIBEL, HHLZESITEER LAY, L0 bRE 20
BTHLT, 5l EOMRES LIREHEORMBRA L THRND,

BlEDBMENBRITNITRNITE, DFVHHEEN KX ITHITRKEWIZE
E, RBBENELS 25, Zhix, HAL EEARRELCEZDEHDER IO RET SISV L, B

CHIFIEEREZEL TWVWDLINbREEEZIDLND,

S, BhEBRSZ T bND 20°
EHEZTHHT21IZLE, MRITEEZ IV ES~ARIEIEL 2 EDRbhoTc, HBAIPR&EERIC

HWEL, NFHRMBHATELROIRTLRET DL LRSS
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Ry kAR bOsry FOES & RITIRBEEER

BfH 6% BLEFHIIL Bl 13 % EEr=eil
Bl 17%& HWEH—B Bil28%& JRFEX
B#l36 % H Lirx DM16%F “pFE=

1. XL®IC
(1)

BIRENIE, Ry MR M Ty NEWOIMETHFULEA D, Xy MR Mva gy b e, REEEK
B2 EM A>Ty AR M ZFRMELE L, KEANTZRy MR MUIZERE AN, ENEED
Tth, —RIRIET 22 LI2RY, KEZEKOKIERAOHEFIH L TRITT 227 v hOBROFEL S
9. KER COfERAWE R T 5572, KEZERE W) FRAMBIORTEREITH Z LN TE,
VEH « A D T1ZM 7B 54T ZENTE D72, BENOHHWEM & L TARDNE,

BT, Xy bR Mvary hOBRES Y b0, BB ENREIEINTZD LTS8, N
EOBBFROBEMIZESNTZY, BESBEHTHEIND ZLbH D, FREIICRZADR, vy b
IEEECRITT 5728, TEICEELRTHIE, Z5EHie COBRIZE YV BEoBESRIERNWZ 1S
b, Fio, MUREXOANDKOE, ZBR85E ANNWDTZDIZR Y 723 82 X0 R TRl N2 kT
L7, BIRWEMTZEF X5,

(2 B

LTz, Xy MR e ry MIFRICERTE 2ENTRIEN b, BEO X o R—2FTH
LODENTEXD, FEAVA—2ENYHZERLTNDL LW ZEEHY, ARTEbD I TESTzm
7 N CREEBED R ICHREE L 7= &y, T A SEBREE LT,

2. ARAE
(LA 8
- 500mL Oy hAR MV(RFER) 1K
O E Y TFROB—ADT X T H—
cbE=— T —7
7y MR
RV TFLL RS MRV ZF Lo by ez onTE, BERy b &
AT AL, ZTOFROEHMEFA L,
()%
REFEROKT TR
QRWIFE 1L
FHAE A 45 FEIZ, 7 v MRV T ERET e A 15 BICEE L, ANDKOREEZELSE5HETRIT
FRBEA E D K S IZE(bT D2 D0 EFHII L 7=,
ZTNENOKET=EITOMRIIL, FATHEBEOVHE & -7,
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3. #R

K= (mL)| 100 200 250 300
&l 1/ 2/5 1/2 3/5
PR (m)| 392 72.2 71.9 59.2

4. FLH(ER

FER DMWY, 200mL AT RS FREEBE O B e b @ o 72, IR
WCH4r D 250mL, 300mL, 100mL EWIHETH -7z, LT, 2
> R RJLD 40~50%% K A3 56D TV BARFED e & TRIEEE A HiE, %
NEV LT ETHDORT T THRERIIM R0 o7z, Xy FAR L
By MIR FIC Lo TEREEM L, TOZFAFT—IZ Lo TKRBNWLEHT /O T
ST, KRV TEL L, ITHICT KRB > TLEY, HENZELNRWTZD,
HERBE O R0 7o LB 2 T, WIS, KBEZTED L, JEMTE 22ERAND L, =xF =0
FRCEZ NP T2FH Ty MR MVANOKEE T 5 01355 < 72> TLEW, FREEEES O
Rinot Bz, £z, KA 300mL UL EANTZEAICIE, R 72 ISR LEIS Z LN TE A
Molel=s, WEREE LT,

AEIOERTIE, 70m RS EITEL FRL Wb oTo, R PREZIEID DI ERAFER & 722
STEONEBELE LT, LT, ZORREIL, A 7iZhbdEVofEmiciolz, ZOERTIL,
TIROEEX y FOFOEHLERM Lic, £V T2 A THLE, REOPO LS 1TH Lifth
HiZR > 7ofiiExZ LT e, ZhIZE - T, BOEFEZ T HEEICa s > MR EEE L2 HHES &0
IR o TV, ZOFEHAIZ KLV BEENZE L, RIEHOM EA~EORBo7eDZ &9,

