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Effects of cold acclimation on developmental characteristics and fitness of
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Abstract: In order to clarify the effects of cold acclimation on development and fitness of Harmonia
axyridis (Pallas) offsprings, based on age-stage, two-sex life tables, we investigated the developmental
duration, pre-oviposition period, fecundity, adult life span and population parameters of the offsprings
from parental populations with cold acclimation in the laboratory condition. The results showed that for
offsprings, the egg developmental period increased while the larval (1 —4 instar) and pupal durations
were shortened. Variation of body length and body weight gain decreased with the duration of cold
acclimation prolonged. Cold acclimation of parents could significantly delayed pre-oviposition period of
the offsprings, lowered fecundity, and shortened adult life span. For population parameters of offsprings
from the acclimated parental generation, the intrinsic rate of increase (r), the finite rate of increase
(A), the net reproduction rate (R,) and the age-specific survival rate ([ ) significantly decreased
whereas the proportion of females increased. In addition, the type of cold acclimation had a dramatic
impact on growth and development of offsprings, with longer longevity and higher [, for offsprings from the
acclimated parental generation at the fluctuating temperature than at the constant temperature 5°C, but
lower fecundity and population parameters (r, A and R;). The results suggest that plastic responses to
chilling are not only realized within the parental generation but also extend across generations, which is
very important for H. axyridis to survive and reproduce at low temperature.
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Table 1 Developmental duration of different stages of Harmonia axyridis offsprings from
the cold-acclimated parental generation

K F i Development duration (d)

R YIab B

- gy 1 {4l 2 {4l 3 gl s 4 4l L]
Cold acclimation
Egg 1st instar larva 2nd instar larva 3rd instar larva 4th instar larva Pupa
X} B CK 2.67£0.09 a 2.39+0.07 a 1.93£0.09 a 2.10+0.13 a 5.45+0.14 a 3.71+0.11 a
C5C/3d 2.81+0.11 a 2.16 £0.07 ab 1.74 £0.08 a 1.97 £0.09 a 5.27+0.10 a 3.57 +0.08 a
C5°C/5d 3.02+0.09 a 1.96 +0.08 b 1.67 £0.09 a 1.83+0.12 a 5.13+0.09 a 3.37+0.09 a
F5C/3 d 2.74£0.09 a 2.24+£0.07 ab 1.90 £0.10 a 2.08 +0.11 a 5.39+0.15 a 3.63+0.12 a
F5C/5 d 2.86+0.10 a 2.11+£0.09 ab 1.82+0.10 a 1.98 +0.11 a 5.21+0.10 a 3.50+0.11 a

C5°C/3 d fICSC/5 d 3 HIFRRTEAE BRI SC T PR3 d fIS d; FSC/3 d MIFSC/S d HIFRREARR BT 3 d S d, X RARERYIMLL
o BRI « bR, FFEHRE PRI A R/NE FRRARFE0.05 K FFTRABEES. FR. C5C/3 d and C5C/5 d mean
acclimation at the constant temperature S°C for 3 d and 5 d, respectively; F5C/3 d and F5S°C/5 d mean acclimation at the fluctuating temperature for 3
d and 5 d, respectively; CK means not subjected to cold acclimation . The data in the table are mean + SE, and those in the same column followed with

different letters mean significant differences at the 0. 05 level detected by One-Way ANOVA (Tukey’s HSD multiple range test). The same below.

2.2 RYMENERERMEEZENZM

SEMAEERETHR IS, BEE TS K
FER, RS BRI B, H 2RSS d
(F5C/5 d)Xf 2 e A0 3 ey A B3 WSR2 (F =
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BN, Hoox 1 el iR E S B A,
WX} 2 -4 @4 HL(F =3.449, df =4, P<0.05; F =
6.321, df =4, P <0.01; F=2.963, df =4, P <
0.05) Fiffi (F =25.221, df =4, P <0.01) fy{RE
BERHEME(EI).
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C5C/5d > F5C/5 d), #fw4i% (F5C/3 d >
C5C/3 d>F5C/5 d >C5C/5 d) o J7 25 Hr kWl
Y Y AE 3N 5 A CHE ™= SR AT (F =13.243, df =
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Table 2 Body length variation of each developmental stage of larva in Harmonia axyridis offsprings from

the cold-acclimated parental generation

R YIfesk

PRK 4B Net increase of body length ( mm)

