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Abstract

Larvae of the bean weevil cannot move from bean to bean, so they have to compete for limited resources when two or more
larvae are in the same bean. The competition among larvae results not only in a delay in larval development, reduced adult body
weight, and a lower emergence rate, but also in decreased offspring fitness. Although adult females can avoid larval competition by
ovipositing evenly on available beans, competition still occurs when the density of adult females is high. The bean weevils,
Callosobruchus chinensis and C. maculatus, having the same host ranges show different developmental times and body sizes; the
former is smaller than the latter, but has a shorter postembryo developmental time. We cannot predict the outcome of interspecific
competition from the characteristics of these species. In this study, we attempted to understand the strategies used in interspecific
competition by observing the effects of initial larval density in two host species. The results show that the larval competition of
these bean weevils was density dependent. The initial density was very important: the species with the higher initial density had a
higher ratio of survivors after competition. Furthermore, host species also affected the outcome of interspecific competition. The
currently existing theoretical models using game theory suggest that the contest strategy should be selected for in a small host.
However, our results contradicted to this prediction. Therefore, how larval strategies affect larval competition between the two
bean weevils still needs to be further explored.

HE

IREBRAEMNES AUBE—EAFISTE—ENULNNESTER  BEENRGIFNIRZES - FNER BN
BEAHER - BRSSP ERTE - EMETFREFEEIthess) ERBREZFE - #ASBENBERISTI N - B
EMSEERSE  BZRENBRIENBE - 22 (Callosobruchus chinensis) L& 41 g 2 (C. maculates) 2 2 = & & 48
Bl ol SEHRE  MEONSGRAIZRERK SRR I EEERINEREEEEMULEEYNGE
HEMRFER - IRSPUBBARRERERAESFTFSERT - KFNIEMES R VB EEHRFRE - ARERER T8 K
MG NSBFFNEGEBRNBEREENE - SO THRBMNSBLEASHIRNNERY — - ERT R NSBEIEBEEEIELR - ¥
BOEREFEAHN  MEDSVSBLEARSR  ENAS2FEAT  HIEEHRIFERSR —ELAMEEFEREL ; Ak
RUBAMECSNEEGFIERASSIOREFE AN EERIHBERANBTHRIE G - SERERER 2B
RWARHET - B AEENSTARBERERRSE 2NENEE—D IR -

Key words: Callosobruchus chinensis, C. maculatus, interspecific competition, behavioral strategy
R e % IAER  BEHF - TARE
Full Text: ‘EIPDF(5.33 MB)

TEHETBEE X Browse all articles in archive: http://entsocjournal.yabee.com.tw



RS

Hi% R & 23: 13-25 (2003)

Formosan Entomol. 23: 13-25 (2003)

IR (Callosobruchus chinensis) BAPU# T 4% (C.
maculates) (BAH : GRED Kahti g T %5 Ay
PRERIE ULV

BUSEASERSR SIHRENBEOR 1138 275%

W =
ERRABAARHGRE  AE—BEFIe A —EU LD EEEY S §F
DRAFOREELE - RFOEBRTERYBEFTIER ~ RAEH TR R &N
BT EmHTRESA(fitness) B A EIHE « RMKEETFEGH Y >
e g RERZHE  WEHEAYERFOHEY - 8 2 % (Callosobruchus chinensis)
UER W 2% (C. maculates)Z % LHEAM » 2 FRAR D B FHRKE > mO
BEFBABABRK BENRE  ATAYHEER R FORRELAEE LAY
HHATER] c RAUNZBLRFARBEEALRNTEEFRT » RE AL ZZ
YBEAEMRF RS - XRERET  HEERORELZDYERFOMNREEAEER
YA o F 13 T AL ) & LB A F R M4 — o FE B R 4 A LK
B HESEREERH > MEELLHEPI B RO EHEFLH > At
B FEREN—RABTTHBE I ARERLBATHEL LM FFER
ZHLZABAYE o AAMEM I F KR L RE L) BAT B K% H MR G EITLRHEX
ZFABER LT 0 RILA B %) AT A R348 MR F LB F E—F 69kt o

