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Seeding Behaviour of Acer amoenum and the Effect
of the Infestation of Aphids

Kimito Furura*
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BHEDBIIC B » T, HFEDOERLEERMICIRS ¢, FELHMERE, o FETAGEKRAD
EITHZES Th NI T NIT L 5700,

I T=44 45T T 5 LY (Periphyllus californiensis Shinji) 35 = FHIKHET E7 75 &
VT, FHEOEMBHICS E T AMBOEIL (Furura etal, 1984; FuruTa, 1986; FURUTA,
1987; ¥EA - HH, 1988), /- Kt GEM « 3¢, 1986) Db b icBWVT, HELEEE
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WTIRE - K HHS T ENT VIR,

TITSLYRHANT L YDLD BRIMERRICBBARICTET 560088, Ficd-T
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FEICEEERGRT AR L X OO TEERIEHTH 3 ICbhb 5T, ThETE-7LKT
Do STV, BAIKENT, B—#ETH > THEERRFET LIRS (LT 50
[hid 51 TH5HEENTWS (Dixon, 1985),

AHER A A E 3 V(Acer amoenum) DEZERFETH 5 4 4 4 1 X+ OFEFIKIL % 1983 7>
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Fig. 1. Aphids density, inflorescence and key-fruit numbers during the 7 years from 1983
through 1989. A: maximum number of aphids per branch (40 cm) and the percentage of

Periphyllus californiensis. B: inflorescence key-fruit ratio (IK ratio). C: key-fruit numbers
per 20 branches, D: inflorescence numbers per 20 branches.

S THEMICOI > CTHREL, FEBHZHEOMCTIELEBIL, ThiKEET 37 75 4 UH,
FTHROLEIVZIATTTSLVENIF 3 9A<HT YT 75 LY (Yamatocallis tokyoensis)
WHAZ BHEEBIT LI bDTH B, MHEHND S A THEMRRLT LA b0 Tk
2, —ILORREEG/OTI IET S, B8, WAIKKELT, FASEMAEREL AN S
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Bl ESstoBEEE£KT B,
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ERE LT | AR THEE L, 1, TOMAOTERSEREEIC, BREE 5 Hhf)ic
Ptz WEHIZZ D% 1~2 » AR THKE THEL 7
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AR TH ZBRRLFEFLIELY 2, OIS onE I VB EHFORVE ETIERE2
it hspkt & 75 > TIUL T 2EHICH 72> TH D, Z Ih oZHOTEBRMBACK L T = THEF
421, AAHHIXFLEDOT TS L vOEEFIL4HTA~6 ALAICEDLHTELNLS
(FUrUTA, 1987) FAEIMBFOMU L & bICELL, BRPEHRCET ni-fFhipd s =
SIWHEL EFICEAT B, BL &b 5 Ahaic AFKEO ZIZRMHSHER 1 sk &2
D, ZOEETKETHEBAELLTBIY. COMOBER | oI RIF 100% 5 L
13 % (FURUTA, 1985), KEDOFRERIEHR OZFE BRI TH 2435, HEIHEL (Furuta, 1986).
PR L b Fa v AT A T 7S5 L v 4 ATEICERRE D, FHId 5 Jhflickd
2B, FO%, KBRS, PhE bickkE TROE SN ZHEREE U CEZREV,.
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Fig. 4. Relationship between the number of key-fruits in a year and the number of inflorescences
the nest year (per branch) on the four trees.
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Ho1c05, 1989 HERVWTE L Z 3ELINTH 0, TEFBOELLIZHEI/NES L, Shicxil
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BV TEH - TR 1 RITH » 7o, UFBICH s 3RO CITF, IKEHT ) &
L > TRES R 108, BBLZ0H5 1.6 OHFICH - 100 (BRI HE L TR
PIOD, ZLOEFRHEEETITE N T 210 TH 2, | EFICHEORELSE & & - ThEE
TEHRIERBLVWTETIRE N,

