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omyza sativae Blanchard) (Chien & Chang unpub-
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(Burgess)] (Lin & Wang 1992; Chien & Ku 1998) °
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munis Aeschers) i 577 3= R S DL vl B g SR Bt
VBl BHE F5 147228 Chien & Chang (2007,
2008a) At o ZE7E I fiide o s B 2RTE ik
22l Chien & Chang (2012a, 2012b) it - ElILL
A = BRSNS S B B SR S
I TR -
S REHEBMIERE2HE

HHA 7 AR e 2 NS B IRFHI AT RolfE BRI
f AR 2 B v e s 5 0 TR
FAAE 25°C el 2 /NIFIAPTZE T 2 [RI BRI
Ryt o BT ST LB Wl i 5 AE dy 2R -
PR HER RYE - THFRIAAE 25°C T HEEE 24 /]
WREIFTEE B o [FIBRIEIN Foid bt - SBatE T e
552218 Chien & Ku (2001) Z 5% » LUSHE
ZERFEEIENE « BRI R R
TR - BEREEEAEDN 2 /NRFEG 24 /NI 0 AR
IR 30-50 K7 fE[E] BN REESE T
B BN 10~ 1520~ 25~ 30 f 35°CZE
BFEA - MEEEEDT 2 /NRF 2 BRI - I H B
AR & o Nl Sl e v Y P e ati g
B HEZ 2B AT s B R 2 2
B2 /N ROk IR BB BT - kAN
24 /NRFZ BREEAE - RIBISAE A ENR BB S
Rz —REE B AR » DHMRIEAE
IR A R TR CER o Hh EiEREA s
IR IREIEE 30-50 KON » &4 3-5 EHE - BEH
HAZAES 2 HHEE 28-114 A% - Ak Campbell
et al. (1974) Z JTEASER IS 2 B ER SRR EL
BEANEE -
FFEEHEBIMIEETHZEE

1 FE SRSV IR B R S BV I > 53 AR
T P55 S 2 v e 0 A A BE T B AU I Pz 52
2 HERR R R INTE 15 ~ 20 »
25 k 30CAFEERTEE ~ IEEHALz 0 H
EERNIE » XA 1 HEAERK 12 em > 5 21 cm
ZHHEE - RBEEASIEE NERE R
ZEBRFEN - HFHE L 7 B ZEHEERDE



174 HE R SE

FR I B RN B R I EE - MHEE 1 KRIH
40-50 5L =T T 4haB R R T
H AR MEEEIE T Ry il o BABE AR HOR S i B
FriE e A EF AT LR EmBEE 25°C
THEIE - REERKH NIRRT
I - 14 HERFRCER H 57 T BIH A2 b i i B
HERE O EMELL [ S /(% + §)] - HEREIRHEST
8-17 HAH -
B MR BRI E

22 Chien & Chang (2008b) & J7i% » F]
FHRTERAER 2152 24 /NRF A RIS N AR [
Ui B A R T — U BB A R &k
B RS H e BT o i B B e LS R
A Birch (1948) Z /A3 » DUER ISR A
A2 FELUE M N REF T & - AIRAE R
(intrinsic rate of increase, r,,) * FHIMIE (finite
rate of increase, A) * IFIAR (net reproductive
rate, R,)) S PYIHAIERE (mean generation time,
7) % - {FBRBR ST 8-17 B -
mEHERYEHRESH 2 EE

By M7 ST - RIE S 1 a
FEMET - EAFRRE TRV E RS
g Ea B o ME TR KBS
% AR 25°C T HIAMb 10 HBdEs IS
7 cm > HI® 1.5 em ZIBIPE - AR T
HET - 5 H B EE BN IEE NEE L TT
= RIS K - i — R EREE AR
Yz B - HrR R i s R BEAE - (R
WA i R E AN 10~ 15~ 20 ~ 25
30 J 35 CEARRREZERAR » MEREAK -
WABRBEM Ry S - RRE R
RIPERA 25 CERME - FHEZE Mg H
iy A 5 B - A EHLRE R B A S
J3ik o FIGRAI A EIEAEe 2 R IR - BIRCiEEAE
10~ 15~ 20 ~ 25 k2 30°CEHAFRET » &H
I G S D VR 77 EL AR R ey » TR
HHEFEMmZ R - #7817 HF -

et 2R

F IR 2 B ERHI ] SAS-EG (SAS
Enterprise Guide) 4.1 MRAHEE T3 Bk g 56 L
{78/ 5387 (analysis of variance, ANOVA) » F
DUt/ NBEE 7= 5% (least significant difference,
LSD) s » 75 5% SHE/KHEN Lhi i BH S
PHEZ 725 - B R BERSEETAE
B4 (arcsine transformation) » FFETT/HT © 14
IR AT - BURE AR aa R B R
(v) BRI (x) ZBFR » WER 1% Z BHE/KAEHE
1Tl & BRI AT -