5 R&

ASRIOFERTIE, KOBEZZLSVETERLIMTOI ZENTE o7, 1. FUDHICA) TRk L7z
WY, WA ERLR S T EMTES R S, MBROMGUIE L E LRI TR, REHAZE P LIE
TCWEZEbHY, RANVEETRIZL TV E 2 AR E RITH R LT LR W EWEB R RER 2 2
JBECLE -7, FREROMWMIFEHMNKRT T v REMAT L7290, (KAICERZIED 5 FNEH L)
ofc, REOBEBIZEY, XVFEMIRIEREZITO Z N TERDPSTCRANEREND,

Flo, MDOZAIZTA T, FHANy 7 ZMEHCAEL TWER, BB S 2R\ TWeizbr
v MPRESECHRIET, v MIELI 2GR WERIZR T LEST, Xy MR sy RAK
MG S L b o> CTHEETHZ LN TE T,

6. it
AEOMERR LD 510bi Y, 2% LTS o R, ¥ v h—DRAOIIIKT T
YRR SETF S Sl niEn, RREROLESO SHNcBLeh L EFET,

7. F=J—F
(B TAE] 0% @REERE~ > AR ey by b
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CHL20F FEFIFEME CH33FE WMAXH CH3M4EF AHEER
CHL35F/ MrmEEm: CH38F ClLUnAET

1.IZCHIZ

FRTEME F /A TWD D B, MG EICHE 2 > 72, TV ) BICEFEBEN M
R EMG Mo TNFERITIZZ ) = R_ROF RN, 2T PO EEZFIAL, =
VAT N a— NI ERRHFAEERE L EZFE CTEEICTE 00k L TR,

2HRAE

AENTRBRE 6 A, =D —6 2, =0 P UF X ) — /L THE L7-b O, EAFITHRE L7-b 0,
WHEZ L TWRNED 2 K(Q2 D)7 2, Z0IEER L CTh, ZIUIAND BRI )2 REISE W Z T
72, =T ED b OEEPIRE IR TH D0, LT TH D,
NP OB T = —2fEH LI 2D b DEFHT 5,

(Mg OBRIERALEZLD
BT 10g, A7 m— A 30g, A—F 2 2. 5ppm, A M A =2 2. 5ppm, LT T o AT — TG
FHEAHE (M S K5Hh)

(2) ¥ 1ERR

1L BE— A —|ZA4—F > 10ppm &K 250ml & A b A =2 10ppm ¥&HE 250m]l & A5, & Z~A
7 1—A30g EM SEHIOK R Z 500m]l DKIZEED LIz b O % AR, 1LIZT D, Hisk 2 - 723 % 50ml
TOEMADOE —h—~ T ThH T o Z20.5gTOAN, E—D—DO I _EIZLETAIEENT D,
ZLCTNAIFEENT = —% 4 — b7 L—TIZ AN, 115°C20 3 CHREEZT 5 (X 1), HEIE
bolebbt—h—ZWMYH LT AV IBEZWMOTICHHZIRED T R RIRICNE DD L HICT D,
KL AR LUWEINCEE I T U EE D D&,

BV =P OmE AT

FPHHTIICEDSO TR EE2HET D, TLTT0%TH ) — /L, EAKIEZNTIVNS 72 E—T
—ICHBAN= VU B GHENENOERICR LEET 2, R L=V Va5 o0ty
MIMBIEE LT NV IEDOSTEI LIch L IIR AL =V VU BEAMT ST 2D 5, 2 ORE, M

BAE; <“7‘:&‘)¢:777_‘7/? UEEHIC ML eV K D 12T 5 (K 2),

:F:“_-,'." .;_'ﬂ'}:".flv.'.. 4
- I_)gr, £ tfﬁlé‘?‘;?ﬁ
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Ecological study I of the Japanese brown frog, Rana japonica,
In Naragakuen High School Forest
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Abstract
For the past 8 years at Naragakuen High School we have been engaged in
conservation activities to maintain biological diversity. We are reporting our
findings on the Japanese brown frog, Rana japonica, in our High School Forest.
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DIURNAL SKIPPER PELOPIDAS MATHIAS
(LEPIDOPTERA: HESPERIIDAE) POLLINATES
HABENARIA RADIATA (ORCHIDACEAE)'

Yuna Ikeuchi,” Kenji Suetsugu,’ and Huyuhiko Sumikawa’

