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Abstract [Objectives] To investigate the adaptive significance of seasonal changes in different adult elytral color morphs
of Harmonia axyridis (Pallas). [Methods] We measured the supercooling point (SCP) and cold survival rate of different
elytral color morphs. [Results] There was no significant difference in the SCP and cold survival rate of melanic and non-
melanic adults from experimental populations reared at the same temperature (P > 0.05). However, the survival rate of adults
reared at 25  decreased more severely with duration of cold-exposure. In addition, the SCP of melanic and non- melanic
adults from natural populations displayed obvious seasonal variation. SCPs were highest in July (- 82 and -7.5 ,
respectively) and lowest in January ( - 16.8 and - 18.2 , respectively). At the beginning of overwintering, the SCP of
melanic adults was lower than that of non- melanic adults, but the SCP of non-melanic adults was lower than that of
overwintering melanic adults . However, there was no significant difference in survival rate between melanic and non-melanic
overwintering adults. [Conclusion] The SCP of non-melanic adults was lower than melanic adults during overwintering
which could help to prevent freezing damage through body fluids supercooling and enhance the cold tolerance of overwintering
adults. This was one of the important reasons that the proportion of non-melanic adults markedly increased during overwintering.

Key words Harmonia axyridis, elytral color morphs, SCP, cold survival ability, overwintering strategy

* Supported projects (J13LF54)
(W13K016)

ok First author E-mail zhjlovely@163.com

HAE Corresponding author E-mail anthocoridae@163.com

Received 2014-04-16 Accepted 2014-08-24



- 429 -

Harmonia axyridis Pallas
Coleoptera Coccinellidae
Koch 2003; ¥t
2007
2008 2010

Melanic
Non-melanic
Dobzhansky 1933

Tanand Li 1934 Tan
1946
200
50
1987 176
164 1994
76 66
10 2001
126
2006
150 2013

Heimpel
and Lundgren 2000 Seo and Youn 2000

Wang et al. 2009

Supercooling point SCP

1 MREFRE
1.1 kAR

36°15'N 116°59'E

+
120 35c¢m x40 cm X 50 cm
25
Aphis curviness Koch 48 h
D=9.0 cm
48 h
25
/
18+1 25+1 65%+5%
16L . 8D 2
10 d e
o=1:1
2007-7
36°15'N 116°59'E 2007-11
2007-12 2008-1 2008-2
36°12'N  117°06' E
Melanic

Non-melanic

1.2 @R AE

SCP
DCW-3506



- 430 - Chinese Journal of Applied Entomology 52
Temp32 ANOVA Duncan’s P<0.05
I-
1 /min 2 gﬁ%'—ﬁﬁ*ﬁ
1 18
) SCP -7.7 - 8.6
1 /min 25 SCP
SCP
-10.2 -9.1
SCp
SCP P >0.05
18 25
2
e lo=1:1
32 48 SCP
SCp 25
2007-7 2007-11 18
2007-12 2008-1 2008-2 2
@l o=1:1 32 48 P
SCP >0.05
1.3 RiBFEENNE ’
. m ATy I SCP 7
18 25 “12- u A Melanic
m :|E 2R A Non-melanic NS
2=l - 10- NS
~ NS T
D=9 cm &) o T NS
-5 o
S 6
I 3 5 7 9d i
@ 4
e
24 A,
h
0 T )
3 20 18 25
TAFEIRE Rearing temperature (°C)
2007-11 ¢ @ o= 1 AMAERE (18CH25C) TAEBHE
1:1 D=9 XA R AN R
Fig.1 SCP of melanic and non-melanic adults in
cm Harmonia axyridis reared at 18°C and 25
- 10 1 3 5 10d
=+
SCP SPSS 17.0 t-
3 30 NS 0.05
5 P>0.05
14 HESH Data in the figure are mean+SE. Significant difference of
SPSS17.0 SCP between melanic and non-melanic adults are

One-way

compared with #-test by SPSS 17.0. The NS at the top of
columns in different style means no significant difference
at 0.05 level (P>0.05).



