SRR 3 % /INESRAE A 0D 1260y L

HATSERS | WK Y, XA Y. RMRRERE] 2 AT EBAE R AT AT e

Disruption of local plant-pollinator ecosystems in the Ogasawara Islands
by alien species

Mitsuru TSUJIMURA, Akira SHIMIZU?, Haruki KARUBE?, Takashi OHBAYASHI>*,
Yuki MURAKAMI?, Noriaki MURAKAMI' & Hidetoshi KATO'

L EHERRZEHE - BORFREAEH RO\ £ i AR 1-1)
Makino Herbarium, Tokyo Metropolitan University, Minamiohsawa, Hachioji. Tokyo 192-0397,
Japan.
2. HHEEKAEH - BLERITERE RO\ EFirg KR 1-1)
Graduate School of Science and Engineering, Tokyo Metropolitan University, Minamiohsawa,
Hachioji, Tokyo 192-0397, Japan.
3. PRZRJINBRSEAE A oD S « SERIEMAR  (RRZ3)1 /)N FEISCAT A/ 499)
Kanagawa Prefectural Museum of Natural History. Iryuda, Odawara, Kanagawa 250-0031, Japan.
4, HURER/ NIRRT B e o & — (B NIRRT AL B8 s i)
Ogasawara Subtropicl Branch of Tokyo Metropolitan Agricultural Experiment Station, Chichi-jima,
Ogasawara-mura, Tokyo 100-2101, Japan.

*katohide@tmu.ac.jp (author for correspondence)

B NVEFGEBOEREERIZICKEED /) —0 7 2 — N L HIERE RO L, %k
MICEASH2A 3 I Y ARTFOEEEOHEICLY, RE/FILZZITTWHWAEEZLN
TWA, ABFEE, INERIZISS i 5 & A 7 bEE Syzvgium cleyerifolium (71N [E A7)
& T BT Planchonella obovata (KI5 4ifl) ZxfHE LT, 7/ — L IVYNRFHRRALL
B (B B ERBAOE (BE) IZBWT, FUILIATOAL 4 —rIUREIZLY
HEE DERRMAEZLITV, EORMGAHE A BB THIRT 2 Z L2 M E LTz, O
B 2 EORMIZITENEN 50 ML 2 D ZRARHEE PHRGEEI NN, BT X - THEHED
FERERR L MR R E K RAeo TV, B A7 EEIXSHICHEL, BE CIRERO/NYUANF
NRFFENTEREEGHE L TW D23 LT, & T ER NN ARFHOIE T2 A
LT, RbITEAL I T IV AFHRBICHHEL Tz, Fiz, TERORBHRBIERFT D0
BIZBWTH, TERNTAFELIY bEWVEETEAS I IVARFRFHHL TN, —H, 7
BT IYFIZHIEL, WThoOBTHEATReh I Y E KX « T EORITHER RAVEEIC
E LT, ELICHBTIRRITMO > « ~F T 7R SBECIHE L=, WhifEE &
HH L0 b RElOFIEEMABRTRE S R2Y . ZHITEITERBBBRITED 7Y —2 7

_23_



—IOIiRIEZZITZS W Lk D EEZBNS, TO, BITHRERISRSH2m K
T oL, 7V =27 7 =Rk, 3 U I YARFIZ LD ENRHILOEEEZ LR Z
FRFTWEHREIND, RBANZEICLY, BRTIEBZEL SV NEOTGTER 119, &ITHE
B OWIITI A BE S MET D LM TEIEI LMD, A F—SUHHEAVEE A B 7
EORMEVBRELRFZMNFTTH, =2 U 7R BiCBWTHARTETHS LIRS,

F—U— F: HEER. ERFR, BIEASERE, S =T =, B I IYATF

1. LB

(RISHIAFEOR A, ARO A OIERIRA i £ 7= 1 IAH 21, Hilko At
DR RARERREOIS T % 7257 (Traveset and Richardson 2014), & ¥ o{F itk 3ok
BEIZ LA~ THSRFRO R AL LT < filth & = OIERM I %248 5 B 0%k %+ v b
T—7Zxt LTH, SfIC L AL ERRE SN TS (Kearns et al. 1998; Dupont et al.
2004; Traveset and Richardson 2006; Traveset et al. 2016) ,
INERREEORBRICE LTI, 2 HiOASREMORENIFICREShTND, £0 1 Dt
1880 =AM HA T A SLT= A 3 7 X Y 3F dpis mellifera (LLF IV 3F) THY, Z
AR RER CHPAEAE LT (B 1991), &SI BEAOEARBIZHEA LTS (Kato e
al. 1999; Abe 2006), ZDOfES, BIEIED S M LY AFITEBE THESATWA Z Lnb,
EDOESIEN %o TERDBIER B LHBEA L T D AREMER T IR TS (Kato et al
1999; #BJ 2002), £LTH D 1 2%, LKFEOH Lt F A5, 7V —2T 2 —v Anolis
carolinensis (LLNF7 /=) 75 1960 I/ NEROATHIZERA, 1980 FRICITEEEIZ HIRA
L, fERORBFEAZREMHICAF LI ThS (Hasegawaetal 1988), 7/ —/HMEA LT
B CIE. AT /N SFEAREM L, 2000 FFUSIRIZIEHER L7z GO - 290 2004; R
HBIEA> 2004; Abe 2006), 7/ — MR L TWRWELO AR TIE, 4 b BEA O/ T3
FEETERRBDPERFE L TODH, RELCRHR TIXEA O/ AT AFRICE & b o> T3
INFRIEFANCESEL TS Z E0D, ERROL V=L 7 GEAMEOER) 2ET
LCw% (Abe et al 2008),

EHIT 2013 T, KEBOIEICH D REOREHHIIZINTT / — L ORADBHER S -
(BE U 7 B BE 3R il 78 28 BE, http://kanto.env.go.jp/pre_2013/0327a.html, 2016 4 3 H 9
AERR), MABOLIBIZT /=B ED L HITRA LRI TH 545, INEIEGER IR E
RBEBFTZAEQRIIFFTFRESLBARSL2BRL (KA MBUERERER.
http://www.metro.tokyo jp/INET/OSHIRASE/2013/03/20n3rc01.htm, 2016 4F3 H 9 Hfi2) . A2 A
HUA~OPLR AP IET 2 7 = ADFRE &~ T v 7N L DR EORREPFTEREBIC L - T
{744 TV % (http://ogasawara-info.jp/pdt/chiiki2501/2501 _shiryoul-2.pdf, 2016 4= 3 H 9 [ fifgs#) .
B R CTREBICEIT 27 / —VOEEE, EERICEENRITRV LA LA TS &
HEINRTWVWEANR, LEPLRBTCELIHLIREICLZ - TRV
(http://ogasawara-info.jp/pdf/science/h26 01 shiryoul 3 I.pdf. 2016 43 1 9 Hiifi#).

