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THb, [RBREFICIINCERI B Ebd 3 b,
BFI-NCUTRRBEILbH 5, COHUEDOHHK
RSB RICE L (TATEWAK], 1958), 7AHx Y
2URL PRV REDHERICIXF STy h v
REZEETHLEHMMBBRZL TV, BFTHEL
B RROHERERZKICT S Y=+ 2 S HEREESNhT
W3,

3. REOHLERIC L 3MFOVEMTHE

FL&HIC

BRI 3BTOHGRETHE, HASKhIET
DEbIc X 2T AR, BLUKBLLTHESh BT
DRFEDOFREHOS M T ET LM, BEXRLHAG
BOMEICERELL S, HROVATRIRBIREL
BZ2T, s BTE2—EHREYD, RFERET
ITETRECLIFRMETICE L 2HBAERL
T3 5DHB W (e. g. DEBUSSCHE, 1985 ; IZHAKI &
SAFRIEL, 1990 ; BARNEA et al., 1991;CrLour &
TILLEY, 1992), Thid, RHLTHHEshLEFO
REGEHOFEEHSHICTZORBENTH S, L
HL, HAEIWAETOS 50T XTHRETHEH
e s, HEIEREMMHLINIBETER, KM
L THB SN B TORFRHE L TH > THEHD
BEVBOOBKIRENL S, AR TRERICERICEE



40 ILBERFRERREHRNE H58E W15
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amurense), ¥ <7 ¥ (Vitis coignetiae), ¥ 5/
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(5%, 1981, /\KI®, 1995 » 5, FHEORELH
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(Kalopanax

v 73 (T.naumanii) 2RV, Y9 V¥ 2 3>
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Wi, (k94 X (2E) BF VN MBERLKE (3B
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5, v 15524, 70V 1H25m, BRb/HhEV
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AN (B, 198D, BERr-vil1PFou0h
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RIaasZFY, &7 FY, TANSIK, 199835 T B20
Hic&B0ET %270y sy, 7A~5IKEZ, 4
BEEINVCELT, YO UF T 5 ORRITI0024E
1081282250 % v & iz, 1996£E108 5 H i< 400/
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ECI0EEY Y k5 A, N")F)ORER
19944E10H30H i2250 %Y 7 i, 2 v 3 4 V¥ Y,
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Hitsh, BFrébrsboREhcsachiih-Ts

Table 1. The number of fruits that were fed to each bird species and the number of seeds

that were excreated after ingestion

. . . the number  the number of
plant species bird species year of fed fruits  excreated seeds
Prunus sargentii Turdus chrysolaus 1992 250 250
P, sargentii T. chrysolaus 1993 350 350
P. sargentii T. cardis 1993 350 350
P. sargentii Sturnus philippensis 1992 250 250
P. sargentii Stu. cineraceus 1992 250 250
P. sargentii Streptopelia orientalis 1993 - 40 0
P. ssiori T. nawmanii 1992 250 250
P. ssiori Hypsipetes amaurotis 1996 400 400
Sorbus commixta T. naumanii 1993 100 267
Kalopanax pictus T. naumanii 1994 250 500
Crataegus chlorosarca T. naumanti 1995 50 252
Taxus cuspidata T. naumanii 1995 250 250
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FU, v/ I3BFEMELETILiE P o, TO
e, FUNMERS 6ERIETEYGT 28005
BLEION, EBETI I EMNTEL L 12FNY,
YeTEY, 53 /7FIO0VWTS, HLTarT Lzl
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(A) Prunus sargentii

ingestion by birds
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90 (C) Sorbus commixta
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90+ (D) Kalopanax pictus
ingestion by birds
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~ Fig. 1. Fruit survival rate on the tree from flowering to dispersal season. Black symbol

indicate ripening fruits

3, 1 REOBER2000BEEEFER B VDT, /H
BERNTHELL, =/ Y2¥7 5 TIF19944E5 B
21H D 5 ZEHVHEART 3 BEOFI0E > W TH
EL, Y9 )¥2 5 TIII9TE 6 ABH L 5 H)iHA
HERT I BERORIOBRFICOVTREL . F+ 4
7 FTI21994%E 6 H26H b 5 1 BEDI0RFIc2WVT,
AYF YT, 194E8 B10EL S 1KoV,
QWNBRFERE L 720 BIEAOMEE L, HBEHERMRK
EHEENRO O AHBHBCNET I b0EHY, &
X354 4A— b VONBORFLZAERRE Ui,
YoYU Fs S5 TIIHRRERKT SREEN LERICEB L
TWwicied, BEI0» 5114 - VORBEEHEA T,
BE10»o2moFs BT 2RFEEHENRCH
Wiz,

