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Modeling Temperature-Dependent Development and Hatch of
Overwintered Eggs of Pseudococcus comstocki (Homoptera: Pseudococcidae)
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Temperature-dependent development study for overwintered eggs of Pseudococcus comstocki (Kuwana) was
conducted to develop a forecasting model for egg hatch date. Hatch times of overwintered eggs were compared
at five constant temperatures (10, 15, 20, 25, 27°C) and different collection dates. A nonlinear, four-parameter
developmental model with high temperature inhibition accurately described (R’=0.9948) mean developmental
rates of all temperatures. Variation in developmental times was modeled(R’=0.9729) with a cumulative Weibull
function. Least-squares linear regression (rate=0.006358[Temp.]-0.07566) described development in the linear
region (15~25°C) of the development curve. The low development threshold temperature was estimated 11.9°C
and 154.14 degree-days were required for complete development. The linear degree-day model (thermal sum-
mation) and rate summation model (Wagner et al. 1985) were validated using field phenology data. In degree-
day models, mean-minus-base method, sine wave method, and rectangie method were used in estimation of dai-
ly thermal units. Mean-minus-base method was 18 to 28d late, sine wave method was 11 to 14d late, rectangle
method was 3 to 5d late, and rate summation model was 2 to 3d late in predicting 50% hatch of overwintered
eggs.

KEY WORDS Pseudococcus comstocki, degree-day, forecasting model, development model, Weibull func-
tion
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Table 1. Development time (days; Mean+STD) of P. comstocki eggs collected at different dates and held at
different constant temperatures

Collection dates Temperature
10°C 15°C 20°C 25°C 27°C
9 Feb. = 56.21+3.250a (44)° 26.06+1.523a (52) 14.15+1.480a (55) 13.15%1.225a (53)
18 Feb. - 48.01+1.337b (51) 22.61+1.005b (58) 11.61+0.580b (56) 12.241-0.655b (48)
25 Feb. - 42.444+1.098c (53) 19.241+0.540d (67) 11.72+0.590b (65) 12.29:+0.709b (57)
4 Mar. 4387+1.079c (82) 21.53+0.993c (88) 11.59+0.423b (85) 12.46+0.529b (81)
11 Mar. 39.58+0.789d (66) 20.4240.902c (76) 10.04+0.489c (84) 11.4710.405c (65)
25 Mar. 37.15+4.349% (55) 18.83+1.870d (54) 9.10+£0.597d (53) 9.48+0.707d (48)
8 Apr. 17.5542.485¢ (54) 9.40+1.934d (52) 9.571+2.579d (51)

® There were no eggs hatched 95 days after treatment, * Sample size
Means followed by the same letter within a column are not significantly different (p>0.05, Duncan's Multiple Range Test)

(SAS 1985)
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Fig. 1. Average and maximum temperature from 1 Feb. to
30 Apr. during two years (1992 and 1993) in
Suwon.

aZ
Ly

Z & 3 7 Vol. 35, No. 2
oA o] AHe &4 BYon 1Y 29 g}
38 AR LRRI Y W AFFS B 29 2o}
71EZAAEY 45d dgdHerE x99 g
3 AFBANA gleolrtn wad (Fig. 2) 27°CE
AL e 22l exot GS-EZF F A3 osie] 11.
9°CZ AU TS5 Fd He3 FAakexes 154,
149 = o]} T}(Table 3).

7t el ey 87|t NEE FUdge 2 st
Blo] AL VAR EE 45de] S8 GFA BE
nyge a9 29 Zov, 7 vsfHsge & 29 2
o}

AN G ALY vAERS 2 (Fig. 27 3

~ 0.12

% ©® OBSERVED it
e ~—— NONLINEAR MODEL ,

= 0.09 |-~ LINEAR MODEL ’,'

=

[

<t

[+

e 0.06 |

Z

<34

=

& 0.03

w1

=

ot

=]

2 0.00 .

21 25 28
TEMPERATURE

17
Fig. 2. Development rate (1/day) curve for P. comstocki
overwintered eggs as a function of temperature.

Four parameters model was fitted with high tem-
perature inhibition.

Table 2. Estimated values for parameters in equations
used to describe develoment of overwintered eggs of P.
comstocki held at constant temperatures

Models Parameters  Estimated SE R’
values

Nonlinear RHO25 0.11155 0.017203 0.99
developmental HA 26916.32725 3223.974518
model’ TH 300.71190 1.166772

HH 66849.73128 8798.848965
Developmental Eta 0.11378 0.024736 0.98
distribution Beta 3.16974 0.783304
model® Gamma 0.89428  0.024129

* Four-parameter model was fitted with high temperature
inhibition (Fig. 2).

® Cumulative Weibull distribution fitted to weighted av-
erage of normalized cumulative frequency curves for de-
velopment times at different temperatures (Fig. 3).
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Fig. 3. Standard cumulative distribution of normalized
development time for P. comstocki overwint-
ered eggs. Weibull function is fitted to all data
for overwinered eggs.

Korean J. Appl. Entomol. 123

base AW |28 AL 19924 30¥%, 1993
60Y o] 1, Sine wave FHHE o] 83 745 19924
98U, 19933 96UEE FHHE 154.14Yxel= 2
xto] & H 3L, Rectangle FFHES o83 9=
1992+ 1439, 1993 124U =2 $]o] Srix] Wy
wHot 339 Aiexet 23 Fig. 5). o]
& zpolo] YL A F 8L FHNLEE ALt

too | 1982
—— PREDICTED
B0 @ OBSERVED.

80 |
40
20 +

Y W———
100 | 1993

~—— PREDICTED

80 + @ OBSERVED

CUMULATIVE PERCENT HATCH

I 1 1

9 14 19 24
MAY

24 29 4
APR.

Fig. 4. Observed cumulative hatching frequency of P.
comstocki egg masses in different years and
predicted cumulative hatching curves estimated
by rate summation method (Wagner et al. 1985).

Table 3. Estimation of lower develpmental threshold temperature(LT) and thermal requirements for the
development of overwintered eggs of P. comstocki

Regression equation® SE®

R? LT(°C)

Degree-days

y=0.006358x-0.075660 0.000908

0.98 11.9

154.14+15.39

* y=ax+b where y is the development rate and x is the temperature (°C).

b . .
Standard error of regression coefficient.

Table 4. Comparison of the differences between predicted and observed dates of 50% hatch of P. comstocki
overwintered egg masses using rate summation and various degree-day summation methods

Thermal summation

Years Rate summation - Observed
Mean-minus base method Sine wave method Rectangle method

1992 8 May (3) 2 June (28) 19 May (14) 8 May (3) 5 May

1993 11 May (2) 27 May (18) 20 May (11) 14 May (5) 9 May

Numbers in parentheses are differences between observed and predicted dates.

All models used 1 March as a starting date.
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starting 1 March.
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