- 431 -

100 - 2a,, 018M
o 18NM
m25M

ad b
60 | by 2a =25NM
by
afaa 2a,a
1 3 5 7 9

{RIE F E R 8] Cold exposure duration (d)

e
(=]
1

Survival rate (%)

N B
S o o
. .

2 FMASEE (18CH25C) TAREHIE

MEBRRFER
Fig. 2 Cold survival rates of melanic and non-melanic
adults in Harmonia axyridis reared at 18  and 25
18M  18NM 18
;25M 25NM 25
i 9
One-way ANOVA, Duncan’s 0.05
(P>0.05)

18M and 18NM represent the melanic and
non-melanic adults in H. axyridis reared at 18 ; 25M and
25NM represent the melanic and non-melanic adults in H.
axyridis reared at 25 . The data in the figure are mean +
SE Histograms with the same letters indicate no significant

difference at 0.05 level (P>0.05) by One-way ANOVA /
Duncan’s multiple range test. The same below.

-8.2 -75 1
- 16.8 - 18.2
SCP P
0.05 SCP
P >0.05
11 SCP
SCP
4
- 10
3d 5d
P >0.05

3 1tig

P Melanic
- 20, "IERJER! Non-melanic

a
a
al 2
2 g a
- 121 aTb
a
gl - @

z

4]
po|

O T T T T

2007-7 2007-11 2007-12 2008-1 2008-2
H ] Date

{SCP (C)

3 RENATREREEFSWEMBMNELHR
Fig.3 The SCP of melanic and non-melanic adults in
Harmonia axyridis from summer and over-wintering
population

-+

SPSS 17.0

0.05 4
The data i are mean==SE. Significant difference of SCP

between melanic and non-melanic adults from
over-wintering population were compared with #-tests level
by SPSS 17.0. The same letters at the top of columns in
different style mean no significant differences at 0.05 level.
The same as Fig. 4.

—
(=]
(=]

o B )iREI Melanic

80 - i3 a T IERJER! Non-melanic
b
: |] |—LI
40 a
a
o N
0 : -
1 3 5 10

{RIRZEEMTE Cold exposure duration (d)

TR
Survival rate (% )

4 FEIHAREHMEENBENMEREEE
Fig. 4 Cold survival rate of melanic and non-melanic
adults in Harmonia axyridis from over-wintering
population

SCP
Colinet et al. 2006 2008
SCP
SCP

SCP
SCP 3



- 432 - Chinese Journal of Applied Entomology 52
SCP , 2013.
SCP ,45(11): 95-99, 102.]
2002 Heimpel GE, Lundgren JG, 2000. Sex ratios of commercially reared
biological control agents. Biological Control, 19: 77-93.
2004 Jing XH, Kang L, 2002. Research progress in insect cold hardiness.
Acta Ecologica Sinica, 22(12) : 2202-2207. [ , s
2002. . ,22(12) : 2202-2207.]
4 11

Wang et al. 2011
1980

Wang et al. 2009
SCP

2012

SE ik (References)

Colinet H, Renault D, Hance T, Vernon P, 2006. The impact of
fluctuating thermal regimes on the survival of a cold-exposed
parasitic wasp, Aphidius colemani. Physiological Entomology,
31:234-240.

Dobzhansky T, 1933. Geographic variation in ladybeetles. The
American Naturalist, 67: 97-126.

Geng ZC, Tan JZ, 1980. Several genetic problems of Harmonia
axyridis. Journal of nature, 3: 512-518. [ , , 1980.

,3:512-518.]

Gong QT, Zhang KP, Wu HB, Li SH, Dou LZ, Sun RH, 2013.
Investigation on color variations of Harmonia axyridis (Pallas) in
Taian City. Journal of Shandong Agricultural Sciences, 45(11):
95-99, 102. [ s s , s >

Jing XH, Kang L, 2004. Overview and evaluat ion of research
methodology for insect cold hardiness. Entomological
Knowledge, 41(1): 7-10. [ s

,41(1): 7-10.]
Jing Y, Zhang YJ, Ma RY, 2001. Studies on the type of spot in the

, 2004.

wings of Harmonia axyridis (Pallas) in Shanxi Province. Journal
of Shanxi Agriculture University, 21(3): 230-232. [ s
s , 2001.
,21(3):230-232.]