w B
S AEHEEMMIERE 2 EE

T VR o 0 O R MR 2 TR R REwE
I Ry e S5 T VR R R S BV 0 AE 10°C I
H3E 62.6% B 52.5% » £F 15-25°C F&EE
79.2-91.2% B 85.8-89.0% (3% 1) ° {HLF ik
g FEARZ EMAE - 30°C NEFE R
EPLVEHERY - BRUNZ IR 0% 5 FE R
KPETEHERF - 30°C N IN BRI FAERE
67.4% » 35 CIRFIEIN .2 WEALRA TRy 30.4% »
{HhERFER R 0% (R 1)

B VR ol WA B A 2E AE P S B VB W BB S
PV o iR el BE HEIRERE 2
FrEnmmiEAE (8 2) s HHBEEHEREHEEH
TR B R 2 T R R 3 2 A
FRBAR (3 3) 0 ON ~ LhdEk ~ HUE 0 S IV R0
Fai B EEIYRIEA Ry 7.92 Bl 8.85 ~ 7.78
Eil 832~ 5.80 Eid 6.84 ~ 5.88 Bl 6.45 Kz 7.03°C
Bl 7.61°C ; HEAMIEE A Fy 40 B 36 ~ 88 Bl
83~ 36 Hil 31~ 125 il 112 k% 286 HJEEHL 263

HEE (58 3) »

S EAEHEBMMESHEETHZ
22488

=

FHZ 4 13 AIEL TR W s H ILE 40-50
R RPN £ - ML 15 20 K



R 1T BUR R R TR RO ~ ShE - AT I8 R I BRI R R

FEEREH EGRRIEE 175

Table 1. Effect of host species and temperatures on the survival of egg, larval, prepupal, pupal and egg to pupal satages
of Opius caricivorae”

Survival (%) of the stages of Opius caricivorae

Temp. (C) Egg Larva Prepupa Pupa Egg to pupa

Host: Liriomyza huidobrensis
10 95.8+1.4" 74.5+4.1 97.4+2.6 90.5+1.5 62.6+73
15 96.0+ 1.2 955+ 1.1 100.0 £ 0.0 100.0£0.0 91.2+£3.0
20 100.0 £ 0.0 81.4+33 99.1£0.9 99.6£0.4 80.3+£2.7
25 100.0 £ 0.0 79.2+2.1 100.0 0.0 100.0 £ 0.0 792+2.1
30 0.0+0.0 - - - 0.0£0.0

Host: Liriomyza sativae
10 91.3£0.7 653+5.4 94.6 3.0 91.4+28 52.5+£4.7
15 98.6 1.4 944+£22 97.4+1.6 94.6+1.8 85.8+4.2
20 97.5+1.7 89.4+1.0 100.0 £ 0.0 99.2+0.8 86.4+0.8
25 100.0 £ 0.0 89.0+3.6 100.0 £ 0.0 100.0£0.0 89.0+3.6
30 100.0 £ 0.0 80.7+4.1 92.1+3.1 90.3+£23 67.4£6.3
35 304=£1.7 0.0£0.0 - - 0.0£0.0

“ The experiment was conducted with three to five replicates, 30-50 eggs/treatment.
¥ Values are mean + standard error.
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Table 2. Effect of host species and temperatures on duration of egg, larval, prepupal, pupal and egg to pupal stages of
Opius caricivorae

Duration (d) of the stages of Opius caricivorae

Egg Larva Prepupa Pupa Egg to pupa
Temp. (C) n  Mean+ SEM”* n  Mean + SEM n  Mean + SEM n  Mean + SEM n  Mean + SEM
Host: Liriomyza huidobrensis
10 114 15.0£0.0 109 282+04 81 10.7+1.3 78  28.7+13 70 82.6+1.3
15 50 57+0.0 48  152+0.6 46 34+0.8 46 13.7£0.5 46 38.0+0.5
20 32 3.8+0.0 28 7.0+0.2 27 25+0.2 27 9.0+0.3 27 223+0.1
25 35 22+0.0 35 5.0£0.0 30 1.9+0.1 30 6.4+0.1 30 155+0.2
Host: Liriomyza sativae
10 105 15.1+0.1 96 28.0+0.9 63 11.2+0.7 60  26.7+0.7 54 81.0+0.1
15 30 58+0.0 30 155+1.0 28 3.1£0.8 28 13.0£0.6 28 37.4£0.6
20 32 3.9+0.0 32 7.4+0.2 30 2.7+0.1 30 9.0+0.2 30 23.0+04
25 42 22+0.0 40 5.0£0.0 37 1.7£0.2 37 6.1£0.2 37 15.0+0.2
30 45 1.8£0.0 45 3.7+0.1 38 1.3£0.1 36 4.6+0.1 36 114+0.2
35 39 1.3£0.0 - - - -
“ SEM: standard error of mean.
25°CIR Ry 20.9-23.9 H » [REIMMAEE 2R - (46.6 H) » 15°CHL 20°CHF X2 (28.4 HEL 27.0

