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ABSTRACT: The developmental time of immature stages of Paromius exiguus (Distant) was investigated at nine
constant temperatures (15, 17.5, 20, 22.5, 25, 27.5, 30, 32.5, 35+1C), 20-30% RH, and a photoperiod of 14:10h
(L:D). Eggs did not develop at 15C, and their developmental time decreased with increasing temperatures. Its
developmental time was longest at 17.5°C (28.2 days) and shortest at 35C (5.9 days). The first nymphs failed to
reach the next nymphal stage at 17.5 and 35°C. Nymphal developmental time decreased with increasing temperatures
between 20C and 32.57C, and developmental rate was decreased at temperatures above 30°C in all stages except for
the fourth nymphal stage. The relationship between developmental rate and temperature fit a linear model and three
nonlinear models (Briere 1, Lactin 2, and Logan 6). The lower threshold temperature of egg and total nymphal stage
was 13.8°C and 15.3C, respectively. The thermal constant required to reach complete egg and the total nymphal
stage was 109.9 and 312.5DD, respectively. The Logan-6 model was best fitted (r2=0l94-0.99), among three nonlinear

models, The distribution of completion of each development stage was well described by the 3-parameter Weibull
function (r"=0.91-0.99).
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306 Bl e WA [Paromius exiguus (Distant)] 2588 29
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al., 1981; Taylor, 1981; Lactin et al., 1995; Briere and
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3 Y 9 53 7K 3 vAE fEaie s 27
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Table 1. Developmental time (day) (meantSEM) for immature stages of P. exiguus at constant temperatures

Temp.

Nymphal stage

() Pee First Second Third Fourth Fifth Total nymph
17.5 28.241.53a% o - - - - .
200 18.021.30b 8(7;510?())21 8.?;:2.()1)% ?‘?;11..15)851 8.4(1;1:72‘;)’721 1 1.{';:&1:?1.§5a 58.(51:?‘%3‘())6&1
- S - L I L v
25.0 10.740.85d 4?;10..59)% 3.?53.67)% 4,5;22.59)& 4.&(;;&61..:’1)& 7?;&71..04)5c 35.(1;;?5%
275 2 0£0.58¢ 4.?7i20..45)20 3. ggffd 3.552.29)5d 4. é ;t 91..94)6d 5,?9&01..31)6d 28.(25%;;%
30.0 6.420.50f 3.?3.63)9(1 21():;.62)1'3 2.?9ig.§;e z.z;g;)?e 3.7(1;)05.)56e 19.(3:5(.)4;1e
15 6,140,362 3.2:2.(;1)% 2.:(2;;2.94)& 2.?9&39,55)1e 2.:(19&2.;3)% 4.32.()6)% 19.(52¢1?£9e
35.0 5.9+0.27g - - . . . .

a,

® not examined.

9 The numbers in parenthesis are the survival rate (%)

" values followed by the same letter within a column are not significantly different (P>0.05, DMRT).

Table 2. Lower threshold temperatures and thenmal requirements estimated by linear regression for P. exiguus

Stage Regression equation r ti;“;eel;aﬂllzzsﬁ%(; Degree days (DD)
Egg y =0.0091%-0.126 0.99 13.8 109.9
1" nymph v =0.0197%-0.293 0.95 14.9 50.8
2" nymph y =0.0358x-0.622 0.96 174 27.9
3 nymph v =0.0303%-0.498 0.93 16.4 33.0
4™ nymph ¥ =0.0227x-0.341 0.92 15.0 44.1
5t nymph y=0.0171x-0.272 0.91 159 58.5
Total nymph v =0.0032x-0.049 0.95 15.3 312.5
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Fig. 1. Developmental rate curves (1/day) for immature stages of P. exiguus. The Linear and non-linear (Logan 6 model)

models were used.
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Table 3. Parameter estimates for three non-linear models describing the relationship between development rate of all immature

stages of P. exiguus and temperature

Model Parameter & 1° Egg

Nymphal stages

Total nymph

First Second Third Fourth Fifth
a 0.00008 0.00017 0.00033 0.00017 0.00003 0.00014 0.00002
Briere 1 T 13.06 13.58 16.75 14.00 9.74 14.21 12.19
7, 4227 41.44 40.47 52.63 407.42 42.47 53.96
r 0.99 0.95 0.95 0.95 0.97 0.91 0.96
o 0.14157 0.14732 0.16008 0.15418 0.14163 0.14962 0.14282
T, 40.94 39.44 38.66 40.38 48.32 39.44 41.55
Lactin 2 AT 7.05 6.77 6.22 6.47 7.05 6.67 7.00
A -0.0295 -0.062 -0.156 -0.087 -0.005 -0.059 -0.009
r 0.99 0.96 0.96 0.96 0.97 0.92 0.97
¥ 0.00865 0.01493 0.02478 0.01704 0.01504 0.01181 0.00438
P 0.16797 0.10121 0.25009 0.22068 0.10553 0.21779 0.19108
Logan 6 T, 39.33 32.78 35.44 36.53 32.99 36.01 37.82
AT 5.53 0.19 3.97 4.43 0.21 4.49 5.11
7 0.99 0.98 0.98 0.97 0.98 0.94 0.98

Table 4. Estimated parameters of the stage emergence model (3-parameter Weibull function) for each stage of P. e:dguus

2

Stage Parameter Estimated value SEM r

¥ 0.6249 0.35977

Egg B 6.5200 7.09431 0.9623
n 0.3608 0.36193
¥ 0.6386 0.06656

First nymph Jé; 1.7504 0.48916 0.9413
n 0.2924 0.07180
Y 0.4626 0.11756

Second nymph B 1.8319 0.63131 0.9512
7 0.4204 0.12668
¥ 0.5741 0.06173

Third nymph Jé] 1.6112 0.41535 0.9394
7 0.3390 0.06900
v 0.6301 0.07102

Fourth nymph B 1.1962 0.39172 0.9207
n 0.2654 0.26539
vy 0.5768 0.17260

Fifth nymph Jéj 2.9594 1.55946 0.9471
] 0.3814 0.17787
% 0.8516 0.02624

Total nymph B 1.9003 0.42437 0.9439
n 0.1501 0.02813
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Fig. 2. Cumulative proportion of development completion for each immature stage of P. exiguus as a function of nommalized
time (developmental time/mean developmental time). The 3-parameter Weibull function was used.
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