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Development of an Emergence Model for Overwintering Eggs of
Metcalfa pruinosa (Hemiptera: Flatidae)
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Animal and Plant Quarantine Agency, 177, Hyeoksion 8-ro, Gimcheion-si, Gyeongsangbuk-do, 39660, Republic of Korea
'Crop protection Division, Department of Crop Life Safety, National Academy of Agricultural Science, Wanju 55365, Republic of Korea

ABSTRACT: The temperature-dependent development of Metcalfa pruinosa overwintering eggs was investigated at ten constant
temperatures (12.5, 15, 17.5, 20, 22.5, 25, 27.5, 30, 32.5, and 35+1C, Relative Humidity 20~30%). All individuals collected before April
13, 2012 failed to develop into first instar larvae. In contrast, some individuals that were collected on April 11, 2013 successfully
developed when reared under 20~32.5C temperature regimes. The developmental duration was shortest at 30°C (13.3 days) and longest
at 15°C (49.6 days) in the fourth collected colony (April 26 2013). Developmental duration decreased with increasing temperature up to
30C and development was retarded at high-temperature regimes (32.5°C). The lower developmental threshold was 10.1C and the
thermal constant required to complete egg overwintering was 252DD. The Lactin 2 model provided the best statistical description of the
relationship between temperature and the developmental rate of M. pruinosa overwintering eggs (r* = 0.99). The distribution of the
developmental completion of overwintering eggs was well described by the 2-parameter Weibull function (r* = 0.92) based on the
standardized development duration. However, the estimated cumulative 50% spring emergence dates of overwintering eggs were best
predicted by poikilotherm rate model combined with the 2-parameter Weibull model (average difference of 1.7days between observed
and estimated dates).
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Table 1. Numbers of newly emerged first instar larvae from
Metcalfa pruinosa overwintering eggs at constant temperature
(25°C) and two photo periods (L:D=12:12, L:D=14:10)

L:D=12:12 L:D=14:10
Days after incubation
7 1010< 1 3 7 10 10<

Sampling date of
overwintering eggs

Jan. 11 - - - - . e e e e
Jan. 26 - - - .- ... L.
Feb. 8 - - - - ... e
Feb. 20 - - - - - ..o
Mar. 16 - - - - ...
Mar. 28 - - - - - e e e e
Apr. 13 - - - - .- .. e
Apr. 27 - - - - 38 - - - - 26

Table 2. Numbers of newly emerged first instar larvae from
Metcalfa pruinosa overwintering eggs at constant temperature
(27°C) and two photo periods (L:D=12:12, L:D=14:10)

L:D=12:12 L:D=14:10
Days after incubation
7 1010< 1 3 7 10 10<

Sampling date of
overwintering eggs

Jan. 11 - - - - - .. e
Jan. 26 - - -
Feb. 8 - - - - - ...
Feb. 20 - - - - - .. e
Mar. 16 - - - - - e e e
Mar. 28 - - - - .- a .
Apr. 13 - - - - .- a .
Apr. 27 b

0.08 -

0.06 -

0.04

Developmental rate (1/day)

15 20 25 30 35

Temperature (C)

Fig. 1. Relationship between temperature and developmental
rate of Metcalfa pruinosaoverwintering eggs collected on various
dates.



Table 3. Development duration (days, mean + S.D) of Metcalfa pruinosaoverwintering eggs at various constant-temperature regimes (L:D

=14:10)
Sampling date of overwintering eggs
Temperatures
Apr. 11 Apr. 16 Apr. 22 Apr. 26 May 2
12.5C - - - - -
o 52.8+1.71 49.6 £1.52 41.0£0.00
15.0¢ @ ) M
175C i 53.8+3.31 42.5+4.76 37.7+£3.55 27.8+3.22
(89) (89) (139) (180)

20.0°C 34.1+4.02 38.1 £8.51 31.6 £4.32 26.4+6.73 21.0+4.40
GH* (13) (84) (178) (154)

22.5C 26.5+5.84 26.0 +6.88 20.5+2.18 20.0 +2.66 16.0 £ 1.65
(11) (74) (152) (173) (157)

25.0°C 26.7 + 6.80 30.7+11.66 19.3£5.84 15.3+£1.80 14.0£2.39
(25) (106) (61) (238) (143)

27.5°C 22.8+4.92 17.5+2.99 17.8 £5.84 14.5+2.06 11.8+1.14
(19) (126) (88) (138) (79)