Hrp{# 25°C (20.9 H) BEHEL 10°C (27.8 H)
PRI R AR HEEG 10°CRRE

H) » 25°CHfE (18.5 H) » IR 2 BEE 7=
Lo ME o HEEE G SRR 10°CRE g
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Table 3. Linear regression of developmental rates, low developmental thresholds ('C ), and degree-days (C -days) required
for immature stages of Opius caricivorae on two host species

Opius caricivorae

Linear regression model Low developmental threshold * Degree-days ”

Stages of host Intercept Slope * R (Mean + SEM) ™ (Mean + SEM)
Host: Liriomyza huidobrensis ™
Egg -0.1980 0.0250%* 0.9692 7.92+0.73 40+ 5
Larva -0.0887 0.0114** 0.9759 7.78 £0.65 88+ 10
Prepupa -0.1631 0.0281%* 0.9797 5.80+£0.57 36+ 4
Pupa -0.0470 0.0080%** 0.9982 5.88 £0.35 125+ 8
Egg to pupa -0.0246 0.0035%* 0.9949 7.03+£0.39 286+ 20
Host: Liriomyza sativae ™
Egg -0.2461 0.0278%* 0.9800 8.85+0.61 36+ 3
Larva -0.1007 0.0121%* 0.9837 8.32+£0.52 83+ 6
Prepupa -0.2223 0.0325%* 0.9741 6.84 +£0.68 31+ 3
Pupa -0.0574 0.0089%** 0.9909 6.45+0.48 112+ 8
Egg to pupa -0.0289 0.0038%** 0.9912 7.61 £0.46 263 £17
* Denote significant difference at 1% level.
¥ Estimated according to Campbell ez al. (1974).
* SEM: standard error of mean.
“The developmental rates were surveyed from 10°C to 25°C on L. huidobrensis, and 10°C to 30°C on L. sativae.
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Table 4. Effect of host species and temperatures on longevity, fertility and female proportion of Opius caricivorae *

Longevity (d) of wasp

No. progeny produced/female wasp

Temp. (C) n Female Male No. adults Female proportion
Host: Liriomyza huidobrensis
10 17 27.8+2.7Ba” 46.6 £2.1 Aa 10+ 4c¢ 0.03+0.02¢
15 11 23.5+ 1.8 Aab 284+ 1.8 Ab 156+19b 046+0.04b
20 12 23.9+2.4 Aab 27.0+2.1 Ab 146+15b 0.59+0.03a
25 15 209+ 1.5Ab 18.5+2.4 Ac 259+ 16a 0.52+0.03 ab
Host: Liriomyza sativae
10 10 20.3+2.4 Bb 53.6+3.3Aa 18+ 4d 0.13+£0.04d
15 8 23.1+£2.6 Ab 234+22Ac 17117 ¢ 0.44+0.02¢
20 11 343+2.6Aa 29.6 £ 1.7 Ab 257+21 ab 0.58 £0.02 ab
25 12 21.9+19Ab 21.4+1.0Ac 277+ 16 a 0.62+0.03a
30 8 13.1+£2.1Ac 10.6 £ 1.3 Ad 216 =28 be 0.52+£0.04 be

“ One pair of adults was provided daily with 40-50 third instars of Liriomyza sativae and honey and reared at a given temperature in

a condition of 65-85% RH and 14L:10D photoperiod.

¥ Mean + standard error. Means within a column (in small letter) and within a row (in capital letter) of L. huidobrensis and L. sativae

followed by the same letter(s) are not significantly different at 5% level by LSD test.
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Fig. 1. Number of Liriomyza huidobrensis and Liriomyza sativae parasitized daily by Opius caricivorae at different
temperatures.
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Table 5. Effect of host species and temperatures on population parameters of Opius caricivorae

Opius caricivorae *

Temp. (°C) r,Y e R, ¥
Host: Liriomyza huidobrensis
10 -0.0144 0.9850 0.244 97.92
15 0.0859 1.0897 65.804 48.74
20 0.1401 1.1504 69.103 30.23
25 0.1874 1.2061 116.413 25.38
Host: Liriomyza sativae
10 0.0012 1.0012 1.107 84.84
15 0.0873 1.0912 65.203 47.85
20 0.1486 1.1602 128.469 32.68
25 0.2223 1.2489 152.113 22.60
30 0.2281 1.2562 78.858 19.15