Cold acclimation 1 et 2 gl 3 g 4 B4l

1st instar larva 2nd instar larva 3rd instar larva 4th instar larva
Xf & CK 1.74 £0.04 a 3.03+0.07 a 2.24+0.19 a 2.94+0.31 a
C5C/3d 1.69 +0.03 a 2.88 +0.10 ab 1.99 +0.11 ab 2.52+0.16 a
C5C/5d 1.68 +0.03 a 2.71 +0.10 ab 1.64 +0.19 ab 2.28+0.17 a
F5C/3 d 1.73+0.03 a 2.90 +0.09 ab 2.10+0.17 ab 2.76 +0.09 a
F5C/5 d 1.65+0.03 a 2.66+0.10 b 1.58 +0.12 b 2.39+0.09 a

#3 RIMREIAHGRESEEHTD

Table 3 Body weight gain of different developmental stages of Harmonia axyridis offsprings from

the cold-acclimated parental generation

PR E & Net body weight gain (mg)

RYIest B
o 1 J4)y Hs 2 o4l 3 kb4l 4 ko4l i L7
Cold acclimation
1st instar larva 2nd instar larva 31d instar larva 4th instar larva Pupa

X CK 0.68 +0.10 a 2.42+0.16 a 6.89+0.43 a 23.87+1.07 a 33.49+0.73 a
C5°C/3d 0.69 +0.05 a 2.19 £0.09 ab 6.23+0.30 a 22.38 £1.10 ab 25.18 £0.97 be
C5C/5d 0.58 +0.05 a 1.98 +0.08 ab 5.40 +0.42 ab 18.08 +1.08 b 18.73 £1.11 d
F5C/3 d 0.67 +0.10 a 2.31+£0.07 ab 6.28 £0.28 a 21.40 +0.89 ab 28.89+1.12b
F5C/5d 0.64 +0.07 a 1.88+£0.12 b 4.65+0.31b 19.42 +1.40 ab 21.56 £0.95 cd

x4 RIMEREMEEKREBA=PEH. FHREEN
Table 4 Pre-oviposition period, longevity and fecundity of Harmonia axyridis adult offsprings from

the cold-acclimated parental generation

A YAt B FEBNHTH (d) g e B R FFr (d)
Cold acclimation Pre-oviposition period Number of eggs laid per female Adult longevity
X} CK 11.1£0.5 ¢ 986.8 +84.4 a 57.7+2.3 a
C5C/3 d 13.2+0.4 b 774.4 £87.2 ab 45.62.0b
C5C/5 d 15.8+0.7 a 532.4+£78.4 be 32.3x1.8¢
F5°C/3 d 13.5+0.4 b 694.0 £64.4 abe 51.21.7b
F5°C/5 d 15.2+0.6 a 409.3 £60.7 ¢ 37.6 2.7 c
®5 RIMLEREMAERESRSH

Table 5 Population parameters of Harmonia axyridis offsprings from the cold-acclimated parental generation

H Ay RSB Life table parameters

% YAt e BB JEI R IR e 1 e R/ AMk)
Cold acclimation Intrinsic rate of increase Finite rate of increase Net reproduction rate
r A R,
X g CK 0.1484 1. 1600 382.65
C5C/3d 0.1454 1.1565 276.57
C5°C/5d 0.1280 1.1366 159.72
F5C/3 d 0.1379 1.1423 277.62
F5C/5d 0.1234 1.1313 115.85
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Fig. 1 The age-specific survival rate (I,) of Harmonia axyridis offsprings from the acclimated parental generation
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Fig. 2 Proportion of females of Harmonia axyridis offsprings

from parents subjected to cold acclimation
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