2O X D IZRIEHSSRFEOR AL L o TEHE) O EERTECTEEM S A2 LT 5l T, %5



ROV Y=L 7 FRED L HICHETT 20T HIcl<bh Ty, WNMEEEEDS
B2 I ANADEBRL O RERPRESRN - BEMENRRRLZ L0, ERRLEBEITLITR
o TWHAREMED 85, Lol FHIBABITHEOHEIVNRON D0, EE O BECH
—OfYFE A xS L LT, BREE L TERMIZIHES 2 el L-iFtiE 728, £z, 8l
TEFME STV D HRFA R ORI B AT 272012, EWHOE(LE Iz b iz
STE=F Y U ITH0ERHD, 72720, DMEROD XD R4 EEERHE T, ko
T o 7R EIC L MR OEENLETHY . L0 RESAEDH~OAR BRI
HBEENLT DR ERD D,

IR ROMFEIC BT, BIKMETFT S 2N A5 DA 2 — 3 AERE L VWA = &
M%< 725 TH D (Okuyama 2012; Suetsugu and Hayamizu 2014 72 &) | Z O FHETHIITRES
ISR T 5 LN TES, FITERNKETIE, ZOFEEHOTNERIZIAL 5346
THHDFELRE LT, 7/ — e IYRFRRBALEREERBAOEIZBWT, ifEEO
ERARFHI ATV, ZORMRCCHE A i+ 5 Z L2 N E Lz,

2. MEL ik

(1) WERROWYTE

AW TR CHER iz 5728, INERGER O 9 HKILFIEZ Bk < ANERBERNIZ
IR 434 L, Heleh a2 e A 7 NEE Svzygium cleverifolium (Yatabe) Makino (7 <&
E£F}) LT H17 Y Planchonella obovata (R.Br.) Pierre (7 A7V E) @ 2 fliziidisg s Uiz,

b A7 MEEIRNERIEA OB T, EEIEFEZ L5, 6 A FH~9 Ahicmni T&s
~9 mm /NS B EBEE D, BT TERIIREERICHE L, b0 IC2HOBES
HSHID, Fujitaetal. (2002) (2K DAMBICIEORHT T, MR - (EAH - EARO 3 BARR
O BT, FALOFEHBURFEIENTIC ZAUE, 3 B TREAISIZIME L TV RN Z L3
LTI TVD (B 2014),

T HTNINER SR, PEMAESB L0 T T T 2 ERE Th S, Ll
X6 Afi~7 A AT, IiEED (2016) (CLiuid, ARRIZTZEAIZHMAELZ S DA &
MEEZ ST 28R B H 23, < EFNUTHROENRET 2K L H 5, WAL HM L
& 6~7 mm, {EFREITIR vk A, HEEIIIEFICRBR R TZIR T, Mt 3 < Bk L THoNMI
BRALIRRED F AN BT 5, e BRI & ZIZRFEOMEEFT 50, fEENA
LR L BESREMIIZHEIE C, WMAEDREZ ST HEEITHEEEL B2 6ND, Lo T
AR TIET AT RHEHERKE LT,

(2) BB A

INEIRODORHIZEBWT, B AT MEELETHTYORIEORRBIZEL 2D 70, PhikiE
FTYHNH AT (PENTAX #18 WG-10 35 L OF WG-20, Japan) & VT, BREEATODIEAE
EIEFE MR E LTI0 B OHEA v % — A REE21T -7, BONEBENG, BER
EOELEZOHMAZTE L-, REMEIX, A7 FEEO | EFERSRE LT 2014 4 7
A2 858 A2HBXTHI10 B, 7H7 Y oOlEED 2 /2L 2014467 A 7 B 18



v A 1. AR B, A8 0 WA
7". i X b ¥ AT AET (LEZRED ; 2.49i%
1) . )Nmma A s _— : :
) o L0 Q0 ¥ JED 5 3R 40BIL 5 SRR
Makorjirria A AT | e el T, 20
& . /Jﬁ;::'““’ FHE A7 NEEEL24+546, 7
L 1?2 o HFVIEL 357 CHAELE.
:'tl_" ) 4 \:1 Fig. 1. Map showing study sites in
: :} 56 b3 Chichi-jima, Ani-jima and Muko-jima.
L R V) 6° ) In the sites of Chichi-jima, Syvzvgium
3 { cleyerifolium was studied at 2, 4, 5 and
_ J\ 79 \i 6, and Planchonella obovata at 1, 3, 5
4» gﬁ. a7 Chlchl-jlma 3 S| and 7.
10km. g}ﬂ km -: U DN e n

HETO 11 B, HIEO 2 EFITH L 204ETHTHPLTHITHETOD 10 HETH D

(3) AhfEE A

2014 4 & 2015 FIZARMFROBRIET OEIFIZR LT, fikOFT 2B A Z %AW TRK
e 24 BREILL LD BB A o ¥ — SARE E1To 72, REIE. B A7 MEEIZH L THE~S59 H
M. ZA7 o6 L TIHE~= 50 Hf{To7z (F 1, £ 1, 2). AT, HFAEORE 7 &
T (B2 » $970 « WG « RELL « FIFEH - Pl « 2h1l) ., MABDOREB LORETITo7- (™
Do, RKEHIZBBIRICIYNRFET /) —ABEHER LTS, MABOREIL, IV 3F58
AL L TWS—J5, 7/ — /T2 T 2013 FTFEIB~OR AR S a3, ARk K%
Btk % 7 = o RO & IS 2 BRERIEEN TR T\ 5, 078, AR h OB A=
U7 IXBOREICRE S, EmERLIEFRICDRMZGRTEY, #EPIZT /—L%2 HE
152 LEeElehot, SRIOLETOMEIL, 7/ —A»iM2A L TR EEEs s
TOROVHIE CIT o7z, BT > T LT/ Y X ORETHR Y OFEFEOERMA N Kb
o (LARIED> 2002), BEHFA~OEEL DR eh oz L Bbhua A%, 2015 FREET I Y RF
LT )= NORANIHERSNTE LT, HEBMAROIRBITEOVERRDBEFL TS LER
bhd.

A B = AREOHEZ, ETFOINANATEZMNEE L, L XEEFHBHH 30 cm
BE L7 BERE R L, NI A IS A TR KL T L . Nl 2
T IERHDID, LRET Ty afinUNET VI KA NVTH->THRELT (1 2).
EHITATEFRZ L—AT U b LAZVE I I KBS LT =— e —7 CREFEE L.
B AT ORESRMEOREE, =TV TT+— D AZEDE, 77 v = [ THFRRE 5%
W&, 2 MR TIRE L7z, 2 MR G LBl 2ht v bEVHR TRy 7 U —
73 24 WER LA LRFRE L 222 Th . Fz, BfRIHRIE B & W2 25 LIADRYEIC L T, JPEG



1. A —rVARREEToTo AR L HGERE GEIZfER 1 - 2 28H).
Table 1. Data summarized from time-lapse photography (details show in appendix table
1 and 2).

B A7 NETE Syzygium cleverifolium
37 B L

e I Hc? ks e o »
- Bl o
BE
. 2014/9/16 8 4 37 5919 1,241
Muko-jima
Tk 2014/7/4~9/23,
B g Y 2% 327 26,560 1,119
Ani-jima 2015/6/17~7/26
A2 I8y
o 2014/6/28~7/28 23 11 221 19,007 2,002
Chichi-jima
&t total 63 43 585 51.486 4362
T A1 Planchonella obovata
i s ; ik sHEM LS
A ! A¥? s’ e e .
itk %G 16 G (2 K S LT Bk ©
‘H'Ilﬂl
o 2014/629~6/30 5 5 19 3,662 1,121
Muko-jima
* }I -
R% 20414, 8 5 75 6.483 434
Ani-jima 2015/6/17
AZ s 2014/6/24~17/4,
37 16 341 28.333 2.853
Chichi-jima  2015/6/14~6/18
&Rt total 50 26 435 38.478 4408

I, Study date ; 2, Total number of days studied ; 3, Number of individuals studied ; 4, Number of

observed flowers : 5, Total number of photos ; 6, Number of photos showing some visitors.

