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Abstract

Closterocerus okazakii (Kamijo) is one of the dominant species in the parasitoid complex of the vegetable leaf miner Liriomyza
sativae Blanchard in Taiwan. To understand the biological control availability of this wasp, we investigated the influence of
temperature (10-350C at 50C intervals) on both their life table and their host-killing capability. The suitable temperature range for
the development of this wasp was from 15 to 350C. Within this range, the survival rate and development period from egg to pupal
stage was 92.4-100% and 8.8-56.8 days, respectively. However, the survival rates of egg and larval stages were 7.5 and 0% at 100C.
The lower developmental threshold was 11.30C from egg to pupal stage. The thermal requirements of egg, larval, prepupal, pupal,
and egg to pupal stages were 21, 51, 16, 109, and 192 degree-days, respectively. The total number of hosts killed by the wasp was
94, 245, 372, 64 and 32 at 15, 20, 25, 30 and 350C, respectively when 40-50 third instars of L. sativae were provided daily for a pair
of C. okazakii. However, the total numbers of hosts killed by parasitism and feeding were 189 and 141, respectively when the wasps
were reared at 250C during the immature stages and later transferred to 30 and 350C after emergence. At 250C, the intrinsic rate of
increase (rm) and the net reproductive rate (Ro) were 0.2421/day and 139.7 viable female eggs (pupae) per female, respectively.
The maximum longevity of the female and male wasps was 55.9 days at 200C and 39.5-40.3 days at 15 and 200C, respectively when
adults were provided daily with honey only at between 15 to 350C. For those wasps provided daily with both hosts and honey, the
maximum longevity of both female and male wasps was 45.5 and 32.5 days at 150C, respectively.
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Table 1. Survival rate ( X + SEM) of each immature stage of Closterocerus okazakii at various constant temperaturesl)

Temp. (°C) Egg Larva Prepupa Pupa Egg-pupa
10 75+4.6 0 - - 0
15 100 100 100 94.1+2.2 94.1+22
20 100 100 100 100 100
25 100 100 100 959+ 1.7 959+ 1.7
30 100 100 99.5+0.5 93.9+1.6 93.4+1.1
35 100 100 100 92.4+14 92.4+14

U With 25-35 eggs per treatment, three replicates.
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Table 2. Duration (days) of each immature stage of Closterocerus okazakii at various constant temperatures

Temp. Egg Larva Prepupa Pupa Egg-pupa
(°C) n X = SEM n X = SEM n X =SEM n X = SEM n X = SEM
10 30 10.0+0.0 - - - -
15 25 57+0.0 25 216106 25 25106 23 27.0+0.8 23  56.8+0.8
20 28 3.6+0.0 28 8.8+0.2 28 09+0.1 28 132102 28 255102
25 51 1.540.0 51 42+0.1 51  0.7+0.1 49 6.2+0.1 499 126+0.1
30 24 1.14£0.0 24 2.6+0.1 24  0.6+0.1 23 49+0.1 23 9.2+0.1
35 29 0.8+0.0 28 2.5+0.2 28 0.6+0.1 27 49+0.1 27 8.8+0.1

R= MiEM ) ERREHECRETRRWRECHIEEELREN « RERRERRBTER
Table 3. Linear regression equations (y = developmental rate, x = temperature), Lower developmental thresholds
(°C), and thermal summation (degree-day) for the different life stages of Closterocerus okazakii

Stage Temp. range (°C)  Regression equation” R* T,(X £ SEM)® DD(X + SEM)?
Egg 10-35 y = 0.0477x - 0.5091 0.9477 10.7£1.0 21+2
Larva 15-35 y = 0.0196x - 0.2527 0.9578 12.9+0.9 51+6
Prepupa 15-35 y =0.0618x - 0.2898 0.9110 47+18 16+ 4
Pupa 15-35 y = 0.0092x - 0.0948 0.9520 10.3+1.3 109 + 20
Egg to pupa 15-35 y = 0.0052x - 0.0591 0.9610 11.3+0.9 192 + 26

U Regression equation for relationships where p < 0.01.
? Estimated according to Campbell et al. (1974). R* coefficient of determination. T,: the lower developmental
threshold. DD: thermal summation in degree-day.
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Table 4. Longevity, fertility and host-killing capability of Closterocerus okazakii at various temperaturesfl

)

Temp Longevity (d) Fertility No. hosts killed/female
(°C) n Female Male No. adults Female Parasitized ~ Host- Total Parasitized/
proportion feeding host-feeding
15 10 45515142 325+4.1Aa 11+2d 0.48 £ 0.05b 19+3d 75+ 14be 94+14de  0310.1d
20 8 219+34Ab  163+18Ab  123£23b 053+£0.06ab  135+26b  110+19ab 245+ 43b 1.2+0.2he
25 9 187+28Ab  163+14Ab  231+24a 0.60 + 0.03a 243+25a  129+2la  372+42a 2.0+0.2a
30 18 9.6 £ 1.0Ac 8.0 £0.9Ac 39 £ 9cd 0.52 £ 0.04ab 41£10cd  22+7d 64+15de  2.010.4a
35 ; 1 82+ 1.1Ac 7.3+ 1.0Ac 14+5d 0.01+0.01c 14 +6d 17+6d 32+ 1le 0.840.3cd
25—>303% 8 10.3+0.8Ac 7.9+0.8Ac 116+ 18b 0.60 + 0.03a 121+20b 68+ 15¢ 189+24be  2.0£0.3ab
25357 4 9.8+0.7Ac 9.0+0.7Ac 84 £ 6he 0.55£0.01ab 85 + The 56 £ 9cd 141 + 16cd 1.7+0.2ab

V" One pair of adults was provided daily with 40-50 third instars of Liriomyza sativae and honey and reared at a
given temperature with a photoperiod of 14:10 (L:D) and 65-85% RH.