BRIE5 H LA, SRS LY, 10 BT 3. GHREBEIT- 7 3 MECH0T, #i
LOBRBOEEAZE, BAPS 6 AETRIELTETICL->TRLT 225, 0% 91
EFTIRIZLALZ(LL W (Fig. 2), 6 HOFBEHFZDET VDT, BEOEWE Ah S 7THETO
ARBOWOFEEH DL, 1FEAEFEDIEH - 72 1986 AR W TEE 30% TH D, PR
LIERAR TH B (Fig. 3) £72, 5 DS I HDRIE b v+ 3 v h=H 57 75 & v hVDIEE
THRETTHD, UTDEDEEDicdHlz->TREOERDHIi-> T3 5 HOWMEEIc>\WT
1= 7% :

& BFDMPELE 2 DBEDOILFHE OBABRERT S ISR LA D Fig. 4 Th 5. BHLHIC
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Fig. 5. Relationship between the numbers of inflorescences and key-fruits (per branch) of the
same year on the four trees. O: 1984, 85, 88, 89. @: 1986, 87.

Table 1. Relationships between the number of key-fruits (x) in year n—1 and the inflorescences
(y) in year n and between y and key-fruit numbers (2) in year n (per branch)

Regression line Estimated
Tree
X1y V:z x:z

1 y=—0.368x+19.62 z=1.482y—4.51 z=—0.545x+24.02
(r=-0.726) (r=10.909)

2 y=—0.266x +34.54 z2=2651y—22.75 z=—0.705x+68.11
(r=—0.943) (r=1.000)

3 y=—0.267x+22.81 z=1.329y—5.75 z=—0.356x+24.20
(r=-—0.429) (r=0.993)

4 y=—0.659x+19.93 z=1.039y— 2.28 z=-0.685x+17.74
(r=-0.826) (r=0.951)

HEH E RIEOPEROMIZIE, Fig. 5 IR L&D ICIEOMEESRD S b, &< IT, 1986,
87 AR & EbHTEHWIEDMHEBINA SN B, 1986, 87 HFiZL bILT 7 I L VEENEDD
TEh-14ETHY, FEOEENSBENTVWS D EHERIEN S,

HBHED 1 Kb 0BR () EBFEONRTFH o) OBk, 777 A vEEOGV 2F 2RV
T L REOBER @) OBlRIEZhEh L IRATHEN S (Table 1), Licti-T, &3
LZOREDA A I H X+ OBEMOBIES 1 IRATESNL &I 5, A4 ¥ H X F IRREE
EERIOEYTH Y, ZOHHIZH ZEOHEMEBEDIFHOMICHDOHERHH I ETH
3 EfEwmES N B,
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Fig. 6. Relationship between the maximum number of aphids per branch and the inflorescence
key-fruit ratio (IK ratio) of the four trees.r was calculated for the years 1984, 86, 87 .and 88.
O: 1984, 87, 88. @: 1985, 89. A: 1986.

Table 2. Relationship among key-fruit number per 5 branches (x) in year n—1, maximum aphid
number per branch (d) in year n and the realized percestage of key-fruit number (p) in

year n

Standardized partial

Tree Regression line R regression coefficient

x.d d.x
1 p=1165-0476x—-0.257d 0.803 —0.827 -~0.959
2 p=138.1-0.199x—0.167d 0.957 —0.776 —1.230
3 p=143.4-0.384x —0.336d 0.951 —0.865 —1.074
4 p—=234.6—1.825x—1.035d 0.988 —2.043 —1.822

2) TTSLLDEE

T 75 LY DEEEONHAERIEFEREOREELEET 25 LW EAK-5 M5 S hrbh
Too INBEDEIBODTHEMEESHITTBLD, | KbHHODT 75 40 DRESHEREE
Kt & DBAfR E ETHER T Lic sl (Fig. 6) ZRICENET 75 4 v DEEEDS 50 GELL T 05
BERVT, #FESEES L IKLRETL, SVAOHEMLSED oI5, 775 & & OBENSE
VG ERWT, BAMICET 75 4 v OFEMSE L B> N TIEFIRIE DT O 2 5
5 EBHLATH B,