B2 A 22— RO, ZMIC 1 BEZE2 B0 ATEREL (E5H), BXEIC
L5727 OMBAED T=OIZT N IFA N THEA -T2 (A5H).
Fig. 2. One or two cameras were set on the tripod (left) and covered by aluminum foil in order to

prevent overheating (right).
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e (4288x3216 E'7 &) Tidkk L7z, MA T, & OB EHEE X R BIES
L0 R EZ T AN H S Z L s, BIHEREICB W TEIZERO Ei0 THRIE L T
WD AR Aok L=

AV E—NUREIZ L > THRLNEZEE T, HE T BT o8 L. /50 aEIcit
henwi=ga% Tt LLThv L bL, FEEIZOWTLATOHEA # 58k L7z : Q%%
4. QRHIERR. @IEOMEEYE (707 Y D7), @FHER ORHREN O &, @ %W 5 178
DA, @EHE RS, EEDATBOAEE, OEICEEZI LIADTEIOA T, k%
{EBOEEE (7272 LS OB E 5 hEAH),

kB, ERCHEVAHG LW EELONL 08N (DT U, 78, DHT, %
ME, #AE Ok, 7 XL ) P, GHECTEMREENERTEARAVHY (KE 3 mm
Aiiwi) e dUIA v fLighot, Fh, RFETORETTRTER ETiTo220,
OFEBNAHEE LD ERE (X T AFIe~ i &) [ 3EEOMAE 7 v—7{LE =T spl,
sp2rD X I IZAMREARR O L TH v > b Lz, 7B, ifERBORA T XMKIEA (2004)
FOHD (2014), ZEkiEH (2001) (ZfE~17=,

Hah{E& ORLIEAEE (visitation frequency) (X, LA FOHikIc L v HH L7,

AAEBEE  (visitation frequency)

=ih{E# OHEEACEL (number of photos for visitor groups) /812 {££% (number of observed flowers)
LSEIDA » Z =SV X HMEFIETIHE, E~OERMBEOSERE (HNF - ~xH)
IEE D Z Wew, FFEEEEILE/ NCFHET 5 rTREMEA @V B 2T O ~OHERR
1 EYS2Y 2~10 P TH LD, 2 FREIROA > Z — AR Tibe ShvizEEicw LT,
FEBEIT 12~60 (5761E L= "TREMED & 5, 1272 U A BN A P BEREOWERFH] 7 — 2 D3V /= ) |
AHACHE (I IEE TS L7z, iR R o R W saRE (8 - H duoli - e &) 1
e L CHBOGE|ZE 5720, HERE Z R KICFE T 28h 0855, WX 1 B4 0 4
~10 3 RIEE L7306, EBROMEESIIHRY Sn=m%o 12~1/5 125, £ Z Cll—4%
B ORHEE R L THEOGHIZE S G AR GHEREX L [ME LTh D F LT

3. R

(1) BE7 =/ o o—H@#E

B A7 hEEORIEOMRMMNELZRK I LM IR L B A7 bEEOBEIZER(18:30
E) At HEMICHT T E Y . ETUOICHEREEBAECZT, BFE20< X 91240
7= FO#%., NMUIZEZ AL L HIIZEEFRTOTEEE k2 RO L, FellFE Tlod<To
HEZEA MR Lz, BRAEDS 60~90 WiflH% (73 3 H%) ICHEEMABE LIZ LY, ZTOHK 24
BT ToE ol Uiz, HEEONERE b, 7 VESPHBICHE L2 L0s, BEE
DMIEDFRDN TV B IZE S S kT Tuwa &b s, BIER GO FRmiIA 50
o TV a2, BESABYE Lo iikfalc e L,

T A7 OBRIEORERIAE L &2 4 L 2 125 L, 7 H 5 Y OBEEO B 13~16 KRz
BEE Y TR O BRI £ TICAERD LR~ T8 Uiz, #13BA1EBILARE TR BB L T ars
¥, HEREIZITEENATREIC A5 TV e, BRTED S 42~60 W% (¥ 2~3 B1%) (CHEEA



Ty ryrryrsrnryryysrsrrrsrengng
TEHHLRFAT S : i
Petal dehisce . :
I
HENEA YD D i H
Stamens start to extend 3k
]
%tmmﬁﬁ{mb{% llllll!lllllllllllllllll
All stamens extend 12:00 0:00 12:00
HEBAELIRD D | v | ; |
Stamens start to drop off : ' —
]
LTOBENELHES 1l
All stamens drop off 0:00 12:00 0:00 12:00 0:00

3. B A7 NEEOHRIEAT— OB, Bl

Fig. 3. The time series of phonologic events for the flower of Syzygium cleyerifolium.

MTE E E’ ﬁw'd- 6 L L L L L] L] L L L 1 L | L 1 L ) L L T L Ll L] L L
Female flower | Nectar secretion [ ;
- ERHRET HIK
Corolla dehiscence 111
e EENERT S |
Male flower Corolla open il I
TEMhikbhnd H I
Pollen removed il
L L L L L L b L L 1 41t L 1 1 1 1 i 1 1 1 1

12:00 18:00 0:00 6:00 12:00

(44, 7H7YOREIEAT—08 b, Rz,

Fig. 4. The time series of phonologic events for the flower of Planchonella obovara.

FACIZL®, 15~38 BEf] T CHEERB C D E/-13B% L=,

MEFEIZAETE AN IRAA /D U CRIE L THEHE T, 1< oM HEENZE S H4 L v 5 Bk
PHEAGT 5, TOOMIEAT — VO b 2 WA, 12~19 BRZAEF: O JEH 2 &
BB, AEATHE (18~21 ) [CEROKE SiFRK L ot-, WHITED RIS
N, BHgo QA OHBEORR ERICEOCERF IR O e oy, HEOEETIEAYT L
ERBSTWB I ERhoT-, EONWIT—oOT2 HE =, 7od. FEEESV->Z ]
REZRIREEIZ 2e > TWD DD, SRR TE T,
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(2) A v &=,k E W EE B

2014 4E & 2015 4ElZ, B A7 FEEICK LIE~< 63 HIS. 7HF V1ot L TIEHE 50 H [#o
A B— A E T 72 (R 1) B Lt 2 7 bEETS585 1 (— B FH 9.9 @) .
T T T4358 (—HFEITHEE 133 8, L 48fH) Lieotz. Zeds. 7 ATV Ol
BAERIEA DA 0 2 Wizdh, AR DL TWIEOAEZBEIERIZh V> F Lz, Bbhi:
FEL, b AT FEETS1486 K (5055 19,007 £, MLE5 26,560 ¥, W& 591940, 7AHTY
T 38478 #t (5UH 28,333 #r. Sl 6,483 #r. ®E3.662 80 Lieols (1. FEL2). ZD
B BIDBIEENRRE SN E-FEOREIL. e A7 FEET 4362 . 7H7 VT 4408
BTh o, EHSORYAELRIEAEOK 8~11 %I L8NG > Tz, REITT
BT CBELZITo 1208, HURE CHEET 3123 F — 2B AR D ThHhoT=Z b, I
T HETOHER T — 2 2O EDIFE LT,

2B, A7 PEEORERICEIITEHIEL TWiMmIE, KETEAY AR « A=
TAHAHE « T UNANTRT « BY ZFRNF« F~s (AR - T 0 (SR,
B TREAYRF T YU iy, BETHI <Y 7T eIy - X I0h (4K
REWRboT, —H, THTYOREMIEDTELBEL TV L LTI, RGTE A
UNRK e A=V THAHE T UVANTRY  AZVRAIFTF I ZTFNF T84 (4
ékjﬁ) s IRFH Y '? (%:’4{‘*5)\ R%?fd’-t AAF T /\/\"-?71'5‘7,. E%‘Gii"‘?ﬁ'? w o
Yoz Ry « BFEX v} e anePoFay - FHFTIZTTHEI « AN v ATFHF o A
=Y )X RERBHITENS,

. EA7 NEEOHIEEW

HE LR TORT, BT -~z KRICHE « AV YT FYEY Lepidodactylus
lugubri 75 E5F 50 FEATERR S iz ((F 3. K 3), Zo 0 bR OEHELY, &
TEICKS TR Lz, BB TIXARICIERONBI AT AT E AT T TEBZEGHIE L Tz
DXL, RETIIARD IV AFREGHEL, RO NFSF « NFTTEHIILZE AL
Rolz, REIZBOWTHIERD/PNAFRFEHL Y SVEETI YAFRIHEL TV, &
TOFEMTHEM LY b A FOGEHEEDE <  BHOGIEEMROZETR P TRICEEEE ~ 7,
F - RROTHEHERE X, BB TR ED 20 5% 8 2 TV iz, BB O EITEIC > T
LAk ~%,