BASET : 4o % - wmRag MRS ITAR%

|

i

|

B

g ANy

YRS 7r £ E 3R - S AREH S5 4 - WAL

TP 358 T 02 5 R IR B B Ry — (I B2 2 (A
+» HAHBASEAHE % (Crombie, 1947; Park,
1962; DeBach and Sundby, 1963; Bellows,
1990) ° #7#il.< » THEBEFHAE SR A E E A
B BN A RIAREFEE TR R
FEAGRPE » B RELZ R 72 55 o TR RISE

SR

e-mail:sbhorng@cems.ntu.edu.tw

1% D38 A 2y £ 5 A e BV L A& A 8B
F o FrlE—FETHH—E DL R YE
FELHB T A IRE (Singer, 1986) © &
HEhE Ty ~ A B EFS AEE R
LI 2 B 9 3 2 2 B IR 5 F A 4 KL (Bellows,
1982; 1990; Smith, 1990;
Toquenaga, 1990) °

Bellows,

LSBT RIS 2 B A L 13



(] A 4 e 2 P 1) 3858 T 1 BE 0 L 38 5 Is
[l ~ bRk o B8 8 S U2 RN R 5 i A 7
B HFEE LIS - e E HE
I & (Mitchell, 1975; Mitchell, 1990) »
M RE b oz B 5 e ol ik o2 7 1 B B ) e
& B 38 BT T B (Credland et al., 1986;
Messina, 1990; Smith, 1990) o i » 3t
Sy e 0 S 1) 5 BECE A [R] it R [ O AR B2 th A P
A FIATFR(1993)F5 HT » 4C6-45t R PURLE.
%R (Callosobruchus maculatus (Fab.)) i
RL L A S B ] - HEREAE AL
i el s e K e S A1 e RN G R S 2
RE S o HINRhBi PRUBEERE » AR
[F 5 % 1A 7= 2 (Dick and Creadand,
1984) » [R] IRt K1 Z 3= i e 48 B K N i A5 Al 222
F(Mitchell, 1975) °

Thanthianga and Mitchell(1987) 1Y
ROT R ERAET T IR 35 E R (contest)
Bl (scramble) o HiEM TR » fE—FHF
FEANH MW ESR &L ERyShaiics A H
— RN E - HEem eI aHI e o HE
BRI ETE AT £ T RER IR et (B
B E I A B 2 IR SR I At S s -
FHE IR LEHCR - gust e o B
HIRSIR - BBE RERME— IR E - HEYa
HEFAE LR A B IR H & IR RS (K
£ - Al g pl P IR IR A - HLY
bRk adls FEHE T S mk B T MR o 8
M hknT P A& > Fr AT LI% E91E
BFELh &8 E RO » MU R e BRI > 5o
PRI A R IE R 2 ERE T TR E TR R
(Thanthianga and  Mitchell, 1987;
Toquenaga, 1990) °

FLAN R SRR PR RIS - HANEHITT
FARREE TR < RERBORH R - IFA

FEBZ R > P LA — 3 B R REA AN — R

7/

14 &

-
il

T=85 M

it
[l

i

ML F S e b e E e - FER
PGS EAAS 5 AR AR N1 i 5 IR L
FETE I » ORI AT A3 3R th 5 AR AN [l (Dick
and Credland, 1984) ° A B~ [5] 4% VUHCE.
R ) ek o2 T N 55t E SR R S B A S B A/
BT ERGEE s Rz - FEAEERE
+ ¢ H Fll (Messina, 1991; Toquenaga,
1990) o SfESRTE A5 FE F St SR B 4 ek 2 1T
15 NS 25 U)FHBA (Takano et al., 2001) » {H%))
a1 T R AR 5 T 2 VE R AAAT - BIIR R
o KL EA AN ETT R Z AR R
o P EDE AN [ R ) a2 5 TR TS 2
KA ELTART 2 (B 1S ER AR

