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Abstract: [Objective]l The ladybird beetle Harmonia axyridis Pallas is a well-known aphid predator and plays an important
role as a biological control agent in its native regions. Life table can provide a comprehensive description of the development,
survival, and fecundity of a population. The life history of H. axyridis has been studied using the traditional life table in controlled
laboratory conditions. However, when released, H. axyridis were exposed to fluctuating temperatures which can significantly change
the biological characteristics of insects. The objective of this study is to build life tables for H. axyridis both at constant temperature

in the laboratory and at fluctuating temperatures in the greenhouse, and to facilitate the effective use of this species as a biological
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control agent. [Method] Developmental, survival, and fecundity rate data were analyzed by using the age-stage, two-sex life table
under laboratory and greenhouse conditions and the significant differences were compared with #-tests at a 5% significance level by
SPSS17.0. Means and standard errors of population parameters were calculated by using the bootstrap method and the significant
differences were compared with ¢-tests by the TWOSEX-MSChart computer program. [Result] H. axyridis at constant temperature
in the laboratory developed more quickly in the pre-adult stage and were longer-lived compared with those in the greenhouse.
Moreover, significant reductions in survival and reproduction of H. axyridis under greenhouse conditions were observed in the curves
of sy, I, fand m,. The life expectancy of H. axyridis decreased gradually with age while the life expectancy were shorter and varied
significantly at fluctuating temperatures in the greenhouse. The contribution of an individual to the future population was described
by the reproductive value (v,;) which under greenhouse conditions was lower and more varied than that in the laboratory. According
to the age-stage, two-sex life table, the intrinsic rate of increase (r), net reproductive rate (Ry), finite rate of increase (1), the mean
generation time (7) were 0.1395 and 0.0613 d™', 257.3 and 13.3 offspring, 1.150 and 1.062 d™', 39.7 and 42.7 d, respectively, under
laboratory and greenhouse conditions. [Conclusion] It revealed significant differences of life history and population parameters
between life tables collected under laboratory and greenhouse conditions. The results indicated that at constant temperature, one
could under- or over-estimate the values of numerous life-history traits compared to the fluctuating temperatures. There exist some
definite errors in the field release application according to life table data obtained by constant temperature, which affects the control
effects.

Key words: Harmonia axyridis; age-stage, two-sex life table; experimental population; greenhouse population; population
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Fig. 1 Age-stage specific survival rate (s,;) of H. axyridis at constant temperature in the laboratory and fluctuating temperatures in
the greenhouse
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Table 1 Parameters of life history of H. axyridis at constant temperature in the laboratory and fluctuating temperatures in the

greenhouse
ERELE %N Laboratory ik % Greenhouse P
Parameters of life history AN SERE R R R ANH S AR UAE IR
n Mean+SE n Mean+SE
2T 78 Developmental time (d) il Egg 92 2.89+0.08 198 4.00+0.04 <0.01
1 #4) i L1 81 2.57+0.08 142 3.20+0.06 <0.01
2 B 4di L2 75 2.11£0.10 125 2.54+0.09 <0.05
3¥A4H L3 70 2.36+0.13 112 3.22+0.16 <0.01
4444 14 66 5.080.14 80 4.59+0.17 <0.01
I Pupa 63 3.79+0.12 75 5.23+0.12 <0.01
J8 HL T Pre-adult 63 18.52+0.30 75 22.83+0.32 <0.01
B H 5y Adult longevity (d) It H Female 29 71.07+2.80 36 57.10+2.24 <0.01
i 4t Male 34 72.79+3.27 38 46.21+2.05 <0.01
448 ) Fecundity (F) (eggs/female) It 41 Female 29 815.52+69.99 36 82.52+14.8 <0.01
F=BNHTHY] Pre-oviposition period (APOP) (d) W 4t Female 28 11.57+0.44 36 10.81+0.74 >0.05

MPZYIHTY Total pre-oviposition period (TPOP) (d) Ml Female 28 28.96+0.51 36 33.48+0.84 <0.05




3180 eE VSO S 48 %:

U 3—4 W4y e IR R R A 2R B AR T A N E
IR PR AR T S B A - B B S AFTE R
MBI ESING, X TN R B EA—
HFEM.

Bl 2 il 2 1, R RFIE P BT AR IR RS- B A
TR, BAEAREER, & WA = R AT T
Bp2 S 1L (i U LV NS SR e S = R
20 d IFIRGE N R 72%, BHIS 2218 TR 60 d I A7iE
K 56%, & 97 d WAMASTEIET . i E B shi
TSRO IR AR AR 20 d ARG AL 41%, RE
260 d I AF RN 8%, KB L 83 d NAMASTIL

A SEHE Laboratory

A7 %R Survival rate (1)

T a8 P PRI 55 30 Sl T ME A - e A
(f) FEERS-HERE A0 ) (my) YYBE A GE K SE14n
Je B, HOX P 4R B o ik T LR = R N
oS = G S g T B S R

B3 AERS-B BUWEE B (e, TR x By
(RIANATIY BE A7 5 AR IS I b vy R 3 i 4
SO I A A SRR I I A e, HLE
DAL A8 - B B B o S L il = A R
W HmK.

B 4 SERE-B BEAEBEIME () FoREERY x BB 1
AMAESTASKFIEC DTk, = A PR AL = I R 5

L5171 Fecundity

B il Greenhouse

T7i% R Survival rate (1)

=46
45
Z
_4'§
3
[S®
R
413 =
=42
=41
O 0
80 100

fERE Age (d)

B2 EREEMEEENEE TREIRFR-BFEFEER (V) . EHFERSFEEEN () - FR-FEEED (n)
Fig. 2 Age-specific survival rate (/,), female age-stage specific fecundity (f;) and age-specific fecundity (m,) of H. axyridis at

constant temperature in the laboratory and fluctuating temperatures in the greenhouse



16 1) AR EL AN S P A T S R R R R 3181

60 A SEH % Laboratory
—e— Uil Egg
—o— 14 d L1
50 —— 214 L2

—o— 34 L3
—A— 4% L4
—&— Uifi Pupa
—w— Jifi 1t Female
—%— 4t Male

40

W28 iy Life expectancy (ey,) (d)

WIEE 3 Life expectancy (ey) (d)

RS Age (d)

B3 ZENEEMEZEKINEE THRENRFR-MBRAESES ()

Fig. 3 Life expectancy (e,,) of H. axyridis at constant temperature in the laboratory and fluctuating temperatures in the greenhouse
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Table 2 Population parameters of H. axyridis at constant temperature in the laboratory and fluctuating temperatures in the greenhouse

T2 =N ER it 5V Bl FE P
Population parameter Constant temperature in the laboratory Fluctuating temperatures in the greenhouse

P4 BII K% The intrinsic rate of increase r (d™) 0.1395+0.0055 0.0613+0.0060 <0.001
B84 % The finite rate of increase 4 (d™) 1.150+0.006 1.062+0.006 <<0.001
A4S % The net reproduction rate Ry (offspring / individual) 257.3+45.2 13.3+3.2 <<0.001

P-4 1A JE 3 The mean generation time T (d) 39.7+0.8 42.7+1.4 <0.05
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Fig. 4 Reproductive value (v) of H. axyridis at constant temperature in the laboratory and fluctuating temperatures in the

greenhouse
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