T 75 L VEEBBENGED IKKICOWTHE, 7754 0EELAOEE TEAMEL 15 -
TVBRTTHLN, %47 5 19858913 & bICBEOTETH 5, £72, TAFEOTETIL
HBWHLEPEIETH - 72 1986 EDLLDMES, 61U &5 BEEOMOIEL & ~THiz (&
Vo THLITEDD, 7774 VEHOED 2EIOVTRAPEOEEDRET, BEOE
1986 FITOVWTRT 75 &4 v OFHA L FIEDEEOMAIC L » TRESTIHE Wiz b0 £
5h3, _

IK&@%%@UmeM&&C&K%UoTMaDit,EU%ET%H&&@*K&GTQ
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52, LEe-T, #NEFRDORT &, IK LORSHENEHRI W I25E50BRKET 75 4 v
TR L B OIS VISE ORI TRERAARE & E T L, Zhickds 2HEOBAREK
DENGEPREBRRELZ, COBRFEHENTUEOERB LT 77 46 VHEILL->TLEDL
BT B AEMIFICL - THI, THLE, FUFOMEL GHHD) 2x, HFEOT T
5 LVEE (18HD) % dBRERREp & LBAOERFEAIL Table 2 IR L& BD
T& 5 (p=z/y-max 1K), EDOKDEE EMBRKIIE, BREERFATFOFELLFED
775 L VEETIRTRAINS I Ehbh b, i, EBEERRERRIE, 4 5RERVT, HI4E
DIEEX O GMEDT 75 4 v OBEENFEBRFISHANFAL TVWBE I EEZRL TV S,
& AT, Table 2 OREHEA R

z=y-max IK(4A —Bx—Cd)
EEINDD, TT5LyOFENEWESEITIE, Table 1 IIRxL1c

y=Az—Bx
ERAT B E

z=max IK(A;—Byx+C3x?%)
CEXETENTE B, FITERORERRIC bRITFO-ERPEET S EE2EEIVND
L, a SEBIShZEMIc-OVTI], 775 A vOFESBTNE S T 73— IEIRRSIRELSE
EAE b EWVZ B,

% 2

SEIOFEEHDO T 75 L v DRERIZEI V=94 T T 5LV THEDT, ITOEEITE
IVZHATT T I LAVITONTITD,

BIHEORWA LT FTH - - EBHREA A+ H XFITRKT 5, TO&XFELTIAZEZ-T
WEWHEDIEFE Th b, A 4+ XFDFRAETH 25 A, TEFEIE 1 BHh 10-20 1
bHZDT, BEWRSOKTEFERIZT 75 4 vick - THHFEBEMEREERRD 2EBENERNTSH
% (Furuta, 1987),

BEIVZIALT T I L VORFEABICIFELL O SILF LOAERBDOR S B85, C
DL HREFEEBEERBEERAET S8, EKOK NIREOTLFHEMNSE 5, HET
hit, SFERFAICE > TRFEOIELBYERSEA S LICE b, TNRT TS LVICK
ZEEEHO—ETHEEVA LI, AENSH2 S 10 B coMERE L LIKET
BIT L, KOBEMEOC LRI L bORFEERAZWREICT 2URERMFETH B LV
Z&I,

HEHEFZTRFZRRO K HOKAME (max IK) RREHSA 444 X+ 0K L - THEE
32 & 3EEOEEN, &5V IEHENEIcL b0 3EbNEY, Thlllol Lidbn
570, 2 max IK OREZ VWKL A LS LTOT 75 4 vOREFELSVDIIKL,
INEORIBEV 7=0962), TDIEIRT T 7L YORESFEESEAOEEIREBIKEL TV S
CERBEKRT B, T 5L YHBITAREMNTEICL->TEDL I BEREIERILTVS
LbDOTHI0A2bRET S, maxIK #HOMICT B ERT 75 4 v ORELEEBE BT
BHDHRRELT, 7L FOREEROEIIREPLKERL D ZHLSATOHEITHS 5,