30.0C 22.0+£9.96 20.3+£6.27 17.0 £0.00 13.3+£0.75 11.0£1.07
(6) 12) 3) (13) @7

32.5C 20.8 +2.82 16.1 +1.21 13.2£2.64 15.7+2.28 11.6+2.27
(®) @) ©) (40) (23)

35.0C - - - - -

atglom, 49 119 A H5d-220~32.5C, 49 16 A
Lo 175-32.5C, 49 229 o3 A7 GBS 15-32.
5C &% 2704 3l nte] o)A} B3} 6}¢ithTable 3). 20134
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0.10

. Observed
Linear

0.08 { — — — Briere-1
———— Lactin-2
______ Logan-6
0.06 4 o Poikilotherm

0.04 -

0.02 -

Developmental rate (1/day)

0.00 T T T
0 10 20 30 40

Temperature(C)

Fig. 2. Various developmental rate curves describing the relationship
between temperature and temperature-dependent development
of Metcalfa pruinosa overwintering eggs collected on April 26,
2013.

Table 4. Parameter estimates for temperature-dependent
development models describing the relationship between the
temperature and developmental rate of Metcalfa pruinosa
overwintering eggs collected on April 26,2013

Model Parameter & 1° Estimated value
a 0.00396
Linear b -0.0400
. 0.98
a 0.00005
. 1 10.38
Briere 1 7 3536
. 0.99
p 0.14160
T, 36.59
Lactin 2 AT 7.05
A -0.0171
s 0.99
P 0.00665
p 0.16684
Logan 6 1, 35.41
AT 5.51
r 0.99
RHO025 0.0794
HA 23560.7
. HL -7168958.7
Pmkllothgrin rate TL 28418
mode HH 53448.8
TH 302.71
r 0.99

ztof| thjate] A H 02 Bl g X
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Fig. 3. Development completion curve of Metcalfa pruinosa overwintering eggs collected on April 26, 2013. The 2-parameter Weibull
function was used (normalized by average development duration [A] and average degree days [B]).

Table 5. Estimated parameters of stage emergence models for Metcalfa pruinosaoverwintering eggs that were collected on April 26,2013

2

Model Normalization method Parameter Estimated value SEM r
) B 11.046 0.8765
' Development duration , 0.990 0.0051 0.92
Two parameter weibull
Dearee dav® 153 7.435 0.9824 076
gree day n 256.321 2.9305 :

“Normalization was operated in a manner dividing development duration by average development duration
®Normalization was operated in a manner dividing degree days by average degree days

Table 6. Deviations (days) between observed and estimated dates of 50% cumulative emergence of Metcalfa pruinosaoverwintering eggs

Location Model Observed Estimated Deviations (days)
Linear May 22 -4
Briere 1 May 25 -1
Lactin 2 May 22 -4
H May 2
waseong Logan 6 ay 26 May 18 -8
Poikilotherm rate May 22 -4
Degree day May 23 -3
Linear May 26 +1
Briere 1 May 28 +3
.. Lactin 2 May 26 +1
Dangjin Logan 6 May 25 May 21 -4
Poikilotherm rate May 25 0
Degree day May 26 +1
Linear May 24 +1
Briere 1 May 27 +4
Lactin 2 May 24 +1
E May 2
Humseong Logan 6 ay 23 May 20 -3
Poikilotherm rate May 24 +1
Degree day May 25 +2
) WG WG o2 Bl S Slste] A AU BH L PSS Lo MEw 49 2bolE /T A0 HekErh
Amei 49 269 AEo] 7o 43 F1e AAE AR 2Eo) urg ol exolo] PAS sl st B
Holv], T F S-S G AVIE G o] e Aol A% W MY RelEol AEic e et Smole] 2
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Table 7. Values of model selection methods of four non-linear
models describing relationship between the temperature and
post-diapause development of Metcalfa pruinosa overwintering
eggs

Selection Method Model Values
Linear 0.97
Briere 1 0.98
Adjusted r* Lactin 2 0.98
Logan 6 0.97
Thermodynamic 0.95
Linear -97.367
Briere 1 -97.418
AIC* Lactin 2 -100.219
Logan 6 -82.184
Thermodynamic -96.032
Linear -84.033
Briere 1 -91.418
AICc** Lactin 2 -86.886
Logan 6 -79.184
Thermodynamic -12.032
Linear -88.970
Briere 1 -89.100
BIC*** Lactin 2 -91.822
Logan 6 -75.347
Thermodynamic -87.476

* Akaike information criterion
** Small sample unbiased Akaike inforormation criterion
*** Bayes-Schwarz information criterion
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