(i) BEHEH (INTFH) : b A7 FEE~OEDHGRENIoTFHEIL, koI Y F LK
DINRIANF TR 5 TR T o 7=, 2014 £ L 2015 SEOTHE T, REO IV A_AFOMEHEIC
FHORERENMIA LN o7z, UL, BT 2014 FICHRREHCE 15938 HP 1 o
BEIZ I YNAF RS 12 Th o -0kt LT, 2015 4E IR 10622 F 250 #LL B
e s, RETIYNRFRHETIHRTFEZERTHELIZLZ A, —oDOIENTZ ) OREHE
WEETIE 1~10 B¢, A CIEENOIERFICHT TRAE LT,

FESRANRINF SFIHD 5 BTGB D e b o ToflEA & & A 2 /3235 Hylaeus ikedai,
WUNTH LR A 3T 235 Hylaeus incomitatus (AT 73FF) « ATV U T anFx Y ~F
Heriades fulvohispidus (1~ Y 3XFF) T, AHHD 5V ont23F Ceratina boninensis (Y 23
FR) I —EESENHERENT-DRIE oy NFAFHETIIEWR, AHHUFTFE Fans



Number of days 8

5
Number of photos 5919 A. Muko-ii
3 4 | Numberof flowers 37 Ll g 1R
5
g 3
=
§ 2 =
IS
o 1
> -
0 | | -
0000000000000 0000000000O
e e e e R e e R e = = R e R e = = s s =R ==
Or~r0NOOTNOM~MNODOOO —~ANNOTULO~MNODOO—~QANM
—rrrrrrrrrr-mrANNNN
0.25 Number of days 32
) Number of photos 26560 B. Ani-jima
:Ei 0.2 Number of flowers 339
%uw
g o4 - | sV\F
% 0.05 I' Honey bee
20 W BANFAF
0000000000000 0000D0O0000O00O Endemic bee
COoO000000CO0000000C0C0OQOC
S NI SN R0 00/ O M A O e .Eﬁﬁﬁ?jﬁ
Hoverfly
0.25 Number of days 23 — INTEE
- Number of photos 19007 C. Chichi-jima Fly
E 0.2 Number of flowers 238 .ﬁﬁ
%0-15 Moth
5§ 0.1 .hEﬂF'):EifﬂFﬂ
© QOedemeridae
% 0.05
0 W
0000000000000 0000000OOOO Gecko
e e R e e e el e e e e e e e R A = =

5. EA7 MEERIZBTDMHEEOIEREO AZ . A, 85 B, 5LE;C, & Bl
IR, MR ERUE  (=REE ORGEAE BEHERD .

Fig. 5. Diurnal change of the visitation frequency of each insect groups and gecko to Svzygium
cleyeraefolium. The horizontal axis indicates time. and the vertical axis indicates the visitation frequency

(=number of photos for visitor groups / number of observed flowers).



Stenodynerus ogasawaraensis (A X ASNFF) & —FEEIZTRENHERR X hviz, RN F/3F
JE R - B TORBERR SN, BETIRA AT AFHEOBIEHERE <, WED 16 (F0
BEETRIEL TV, LB TA AT ATROVIEZEHEBE LI L 25, EAT7 FEED—
DOEH 7= O OWHERFIENE 3~10 B2 72, IV A8F0E CEEOIEFISRET THE Lizol
L, AAFAFEIT AEFY20 2~3 DOFE, EAT FEEiKHIZY 1~3 ORI
HET5 EMOESTIToT=,

(ii) BCAE (N> H) : WAE R TR 2 MOGAENT 78 (A YD 7Y U 77 Exhyalanthrax
ogasawarensis (V' VT 7Ft) « MU FTEET NFE/NTT 7 Syritta snyderi (2~ T T ]
L 3 FRD N~ « HIEAGHIE LTz, FHEMET 7RI « RE TORGGENR AL, BETIELE
D15 (ELL EOBEECIHER R Oz WS TOESEEETIIA T T 5V U 7 THRER T
FHUICK L2 TE A7 MEEOEEO LERVE > TOSRFARONE, £, ~TFRHER
720 WHEORMICHIFEIZKEY 21T R oIz, B 2 7 FERICEEBEISIHE L i v
HIEKE S mm UL FOANROATHHTHY | KEDOE A7 MEEICITspl, FETiTspd & sp9
MEUAZRHE Lz, B spd & sp9 OTEBIRERIE 4 RE~17 BRFD W] 25 WIFREHE 722 7223, spl
OIEETHEERE (16 FF~18 1, 4RF~7 ) (ZRONTZ, WTHORELIEEEZTRO DT %
g TRy

(i) #E@E (FavH) 1 e A7 bEEIITHEFIC 13 O R IMRL RATERHHE LTz, £
D% < ATHHEEEDS 5 BILLFCH Y | 10 BILLEHED HERR S 7=FliZ spl DATZoT=,

Giv) HBH  AIFVEHE, W-FETIRE (AHIFTFTA BV EL ST 0 IFY Xvlotrechus
ogasawarensis * A %0 7 + 7 71 X% U Chlorophorus boninensis + 53 ~<¥ A1 k7 H %Y
Chlorophorus kobayashii) Hifift. L7=. W ofli BT A4 L2 AT TEIA R e =a3, il
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Native plant-pollinator systems have been disrupted especially in inhabited Chichi-jima and
Haha-jima Islands of the Ogasawara Islands due to predation pressure by the alien green anole, Anolis
carolinensis since 1980s. Moreover, the honeybee, Apis mellifera was introduced to Chichi-jima Island
for bee-keeping in 1880s, and is the main flower visitor in the island now. In this study, we quantitatively
investigated the flower visitors of the Ogasawara native plants using interval photography function of a
waterproof digital camera. We observed flowers of Syzvgium cleyerifolium (endemic to the Islands) and
Planchonella obovata (cosmopolitan), which abundantly grow together in the similar habitats. Study sites
in this study were set in inhabited Chichi-jima Island as well as in uninhabited Ani-jima and Muko-jima
Islands.

The results of our observations showed that more than 50 species of animals visited the flowers of the
two plant species. Species composition of flower visitors and frequencies of each visitor greatly differed
among the three islands. The flowers of S. cleverifolium, which open early in the morning, were
frequently visited by diurnal insects such as bees and flies visited frequently. Whereas small native bees
and hoverflies were the most frequent flower-visitors in Muko-jima Island, the alien honeybee was the
one in Chichi-jima and Ani-jima Islands. Native bees were not observed at all in Chichi-jima Island, and
were observed in Ani-jima Island, but at much lower frequencies than the honeybee. During night, the
flowers of 8. cleverifolium were visited by nocturnal moths and geckos of Lepidodactylus lugubris in all

of the three islands.
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On the other hand, the flowers of P. obovata open in the evening, and secrete nectar during the night.
Its flowers were observed to be visited by nocturnal flies, oedemerid beetles and moths in all of the
investigated islands. In addition, diurnal flies, hoverflies were also observed to visit the flowers at high
frequencies in Muko-jima Island. The honeybee was also observed to visit in Chichi-jima and Ani-jima
Islands, but at low frequencies.

