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Population dynamics of one-parasitoid-two-bruchine-host systems with learning and me
mory: cooperation with neuroethology
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We examined population dynamics of one-parasitoid-two-host systems, using pteromal
id wasp (Anisopteromalus calandrae) and two bruchine hosts (Callosobruchus chinensis, C. maculatus). The r
esource seeds are provided in combination with the azuki and the black-eye beans, so that we could adjust
the predation pressure. Introducing the parasitoid greatly enhanced the coexistence time, to a maximum of
118 weeks, where C. maculates and C. chinensis showed anti-phase oscillations. The parasitoid performed fr
equency-dependent predation on two host species and switched the preference depending on their abundance.
Learning experiments confirmed the frequency-dependent predation of A. calandrae with olfactory cue. The p
arasitoid increased their preference for the common host species, which results in three-species coexisten

ce for a long time.



B X C—19, F—19., Z—19 (GtaH)

1. WFZEBIA Y DY =

B DEREH MG -OBTHERAS O @S ) %
N— 2|2, ATEVERRY: & B ARREERE A4 X
B A KIEDS 1985 I R 547 (Sibly and
Smith 1985), #ciEEREIITE)Z BV A A7 MH
EKHEBROBHEET T LOEB S —EH -7
73 (Commins and Hassell 1978)., LaL.
R RITENTh -T2, —F ., #RATEIS
1 1980 FEARMBREE L 720 | 21 HALIC A -
TIBERINT R A 72 (Zupance, 2004),
MRRATEN I R (EBRRY MR,
T8, OB THBLHAE) 2 X—A L LT,
Y OITEIFE A IR S TS, I 61T,
KIETiX Movement Ecology 23TV |
PNAS THE B EN TV S (2005 45), WEH
IZ (Shimada 1999) ZHUICZEEEKIT T, BE~
A Al A O EB R CE RS RE
RN L. 15 EOZEM oA BBk AR & 255
AT TCHEIR DM 3 FROMAREENE & —
WCEWAR LN, I FEESROHRT (1
R — FAE-FELERESBITOMKL) 2
B L T\, ZOR%OIBH & AHFEFIC
L BHFE T, BT ULy alxranNFix
2 HEOBEE (TAXAXY ULy, AVELTA
VL) SDOWTIOIEE EAED 24 W
ME&MAHTFIck > T, 20%, 2 o7& h
EIAIR R S REICEAA L TH, ST
ENTHNDOONWE G A BRI HAEITE
BIRT ZENGMoT-DT, ZOFEKE 2
O EEE -9t %2 S HICiHED T,

2. Mo

RS 1 HE—AE 2O 3 HRIL, MEE
73 Type 111 O¥EBERIG A R~T & ElT, 4
BoWwEEZ Bkd 2 L T3 HOILIENEE
SNBAAL v F VDN Murdoch and
Oaten (1975) 2L - CTHBE 72, ZHITIE
HEEOFEITHNBESR L T D, FEk
TAYARFaANFFENEEERT I L
DT ERTH NSO T, ZDMZFE ST
BE2ME (FAXXY LY, AVELIAY
7 L) OEWEEICED D &SI 0FE
FEBRAEITV, S HIC, RS 1 E—fad 2
FED 3 FROBNREA RN L, A7t & i
35,

3. WO ik

T T A axanT ey, 2
DIEE (TAXY TLYy, AVEVTAIY
Ly) ORMBREGRRZHERL, BEICE
10g DT & HEE DAL - WA EE
L7z, BB, B, 7X% (UhE) &7 Ty
2T A CKEEYYZO—LFE) o2 fEA
AWz, 7XFIREAEL . TNOREED
S s Xy oLy a bl xaxFnsEhED
FRTEICL L, BEIGFT L 0d, — T, 7
T I TAFFEERENDO T, FIZWVDH Y
HoifE IR TEAE SN D, MEOTO

H| A A E T, AZ10:BLO. AZ8:BL2,
AZ5:BL5, AZ2 : BL8. AZO:BL10 ® 5 fEHD &
SR TT-, ZhICkY. TS T A

(Black—eye Ratio; BR) 2% U CHIEEN
HETEs (K1),

Fho, VU LY AR anFOFRERE
1ToTe, ST RER (6 WEf, 12 KEfE., 24
B[, 48 BEfE]) OiEWIC ko TEWVEE OF)
BN EOREVIICEE I ND N ERAT,
IHIC, YuhvabdraFREEREE 0%
BRI OHEFER BT (X 2),

