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Abstract

The morphology, life history, and the effect of honey, mating and temperature on the population growth rate of the leafminer,
Liriomyza sativae Blanchard, were studied in the laboratory with field bean, Phaseolus vulgaris var. communis Aeschers, as host
plant. Results indicated that emergence, mating, and oviposition of adults as well as larvae emerging from leaves all took place
primarily in the morning. The mating rate reached 95.8% on the 2nd day. Males and females mated more than once. At 25°C,
unmated females fed with honey could lay 15 infertile eggs. Mated females without honey supply had significant lower values in
longevity, fecundity and number of feeding stipples than those fed with honey. Females fed from all punctures regardless of
oviposition. Females had a significant preference for laying their eggs and feeding on primary leaf to trifoliate leaf of field bean. The
number of third instars within the mesophyll could be used to estimate the oviposition of the leafminer between 15-30°C due to
the high survival rate of egg stage (95.2-100%) and larval stage (81.1-97.3%). The mine length increased as the larva grew. The mine
length of third instars was 5.1- and 2.9-fold longer than that of first and second instars, respectively. The lower developmental
threshold was estimated to be 11.1°C for the development from egg to pupal stage. L. sativae required 42, 78, 133 and 236 degree-
days, respectively, to complete the egg, larval, pupal and total immature stages. The maximum intrinsic rate of L. sativae was
observed at 30°C (rm = 0.2358/ day) when honey is provided. The maximal net reproductive rate was observed at 20°C (Ro =
46.061 viable female eggs). The optimal conditions for rearing L. sativae is using field bean of 15-20 cm tall with a daily supply of
honey at 20°C.
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Fig. 1. Growth stage of Liriomyza sativae and its serpentine mine. A: Adult; B: Egg and oviposition site; C: Feeding
puncture; D: The third instar; E: Pupa; F: Serpentine mine of larva.

£— 1 25°C THRHEHZ SR A/

Table 1. Body size (X + SEM) of various stages of Liriomyza sativae at 25°C

Stage n Mouthhooks (mm) Body length (mm) Body width (mm)
Egg 20 0.20 + 0.00 0.13 + 0.00
Larve
1st 20 0.11 £ 0.00
Early 20 0.29 £ 0.00 0.07 + 0.00
Late 20 0.73 £ 0.00 0.28 £ 0.01
2nd 20 0.18 £ 0.00
Early 20 0.85 £ 0.00 0.31 + 0.00
Late 20 1.42 £ 0.00 0.40 £ 0.00
3rd 20 0.25 + 0.00
Early 20 1.58 + 0.01 0.47 £ 0.01
Late 20 2.26 £ 0.02 0.54 £+ 0.01
Pupa 20 1.69 + 0.02 0.77 £ 0.01
Adult
Female 20 1.64 + 0.01 0.57 £ 0.01
Male 20 1.44 + 0.03 0.48 + 0.01
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Fig. 2. Daily emergence rhythm of Liriomyza sativae at 25°C.
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Fig. 3. Daily mating rhythm of one-day-old Liriomyza sativae at 25°C.
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Fig. 4. The relationship between the emergence time and the time of first mating for Liriomyza sativae. 1st, 2nd and

3rd represent the days of emergence.
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Fig. 5. Daily oviposition and feeding trends of female Liriomyza sativae at 25°C and 14hrs of photophase set from

5:00 a.m. to 19:00 p.m. in growth chamber.
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Table 2. Survival rate (X + SEM) of immature stages of Liriomyza sativae at various constant temperatures

T(?g? g 1st 2nd e 3rd Total Pupa Total immature
10 0 - - - - - 0
15 964 +15 955+25 915+41 929124 811+45 658+16 51.5 + 2.3
20 95.7+24 97.0+3.0 100 974126 945+29 T71.0+22 64.2 £ 0.1
25 952+11 942+18 983+10 96014 889+13 725+48 61.4 + 3.1
30 100 981+19 9921038 100 973+17 78619 76.5 £ 1.9
35 100 100 100 100 100 0 0
U With 30-50 eggs per treatment, four or six replicates.
R= TRATARTHEZHERRNARETHY
Table 3. Duration (days) of immature stages of Liriomyza sativae at various constant temperatures
Larva
Temp.
o) Egg lst 27nd Bll"d 'I})‘sal PEpa Egg;pupa
n x+tSEM n X+SEM n X+SEM n X+SEM n X+SEM n X+SEM =»n X:SEM
15 72 113401 72 72+00 72 48+02 70 47+05 70 167+05 31 289+06 31 56906
20 46 42100 46 28+00 40 1.7+01 40 23+03 40 68+03 33 160+03 33 27.0£03
25 60 28%0.0 56 20+00 48 12+00 46 15+01 46 47+01 43 98+02 43 173102
30 48 20200 45 1200 45 09+00 45 14+01 45 35+01 43 68+01 41 123102
35 3 1800 32 13+00 32 1.0+00 31 09+02 31 32+00 31 31