For both plant species, the species composition and frequency of daytime flower-visitors differed
much more greatly among the three islands than those during the night. It might be because nocturnal
insects are not under the predation pressure by diurnal green anoles. Therefore, plant species that depend
their pollinations on diurnal insects should be more strongly disturbed by green anoles. Moreover, the
number of diurnal flower-visiting insects in Muko-jima Island was more than 10 times that in
Chichi-jima and Ani-jima Island. Considering the fact that honeybees frequently visited the flowers of S.
cleyerifolium in Ani-jima, they might compete with and exclude native pollinators there. It is necessary to
investigate the effect of honeybee on plant-pollinator ecosystems in Ani-jima Island.

In this study, we could show that flower visitor observation using interval photography is quite
effective to monitor the plant-pollinator systems especially in uninhabited islands or at night. We could
also show that nocturnal flower visitors might contribute much more significantly to the pollination
systems than formerly expected. We consider that we should perform detailed observation of pollinators
of various native plant species in the Ogasawara Islands in order to promote the conservation of their wild

organisms.
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Appendix table 1. Details of time-lapse photography for the observation of the flower visitors to

Svzyeium cleverifolium.

OFET — 4

e 52551 R BRLE B hefoAs 1T AR e ..., E
Locality Start date and time End date and time Atk ! il {8
B 2014/9/16  10:34  2014/9/18  12:48 1505 287 6.5

Muko-jima 2014/9/16  10:52  2014/9/18  12:59 1503 415 14.5
2014/9/16  10:34  2014/9/18  12:48 1507 321 8.0

2014/9/16  13:15  2014/9/18  12:01 1404 218 8.0
3¢ Ey)5it Subtotal 5919 1241 37.0
L 2014/7/4  11:52 2014/7/5 1320 767 6 10.0
Ani-jima 2014/7/4 11225 2014/7/5  12:39 758 2 5.0
2014/7/4  11:51  2014/7/5  13:01 756 5 5.5

2014/7/20  10:53  2014/721  20:11 1000 15 9.0

2014/7/20  11:51  2014/7/21 1537 850 8 9.5
2014/7/20  9:46  2014/7/21  13:04 820 23 10.0

2014/7/20  9:21  2014/7/21  13:15 838 127 7.5

2014/7/20  10:38  2014/7/21  18:51 968 121 75

2014/7/20  12:10  2014/7/21  14:38 795 2 8.5

2014/7/25  9:49  2014/7/26  18:07 970 29 7.0

2014/7/25  9:54  2014/7/26  12:15 822 14 9.5

2014/7/25  9:35  2014/726  18:53 1000 18 6.5

2014/9/22  10:45  2014/9/23  11:55 756 79 7.0

2014/9/22  9:20  2014/9/23  14:04 863 7 5.5

2014/9/22  11:01  2014/9/23  12:03 752 62 5.5

2014/9/22  13:58  2014/9/23  8:00 542 1 7.5

2015/6/17  11:03  2015/6/18  18:18 819 66 18.0

2015/6/17  10:30  2015/6/18  15:56 884 24 6.5

2015/7/21 10224 2015/7/22  12:43 789 70 15.5

2014/9/22  9:30  2014/9/23  14:10 865 4.5

2014/9/22  9:32  2014/9/23  14:04 857 4.0

2014/9/23 9223 2014/925  4:19 959 1 5.0

2015/7/20  11:05  2015/7/21  5:07 541 7.5

2015/7/21  12:38  2015/7/22  15:38 810 6 10.5

2015/7/24  12:41  2015/7/25  14:59 789 11 3.0

2015/7/26  13:16  2015/7/27  17:30 847 6 3.5

2015/7/24  9:45  2015/7/25  12:49 812 14 8.0
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Appendix table 1 (continued).

2015/7/24  12:43  2015/725  16:15 827 185 61.5

2015/7/26  13:15  2015/727 22227 996 121 39.0

2015/7/20  9:02  2015/7/21  13:14 869 21 10.0

2015/721  11:03  2015/7/21  12:31 764 31 5.0

2015/7/21  12:37  2015/7/22 1747 875 7 5.0

SLEs/INEE Subtotal 26560 1119 3275
2k 89 2014/7/28  10:41  2014/729  15:19 891 3 12.0
Chichi  #9#&  2014/728  10:37  2014/729 15223 867 144 7.5
ima  fHIL 2014/7/19  15:14  2014/7/20 21224 904 60 14.0
fE 2014/7/21  15:06  2014/7/22  16:04 750 26 5.5
gl 2014/7/21  17:18  2014/7/22  23:16 900 325 12.0
il 2014/7/21  16:58  2014/7/22 1920 792 30 9.0
L 2014/7/26  12:26  2014/727  16:30 843 33 8.5
il 2014/7/26  12:46  2014/727  15:09 793 29 9.5
i 2014/7/28  13:43  2014/729  14:57 758 50 12.5
WIS 2014/6/28  12:02  2014/6/29  13:06 754 36 18.5
PR 2014/6/29  13:09  2014/6/30  16:39 826 16 19.0
PITE 2014/7/10  11:12 2014/7/11  14:14 812 27 11.0
PN 2014/7/10  11:05  2014/7/11  15:38 858 226 12.0
WIS 2014/7/24  10:01  2014/725  16:07 904 120 8.5
VI 2014/7/24  9:46  2014/7/25  10:54 755 163 8.0
P 2014/726 11223 2014/7/27  18:21 930 195 50
MIRE 2014/726  11:334  2014/7/27 15332 840 41 5.5
W 2014/726 11229 2014/7/27 14119 806 150 20
el 2014/7/18  6:16  2014/7/19  7:18 752 115 12.0
gl 2014/7/18  6:33 2014/7/19 753 763 84 55
gl 2014/7/19  10:43  2014/7/20  17:09 914 50 11.0
hgele o 2014/7/19  10:38 2014/720 14:54 849 40 6.0
el 2014/7/21 15116 2014/7/22 16:06 746 39 6.5
2 /hat Subtotal 19007 2002 221.0
2858 Totl 51486 4362 585.5

|, FeE{EE 2, (5 AOFTER DR S 7omiG o3k (3, B2 Liziedc B+ ors
i) .
1, Total number of photos : 2, Number of photos showing some visitors ; 3, Number of observed

flowers (average in observation period).
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Appendix table 2. Details of time-lapse photography for the observation of the flower visitors to

Planchonella obovata. m, male flower ; f, female flower.

m, HETE ; £, MESE.

e R85 T PR B LS B R Pbede T BN i fi 2 aeiiaiy AR
_ _ _ g T (o€ G
Locality Start date and time  End date and time ~ Sex ek ek’
B i 2014/6/30  15:33  2014/7/1  16:05 m 737 684 11
Muko-Jima  2014/6/29 14:39 2014/6/30 15:15  f 739 213 2
2014/6/29  9:43  2014/6/30  9:45 f 722 206 3
2014/6/29  14:56  2014/6/30 15:18  f 732 9 2
2014/6/30  15:45  2014/7/1  16:07  f 732 9 1
/it Subtotal 3662 1121 19
LI 2014/7/4  10:05  2014/7/5 11:35 m 763 72 16
Ani-jima 2014/7/4  10:16  2014/7/5 12:48 m 799 83 12
2014/7/4  8:11  2014/7/5 937 m 764 24 7
2015/6/17 16:48 2015/6/19 2:06 m 1000 196 20

2014/7/4  9:30  2014/7/5 1022 f 747 26
2014/7/4 827  2014/7/5 8:34 f 724 30 6

2014/7/4 847  2014/7/5 1144  f 810 2
2015/6/17 17:29 2015/6/18 22:39  f 876 1 2
St/ INEE Subtotal 6483 434 75
iy TR 2014/6/25  14:43  2014/6/26  16:39  m 779 252 15
Chichi & /& 2014/6/25 15:17 2014/6/26 16:47 m 767 503 17
ima # /% 2014/625 15:00 2014/6/26 1644 m 774 376 10
WU 2014/6/26 17:11 2014/627 1745 m 738 124 16
B/ 2014/6/26  16:49  2014/6/27 17:47 m 750 28 10
BUE 2014/6/25  14:29  2014/6/26  14:37 724 148 4
/U 2014/6/25  14:10  2014/6/26  16:16 785 13 6
w8 2014/6/26  16:26  2014/6/27  17:06  f 741 16 10
W/ 2014/6/26  16:38  2014/6/27 1558 f 701 95 9
Ry 2014/72  11:53 2014/7/3  11:53  m 722 8 6
Rl 2014/72 11229 2014/73 1407 m 800 28 25
Bl 2014/73  11:55  2014/7/4  17:13  m 879 61 6
B 2014/73 1427 2014/7/4 1727 m 812 41 29
Fli  2014/7/4  17:50  2014/7/5 19228 m 771 1 8
Fgy 2014/7/4  17:57  2014/7/5  19:19 m 762 57 23

Fy 2014/72  11:10  2014/73  13:20 f 786 61
FWF  2014/72  10:51  2014/7/3  11:51 f 751 7 2
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&2 (23%).
Appendix table 2 (continued).