S 5|2, HEEIE OERIL, TAXF Y
L tavEr~ AT ATOEWIED
HERERACKFZ DT ZAT > 1=, GC-MS Tl
F2HOE—2 DERZRD, RIZEOWE
EALFA R L TERRT 5 2 & 2l ATz,

Rklo, BT ET VERE L.
Nelder-Meed VEZfFE o T=Ee KET/NT A —H
HEEZAT, EIAREENRE 2 AT L 7=,

Parasitoid

Anisopteromolus colondroe

-

Pr eduly
Host2 . B Host1
Callosobruchus C. chinensis

maculatus FAXI
AVEVTAYY \ /

Predation

O®g)
CDC>851§:>
X1 3 FEREERR R ORERK
4. WFFERLE

We XA hE o R HDETLEFEL
T, HFEMY T LA alTxanF LiET~ A
VUL2FENDIRD 3ERT, FAKNEE
NIRRT L FAEFEICL DAL ¥
F o 7 (Murdoch and Oaten 1975 23 FEH
F208) 2 LC, 15 £ 2 MoFEERENEMIC
RAIRE 3 2 7B G 2 5 7L L 72 (Ishii and
Shimada 2012, Proc. Nat’ 1. Acad. Sci.
us4) (¥ z2),

Z O WA O SR B X A SRR O I
I3 L (BR=0.2~0.8), fiEENMEEX 5
ERMDTOBFIZED T XX 7 AR
WL, BEE 5L 2MOEEE BIZHERN
ETETCHELRLS LICE VT %, 20
BREBRRTOEE 2HORMNIRE T — &1
RERVIFENTIZONT B Av, 2 HEORFENZ
P > T FE 0 12 B ~C AR oD A i KA
DANEDD Z N otz (K3),



Predation pressure

BR=0
;3
A
4
LI
0 0 \
s, (N S N
2 BRIZIL U7z 3 FH RO REHIE AL ERE,

BR=0~1.0 TN T35, Kz, 3
FEOBEARIIIFER T, H=T XXV U, k=
IVEL, K=Y T LT AHFANTF,

04/

CCF

00+

-0 8 6 4 2 0 2 4 6 8 10
Lag (weeks)

K3 BAREBRRIZAON-EBIREDORRY]
M. 18 E 2 FOEEIX 2 M (Lag = 2 wk)
DOIFREREIE L THAIARIZ 72 5 TN 5,

100
y= 0.7
ry =06
T B0 A w05
g — ¥=0.4
= =0
E o
g
c 407
]
&
=
g 0. ——— e
[ ) *
o
T T T T T T
00 05 1.0 15 20 25

Attack rate, o

4 HERATHIET VIC KD 3 F R FHeeef
DT, v ITFEDRICE DT A—=F T,
y BRE < mHIFE, HAFRFRRH SRS < o

. HERBATHIET T K B 3 BERoME
ﬁm—*ff'aﬁ%ﬁﬂﬁ LTz A, FHEy DK
XL BT E, FAOFERTR /e I
BRNRENEL 720 TR A ESI< 2
NG mhoT (X4)

*ﬁ\%E&E#®YWAV:ﬁ*:A%
DFEEERBRTIX, 12 H%EF?L;LL@%@%IJ#E iz
DHEAESIT T, BAWEEE OB RS IATEC
nNoE51272-7 (M5), 51T, H!%EH&
N ORBRT, YULYahraXxFLrzp
[ Ll D 3 28 B D PH i SR T ‘/“‘7],\\‘/
aHFaNFRBEILIFENREEHE
RN (X6),

C. chinensis
conditioning

C. maculatus
conditioning

Number of oviposition
N

Number of oviposition

6 24 48 6 24 48
Conditioning time (h) Conditioning time (h)

M5 EBERIVEIICEESTLESES
(f£) &, TAXY TIZEKMEDT LG A
(F) OFEINFEEC L DR IFVEDORY

"7 (a) %7 (b)

0 604
40 409
20+ |—x—‘ 204
o % NIERIES 7w

Ddr.l: colem omics omiem colee ecfom cmice emfom
00+ (C) 1004

% offspring emerged from C. chinensis

80 80
60 60
404 404
204 204
40 35 33 30 30 32 29 35

cclec cclem cm/cc cmfcm cclece cc/lem cmicc cm/cm

Rearing host / Learned host

6 Vubhvayxrand (L) LR

i (B ICKDEINEE, B4 DfEE
a‘ﬁfhil‘ WS L (), BWiEE (B,
X, B o 7cfE E/EIEE S E 78 EOM
BEDET, cc: TAFY U, em: YT,