RN BRHEBSNEHLRTERHEEZERERAER  RERREAREEE
Table 4. Linear regression equations (y = developmental rate, x = temperature), lower developmental thresholds (°C),
and thermal summation (degree-day) for different life stages of Liriomyza sativae"

Stage Regression equation R? T, (x + SEM) DD (x + SEM)
Egg y = -0.2502 + 0.0239x 0.9819 10.5 £ 0.6 4213
Larva y = -0.1184 + 0.0128x 0.9747 92+£0.7 8T
Pupa v =-0.0831 + 0.0075x 0.9895 11.0+£ 0.4 133 £ 10
Egg to pupa y = -0.0469 + 0.0042x 0.9981 111+ 0.2 236 + 7

U 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 5. Effect of honey and mating of female Liriomyza sativae on the longevity, fecundity, feeding and proportion of
female progeny (X + SEM) at 25°C

Longevity (d) No. progeny produced/female

No. feeding  Viable eggs/

Treatment " Female Male Eggs Vlabl;; Adults Femal.e stipples  feeding stipples
eggs proportion
Honey + mating 8 13.4 + 1.3Aa" 11.3 + 2.0Aa 113+ 16a 84 +11a 0.50%0.02a 920+ 70a  0.11 £ 0.00a
(control)
Honey + 7 10.1+14a - 157 Oc Oc 418 + 65b 0b
without mating
Without honey + 7 3.7+04Ab 3.3 10.3Ab 32+3b 26x1b 052+0.0la 298+70b  0.14 + 0.00a

mating

U Means of longevity followed by the same uppercase letter denote that there are no significant differences
between sexes (p < 0.05, t-test). Means within each column followed by the same lowercase letter are not

significantly different (p < 0.05, LSD).
? Number of eggs that survived to third-instar.
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Fig. 6. Relationship between temperature and reproduction and feeding stipples of female Liriomyza sativae.

Regression lines drawn for relationships where p < 0.01.
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Table 6. Longevity, fecundity and feeding stipples (X + S

EM) of Liriomyza sativae at various temperatures

Longevity (d)

Fecundity

’Ilemp. " - Fomale No. .feeding Vigble eggs/
(°’C) Female Male Viable eggs? No. adults oroportion stipples  feeding stipples
15 17 18.7+2.2AaY 149t 15Aa 8+2d 7+2d 0.55 £ 0.07a 315 + 33c 0.02 £ 0.01c
20 8 15.4 + 1.4Aab  13.4 £ 0.6Aab 133 + 17a 108 + 14a  0.50 £ 0.03a 1153 + 113ab  0.12 £ 0.01ab
25 8 13.4 £ 1.3Abe  11.3 + 2.0Ab 113 £ 16ab 84 + 11ab 0.50 + 0.02a 920 £ 69b 0.11 + 0.01ab
30 7 5.7+ 0.8Ad 4.6 1 0.6Ac 43 + 5ed 34 +5cd  0.58 £ 0.05a 450 1 58¢ 0.14 £ 0.03a
25-30% 8 9.4 +0.8Acd 10.8 £ 0.8Ab 125 + 14a 106 £ 14a  0.49 +0.02a 1360 * 205a 0.10 + 0.01ab
25-35% 8 8.4 £ 1.0Acd 6.4 £ 1.0Ac 82 + 25he 61+ 19bc 0.61+0.08a 1166 £ 235ab  0.08 £ 0.03b

U Means of longevity followed by the same uppercase letter denote that there are no significant differences
between sexes (p < 0.05, t-test). Means within each column followed by the same lowercase letter are not

significantly different (p < 0.05, LSD).
9 Number of eggs that survived to third-instar.

¥ Reared and emerged at 25°C, then transferred to 30 or 35°C for oviposition and feeding.