FHABORKRE, XFEAMTOI /Y ISR
EZOXERHAHERZ TN, €I FY, TEANITH
b (UKHR, 1995), Y9 UH¥2 5, F+A<TE, N
FYVTRYSITHZEELLONI /2D (BH AKX
B KRR, ChooRBENRACENIHLENT
HExiclE L, BERIEFCERE ST @
DWTHRIBEEH O TIT - foo —Elico S BEISH I
IR EHEL, REXBRARL: ETFRAELED)
BBV TOATEL .

% =

/Yy 5 TIEMEE M 1 T481, B
27393, ME3 TWBITH 7, YV YH 2 S5TIRME
& 1 T1450, fE{k 2 ©T2230, fEi& 3 T2NTH » =,
FFHTFTRINITHY, NUFYTII2BTH-
tze T/ Y <HF 2 5 ORTERL SRERBPE TOAE
BAELER- 1Ak, ¥I V%7 504LBRRERX -
1B, #F+ A< FOREREEZRK - 10 iz, ~V
FUOEBBEENK- 1D iR lik, FOBETH
BATER ¥ & 72 { BBICTEPRENRD LI, TORE
HOBRETHESH, €M oR3TFENAREOLD
THoto R/ Y <H 2 5 TREANKKIAAEE TIK
B4% MR L, BHD DI6HIARBOREITE >z, %
OHREATERI0AEE TR L, BRfERE2EE TIcR
KRLETHELE, Y YU ¥ 2 5Tk, BER28E8
T TIZ909% MK L L, 10%MREOREIN - 1,
D% IIFEATEHRIOAEE TRELAERD L EL -
705, 100HBLIEIZIZIZ—EORVRBCHEBL, B
fERIBAEZE TIBRERILTHE L, 7FH<FT
REATER2I A H % TIic82% KL, 18%nREOR
KLl otz FDORERINBEZTRIZILAER
DPHELNT, EORBMTHEEENKEALD,
BAIER 1480 TRERLTHE L 1o ~Y ¥ TRE
TERIBEE £ TIZT0%HHEL, B DR HRED



REOHRLETRE (AR 43

BEE -1, BER, 2ORBBIcL 0 FEL DI
L1134 GfEk1088E) £ TREOROEL
RETHB L T0ich, BES HiclBERLETHE
LTWiz,
BERBzVY<¥7 5TR, BERUNEHICT £
SNEH, BAfE%48EBICIIEa FY, ThHAANS, F U
NEBRBLI, Y9 ¥y 5 TR, BEERIILIAE,
1268 H, 1388HicY 7 I oBhASEACEM:, +
F A< FTE, BEARDCEFRRLED o/, N Y
¥ T, BEAKO LERIcBt%RBERICY 73
BEEFCRL, BRICETOA - HIBHR O,
v ¥ >oRERINIBRIOA, Fvxy vy
LEETORBLBEIN, WThoMETLES
BEEINLORRENBOVIETH -7,

xE =%

BATERA20H Mo @S REOMHEE, EFFLL
ZLDObDORTEE I}, FEPRRBETRETHSC
EhD, HEOBSBRRREROWETHDATL
32X, ZHOKKEEZ SN OKFH, 1993),
OB BEAEERE L TOMBEHEVEZELDS
h3, FESKRRETEREZRAL TV 3EEEHEIIK
WwWEEZ 5n 3 (STLES, 1992), F/REORENE
MENBIBRERPREL T, BRI EAL
BETWIWEEZ bhvt, ZORBERICELYS
ShteDid, REOBRBETHY, BEMNBRL TH
LEBLHLLE ETVRETVWERLELION, B
HoBE, LT, RABEBERICRE - TRON, UL
tozirs, BRI ZEANETOERGIEC
b, BFEAMEEBTHERLTVEILRABVWEEL
b,

4-2 REERBOBREIENRET

LIS

4 -1 0ER» 5, REOHAREICREERRER
KBEDZLELIONL, RBBROREOKAR IR
Flsid b (Howe & VANDE KERCKHOVE, 1979;
THOMPSON & WILLSON, 1979; Howe & VANDE
KERckHOVE, 1981 ; HERRERA, 1982;IzHAKI &
SAFRIEL, 1985 ; GUITIAN et al., 1992), %< OREH
BARINhZHELH 20, HEPHIBICLVRT-T
By, ARROMETHAIET 2LENH 5, HBR
BEVEAIIR, BHROXBEEZ S LIHFRICE
BLELONDH, HARHSETCENESIE B

