21 8 Vol. 21,No. 8§
2001 8 ACTA ECOLOGICA SINICA Aug. ,2001

9 b b

( 210095)

Effect of temperature on the population increase of Liriomyza sati-

vae and Liriomyza huidobrensis (Diptera:Agromyzidae)
ZHOU Yi-Hong.JIANG Wei-Hua,ZHAO Zhi-Mo, DENG Xin-Ping  (Department of Plant Pro-

tection s Southwest Agricultural University, Chongqing 400716)

Abstract: Liriomyza sativae Blanchard and Liriomyza huidobrensis Blanchard (Diptera: Agromyzidae) are
two small leafmining insects of a wide variety of vegetable and ornamental plants most commonly distribut-
ing in temperate areas. The pest status of these two leafminers have dramatically rose worldwide since
1970s with the intensive application of non-selective insecticides which led to the elimination of natural ene-
mies, and it is difficult to control them for their polyphagous nature, high fecundity and their capability of
quickly developing resistance to insecticide.

L. sativae and L. huidobrensis were first reported in China during 1993~1994. Since then, mixed in-
festing and quick spreading of these two leafminers have been reported in many places in China, but limited
biological and ecological studies have been seen in literature. Temperature is one of the most important
factors affecting the population dynamics of insects. Therefore, we investigated the development, survival
and reproduction of these two pests on cowpea seedlings under seven constant temperatures (17.5~35C ,
with a relative humidity range of 65% ~85% and a photoperiod of 14L:10D). Mathematical models and
life table parameters were used to quantify the effects of temperature on the populations of them. The re-
sults were shown as follows:

As the temperature rose from 17.5C to 30 C, developmental time of L. sativae for eggs. larvae, pu-
pae and the whole immature stages declined gradually from 5.4, 15.7, 19.7, 5.4d to 1.8, 5.4, 7.1, and
12. 5d respectively. For L. huidobrensis, the developmental time of corresponding stages reduced from 4.1,

15. 9, 14.4, 30.0d to 1.9, 9.3, 8. 0 and 17. 5d respectively as the temperature rose from 17. 5C to
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27.5C. The lower developmental threshouds for egg. larva, pupa and total immature stages of L. sativae
were at 11.0, 11.3, 10. 6 and 10. 9 C respectively, which were much higher than the values of 9. 3, 5. 3,
7.9 and 7. 0 C estimated for the corresponding stages of L. huidobrensis. The day-degree requirements esti-
mated for egg, larva, pupa and total immature stages of L. sativae and L. huidobrensis were 36. 4, 100. 1,
136. 0, 239. 3d and 333.1, 193.7, 142.0, 319. 0d, respectively. Two nonlinear developmental models,
Logistic model and Wang-Lan-Ding model, gave good fits to the data.

At 17.5~30C, the total immature stages of L. sativae had the highest survivorship at 22. 5 C (88.
62%), and the lowest at 17. 5C (62. 75%); At 35C, all larvae died before pupa could be formed. High
survivorship was recorded for egg (87.65% ~95. 37%) and the whole larval stages (94. 48% ~100%).
Pupae seemed to be more vulnerable to unfavorable temperatures compared with other stages. Survival
rates of pupa was highest at 25 C (95. 00%), then clasped from 82. 86 % to 0% as the temperature changed
from 27.5C to 30 C. Within the range of 17.5~27.5C, L. huidobrensis had much lower survival rates in
egg, pupa and the whole immature stages in comparison with L. sativae; High temperature (>>27.5C) ap-
parently had a detrimental effect on its various developmental stages, especially on pupa, whose survivor-
ship dramatically dropped from 59. 32% to 15.97% as temperature rose from 25 C to 27.5 C. The whole
immature stages of it had the highest survivorship at 20 C (64. 03% ), and the lowest at 27.5C (8. 11%).

Both female and male adults of L. sativae had the longest mean longevity at 22. 5 C (% 28. 1d, § 16.
4d). For L. huidobrensis, the longest mean longevity of female and male were at 20 C (35. 1d) and 22.5C
(16. 6d) ,respectively. Female adults lived longer than male adults at all the temperatures tested for both
species. Relationship between temperature (X) and the mean longevity of female adults (Y) of L. sativae
and L. huidobrensis could be described respectively by quadratic equations (Y= —0. 3280X *+15. 8159X —
163.5390,7°=0. 9453) and linear equation(Y = —2. 3356X +83. 234,7*=0. 9848).