L)~ RKE[H (Vigna sesquipedalis (L.)) ~ i
Ei (Lactuca sativa L.)~ZFHli (Lycopersicon
esculentum Mill.) K B Jii + (Ricinus
communis L.) AN AF £ AP BLAN RV
B BERRIEN B E LR
R ANam it I B EY EAE) - BRIV
BT 22 i A 2 %8 6 B S AER R B A A R TR 1) £
FR(E 8.77~11.1°C 1 223.7~295.7 HJ¥
(Parkman et al., 1989; Petitt et al., 1991,
Petitt and Wietlisbach, 1994; Palumbo,
1995; Wu, 1997; Cao et al., 1999; He et
al., 1999; Zhang et al., 2000; Zhou et al.,
2000; Sakamaki et al., 2003; Tokumaru
and Abe, 2003) °

T V4 B EiZ 5 e EE 5 R 2 DR TR R o A U
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Fig. 7. Daily viable eggs and feeding stipples patterns of female Liriomyza sativae at various temperatures (viable
eggs: the number of eggs that survived to third-instar).
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Table 7. Population parameters1’2) of Liriomyza sativae at various constant temperatures

Temp. ("C) n - A R, T
15 17 0.0162 1.0163 2.847 64.57
20 8 0.1163 1.1233 46.061 32.93
25 8 0.1624 1.1763 39.324 22.61
30 7 0.2358 1.2659 35.038 15.08

1

r,, intrinsic rate of increase (d%);

eggs/female); T, mean generation time (d).

1, finite rate of increase (d); R,, net reproductive rate (viable female

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

BN BREBRETRER T ZEAFEER ()  WRHSER (my) REHIFEEE (v, lmy)

the age-specific fecundity.
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Fig. 8. Age-specific survival rate (I,), fecundity (m,) and net maternity value (v,= l,m,) of Liriomyza sativae at

i

various constant temperatures.
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Appendix table 1. Population parameters'"?? of Liriomyza trifolii at various constant temperatures
Temp. (°C) n I A R, T
12 11 -0.0241 0.9762 0.098 96.36
15 6 0.0081 1.0081 1.965 83.40
20 7 0.1611 1.1748 159.724 31.49
25 19 0.2292 1.2576 198.461 23.08
30 9 0.2737 1.3148 95.037 16.64
35 5 0.3195 1.3764 105.469 14.58

U Revised population parameters of Chien and Ku (1996) using Lotka-Euler formula with age indexed from

zero (Goodman, 1982).

2)

female); T, mean generation time (d).

r,, intrinsic rate of increase (d?); 4, finite rate of increase (d); R,, net reproductive rate (viable female eggs/

¥ For the calculation of population parameters, the number of eggs that survived to third-instar was used as

the age-specific fecundity.
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at various constant temperatures. Revised population parameters of Chien and Ku (1996) using
Lotka-Euler formula with age indexed from zero (Goodman, 1982).
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Morphology, life history and life table of Liriomyza sativae
(Diptera: Agromyzidae)

Ching-Chin Chien* and Shu-Chen Chang Department of Applied Zoology, Taiwan Agricultural Research Institute, Council
of Agriculture, Wufeng, Taichung 413, Taiwan

ABSTRACT

The morphology, life history, and the effect of honey, mating and
temperature on the population growth rate of the leafminer, Liriomyza
sativae Blanchard, were studied in the laboratory with field bean, Phaseolus
vulgaris var. communis Aeschers, as host plant. Results indicated that
emergence, mating, and oviposition of adults as well as larvae emerging from
leaves all took place primarily in the morning. The mating rate reached
95.8% on the 2nd day. Males and females mated more than once. At 25°C,
unmated females fed with honey could lay 15 infertile eggs. Mated females
without honey supply had significant lower values in longevity, fecundity and
number of feeding stipples than those fed with honey. Females fed from all
punctures regardless of oviposition. Females had a significant preference for
laying their eggs and feeding on primary leaf to trifoliate leaf of field bean.
The number of third instars within the mesophyll could be used to estimate
the oviposition of the leafminer between 15-30°C due to the high survival
rate of egg stage (95.2-100%) and larval stage (81.1-97.3%). The mine length
increased as the larva grew. The mine length of third instars was 5.1- and
2.9-fold longer than that of first and second instars, respectively. The lower
developmental threshold was estimated to be 11.1°C for the development
from egg to pupal stage. L. sativae required 42, 78, 133 and 236 degree-days,
respectively, to complete the egg, larval, pupal and total immature stages.
The maximum intrinsic rate of L. sativae was observed at 30°C (r,, = 0.2358/
day) when honey is provided. The maximal net reproductive rate was observed
at 20°C (R, = 46.061 viable female eggs). The optimal conditions for rearing
L. sativae is using field bean of 15-20 cm tall with a daily supply of honey at
20°C.
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