(A) Prunus sargentii

Survivorship (%)

_
sgssseasgd
.

oy

<

0 10 20 30 40
930705

Day from fruit ripening

2

(B) Prunus ssiori

Survivorship(%)
osBuss8Esg

0 10 20 36 40 S0 60 70 8 90 230
960921 970509

Day from fruit ripening
Fig. 2. Fruit survival rate that was bagged(@®),
and unbagged(Q)
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(A) Prunus ssiori
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(B) Sorbus commixta
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Fig. 3. Fruit survival rate that was bagged(@), and unbagged(O)
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Table 2. Dimention of fruits that were used in the germination experiments

the number of the number of viable

plant species year diameter flesh weight seeds per a fruit seeds per fruit
Prunus sargentii (A) 1992 9.99+0.42 0.51+0.06 1 1

P.sargentii B 1993 8.51+0.46 0.51%0.06 1 1

P.ssiori (A) 1992 9.70+0.43 0.57£0.07 1 0.96+0.20
P.ssiori B 1996 10.66+0.64 0.756+0.13 1 0.661+0.48
Sorbus commixta (A 1992 10.451+0.66 0.56+0.09 6.02+1.84 5.86+1.87
S. commixta B 1993 9.87+0.88 0.48+0.11 3.40%1.76 3.07+1.43
Phellodendron amurense 1991 8.6510.74 0.37£0.09 5.04%0.57 2.00+1.62
Vitis coignetiae 1991 11.16+1.13 0.88£0.23 2.44+1.07 2.36+1.05
Aralia elata 1991 4.24%0.32 0.04£0.01 4.98+0.14 3.28+0.99
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Table 3. Cumulative germination percentages of
Prunus sargenitii seeds in the laboratory,
and the significance of differences be-
tween germination percentages of in-
gested and extracted seeds

P. sargentii(A) P. sargentii(B)

cyclel cycle2 cycle3 cyclel cycle2
Ingested seeds 6.0:|m 10.3]“ 18.3}" 13.0:|M 26.3:'m
Extracted seeds 10.0 26. 40. 12.0 24,
Intact seeds(with pulp) 0 0 0 0 0

ns, not significant; * significant at 0.05>P>0.01, ** 0.01>P>
0.001; ***P<0.001 by G-test. Data of intact seeds were not
used for statistics, since the number of germination for these
seeds were zero.
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HRETLIRAREBTRIRIEL 24, BUEE
TREFLEh>7 (F-3). HPRNO—FHf
ELTVWIHABTAESR LS b/ Y=HF s 3
AT, EBRTHOHARTORFRIRAREE
F &0 bEr -7 (G=18.606, P<0.001), #HBE
TEESELT, RREERLE LV Y=¥7 5B
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L bE - bt (G=9.391, P<0.01), HABT%
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Table 4. Cumulative germination percentages of
Prunus ssiori seeds in the laboratory, and
the significance of differences between
germination percentages of ingested and
extracted seeds

P. sargentiilA) P. sargentii(B)
cyclel cycle2 cyclel cycle2
Ingested seeds 17.0 :I““ 21.0 :I” 12.0 ]ns 18.0 :l“s
Extracted seeds 10.0 41.0 7.0 17.0
Intact seeds(with pulp) 0 0 0 0

ns, not significant; * significant at 0.05>P>0.01, ** 0.01>P>
0.001; ***P<0.001 by G-test. Data of intact seeds were not
used for statistics, since the number of germination for these
seeds were zero.
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Table 5. Cumulative germination percentages of
Sorbus commixta seeds in the laboratory,
and the significance of differences be-
tween germination percentages of in-
gested and extracted seeds

Table 7. Cumulative germination percentages of
Vitis coignetiae seeds in the laboratory,
and the significance of differences be-
tween germination percentages of in-
gested and extracted seeds

P. sargentiilA) P. sargentiiB)
cyclel cycle2 cyclel cycle2
Ingested seeds 28.5]”‘ 37'5:|tx: 17.1:|ns 18.0:|ns
Extracted seeds 11.0 15.5 16.0 17.5
Intact seeds(with pulp) 0 0 0 0

ns, not significant ; * significant at 0.05>P>0.01, ** 0.01>P>
0.001; ***P<0.001 by G-test. Data of intact seeds were not
used for statistics, since the number of germination for these
seeds were zero.