From 22.5C to 30 C, preoviposition periods of L. sativae reduced from 2. 7d to 1. 7d, 1. 1~1. 6d
shorter than the corresponding periods of L. huidobrensis; Prolonged preoviposition period of L. sativae
was found at 20 C (6. 0d). Oviposition period of L. huidobrensis was longer than L. sativae at 20~25C , but
the reverse was recorded at 27.5~30C.

The mean fecundity of L. sativae accumulated from 114. 60 to 425. 30(eggs/ ¥ ) as the temperature in-
creased from 20 C to 30 C. While for L. huidebrensis, it decreased from the highest of 487. 90 to 254. 30
when temperature rose from 25 C to 27.5 C. Relationship between temperature (X) and the mean fecundi-
ty(Y) of L. sativae and L. huidobrensis were fitted by following two equations, respectively: Y = — 4.
8417X*4269. 3464X —3315. 2981 (*=0.9693), Y=—7. 8274X*+356. 7716X —609. 2098 (+*=0. 9560).

The intrinsic rate of increase (r,) » finite rate of increase (1), net reproductive rate (R,), mean genera-
tion time (7") and population doubling time (z) were calculated for the population of L. sativae and L. huido-
brensis respectively at 20~ 30C and 20~27.5C. At 27.5C, L. sativae population had the highest 7.
(0.2294), A(1.2578) and the shortest 7°(3.02d); While at 20 C, the lowest r,(0. 0970),A(1.1079), R,
(37.9695), and the longest 7°(38. 65d) and (7. 15d) were estimated. For L. huidobrensis, the maximum
of 7 (0.1825) and A(1.2002) were estimated at 25 C, but at 27.5 C, the values of 7,4 and Ro dropped to
the minimum of 0. 0952, 1. 0999 and 9. 37, respectively; The shortest ¢ (3. 80d) was at 25'C and the
longest (7.28d) at 27.5C.

In sum, temperature had a significant effect on the developmental time, survivorship and reproduction
of these two leafminers. In comparison, The temperature range of 22. 5~30 C seemed to be most suitable
for the population growth of L. sativae, while a relatively lower temperature range of 20~ 25 C seemed

more favorable for L. huidobrensis.
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Table 1 Developmental time of L. sativae (S) and L. huidobrensis (H)

at different constant temperatures (d-=SE)

[QD)
17.5 20.0 22.5 25.0 27.5 30.0 35.0
Temperature
5.35+£0.31 4.48£0.20 3.2640.22 2.67+0.16 2.27+0.22 1.78£0.08 2.0840.12
Fge H 4.0840.26 3.04+0.26 2.314+0.18 2.1440.25 1.90+0.18 2.0740.15 —
S 4.47+40.48 3.59£0.59 2.42+£0.4 2.4240.40 2.08+0.18 1.68+0.29 1.4140.29
Ist instar H 4.3240.55 3.34+0.56 3.31+0.40 2.214+0.54 2.53+0.54 3.0540.60 —
S 2.8040.63 2.04+0.54 1.554+0.37 1.2642.05 1.01+0.29 1.0040.17 1.16+0.47
2nd instar H 3.10£0.70 2.6340.66 2.4440.54 2.00£0.51 1.9140.65 —
S 3.1740.67 2.2440.67 1.934+0.48 1.5440.34 1.27+0.31 1.1540.29 1.61+£0.39
3rd instar H 4.9040.90 3.57+0.82 3.304+0.74 2.8940.70 2.934+0.95 —
Whole S 15.6874:1.08 12.1140.97 9.0940.77 7.5320.31 6.0024-0.30 5.3740.46 6.3620.59
H