ABSTRACT: The genus Habenaria is one of the largest orchid genera, and although it has a broad
distribution, its main centers of diversity are in Brazil, eastern Asia, and central and southern Africa.
Despite its diversity, little is known about the pollinators of this genus, but the few published reports
to date indicate that Habenaria sp. are mainly pollinated by moths. Here we report that the diurnal
skipper Pelopidas mathias can act as a pollinator for the population of Habenaria radiata in Nara
Prefecture, Japan. Previous reports have shown that another diurnal skipper, Parnara guttata, is one
of the pollinators of H. radiata in Fukuoka Prefecture. The observation that two butterflies from the
family Hesperiidae transfer pollinia for populations of H. radiata separated by approximately 600 km
provides strong evidence that H. radiata utilizes diurnal skippers as one of its main pollinators.

KEYWORDS: pollinator, orchid, endangered species, butterfly pollination

Habenaria is a large genus of orchids comprising approximately 900 terrestri-
al species distributed throughout the tropical and subtropical regions of the Old
and New World (Batista et al., 2013). The greatest diversity within the Habe-
naria is found in Brazil, eastern Asia, and the central and southern regions of
Africa (Batista et al., 2006). Despite the size and diversity of this genus, the pol-
lination biology and breeding systems of very few Habenaria species have been
studied in detail (Pedron et al., 2012).

Most published reports indicate that the genus Habenaria is mainly pollinated
by settling moths and hawkmoths (e.g. Singer and Cocucci 1997; Singer 2001;
Peter et al., 2009; Pedron et al., 2012), and, to a lesser extent, by tipulid crane
flies (Singer 2001) and diurnal Heliconius butterflies (Moreira et al., 1996). Even
though there are 11 species of Habenaria in Japan (Yokota 1990), there have
been few detailed studies of their reproductive biology, and there is little infor-
mation regarding their floral visitors (Suetsugu and Tanaka 2014 a, b). Indeed,
the genus contains one of the most important of the Japanese horticultural
orchids, Habenaria radiata (e.g. Takahashi and Hakoda 1998), but despite its
popularity, very little is known of its life history in its natural habitats.

As a result of habitat destruction and excessive collection, H. radiata is cur-
rently listed as a “vulnerable” species, with a probability of extinction within the
next 100 years of approximately 99% (Environment Agency of Japan 2000).
Given the great diversification and the intricacies of their pollination systems, in
the family Orchidaceae (Tremblay et al., 2005), a detailed knowledge of their
pollination biology is therefore required to plan effective measures of conserva-
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tion for endangered species such as H. radiata (Roberts 2003). A recent study by
Suetsugu and Tanaka (2014b) found that the diurnal skipper Parnara guttata can
act as a pollinator of the H. radiata population in Fukuoka Prefecture. The cur-
rent study focused on another population of H. radiata in Nara Prefecture to
determine whether diurnal floral visitors were also effective pollinators of Habe-
naria radiata in other locations.

Habenaria radiata is an orchid distributed in eastern Asia and Japan. It usual-
ly grows sparsely in the low-lying or hilly wetland. The inflorescence bears 1-5
white flowers, which are ca. 3cm across with showy lip. The lip is distinctly
three-lobed. The lateral lobes are spreading, flabellate and deeply and finely
laciniate, and the midlobe is smaller, linear and entire. The spur is elongated in
the same manner as other Habenaria species, and is 3-4 cm long. Field observa-
tions were conducted in late August to early September 2014, at a wetland habi-
tat dominated by FEleocharis wichurae (Cyperaceae) and Eupatorium lind-
leyanum (Asteraceae) in Yamato-Koriyama City, Nara Prefecture. There are no
co-flowering orchidaceous species in the habitat. The study area contained
approximately 200 flowering individuals, and the period of investigation covered
the peak flowering season for the population of H. radiata at that location. Direct
observations of flower visitors were made for a total of ca. 14 hours, covering
9:00-14:00. The scent of the flowers is faint but sweet and can be perceptible in
sunny daytime conditions. We walked around the study site or sat near the flow-
ering individuals to avoid wetland damage by treading on the surrounding vege-
tation during the direct observation. During this period, the intrafloral behavior
of insect visitors was recorded. The flowering individuals were monitored inter-
mittently over the following three weeks and then scored for fruit set once cap-
sules had formed.