775 AV OEREREEIEFRERT S Y, BEEETHIFFEOMEENEAHEES b
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DI b s H 5, Dixon (1985) A5V H EHiICA A4 H X+ DEEMGIE T L It ERREH %
TE2HDTHEY, RROWEFTHRIBERLETH 2 bbb, 7756 v0HFFICL
TAFRAUREF LB > TOBILRBERETH D, COXIREHITELAYETITYNCE -
TEVBEPAHAEHTLLE2RLTEY, 20L& BEHYOHI» S 0AYEOT % K
WbDET B, ZOFEBIL KHANHBE LB S ObNEIEA S, BEICIBELIL 5~6
HoBEFo%ic@bEhLhRDLEu, ok i%%@%ﬁﬁﬁﬁ%ﬁmmmz&%?t
TWb, 7756 vOHFERHI T FED S IEYREDH = FOERKINE b FBICh b

WB I EBbnb,

® =

AAEIVOBEERETH A A A XXOFEH, TEHLBZLOKZFCREETEZT 75 A
COMEBAEFEEL, A4 0 X+ DOEEBEFNICKETT 75 4 v OFEOEEAIE L H
L,

HBFEOHRHERFONFY, 777 & v OFEWDILVESOTEFE & EHEOBEH O
ICRERRARAHTRE S, LEB-TT7 756 0EERBTNE, S2EOTEREEED
TEHBOBRR—XATEENZ LB, COBBOEXIATHEEDT, A4+
FATEAEER M Ao LHEE S N,

T75LYOBEED ERICK > TIIFHICHT 2[EE0BEK O UK ) BETF LA, &
Ao IK LB A & SEOIEFH D SIS N 2 BEM A ER RS AR EIKEL, HE
DHARBOENSEBREFR LTI, BREHBEFEOREHE T 75 6 v EETAS &
MWOJRETH B0 77 7 L vOAERN T FOFEERUEMILL, EERONHRHAIGEEE G| Xk
TF T EDBOMITIE - 1,

F—0—F: 7754y, AT, FEEENE EFEREL 775 L 0BRE

51 B 3

Dixon A.F.G. (1985). Aphid Ecology. 157pp. Blackie & Son. Glasgow.

Furuta K. (1985): Spatial distribution and mortality of aestivating dimorphs of the maple aphid,
Periphyllus californiensis Shinji (Homoptera, Aphididae). Z. ang. Ent. 100: 256-264.

Furuta K. (1986): Host preference and population dynamics in an autumnal population of the maple
aphid, Periphyllus californiensis Shinji (Homoptera, Aphididae). J. Appl. Ent. 102: 93-100.

Furuta K. (1987): Amounts of favourable feeding materials in spring for the maple aphid, Periphyllus
californiensis Shinji, estimated from the phenological relations between the aphid and host trees.
J. Appl. Ent. 104: 144-157.

Furuta K., H. Hasuimoto and N. IwamoTo (1984): The effect of budding and flowering of maple trees on
the development of the maple aphid, Periphyllus californiensis Shinji (Homoptera, Aphididae)
population. Z. ang. Ent. 98: 437-444

HHEAAN «F HEF(1986): £ V=444 7T TS5 b v EEHE Aphidius areolatus Ashmead OHEIZH
i B EABEENRE, LB 30: 123-128.

HHAA « SFER] - FHRERE(1983): /v v AXT 75ORERC LT AT =y OB, Bk
65: 166-171.

BAIELS - THAA (1988) # T FOEMEHiEEI Vs 44775 4 vOBEOET. IGHE 32: 160-
175



AAE I VOFREERET T A OFEOFE 155

WLIOTERE « EHER(1977): b Ko vt 4 7 75 OBEM. WRIHH 295: 61-96
(1989 . 6 H 21 W)

Summary

The effects of aphid infestation on seeding of Acer amoenum were studied in Tanashi
Wood, the University Forest Experimental Station at Tanashi, for the years from 1983
through 1989.