Table 6. Cumulative germination percentages of
Phellodendron amurense seeds in the
laboratory, and the significance of differ-
ences between germination percentages
of ingested and extracted seeds

cyclel cycle2 cycle3
Ingested seeds 10.9:|’lk 12.4:]ns 13'1]113
Extracted seeds 2.0 7.0 7.0
Intact seeds(with pulp) 0 0 0

ns, not significant; * significant at 0.05>P>0.01, ** 0.01>P>
0.001;***P<0.001 by G-test. Data of intact seeds were not
used for statistics, since the number of germination for these
seeds were zero.

Table 8. Cumulative germination percentages of
Aralia elata seeds in the laboratory, and
the significance of differences between
germination percentages of ingested and
extracted seeds

cyclel cycle2 cycle3 cyclel cycle2 cycled
Ingested seeds . 2.4:|ns 10.7:|ns 10.7:]ml Ingested seeds 30.7 :l“s 47.6 _-_I"” 57.5:|’m
Extracted seeds 1.0 6.0 12.0 Extracted seeds 32.0 51.0 60.0
Intact seeds(with pulp) 0 0 0 Intact seeds(with pulp) 0 0 1.0

ns, not significant by G-test. Data of intact seeds were not
used for statistics, since the number of germination for these
seeds were zero.
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ns, not significant by G-test. Data of intact seeds were not
used for statistics, since the number of germination for these
seeds were very low or zero

7 VTR,

¥5/%

¥5/%Th, BHABTLREAREBTERIEL
fohs, EUEBTRRFELIb -2 (- 8), #A
BT ERERREETORFRITIZFLAEENKL,
EEZLALNEH -k (G=0.04, P>0.80,
G=0.23, P>0.50, G=0.13, P>0.70, #h&h 1,
2, 3947 KTED,

E %

ERICHW - 6RIEL b ICHRBEBTIIRIEL, %
REBR TRIEAETOISRAREETLO LR
FRVEBICEL L -OR, BABTFLAELRZL
TERICERALLIVY=H 250V Y7 5A)
DBTHoto TV/PIHFISALYY Y HF I SAD
ARFERDETHRONOR, HABFEKEL .
TVY2HF 5B E VY YHFI SBTRHEBETER
AREETFORFRICENLIb -1 ED 5, HATE
TFOERRICHTLIE > TV RAPHEN, RFITk



REOHALWTRF (VKD 49

BLAAEESEI ON G, Ok, ThoolTE
OB THREOMEKIC L » THE I EREL ST T
WBAREH 3D ITWEEZ Sh B,

HRICHV-6REL b HAET L RARERE
FREF LY, BULEETRS S/ +0—REKR X
RIFEL I o, RACRRELNS T 2EHED 3
T EMEHE TV 3B (BRADBEER, 1988 ; MAYER &
POLJAKOFF-MAYEBER, 1989), #+ % ic 3 FEFMEY
BRBWEVWHSRIES - 724 (b, 1975), ABF
RTCHWIEER, #5280 T, TOREICIR
FEMEIT2/ERAMB S Z L EZ LN,

TemPLE (1977) IR L 2 BB RIFICHEA
ThHHHERL, AcaMi & Wamser (1988) &
BARNEA et al. (1990) BRER T L 28 BIcL-THE
HHBESELL, RERNELHMEEWR LI, L
L, ARETR, ++h< FAZKREX, RARERE
TFHHBBTLERERFE LI, ++7< FATIRE
BETOFSRERNEEL, FRELELNHNM, F
+ 7= FBTRRAREET L HABTORER I
EAEENIEL, BERELLB b ot Fh, 7+ 0=
FADREBBREBT S, BFETELVDLIFTIIEL,
BRI IERBEOR(LBREICHELIEZI SN
Uhot, FF AT FAEFFH< FBOREEDE N
BEBZ O BTFOWBEORVICXZHDEEILNS,
D, SERAVRECELTRE, 772 Fd
EDT, ROMETHER/IN-BEOKRICLLHE
HBEOBRILRIRFICARBERTIRAEL, LK<
RIRICEREENELL TV E LTS, RERHNE
E¥aciriEEAEnwn, &EILNRT,

SEERCAVWEZI S YIHF I 5, YO YHFS T,
FFARE, FNY, YTFY, ¥5/FREST
BRADRESRFICATIRIERTHY, BRI &
ABARENERET A ETRELEET @ EH
BrEEI LN,