VU E R K fk ER(C. chinensis (Lin.))
Sk ay T HEEAH A - Rl th 8 A 2 R —#
Fr o PUAL S RESAVEK - 1 H B INEEE 2Rk
AIHAMRSR § k5 R A2 A8 |\ & B
(Imura, 1990) ° [RIBLE FREH LB - W
MR E AT RE IR R — 3 | > B4 M
TR BT o BERD 2 PN B R IR 6 38 2 DURL T 5
HUA sk S R TE I - {H Ny A LR T S
BEH] o RIS 2 4C6-4 R VUL T RIES &
TS R - H8a 5B A (Horng, 1997) »
MMk R AT A > ST RIS 22 52
A3 B T 2 A F FHAERR > SR o R -
A G B A [R] LG ) ek U A9 B AN ] 7 Fd A
AEATEREE > DU e b W SE R - 5 i e LR )
ki 3 L U TE R PR 33t T RN B 5 4
[ 2 BRARIIR 72 B -

MFERTE

— - #HBRMEET AL

sl FH 2 4C6-400 A UK SRR FH BB
TR Bk BB E 2 4L E.(Vigna angularis)
(Hu, 1989) « & 5 RIFHEE I E 2 AEfk T



(V. radiata) - L3 T & CE E 5= N 2 A A
BEE -

ARBEELEA E AL ~ #k e I ARREEAN
DEETE = NN AT Z R &P o ER-18
C 2V iE VR » LIREE R R F R
FHRZER - HRERPER TRV &
HOR B &K RIKAE IEH 1% » AR ETE Kt
E,ﬁ o

DU SR Bk T R 53 Bl 6 & 45 2 AL
TEE > AR A EYEOKIE A HEES
A L EINEIE - WWERHE TR LN
FE/NB2 o ¥ itk 2 BB B A 28 £1°C » 45
~60% RH Z2W54RF o Fra AR
VY T SR Bk TR o S HIE B T v T
R —FX o FT A B B SBR[ (Rl — 2 R A
HRELT o HLEAE BLAAER ARt S AN B R A Rk
& T ERK o

T BERZNBHS

R BB A B DR N S R R T L2 1 i HE
ZARE ~ —HAAMEPUR T SRELE TR KA
1855877 =i1.570 71 Z B AR RG22 I -
S a5 I B AT AR A 20558 . » FREEA
RNIRIEEE Z ik T R M sk A= IR2/ N > TS B
IR 1 ~5IN Rk T o PR R B BRI B
IMEZ A VIR R a1 6 - FETN2/ MR > BRiD
IE—{EI0 2 T £ - (5 _E 2 YR SR B ik
SRINEEHE11ELS o

I b LI bl 2 3B A0 B BE B - LABk
T B2 DR T SREk T RN 112
5127 £ o L@ lER—lkaiT L
Iz MALE BRI LIz 3 £ T HI P LAk
o IRLEIS IR a2 VIR T R LR T R0 5
FREHBINEYs2HE T 421253023
K 18%H 5 R VU T SR ELEE T R ) %
EEB11E51FFEE %30 ~ 34 ~ 28 ~ 4538

P DIGEETT Shadii e

REREa L > 24/ NRF N 53 BIRC BREL PR ~
HE HEUEEE > DL E 2 e o) aa A A T
R AR A [R] 4h e B AN LRk 2
BH HE A E 2 FH R SR - SR E R
MR E H B RS B2 72 B AT
87 TR E o LAt o WACERRR &AL > Bl
R D RAEZ I b B B LA ZR © B AN
() 4 25 B B » LU 28 (P) S W A (] 4
IR B 2 B P 43 7l LLPROC GENMOD i
1T logistic regression 7347 » Bl45Y =log (P
/(1—P))» EF I fE T R Y da 2 REARZ BT
B AT > LAsnIEEAR 4 ad % B BT s SR 2 1R
F(SAS, 1996) Lyl Lisk 55 2 #Ea5 EL A
(BDFk TR 40 & B (hk T R 4N & B+ TURL T R YY)
3 B0) B A i e LU AG A T B i 0 A - P ERY
= XEARLLE » DIBRAR R T SR BLPURT R 4
R FET 5t 20T 01 3 218 B U T i TR
BRI o