We detected eight visits of the diurnal skipper P. mathias to H. radiata flow-
ers, while there were no visits of the other insect to the flowers. All of the but-
terflies bore pollinia on their heads and exhibited characteristic feeding behav-
iour. First, they inserted their proboscises deep into the spur; then, while feeding
on the nectar, they pushed their faces against the column. This caused the pollinia
to transfer to their heads, or, if it was already present, transferred some parts of
the pollinia to the stigma. After visiting the flowers, the butterflies sometimes
rested on the surrounding cyperaceous or poaceous plants before finally leaving
the H. radiata populations. On other occasions, butterflies bearing pollinia revis-
ited and pollinated other flowers within the same inflorescence and/or other indi-
viduals in the surrounding vicinity. This behavior indicates that these butterflies
can facilitate not only geitonogamous pollination, but also act as outcrossing pol-
linators. However, of the 665 flowers at the study site, only 75 bore fruit, which
corresponds to a total fruit set of 11.3% and suggests that H. radiata experiences
a high degree of pollinator limitation in its natural habitat.

Direct observation revealed that the diurnal skipper Pelopidas mathias can be
an effective pollinator of the H. radiata population in Nara Prefecture. These
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results are similar to those of Suetsugu and Tanaka (2014b), which reported that
another diurnal skipper Parnara guttata can act as a pollinator of the H. radiata
population in Fukuoka Prefecture. The observation that two butterflies from the
family Hesperiidae transfer pollinia for populations of H. radiata separated by
approximately 600 km, provides strong evidence that H. radiata utilizes diurnal
skippers as one of its main pollinators.

This is in contrast to most of the other Habenaria species, which are reported
to be pollinated by nocturnal moths (e.g. Singer and Cocucci 1997; Singer 2001;
Peter et al., 2009; Pedron et al., 2012). However, it should be noted that the pres-
ent observations are somewhat biased toward daytime. Further research is there-
fore required to investigate whether other floral visitors—particularly nocturnal
ones—can be detected in addition to the ones observed in the current study. It
should be also noted that the pollinia were attached to the skipper’s head because
orchids, which are pollinated by Lepidoptera, usually deposit their pollinaria on
the smooth surface of compound eyes, the proboscis and distal parts of forelegs,
since these are the only sites without scales (e.g. Singer and Cocucci 1997;
Singer 2001; Peter et al., 2009; Pedron et al., 2012; Suetsugu and Tanaka 2013;
Suetsugu and Hayamizu 2014).

Skippers are often thought of as nectar thieves because of their habit of avoid-
ing contact with the pollen-laden parts of the flower, and therefore failing to
transfer a lot of pollen (Venables and Barrows 1985). However, given that
orchids transmit their pollen grains within pollinia, an ample amount of pollen
removal or deposition can be accomplished by a single pollinator visit. This char-
acteristic could render skippers as effective pollinators of orchids such as
H. radiata.

The production of fruit by both nectariferous and nectarless orchids can often
be limited by low frequencies of pollinator visits (Tremblay et al., 2005).
However, it has been noted that nectariferous orchids are more successful at pro-
ducing seed than their nectarless counterparts, and furthermore, that there is a
positive correlation between the rarity of orchids and the absence of nectar
rewards (Chung and Chung 2003). On average, the provision of nectar doubles
the probability of fruit set (37.1 £ 3.2%, nectariferous orchids, n = 84 and 20.7 +
1.7%, nectarless orchids, n = 130; Tremblay et al., 2005).

However, the current study found that even though H. radiata is a nectarifer-
ous species, its fruit set was still extremely low: approximately half that of the
average nectarless species. In order to conserve H. radiata, which lacks the
capacity for autogamous reproduction (Takahashi and Hakoda 1998), it is there-
fore vital to conserve its pollinators and reduce pollinator limitation. Given that
the larvae of diurnal skippers such as P. mathias and P. guttata feed on the leaves
of the Cyperaceae and Poaceae species in the surrounding wetland habitat
(Fukuda et al., 1982), it is advisable that entire ecosystems be conserved in order
to maintain plant-pollinator interactions and preserve H. radiata populations in
their natural habitat.
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Fig. 1. Parnara guttata visiting the flowers of Habenaria radiata. The yellow pollinia can
clearly be seen attached to the butterfly’s head.
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Hirokazu FUKUNAGA, Kenji SUETSUGU, Masahiro HASEGAWA and Shinichiro SAWA:

New records of Lecanorchis suginoana (Orchidaceae) from Kinki district, Japan

RO Y2y 53T ¥ Lecanorchis suginoana (Tuyama) Seriz. (5 37 7 VG
Lecanorchis Blume DZAEAEWIEIBREMP TH 5. AFIX, 5 F TICHARE BEIZOAH
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Fhf4x 2012, AR RGF2 2013). F 72, & (1990) DR, AmsmiymiFa cHEiish
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1 1982, A% 1985, JEiR 2005, Fukunaga et al. 2008). AFEIZM4%), il (1982) 12X
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