5—2 BARERM

LI

5 — 1 BOER» S, RERETNTIOE
FRRFETEY, BREICL3EBICE - TRASHY
BRIPNBZCELREETHSL T LMRENE, LhL,
HROWMATIE, HAOKENRAOREDSL LEZ
SN3PEIR, WRRBEBETRBEVWEEI LN TE
7 (BARNEA et al., 1991 ; TRAVASET & WILLSON,
1997 BATRBEARET LAREILEMEMTE

DEE TRAVBIBEINI LEL NS0, BEO
BRI IRADKREOEER MEVWEBELZLE
bha, Lhl, HBIcL3RACKREERE, BN
KL BIBELY, B3DREBEN,0E BT
h, FRER TOMOBRBRGFCL-THAHRL S
OBBILEMELZOND, CITHREBEOERIC X
SRADBRENHRRETRH>BHELFET 2 129,
BARFERET 7. HATR, BESELESRL,
BETEZEOR LM IZFOIBENKEL, #HKD
BFoZ REFZrOEBCLITRHET S, 20k
», BERCEETIEBELRSEET IMEBETR,
Bh»oRF T TOMMNRL Y, BROSBEE
RZ->TL 20BN H 5, T2 THAEMRICRE,
FHOGEIL (BRIER THREHSRLIzVv<
Fr5 (EMEE) &, Y9 9¥s35, FFh<r
IR 2Mb L, $7-, BEMRY 9 ¥
759FF AT FEEILTH BH, REMNRLT L+
N, YT FY, EFR6ALLTHRIRE) 2]
b LiFcHERE L,

B EH®

5 —1BETHVWA 6 MEORELAVTHARSE
EBREIT-> 1o EFRRIEROREZOLEERNT 212
bic, RAREZETEELEET @TOMELFE I
SWTR4 -1 ELER 2RABLCZORE 5 —
VERB L, TVYRFI S, YOVHFIS, + 5
ATFROVTR, BEBEFIKOLVTHEB L, ¥
AERTIE, BHEBETRELIEN>VWTTORET
AL,

/YT HFs I, vy Y F 5 TRENEINE
F¥o%, HoMBEIC L TIRELEET 22008 E
T, RAREBETIPHRAE T R200RELLELTH
ShaETEHERLE (R—288), BT itEd
REBERMRETHRRATEARBOEMIcY 7 5
2FIIES 5m, TOMOWEIIRES | miEE TIRE
Lo =V Y=# 27 5A119924E8 B 1 Hiz, ¥9 Y
F7350), +F A< FARINAMEDIOHI3A ICBE L
foo +F B = FBIZIMEIOA20H I, 1%, ¥ =
TRy, $5 7 F2191EIB 1 HiciEEL 1,

REZTHOREICEEO—EHHNBRESE L
foo REOHEISRIERD SRFMROShILE
2%T, BIXLBMBECT- 7, EBRKTHIZE,
BTOAERE2VINEE AV THE~N L, BFERORE I
13 G B5E% SokaL & Rourr (1981) oKk (v 4 Y



(A) Prunus sargentii
70+

Cumulative germination percentage

May June
1994
Calender month
go 70+ (B) Prunus ssiori
gsm
50
8
b 40-
. E 304
an
2 204
8]
E 10- _
0
May fone May 1994 une
1993
Calender month

Fig. 4. Field germination patterns of seeds that has
been ingested by birds (Q), extracted from
the pulp (l) or untreated (A)
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Summary

Seeds ingested by birds were not digested, except seeds ingested by Streptopelia orientalis were all digested. The
percentage of fruits removal after fruit ripening were approximately from 209 to 9096. Germination experiments
were performed in the laboratory and field, using bird-ingested seeds, hand-extracted seeds, and intact seeds with pulp
of 6 Japanese plant species. In the laboratory, intact seeds with pulp did not germinate, but bird-ingested and
hand-extracted seeds germinated, and difference in germination percentage between ingested and extracted seeds were
not significant for all plant species. Thus, the pulp appeared to inhibit germination, and bird ingestion had the same
In the field, bird-ingested or hand-extracted seeds germinated

in first germination season. Intact seeds also germinated if their pulp disappeared before germination season, but did

effect as manual pulp removal in 6 Japanese species.
not germinate if their pulp still remained in germination season. Therefore, pulp removal through bird ingestion
enabled rapid germination for the species, whose fruit pulp was not likely to be decomposed until the germination
season. On the other hand, the effects of ingestion might be not striking on germination for the species, whose fruit
pulp was likely to be quickly decomposed.

Key words : bird ingestion, seed germination, ripening season, fruit pulp, frugivory