“ For the calculation of population parameters, the number of eggs that survived to adult was used as the age-specific fecundity.
¥ r,., intrinsic rate of increase (d™); 4, finite rate of increase (d"); R,, net reproduction rate (female wasps/female); 7, mean generation

time (d).
I 6. i B R Y R TRl R RS A

Table 6. Effect of temperature and food on longevity of Opius caricivorae

Longevity (d) of female wasp

Longevity (d) of male wasp

Temp. (°C) Honey “ Host + honey ¥  Water”  Ck (none) * Honey “  Host+honey® Water”  Ck (none)”
10 1084+6.0Aa™ 20.3+24Bb - - 66.2+59Aa 53.6+33Aa - -
15 1009+ 1.3Ab 21.7+2.6Bb - - 47.7+22Ab 234+22Bc - -
20 430+1.5Ac 343+26Aa - - 21.7+1.7Bc 29.6+ 1.7 Ab - -
25 359+28Ac 219+19Bb 84+02C 3.7+0.1C 272+12Ac 214+£1.0Bc 39+02C 35+02C
30 22+0.1Bd 13.1+2.1Ac - - 23+0.1Bd 10.6+1.3Ad - -
35 1.7£0.1d - - - 14+0.1d - - -

“ Ten pairs of adult wasps were reared at a given temperature in a condition of 65-85% RH and 14L:10D photoperiod. There were

five replicates per treatment.

¥ One pair of adult wasps was provided daily with 40-50 third instars of Liriomyza sativae and honey and reared at a given tempera-
ture in a condition of 65-85% RH and 14L:10D photoperiod. There were eight to seventeen replicates.
*Mean + standard error. Means within a column (in small letter) and within a row (in capital letter) followed by the same letter(s)

are not significantly different at 5% level by LSD test.
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Effect of Host and Temperature on Population Increase and

ol . .. . 1
Parasitism of Opius caricivorae (Hymenoptera: Braconidae)

Ching-Chin Chien*’ and Shu-Chen Chang’

Abstract

Chien, C. C. and S. C. Chang. 2012. Effect of host and temperature on population increase and parasitism of Opius
caricivorae (Hymenoptera: Braconidae). J. Taiwan Agric. Res. 61:172—185.

The objective of this study was to determine effect of host and temperature on population increase
and parasitism of the wasp, Opius caricivorae Fischer, using two species of hosts, Liriomyza huido-
brensis (Blanchard) and Liriomyza sativae Blanchard, and six temperatures (10, 15, 20, 25, 30 and
35°C). The time required for the development of the wasp at different stages varied with host species.
Using L. huidobrensis as host, the development period of wasps from egg to pupal stage was 82.6 days
at 10°C and 15.5 days at 25°C and the survival rate was 62.6% at 10°C, 79.2-91.2% at 15°C to 25°C
and 0% at 30°C. Using L. sativae as host, the development period of wasps from egg to pupal stage
was 81.0 days at 10°C and 11.4 days at 30°C and the survival rate was 52.5% at 10°C, 85.8-89.0% at
15°C to 25°C and 67.4% at 30°C. The low temperature threshold for development of the wasp was 7.03
and 7.61°C from egg to pupal stage on the hosts L. huidobrensis and L. sativae, respectively. The ac-
cumulated heat units required for development of the wasp was 40, 88, 36, 125 and 286 degree-days for
egg, larval, prepupal, pupal and egg to pupal stage, respectively, on the host L. huidobrensis, whereas
the accumulated heat units required for development of the wasp was 36, 83, 31, 112 and 263 degree-
days for egg, larval, prepupal, pupal and egg to pupal stage, respectively, on the host L. sativae. The
lifetime fertility of the wasp was 10, 156, 146 and 259 wasps at 10, 15, 20 and 25°C, respectively, on L.
huidobrensis and was 18, 171, 257, 277 and 216 wasps at 10, 15, 20, 25 and 30°C, respectively, on L.
sativae. Depending on L. huidobrensis and L. sativae, the intrinsic rate of increase (r,,) of female wasps
was 0.1874 and 0.2223/day, net reproductive rate (R,) was 116.413 and 152.113 female wasps/female,
and mean generation time (7) was 25.38 and 22.60 days at 25°C, respectively. When adult wasps were
provided with honey only without host from 10°C to 35°C, the maximum longevity of the female and
male wasps was 108.4 and 66.2 days at 10°C, respectively. For wasps provided daily with both hosts
(L. sativae) and honey, the maximum longevity of female wasps was 34.3 days at 20°C, and male wasps
was 53.6 days at 10°C. This study indicates that O. caricivorae was an effective parasitoid of L. huido-
brensis and L. sativae when the temperature was at 15-25°C and 15-30°C, respectively.

Key words: Opius caricivorae, Liriomyza huidobrensis, Liriomyza sativae, Temperature, Population
increase.
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