By 2014/7/3  14:14  2014/7/4 1652 f 800 56 10
Rl 2014/7/3 1421 2014/7/4 1659  f 800 63 6
el 2014/7/4  17:36  2014/7/5  19:46  f 786 54 5
Wy 2014/7/4  17:44  2014/7/5 1940  f 779 50 2
g 2015/6/18  19:24  2015/6/19 18:44  f 701 52 2
FIFEH 2014/6/28  11:39  2014/6/29 12:49 m 757 8 14
OIFE 2014/6/29  12:56  2014/6/30  13:42  m 744 144 13
FIEE 2014/6/30  17:09  2014/7/1  18:11 m 754 8 14
P 2014/6/30  17:28  2014/7/1 1825 m 750 5 12
FIFE 2015/6/14  13:46  2015/6/15  21:08 m 942 109 16
FIEE 2014/6/28  11:56  2014/6/29 12:16  f 702 0 5
OIFEI  2014/6/29  13:04 2014/6/30 1542 f 800 2 0
WIFEI  2014/6/30  17:40  2014/7/1 1832 747 6 14
PIEEH 2014/6/30  17:21  2014/71 1725 f 723 I 1
IEERR  2015/6/14  11:41  2015/6/15 12:29  f 754 1 0
Al 2014/624  11:11 2014/6/25  12:19  m 755 72 3
Fl 2014/6/24  11:59  2014/6/25 1227 m 735 10 2
il 2014/6/22  10:48  2014/6/23  11:32  f 746 128 7
Il 2014/6/24 11229 2014/6/25  12:13  f 744 227 11
Il 2015/6/16  14:30  2015/6/17  16:12 f 772 38 3
2 J57)Nit Subtotal 28333 2853 341
ARyt Total 38478 4408 435

1, FEHEEHEL 2, (5O EF DR Sz ofc 3, 828 L7188 (ol o2y
fiE) .
1, Total number of photos : 2, Number of photos showing some visitors : 3, Number of observed

flowers (average in observation period).
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Appendix table 3. The observed flower visitors on Svzyeium cleverifolium.

Yl fi g oS B fekame L O o TR
f W B R R ¥ 75 £k (£ He
A I UNF 5:19-18:09 91 293 0 384 384 21+ I |
2 2N TR 6:12-15:47 0 22 356 378 378 15 - £ -+ o+ 23
WEHE AW YT T anE Y <F 9:53-1438 0 19 0 19 19 7 - i = 4 4 4
FHA T 59X I3 F 12341244 0 0 1 1 6 1 - ¥ -+ o+ 5
FHYTFFE FussF 1545 0 1 0 1 1 1 - 5 : . . 6
AHFTTI)TT 800-1443 0 3 47 50 50 9 - r -+ + 7
AHYTFEES hFENTT T 7.07-1647 0 1 27 28 28 9 - -+ o+ 8
spl 4341832 158 0 0 158 158 6 - r .+ 1 9
sp3 8:46-13:45 0 0 8 g 12 2 - + - + + 10
spd 6:56-16:56 0 3 448 451 451 5 - -+ o+ 1

sp8 1745450 0 0 5 5 5 2 - -+ - 1203
$p9 7251534 1 0 223 224 24 5 - -+ o+ 14
o spl0 5081552 1 3 3 7 1 4 - y = % = 3%
WHR ~=] s 6:10 o0 o0 1 1 1 - f. ; T
spl4 17121716 0 0 2 2 2 1 - + -+ - 17
spl7 10:04-1530 15 0 0 15 15 1 - r T

spl9 452500, 2 6 0 8 11 4 - f - 4+ 19,20

15:37-16:44

sp21 s1727 0 10 0 10 10 2 - -+ o+ 2
— lom ki 17:58-19:44 3 0 4 7 21 6 - ¥ -+  + 2
PR lem 24 |- 13:45-18:36 2 0 0 2 2 2 = + E + + 23
spl 1731500 9 30 0 39 56 18 - r -+  + 2
} 2V AR 1847443 0 6 0 6 10 3 - -+ o+ 25
L LR S 16582030 3 1 0 4 14 4 - f -+ - 2
spl5 418 I o0 o0 1 1 1 - £ -+ o+
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ft#£ 3 (o3&). Appendix table 3 (continued).

spl6- v 7 T2 18:46-19:58 2 0 0 2 2 2 - + E + z 28

sp27-¥ A FFo—F 22:37-22:43 0 1 0 1 4 1 - + - + : 29

AH VTG R T LT NI F S 1:29-1:31 0 1 o 1 2 1 5 + . + . 30

¥ET T by TN 21:07-329 0 4 0 4 6 2 - + - + - 31

EME T NRNRBTE ) AT 4:28 1 0o 0 1 1 1 . + . + + 32

s ) AL H 18:02:040 0 0 3 3 5 2 s + & + 2 33

Yuate ) ALH 16:58-17:51 0 0 3 3 5 2 - + - + 34

FEFIvs? 2040236 3 0 0 3 4 2 . + 2 + 35

RZIaATFIT N 2:17 1 0 0 11 I - + - + - 36

AHYFIFTAHVELFTHIFY 12:33-1437 0 2 0 2 6 1 + + £ + + 37

AHYITT T HIFY 7:31-15:25 0 3 1 4 5 3 - + - + + 38

havwdxfa hTh3IFxY 803847 0 0 3 3 9 | ” + . + + 39

e AHHFTFIHIx)E P 10:41-14:17 12 0 0 12 31 1 - + + + + 40

e ARSI AO—FE 15:03-4:23 0 10 0 10 51 1 2 s s 5 - 41

AHYTFHRYNT ) 2 13:01-1543 0 2 0 2 2 2 - + - - + 42

AN 7 IGRE) 19:524:22 37 0 0 37 186 4 + + . = + 43

EANT I (R 6:57-12:54 | I ¢ 2 2 2 - + - - + 44

Yl VATV I FUAARINALY 18:52-2:19 | 20 3 40 2 2 + - = 2 45

=Ry e £ S ) 21:32-0:26 0 1 3 4 12 3 - + - + 4 46

wnigry B AT XSIRAFRTY 2223347 0 4 0 4 7 1 % - 2 + + 47

”ﬁm“t%&ﬁkfuﬁ 20:38-1:41 3 0 0 3 110 2 - - - + + 48
=% 7 U ik — 4 34 0 33 126 8 2 - + + + 495051

PHX U E FXO—F 7:53-1831 0 14 0 14 43 5 + - + + + 52

EH B3RS X0 20:452121 0 2 0 2 8 1 = . s = i 53

AHYT T x> raaXA 19452223 4 0 0 4 5 1 - - - + + 54

Tehdig AHY 7 FvE Y 18:19-6:01 23 19 13 55 198 I8 < z + + + 55

|, HEE DRI O EE ; 2, HEE OTEHEN OHEE ; 3, k& B~ XIBIET HTHOHEE ; 4, WEITHOHKE ; 5, fEoh
(ZARZAR LIATATEBIOATEE 5 6, {HX 3 OWifg# 5
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Appendix table 4. The observed flower visitors on Planchonella obovata.