= HERAZHHERS

A B D RE B 77 3 AT Rk A 2 ) kg
Fallig > SRR a kDb o EHla o (EEHEY
LR AR 20584 T FEARFZE .2
T T R MEER > DI/ o A AT E S N
FEE1~8IUAL T o B R B 2 s Ik
A VIR R MRk € - D2/ MR - BRHIIE
—(EIZ A EE - 5 L2 DU Rk T R
YL 5115 1/8 o

JEHED LIS b3l 2 3 Ba A0 BR R R - 41kt
FERR T B PURUT REL % T RN LR
11F6/12%F £ H - Hp—AraET Lz
WAL BARBMEINZ FE ST LIS
1% SE 1S BE P a 2 DUAYL T RELHE T R ) B
HEEBINEY8ZHFEE/1916 2223 ~
19 ~ 21 ~ 175 1254 5 JEHEb,Z DU RELEL S

HE R T RBERR R 2 EERG TE 15



RINBEELE11E6/1F FEH K20~ 22
15~ 21 ~ 16 X195 » LUEITH &5 T alBE -
WOREBE I T » R ) e 725 5 W A 2 SR e et
Fr 2B WIFE HI - B8 KGRI R
Ko i 7R R o

#

— ERERERZHEHRF
1. ShEhfEA b R P A LR E B H H
W2 VEH
FERK S > [ Bl P ) o P M ek
HREVEERAL 24 /NMENZEELHER
HELZ IR — Rk — - fEREE /71 - HF
ek 7 SR e SRR ) sk (VU RN 50 o LR e
HHMEEREP<0.0) - MEHEHE HE

#— kEPRESTRENSZEENREHHRESRUNESEE

o RS GRIME ~ RS A VIR S ARG R
Iz pEEE » HgghE HBE AT R (p<0.01
p<0.01) ° PURY R R DEVIRL S RO R
JEE M0 2 B P 8 R AR A R (p << 0.01) » {HY
A0 G It ek F) A R L ] M0 2 72 3R (p >
0.05) - (Al » fERK S - PURLE B I -
BT S R B E WA B A RIER ; H
ok R ME S AEDURL E R LRI - A ER R
i o
2. MEEBF A ZEH]

I3 M 5 e bE 2 8 JEE 6 R L R AL
e L AT 2R ) 5 B AN ] — B f] — - il —
T AELI BBk T R AN 1 E URUT RN
i T L pE M a Fk 5 R AFIEZS K2 0.6
LUE » 0 A B8 ) i FEE 8 T 2 e (K (p >
0.05) ° . » PURLE SR 4aar s 25 HIRE R AA

298

PV

Table 1. Effect of larval density treatments on body weight (mg) of adzuki bean weevil (Callosobruchus chinensis,
C. ¢.) and cowpea weevil (C. maculatus, C. m.) in mung bean
Treatment a' Treatment b’

Species Sex Average body weight N Average body weight N 2
C.c. Female 4.26 95 4.63 22 9.20%*
Male 2.98 116 2.99 31 0.04ns
C.m. Female 6.53 18 6.87 60 2.14ns
Male 4.40 15 4.53 104 0.75ns

1. Treatment a: inoculated with one to five larvae of adzuki bean weevil and one cowpea weevil.
Treatment b: inoculated with one to five larvae of cowpea weevil and one adzuki bean weevil.

2. *p<0.05; **p<0.01; ***p<0.001; ns: not significant.
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Table 2. Effect of larval density treatments on development time (d) of adzuki bean weevil (Callosobruchus chinensis,
C. ¢.) and cowpea weevil (C. maculatus, C. m.) in mung bean

Treatment a'

Treatment b!