Y Means (X £ SEM) of longevity followed by the same uppercase letter denote that there are no significant
differences between sexes (p < 0.05, t-test). Means ( X + SEM) within each column followed by the same
lowercase letter are not significantly different (p < 0.05, LSD).

9 Reared and emerged at 25°C, then transferred to 30 or 35°C for oviposition and feeding.
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Fig. 1. Daily parasitization and host-feeding patterns of female Closterocerus okazakii at various temperatures
(25-30°C and 25-35°C: wasps reared and emerged at 25°C, then transferred to 30 or 35°C for oviposition and
feeding).
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Table 5. Population parametersl'z) of Closterocerus okazakii at various constant temperatures

Temp. (°C) 'm A Ry T
15 0.0299 1.030 8.4 71.2
20 0.1179 1.125 65.5 35.5
25 0.2421 1.274 139.7 20.4
30 0.2154 1.240 19.1 13.7
35 -0.1381 0.871 0.1 14.6

1

eggs/female). T: mean generation time (d).

rn,: intrinsic rate of increase (d1). /1: finite rate of increase (dV). R,: net reproduction rate (viable female

? For the calculation of the population parameters, the number of eggs that survived to pupae was used as the

age-specific number.
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Fig. 2. Age-specific survival rate (ly), fecundity (my) and net maternity value (vx = Ixmy) of Closterocerus okazakii at

various constant temperatures.
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Table 6. The influence of temperature and food on the longevity of Closterocerus okazakii

Temp. Female

Male

(°C) Honey" Host + honey?  Water”  Ck (none)” Honey”  Host+ honey? Water?  Ck (none)”

15 480+3.0°Ab 455+5.1Aa
20  55.9+24Aa  21.9+3.4Bb
25  319+27Ac 18.7+28Bb 59+02C 3.7+0.1C
30 43+04Bd 9.6+ 1.0Ac
35 19+03Bd  82+1.1Ac

39.5+2.0Aa 32.5+4.1Aa

40.3+1.3Aa 16.3+1.8Bb

241+15Ab 163+14Bb 41£01C 28£0.2C
33102Bc  8.0+0.8Ac
1140.1Bc  7.311.0Ac

U With ten pair of adults per treatment reared at a given temperature with a photoperiod of 14:10 (L:D) and

65-85% RH. Four to five replicates.

9 One pair of adults was provided daily with 40-50 third instars of Liriomyza sativae and honey and reared at a
given temperature with a photoperiod of 14:10 (L:D) and 65-85% RH. Five to eleven replicates.

¥ Means ( X + SEM) within each row in female test and male test followed by the same uppercase letter denote
that there are no significant differences (p < 0.05, LSD or ¢ test). Means (X + SEM) within each column
followed by the same lowercase letter are not significantly different (p < 0.05, LSD).
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Fig. 3. Daily survival rates of adult Closterocerus okazakii fed with honey at various constant temperatures.
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Influence of Temperature on the Life Table and Host-killing
Capability of Closterocerus okazakii (Kamijo) (Hymenoptera:
Eulophidae)

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

! Applied Zoology Division, Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan

ABSTRACT

Closterocerus okazakii (Kamijo) is one of the dominant species in the
parasitoid complex of the vegetable leaf miner Liriomyza sativae Blanchard in
Taiwan. To understand the biological control availability of this wasp, we
investigated the influence of temperature (10-35°C at 5°C intervals) on both
their life table and their host-killing capability. The suitable temperature range
for the development of this wasp was from 15 to 35°C. Within this range, the
survival rate and development period from egg to pupal stage was 92.4-100%
and 8.8-56.8 days, respectively. However, the survival rates of egg and larval
stages were 7.5 and 0% at 10°C. The lower developmental threshold was 11.3°C
from egg to pupal stage. The thermal requirements of egg, larval, prepupal,
pupal, and egg to pupal stages were 21, 51, 16, 109, and 192 degree-days,
respectively. The total number of hosts killed by the wasp was 94, 245, 372, 64
and 32 at 15, 20, 25, 30 and 35°C, respectively when 40-50 third instars of L.
sativae were provided daily for a pair of C. okazakii. However, the total
numbers of hosts killed by parasitism and feeding were 189 and 141,
respectively when the wasps were reared at 25°C during the immature stages
and later transferred to 30 and 35°C after emergence. At 25°C, the intrinsic
rate of increase (r,,) and the net reproductive rate (R,) were 0.2421/day and
139.7 viable female eggs (pupae) per female, respectively. The maximum
longevity of the female and male wasps was 55.9 days at 20°C and 39.5-40.3
days at 15 and 20°C, respectively when adults were provided daily with honey
only at between 15 to 35°C. For those wasps provided daily with both hosts and
honey, the maximum longevity of both female and male wasps was 45.5 and
32.5 days at 15°C, respectively.

Key words: Closterocerus okazakii, Liriomyza sativae, temperature, life table,
host-killing capability

. . *Correspondence address
50 BEESE_TILEE e-mail: chien@tari.gov.tw