larval stage 15.894+1.77 12.66+1.1211.6840.89 9.114+0.84 9.31+1.12

S 19.7440.79 15.05+0.57 11.91£0.56 9.74+0.60 8.03+£0.38 7.1340.34 —
Pupa H 14.49+0.74 12.1840.98 9.5940.82 8.28+0.51 8.00=£0.00 —
S 35.47+1.19 27.24-+1.15 20.9140.66 17.264+0.71 14.03+0.47 12.50+0.58 —
Generation  H  30.0041. 64 24.6840.93 21.2040.79 17.3141.00 17.5040. 00 -
1. [10] 2
C 2, s
Table 2 Developmental threshold (D7) and day-
4C degree (DD)requirements for various life
b -
stages of L. sativae and L. huidobrensis
79. 70 . 0) ©
. DT(C)H DD DTCC)H DD
R ® 10. 99 36. 44 9.25 33. 06
193. 74 , 92.75 . a 12.05  26.06  7.69  44.40
2.1.2 11.29  17.48  2.44  46.96
L, (ND Q) ® 10.45  22.25  4.92  59.54
’ Marquardt @ 11.29 100.99  5.27 193.74
’ : ? ® 10.59 136.04  7.91 141.95
D) 1) Logistic }
R 9 10.93 239. 30 7.00 319.00
- - T3,
. (D L. sativae ; @ L. huidobrensis; 3 Egg; @ 1st instar; 3
Logistic o 1. 2y, (D L. sativae; @ L. huidobrensis; 3 Egg; @ 1st instar; G 2nd
. instar; ©)3rd instar; M Whole larva stage; @ Pupa; (@ Gen-
» Logistic
eration
) ’ ’ - -
b 9 o
N (VADN (Tw) 10Cc 37C, (To) 26.5C;

(T, (Tw) 7C.32C, (To) 22C, s
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Table 3 Evaluation of parameters of two models for the development rate of
two leafminers as function of temperature
L. sativae L. huidobrensis
Egg Pupa Egg Pupa
Larva Generation Larva Generation
k 0. 8795 0. 3026 0.2298 0.1305 0.6956 0.1794 0. 2001 0.0921
7 0.1471 0.1463 0.1382 0.1419 0.1988 0.1166 0.1464 0.1200
- Ty, 26.7703 26. 4724 26.5215 26.5010 20. 3039 22.4995 22.0987 21.9999
Wang-l.an-Ding T 10.0000 11. 0000 10. 0000 10. 0000 8. 3776 5. 0000 7.9998 7. 0000
model Tw 36.0141  36.6657  36.9998  36.9999  34.0122  30.9985  29.9997  31.9996
0 0. 8183 1. 4905 1. 0015 1. 0001 2.5318 1. 0004 0.7914 0.8017
Q 1.113X107% 3.337X107° 6.804X 1076 3.937X107% 6.615X107* 9.577X107° 1.103X10° 1.983X107
k 1. 8442 0. 2697 0.2016 0.1162 0.5721 0.1258 0.2431 0. 8360
a 4.0278 4. 0257 3.9803 3.9041 4. 9420 3.4877 3.1374 4.5266
Logistic model b 0.1061 0.1616 0.161 0.1572 0. 2645 0.1987 0.1253 0.0768
R, 0.9958 0.9911 0. 9841 0. 9998 0.9903 0.9375 0.9998 0. 9998
* Q The mean square deviation of observed value and estimated value;
R? The related coefficient
oMr
011 1
g 0091 1 -
£ oo} E
3 w3 oo07f
g g§ 007} ] g
g L L
=& oos| w& 00
© 2 :
g 0.03 K] 003 2
. - 0.01 L o y ! p
00 11 5 20 25 30 35 15 20 25 30
¥ ¥ Temperature ('C) # i Temperature ('C)
1 Logistic .
2 Logistic
(D - - (2)
(€8} - - (2)
Fig. 1 Logistic model (1)and Wang-Lan-Ding models . o .
Fig. 2 Logistic model (1) and Wang-Lan-Ding model

(2)for the development rates of the whole generation of

L. sativae as function of temperature

(2)for the development rates of the whole generation of

L. huidobrensis as function of temperature

2.2
. 4), ,
.35C 86.44% . 17.5~30C . 95% »
:35C . (78.92%), .
98.28%.91.53%, ( ) .
. 22.5C 25C ., . .35¢C
. 22.5C . 88.62%.
. 20C (64.03%), .27.5C
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Table 4 The survival rates of various stages of L. sativae (S) and

L. huidobrensis (H) at different constant temperatures

( C)Temperature

Developmental stages Species 17.5 20.0 22.5 25.0 27.5 30.0 35.0
E S 87. 65 95. 37 95. 14 92. 00 91.93 92. 44 86. 44
&8 75.61  88.97 80.32 79.82 89.44  66.16 —
. S 95.65 98.31 99.98 98.31 98.65 100.00 78.92
1st instar
H 100. 00 98. 15 97.14 87.1 78.57 34. 48 —
. S 100.00 98.28 100.00 100.00 100.00 100.00 98.28
2nd instar
H 98.46 100. 00 96.90  98.16  93.33  21.45 —
. S 100. 00  98.21 98.65 100.00 100.00 100.00 93.53
3rd instar
H 100. 00 100. 00 98.12 100.00 77.42 20. 00 —
S 96.65 94.89  98.63 98.31 98.65 100.00 70.99
Whole larval stage
H 98.46  98.31 92.36  85.50  56.77 1.48 —
P S 74.04  82.89 94.44  95.00 81.11  82.86 0. 00
upa
. H 68.42 73.33 67.50 59. 32 15.97 0. 00 —
. S 62.75 75.01 88.62 85.92 73.56  76.60 0. 00
Generation
H 50. 94 64.03 50. 07 40. 48 8. 11 0. 00 —
2.3
, ) () Y =
—0.3280X*+15.8159X —163. 5390(+*=0. 9453), ) (x)
;Y =—2.3356X+83.234G"=0.9848)( 2), ,
5 S (HD