Species Sex Development time N Development time N F?
C.c. Female 23.5 95 25.6 22 20.65%**
Male 23.1 116 24.9 31 16.95%**
C.m. Female 29.8 18 31.3 60 8.97**
Male 30.5 15 30.1 104 0.73ns

1, 2: see Table 1 for the explanation.
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Fig. 1. Survival rates of adzuki bean weevil (Callosobruchus chinensis, C.c.) and cowpea weevil (C. maculatus,
C.m.) in a mung bean with one to five larvae of adzuki bean weevil and one cowpea weevil.
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Fig. 2. Survival rates of cowpea weevil (C. maculatus, C.m.) or adzuki bean weevil (Callosobruchus chinensis, C.c.)

in a mung bean with one to five larvae of cowpea weevil and one adzuki bean weevil.
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Fig. 3. Relationship of initial larval ratio and survival ratio of adzuki bean weevil (Callosobruchus chinensis, C.c.) in
competition with cowpea weevil (C. maculatus, C.m.) in a mung bean.
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Table 3. Effect of larval density treatments on body weight (mg) of adzuki bean weevil (Callosobruchus chinensis,
C. ¢.) and cowpea weevil (C. maculatus, C. m.) in adzuki bean

Treatment a’ Treatment b!

Species Sex Average body weight N Average body weight N F?
C.c. Female 4.45 137 4.44 18 0.00ns
Male 3.35 211 3.06 24 13.23%**
C.m. Female 6.43 29 6.87 75 5.46*
Male 4.42 42 4,62 98 4.42%

1. Treatment a: inoculated with one to eight larvae of adzuki bean weevil and one cowpea weevil.
Treatment b: inoculated with one to six larvae of cowpea weevil and one adzuki bean weevil.
2. ¥*p<0.05; **p<0.01; ***p<0.001; ns: not significant.
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Table 4. Effect of larval density treatments on development time (d) of adzuki bean weevil (Callosobruchus chinensis,
C. ¢.) and cowpea weevil (C. maculatus, C. m.) in adzuki bean

Treatment a'

Treatment b*

Species Sex Development time N Development time N F?
C.c. Female 25.1 173 27.3 18 50.77***
Male 24.6 211 26.5 24 35.82%#*
C.m. Female 30.9 29 33.3 75 35.00%**
Male 30.5 42 31.5 98 3.67 ns

1, 2: see Table 3 for the explanation.
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Fig. 4. Survival of adzuki bean weevil (Callosobruchus chinensis, C.c.) and cowpea weevil (C. maculatus, C.m.) in
an adzuki bean with one to eight larvae of adzuki bean weevil and one cowpea weevil.
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Fig. 5. Survival of cowpea weevil (Callosobruchus maculatus, C.m.) and adzuki bean weevil (C. chinensis, C.c.) in
an adzuki bean with one to six larvae of cowpea weevil and one adzuki bean weevil.
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Fig. 6. Relationship of initial larval ratio and survival ratio of adzuki bean weevil (Callosobruchus chinensis, C.c.) in
competition with cowpea weevil (C. maculatus, C.m.) in an adzuki bean.
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Effect of Larval Density and Host on Interspecific Competition

between Callosobruchus chinensis and C. maculatus (Coleoptera:
Bruchidae)

Jiunn-Yaw Lin and Shwn-Bin Horng* Department of Entomology, National Taiwan University, Taipei, Taiwan, R.0.C.

ABSTRACT

Larvae of the bean weevil cannot move from bean to bean, so they have
to compete for limited resources when two or more larvae are in the same
bean. The competition among larvae results not only in a delay in larval
development, reduced adult body weight, and a lower emergence rate, but
also in decreased offspring fitness. Although adult females can avoid larval
competition by ovipositing evenly on available beans, competition still occurs
when the density of adult females is high. The bean weevils, Callosobruchus
chinensis and C. maculatus, having the same host ranges show different
developmental times and body sizes; the former is smaller than the latter,
but has a shorter postembryo developmental time. We cannot predict the
outcome of interspecific competition from the characteristics of these species.
In this study, we attempted to understand the strategies used in interspecific
competition by observing the effects of initial larval density in two host
species. The results show that the larval competition of these bean weevils
was density dependent. The initial density was very important: the species
with the higher initial density had a higher ratio of survivors after
competition. Furthermore, host species also affected the outcome of
interspecific competition. The currently existing theoretical models using
game theory suggest that the contest strategy should be selected for in a
small host. However, our results contradicted to this prediction. Therefore,
how larval strategies affect larval competition between the two bean weevils
still needs to be further explored.

Key words: Callosobruchus chinensis, C. maculatus, interspecific
competition, behavioral strategy

ORI T R BENR R 2 EERG TE 25