BZLoUEEE @t S s B oM ke R il g

G e W on e B B B AM 1B JEC B RN RS S BR

e A I VAT 10:20-17:54 13 1 0 4 14 5 + + + + + 4+ ]
FHYTFEET hFENTTT  5:25-17:49 1 0 66 67 67 2 4= = = + = & 2

spl — 153 19 42 214 214 18 + + - + -+ 3.4

sp4 7:05-18:25 1 0 91 92 92 3 o+ o+ - + -+ 5

sps 4:39-18:05 2 0 258 260 260 3+ o+ - + -+ 6

sp8 4:43-18:27 4 0 174 178 178 6 + + = + = + 7.8

sp9 10:41-16:01 0 0 50 50 50 1 + - - - -4 9

spl0 15:03 0 0 1 1 1 | B s o it . - 10

e spl3 11:29-14:33 0 2 1 3 3 5 = o= = + s . 11

AH spl4 4:37-6:27, 0 0 20 20 20 2 ¥ o+ - + 2 5 12

16:01-17:13

spls 14:45-14:49 0 0 1 | 3 | + - - + -+ 13

spl6 4:43-18:29 2 0 149 151 151 3 + + - + s 4 14

spl9 7:13-17:55 21 0 0 21 21 30 0+ o+ - - s 5 15

sp20 6:41 1 0 0 1 1 1 -+ - - - - 16

sp22 9:29-12:27 3 0 0 3 3 | £ o - + -+ 17

- (1 em Ajii) 19:11-8:45 0 1 18 19 49 3 o o= + : ¥ 18

' (Lem EL L) 18:49-4:05 2 0 17 19 23 4 + + - + 3 + 19

spl 15:16-4:19 5 0 0 5 6 5 + - - 5 -+ 20

sp2 (¥ ¥ 7 HFE?) 18:52-4:10 1 2 0 3 5 2 o+ - - + - + B

sp8 19:15-0:23 1 4 0 5 7 2 o+ - - + s = 9

splO(zoFrAd a2y 19:56-23:10 0 4 0 4 5 | + - = + = = 2%

- _ spl6 (v 2 HE?) 21:49-2:15 1 0 0 1 134 1 - o+ - + - - 24
WA HH spl8 (I Z A E v RE FEY)  9:59-10:15 1 0 0 1 9 1 -+ ” + " + 25
spl9 11:43-11:49 2 0 0 2 3 1 O + - % 96

sp22 18:34-1:32 1 | 0 2 9 2+ o+ - + s = 27

sp23 (Y HF 2 F738) 19:52 I 0 0 I 1 1 - 4+ - + - + 28

sp24 (A A HELD—Fl) 21:35 1 0 0 1 1 | -+ - + . - 29
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Appendix table 4 (continued).

sp25 (A A AF?) 18:44 0 1 0 1 1 1 + - - + 5 - 30

sp31-F /S HFE 2 0:36-0:38 1 0 0 1 2 1 + - - + = 2 32

? AHFIZeSrT a7y 19:49-3:18 3 0 0 3 5 2 + - - + - + 33
L S e P e Bis-20 00 0 1 1 4 1 4+ - - o+ -+ 3
ARVHRINH 3:07-3:50 1 1 0 2 2 2 I + . . 35
FRFIOQRCF I TN 19:35 1 0 0 1 1 1 = = o= + . + 36
Aav=whr7h3IxY 11:09-18:05 0 0 14 4 24 2 + - - - -+ 37
ravewxfa bFAIxY 11:15-17:23 0 0 17 17 32 1 + - - - -+ 38
FrAaEABIxY 21:41-0:15 0 4 0 4 5 | + - - + + o+ 39
JaELEANDIFY 13:31,19:03-0:31 16 0 | 16 25 2+ - - - - - 40

F iy AHYTZHIXYERF 18:53-4:07 277 1 238 516 315 10 + + - - + o+ 4]
a AV Xo-—f 18:49-4:01 9 5 18 32 53 5 4+ + - + + o+ 4

EAN SV T LY D—FE 14:38 0 1 0 1 1 1 - 4+ o+ + - - 43

b At 2 (FE) 20:29-4:09 45 2 0 47 47 5 + + - s + 4+ 44

EXANT/ () 5:53-18:53 0 I 1919 2+ - - g -+ 4

ik H B0 O—fk 18:57-4:03 5 0 1 6 12 3 o+ 4+ - + -+ 46
WU H ALY 8:12-8:26 0 1 0 1 7 | -+ - + 2 - 47

AT/ AYYHAINALY  18:58-5:14 188 0 0 188 18 9 + + - + -+ 48

Yl TAEVIRYUBARIBALY 16:09-6:21 199 0 0 199 199 7+ + - + - - 49
HAIAA LD 16:37-10:17 212 0 0 212 212 2 + - - v .’ + 50

HAIHN AL DR EG) 18:39-23:55 19 0 0 19 19 3 0+ o+ - + = . 51
agEyAXTY 19:47-0:25 2 3 0 5 19 4 + + - + -+ 32

EAF R TXTY 20:04-1:44 1 1 0 1 69 S + . - 53

GBI E AHY U7 IX%T Y 21:37-22:07 0 0 1 | 16 | + - - + = = 54
b7 4 IxT7 YK 0:47-0:55 0 0 2 2 3 1 i 4 o= + . s 35

X7 ik 22:05-23:51 10 0 0 100 20 | + - + + o+ 56

I HHF ) Ko —fi —_ 0 25 0 25 82 5 + -  + - + + 57
il H 34 4 D] 20:00-0:30 1 10 0 1 85 4 + + = . +  +  s8
JTE th 3 AHYT7vEY 18:46-4:14 39 9 1 49 9] 1+ + - z + + 59

memw%ﬁmﬁ%;zmﬁmw%mwﬁ%:l%E%QWﬁE%Wﬁﬂ;m%w%wﬁmﬁﬁwﬁ%;i

T HITEIOATHEE ; 6, EOPITRA N LIATATEIOAHE ; 7, 1 4 OWEi{EEF S

a5 E -1k
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Appendix table 5. The observed flower visitors on Planchonella obovata (visitation frequency = number

of photos for visitor groups / number of observed flowers).

Vig::iia _ﬁ?%%& | L, IREEEO A
taxa ik gl okt Visiting time
N=305 N=130

HAIH ALV 1.751 0.646 618 16:09-8:26
HIFUERF 1.449 0.569 516 18:53-4:07
N spl 0.479 0.523 214 MR~ L]
/N8 sp8 0.407 0415 178 4:43-18:27
N HE spd 0.262 0.092 92 7:05-18:25
AHYTF7¥EY 0.121 0.092 49 18:46-4:14
ok 0.089 0.062 35 8
=Sk | 0.049 0.038 20 19:47~1:44
A I IYRF 0.010 0.085 14 10:20-17:54
s~ spS 0.843 0.023 260 4:39-18:05
i spl6 0.489 0.015 151 4:43-18:29
EANF ) ¥ 0.410 0.008 126 & H
NFT T 0.216 0 67 5:25-17:49
A IxVHEH 0.167 0 51 %
s~ sp9 0.164 0 50 10:41-16:01
71 0.115 0.023 38 18:49-8:45
[ERZIE] 0.115 0.008 36 & H

1, Visitation frequency (= number of photos for visitor groups / number of observed flowers) : 2, Male

flower ; 3, Female flower : 4, Total number of photos
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7th 20:00 8th 2:00 8:00 14:00 16:00 18:00 | 20:00 9th 2:00