Methods: Five branches at points about 2-3 m above the ground were chosen on each
of four late budding A. amoenum (6 m in height) and numbered. Aphid, inflorescence and
key-fruit numbers on the terminal portion (40 cm long) of the branches were counted.
Aphids were counted once a week in the spring and autumn. Inflorescences were counted
at the end of April and key-fruits were counted once a month or every two months from
May through September. Key-fruits stay on the trees during the period from May through
October. As there was no density relationship in the decrease in immature key-fruit
numbers, the mid- May numbers were used in the following analysis.

Two aphid species, Periphyllus californiensis and Yamatocallis tokyoensis were found on
the trees. Eighty-100% of them were the maple aphid, P. californiensis, except in 1985 when
density as a whole was extremely low (Fig. 1). The following discussion, therefore, focuses
on this aphid.

Biology of the maple aphid: Winged aphids which have emerged on early budding trees
fly to late budding trees. Very large populations often occur on unfurling leaves and
inflorescences of the late budding trees at the end of April or early May (Furura etal,
1984). Heavy infestation continues only for about 2-3 weeks and whole maple aphids
become aestivating dimorphs in mid-May. In this form they spend 5-6 months on a tree,
suffering very high mortality during this period (Furuta, 1985). Populations in the
autumn are much smaller than those in the spring (FuruTa, 1986).

Results: There is a negative correlation between key-fruit numbers in one year and
inflorescence numbers the next year (Fig. 4), and is a positive correlation between the two
numbers in the same year (Fig. 5). Linear regression lines fit the relationship between
key-fruit numbers (x) per branch in a year and the inflorescence numbers (y) the next year,
and between inflorescence numbers and key-fruit numbers (z) in the same year, with the
exception of two years (1986, 87) when aphid density was high (Table 1).

The relationship between x and z is therefore also expressed by a linear equation.
Negative correlation between inflorescence and key-fruit numbers the previous year thus
means that these trees have an annualy alternating seeding behaviour unless aphids bring
about an adverse effect.

Aphid infestation was thought to have an unfavourable effect on key-fruit formation
after flowering (Fig. 5), so the ratio of key-fruit to inflorescence numbers (IK ratio) was
compared between different aphid densities. The relationship between the maximum aphid
numbers in the spring and IK ratio shows that the ratio decreases with increasing aphid
density except when density is low (Fig. 6). It is clear that aphids caused heavy adverse
effects on seed formation. At low aphid density levels, IK ratios were low; this was found
the year following a heavy or average crop. Not only aphid infestation but also the
physiological condition of the tree must therefore have a negative impact on seed forma-
tion after flowering.

The maximum IK ratio and its value at a fixed aphid density differed among trees. The
potential key-fruit numbers expected from inflorescence numbers and the maximum IK
ratio of the tree was estimated and the percentage of realized to potential (p) key-fruits was
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calculated (p=z/y-max IK). As shown in Table 2, the percentage was then expressed by the
maximum aphid density (d) per branch and key-fruit numbers of the previous year (x). The
number of key-fruits is thus determined not only by aphid density but also by key-fruit
number the previous year as well as by individual conditions expressed as max IK of each
tree. The standardized partial regression coefficients mean that, except for tree No. 4, aphid
density has a much stronger adverse effect on seeding than key-fruit number the previous
year.

Conclusions: (1) Though maple trees have an annual alternating behaviour, aphids
cause it to be irregular. This makes it impossible for seed-eaters to estimate in advance the
quantity of food that will be available. The mortality of key-fruits in the immature period
is small and stable. (2) Heavy aphid infestation reduces the number of key-fruits, which
leads to an increase in the number of inflorescences, i.e. favourable feeding material the
next year. Maple aphids can therefore be said to do a kind of resource management for
themselves.

Key words: aphid, maple, seeding behaviour, inflorescence key-fruit ratio, resource
management by aphids