BT, ERIZKAEE 2 OREKRIEK
FOILFSHTIT L 5T, GC-NMS DB — 7 D
WRBESE O L E DS S iz, KRR IRIE
IKRFED 11-MeC27 & 9-MeC27 235X 2 FE TH
BEICR AL (K7), MISIT A F VRN HE
IZFEB LTV A 72z, MESEAITTE T,
BE, LFAREED T, "M AT vk
A TEDIRRBITIIIT £ TRz, S BITHHT
EEDDLTETH D,

9,13-diMe C29

AVEVIA YLV ER B

7,11-diMe C29

o
:

FAXJ 9 LR B

B7 GCMS iZkaAA4r L rb - B
T LDWE, FBavEer, FTB:7X
XV ARRIRALKFED 11-MeC27 & 9-MeC27
DIEE 2 CTHRICRR D,

5. FpRERLE
(BFgEfEE . WFIE o3 K ONEEERF TR 1
=)

GEEamsa) G4 1h)

(O Sasakawa K., Uchijima K., Shibao H. and
Shimada M. (2013) Different patterns of
oviposition learning in two closely
related ectoparasitoid wasps with
contrasting reproductive strategies,
Naturwissenschaften, 100:117-124 &3
A
DOI:10.1007/s00114-012-1001-6

@ Sasakawa K., Sato M. and Shimada M.
(2012) Additional notes on
Anisopteromalus  sp. (Hymenoptera:
Pteromalidae), the sibling species of
a parasitic wasp of stored-product
pests, Anisopteromalus calandrae
(Howard) : A new alternative host, an
eye color mutant, and DNA barcodes,
Entomological science, 15:349-351 A%
Bl
DOI:10.1111/j.1479-8298. 2012. 00521. x

@ WEHIEFD. (2012) PE 7o S-S D
Wb EE 2 5., RN, 38:72-75
A
DOI:http://dx. doi. org/10. 5983/n12008

jsce. 38. 74

@ 1Ishii Y. and Shimada M. (2012) Learning
predator promotes coexistence of prey
species in host—parasitoid systems,
Proc.  Nat’ 1.  Acad. Sei. USA,
109:5116-5120 #AF#c
DOI:10.1073/pnas. 1115133109

(FFEK) GHoh)

O WEH B, W SEE, B R, &
B WEE, A SR FEREFRY
A vadixrasFlEld e T A
VU LT 2TRD 3ERERE, 558 A H A
JSHEN R R Rey, 2014 48 03 H 28
H, ®AKF

© IgHIEF, f#)I5E7E, EREE, A4
ETF. FETERNWY UL aFFran
F RN CHE £ 2 OB RE N HA
AREN?, B 61 [\ H ARAEES KRS,
2014 45 03 A 17 H, J&EEBESES

® M. Shimada, Y. Ishii, K. Sasakawa, H.
Shibao, and S. Nakayama. Parasitic Wasp
Learning Promotes Coexistence with
Hosts’ Generation Cycles in
Host-Parasitoid System: Neural Model
Analysis, International Symposium on
Advances in Theory of Interactions:
Linking Individual Behavior,
Population Processes and Community
Dynamics, 20124E06H 18H, REBKRF

@ M. Shimada, Y. Ishii, K. Sasakawa, S.
Nakayama, Parasitic Wasp Learning
Promotes Coexistence with Hosts’
Generation Cycles in Host-Parasitoid
System: Neural Model Analysis, 24th
International Congress of Entomology,
20124F08 H 14 H, Exco, Daegu (H&[E)

® WHEF, FlE—8, )sEE, L2
IEE. mrEefaswETsYyvavadl
A NRXFOEER—Z2FF L : Baldwinkh
A, H60[R B ARERE 2, 20134203 H 09
H, #Rkar Xy grr7—ykr¥

(£ D)
http://park. itc. u—tokyo. ac. jp/shimada-1
ab/

6. WFIERE

(1) WrRfREHE

W& TEFN (SHIMADA MASAKAZU)
HRH KT « KB RTIR - 80%
WFgeE 5 1 40178950

(2) WrgemE
L I%{E (SHIBAO HARUNOBU)
WK « REPERA SUBFIER - RRTf
El=|
FgeE 35 1 90401207
(CF-Rk 25 42 K 0 HEEMFITE)



(3) WrgEl 1%

)1l 275 (SASAKAWA KOUJI)

HRURY: « KRBT A SULAFZERL - FHTHF
A=

WFIeE TS« 30647962

L BEF (ISHI YUMIKO
[ESTERIRHFZEAT « 4£W) - ARERREMTE
VH— - BRI S