Koch RL, 2003. The multicolored Asian lady beetle, Harmonia
axyridis: a review of its biology, uses in biological control, and
non- target impacts. Journal of Insect Science, 3: 1-16.

Liu JW, 2006. The research on morphological variety of different
phenotype Harmonia axyridis (Pallas) in area of Maoershan.
Master Degree Dissertation.Haerbin:  Northeast Forestry
University. [ , 2006.

y

Seo MJ, Youn YN, 2000. The Asian ladybird, Harmonia

axyridis, as  biological  control  agents. I. predacious
behavior and feeding ability. Korean Journal of Applied
Entomology, 39: 59-71.

Tan CC, 1946. Mosaic dominance in the inheritance of color
patterns in the lady-bird beetle, Harmonia axyridis. Genetics, 31:
195-210.

Tan CC, Li JC, 1934. Inheritance of the elytral colour patterns in the
lady-bird beetle, Harmonia axyridis. American Naturalist, 68:
252-265.

Tang B, Zhu J, Guo HS, Fang D, Chen QD, Zheng XX, Wang SG,
Zhang F, Wang S, 2012. Studies of the diversity of multiple
elytral color morphs of Harmonia axyridis (Pallas). Journal of
Hangzhou Normal University, 11(2): 132-136. [ , s

, > s s , , I, 2012,
11(2): 132-136. ]
Wang S, Michaud JP, Tan XL, Zhang F, Guo XJ, 2011. The

aggregation behavior of Harmonia axyridis in its native range in

Northeast China. Biocontrol, 56(2): 193-206.



- 433 -

Wang S, Michaud JP, Zhang RZ, Zhang F, Liu S, 2009. Seasonal
cycles of assortative mating and reproductive behavior in
polymorphic populations of Harmonia axyridis in China.
Ecological Entomology, 34(4): 483-494.

Wang S, Zhang RZ, Zhang F, 2007. Research progress on biology
and ecology of Harmonia axyridis Pallas (Coleoptera:
Coccinellidae). Chinese Journal of Applied Ecology, 18 (9):
2117-2126. [ s , 2007.

, 18(9): 2117-2126.]

Wu JW, Wang J, Shi BC, 1987. Studies on the type of spot in the
wings of Harmonia axyridis (Pallas) in Beijing. Plant Protection,
13(3): 16-18. [ s , , 1987.

, 13(3): 16-18.]

Yu GY, 2010. Identification of Harmonia axyridis and H. yedoensis
with notes on the former’s color pattern and elytral ridge
occurrence. Chinese Bulletin of Entomology, 47(3): 568-575. [

, 2010.

,47(3): 568-575.]

Yuan RC, Zhang FM, Wen GZ, 1994. Studies on the type of spot in
the wings of Harmonia axyridis (Pallas) on the Changbai
mountains. Journal of Jilin Agricultural Sciences, 4(4): 45-54.
[ , , , 1994.

,4(4): 45-54.]

Zhang SY, Chi DF, Li H, Yu J, 2008. A comparative study on
isozymes of different splash types of Harmonia axyridis.
Chinese Bulletin of Entomology, 45(3): 426-431. [ ,

s s , 2008.
,45(3): 426-431.]

Zhao J, Yu LY, Li M, Zheng FQ, Zhang F, Xu YY, 2008. Seasonal
variation in cold tolerance of the multicolored ladybeetle,
Harmonia axyridis ( Pallas ) ( Coleoptera: Coccinellidae )
adults Acta Entomologica Sinica, 51(12) : 1271-1278. [ R

R s s s , 2008
,51(12) : 1271-1278.]