9th 8:00 14:00 20:00 10th 2:00 h 8:00 14:00 20:00 11th 2:00

11th 8:00 14:00 20:00 12th 2:00 8:00 A case of corolla lost

t5F3d 2-1. 7 TV HEAEOBAEN BT £ TORBAZ( (2014457 H 7 @ 20:00 755 12 [ 8:00 £ T 6 MEMIMIE) 14 BelzBAIERSEE 0
20 MEIZERE, B O HE Y (XPIEE H OEE 1:00 EHICHE-7=, BB 25 BfEx. | B THEEEZ M U=, 2< oAz
B L7246 LIS < HRAF L T2, ICEER TEZICIEERHE T 2 H o 72,

Appendix figure 2-1. Phenological phases of male flower in Planchonella obovata (7th - 12th July 2014).
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14 2-2. 707 Y HEAEDOBIEDORFRIFIAL (201447 A 7 HAvH 15 HE T 1 HIER.,
Appendix figure 2-2. Flowering phenology of female flower of Planchonella obovata (7th Jul. 2014 - 16th Jul. 2014)
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{1 3.
Appendix figure 3.
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FB3 (o3%).
Appendix figure 3 (continued).



T3 (o3%).
Appendix figure 3 (continued).

_59_



3. £ A7 FEEDRHES.

Appendix figure 3. Flower visitors to Syzvgium cleverifolium.

B E (~FH) HYMENOPTERA : 1, £ A 37 IV SF Apis mellifera ; 2, A4 7% AT
3T Hylaeus ikedai ; 3, 5 IF A 2o~ 23F Hylaeus incomitatus 3 4, A0 7 3% J 35
Heriades fulvohispidus ; 5, # 777 Z 2 Y /~TF/3F Ceratina boninensis . 6, W47 7 F K
12235 Stenodynerus ogasawaraensis

MMH (/~xH) DIPTERA : 7, A4 F > U 77 Exhyalanthrax ogasawarensis ; 8, 7 7
U ZEE®T MF KT T T Syritta snyderi 3 9, /~TH spl 5 10, ~=H sp3 5 11, /5 spd ;
12-13, > Hisp8; 14, N~ HHisp9; 15, ~fHspl0; 16, /T spl3; 17, /~THHspld; 18,
THispl7:19-20, /~THHspl9:21, NTHisp2l 22, HHH (1 cm HKiii);: 23, A (1em LLE)
i H (Fa 7 H) LEPIDOPTERA : 24, #/#fi spl ; 25, i sp2 (v 7 HE 2):26, HHsps:
27, A% spl5;28, HEsplo (v 7 HF?);29, WH sp27 (¥ VB O—Ff); 30, A>T H
T T b7 F 3 Achaea serva : 31, X F T 7 7 F 73 Ophiusa coronate 32, ¥ /3340 7 F
v/ AA H Rehimena variegate : 33, 7 0127 ) A A I Erpis pacificalis pacificalis ; 34, 2 A
B/ A A H Spoladea recurvalis ; 35, TEF I v 2?2 36, hXF /AT Iy
Gymnoscelis tristrigosa

it H COLEOPTERA : 37, AHH T Z A4 hVEL T HIXY Xylotrechus ogasawarensis ;
38, AHYTZ T H XY Chlorophorus boninensis ; 39, AaV~¥xAn k7 Hh3IFxY
Chlorophorus masatakai ; 40, A %D Z 84 A 1 51 3 F U E N Eobia cinereipennis
ogasawarensis ; 41, E AW FZ VS U LA O —Fl ; 42, AHYF T TR AT /I
Hoshihananomia trichopalpis ; 43, & A2 T ) S O—Ffi 44, B At /7 I O—Ffll

WH (B AL H) HEMIPTERA : 45, 7 AE > 3 FU B A I B A L Taylorilygus apicalis
WHAE (F7 VU H) BLATTARIA : 46, = 7E > %7 Y Periplaneta americana ; 47, & A F
YRR AR T Blattella lituricollis ; 48, & 7 % A% 7 VIEO—Fl ; 49, =% 7 U Shik ; 50,
X7 YK 51, X7 Y EHOIEK

E#MH (/A4 H) ORTHOPTERA : 52, ¥ U FXxd—Fffi ;53, #RFZZXD—F ; 54,
A AT T 385 2113 X A Neanias sp.

€4 REPTILIA : 55, A %D 7Y€ Lepidodactylus lugubris
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{1 4.
Appendix figure 4.



T4 (o3%F).

Appendix figure 4 (continued).
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Appendix figure 4 (continued).
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T4, 7 hT YV OHIEE.

Appendix figure 4. Flower visitors to Planchonella obovate.

M H (/~FH) HYMENOPTERA : 1, 2 = 7 XY /3F Apis mellifera

AUMH (~xtH) DIPTERA : 2, A H WD 7 €€ 7 hF B s~ 7 7 Syritta snyderi ; 3-4, 7~
spl :5, /~T¥spd: 6, NTHsp5:7-8, »HTHispl:9, NTIHsp9: 10, ~THHsplO: 11, T
Jspl3 ; 12, ~=HH spld ; 13, N spl5; 14, ~THHspl6 ; 15, /~THHspl9 ; 16, /T
sp20; 17, T sp22; 18, A (1 em AKiwi) ; 19, 3 (1em LLLE)

i H (=2 7 H) LEPIDOPTERA : 20, # i spl ;21, #Hsp2 (v 7 HF 2);22, #H ¥ sp8;
23, HEisploO(Z T rAA AN ?2);24, HBisplo (v 7 HE2):25 HiHspl8 (W
A ENTFERX?) 26, HHHspl9: 27, HHHsp22 ; 28, HHH sp23 (VHE Y F3HO—
fili) ; 29, JH sp24 (A A H > —Fh) ; 30, 8 sp25 (A A HE2) 31, HH sp30 (A AF IR
3 hHE?) 32, W sp3l (FAHE D) 33, AHYTFTLHFT hruT R 34, say
A ) A A FJ Erpis pacificalis ; 35, A 71378 Y ¥ 7 Stictoptera cucullioides ; 36, b~ 7 0 A
F 2 v 7 Gymnoscelis tristrigosa

H i H COLEOPTERA : 37, L3 ¥~ k74 2% Y Chlorophorus kusamai ; 38, L3 ¥~ xA
2 77 X YU Chlorophorus masatakai ; 39, & A 1 & A 71 2 % U Ceresium simile simile ; 40,
s aErE AN IFY Ceresium signaticolle ; 41, AH W T FnA A Bl I F U E KX Eobia
cinereipennis ogasawarensis ; 42, I AV ¥ O —Fl 43, B A B E S T LA O—Fl 44, B AN
T IO—FE ;45 B AT S IO —Fl

iR H (%4 = H) EPHEMEROPTERA : 46, 71 % 1 %7 O —ff

Y EH (B AL H) HEMIPTERA : 47, /v U 1 A A< Plautia cyanoviridis 48, Z AT 7 1/
YA I H A L Deraeocoris ryukyuensis 1 49, 7 AE I FU B AI N ALY Taviorilygus
apicalis ;50, HAIH AL D—F 51, BAI DAL O—Fl

HME (%7 Y H) BLATTARIA : 52, 2 7€ %7 YU Periplaneta Americana ; 53, & A F
Y 3R =TT Blattella lituricollis ; 54, A /0 Z 37V Psenoscelis surinamensis ; 55, &
ZHaIAXT Y EO—FE ;56, TX7 VEHOE

E#H (3% H) ORTHOPTERA :57, ¥4 ¥ VUE KX —Ffi ;58 Hx%2FD—H

JI€ d1 35 REPTILIA : 59, A H %D 7 %¥E VU Lepidodactylus lugubris
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