Table 5 Effect of temperature on the longevity and fecundity of the adults of L. sativae(S) and L. huidobrensis (H)

(C) Temperature 20.0 22.5 25.0 27.5 30.0
S 20.6745.18 28.05+13.01 27.1449.01 21.25+5.49 16.77+5. 81
(d) ¥ H 35.14+11.27 33.3847.32 23.90£5. 34 18.33+2.85 13.47+3.63
Longevity S 15.624£4.05 16.36+£7.45 11.11+£7.94 10.90+7.00 9.85+5.87
8 H 9.07+3.12 16.56+6.15 12.83+5.53 8.11+3.66 8.26+3.63
(d) S 5.9543.68 2.654+1.07 2.1740. 80 1.9240. 69 1.6840.57
Preoviposition period H 4.31+1.45 4.04+2.24 3.58+1.51 3.00+1.50 2.89+1.63
() S 15.00+£4.41 22.89412.15 22.5048.99 16.27+5.70 14.18+5. 88
Oviposition period H 27.20411.52 23.46+8.92 19.80+3.74 13.5043. 32 7.73+3.51
S 114.60+76.20 338.904210. 80 382.804175.90 399. 004241.30 425.304191.50
No. egg laid per female H 416.10+221.80391. 704+334. 60 487. 904+125. 40 254. 304+129. 70  52. 30£69. 00
22.5~30C s 1.1~1.6d, 20C
; . . 25C .
s o
o N )
(XD s (Y = —4.8417X% 4 269. 3464X — 3315. 2981 (+* =

0.9693), Y=—7.8274X2+356.7716X —609. 2098 **=0. 95600 C  4),

’ )
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Table 6 Life table parameters of experimental population for L. sativae at different constant temperatures

[Gep)
Tm A Ry T t
Species Temperature

20.0 0.0970 1.1019 37.9695 38. 6531 7.1454

L. sativae 22.5 0.1678 1.1827 195. 3238 35. 7741 4. 1305
25.0 0.1878 1. 2066 149. 3305 31.0718 3. 6906

27.5 0.2294 1.2578 141. 8354 23.7988 3.0214

30.0 0.2261 1. 2537 162.5717 21.2919 3. 0655

20.0 0.1205 1.1281 128. 6478 43.5088 5.7523

L. huidobrensis 22.5 0.1382 1.1482 103. 3762 37.3988 5.0155
25.0 0. 1825 1.2002 94. 0526 26. 8359 3.7981

27.5 0.0952 1.0999 9.3728 23. 8624 7.2810

7 ). (d)

Table 7 Stable age distribution, instantaneous natality and instantaneous mortality

for the experimental populations of two leafminers

9%
«© Proportion of each stage in the stable age distribution b d
Species Temperature Egg Larva Pupa Adult
20.0 36. 15 47.49 13. 44 2.88 0. 3739 0.2769
L. sativae 22.5 42. 41 45.59 9.73 2.73 0. 6438 0. 4760
25.0 39.15 46. 37 12.22 2.25 0.7636 0.5758
27.5 39. 25 54. 81 5.07 0.87 0.9991 0.7697
30. 0 30. 35 51. 38 15. 11 By 1Y 0. 9651 0. 7620
20.0 32.82 55.63 9. 04 2.50 0.4936 0. 3732
L. huidobrensis 22.5 28.33 60.53 8. 34 2.81 0.7166 0.5784
25.0 44. 04 49. 02 5. 44 1.51 0. 9769 0. 7944
27.5 32.46 61.24 4.53 1.73 0. 6082 0.5130
3
3.1 s N s
o s
’ ’ ’ 3 . ’
3.2 N o
. () s
R . 22.5C ,
° s
s s s
s o
s s . B .
, . ( .

) [9.14.15
b b
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