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Abstract: In order to assess the biological control potential of multicolored Asian lady beetle Harmonia
axyridis to spirea aphid Aphis spiraecola and celery aphid Semiaphis heraclei available in the micro-
landscape of apple and Monnier’s snowparsley Cnidium monnieri, the predation effect, searching effi-
ciency and predation preference of H. axyridis to A. spiraecola and S. heraclei were studied under labo-

ratory conditions. The results showed that the functional response of the 1st—4th instar larvae, female
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and male adults of H. axyridis to the 3rd—4th instar nymphs of 4. spiraecola and S. heraclei fitted well
with the Holling I model. The predation capacity of female adults of H. axyridis against A. spiraecola
was the strongest, which was 411.284, while the predation capacity of male adults of H. axyridis to S.
heraclei was the strongest (356.403). The instantaneous attack rate of the 2nd instar nymph of H. axyri-
dis against A. spiraecola was the strongest, which was 1.231, while the instantaneous attack rate of the
3rd instar nymph of H. axyridis against S. heraclei was the strongest (1.277). The searching efficiency
of H. axyridis for A. spiraecola and S. heracleid decreased with increasing prey densities. Under the
condition of coexistence of 4. spiraecola and S. heraclei, when the total density was 60 individuals per
dish, H. axyridis female adults had no significant preference for both aphid species at different ratios;
when the total density was 240 individuals per dish, H. axyridis female adults showed significant posi-
S. heraclei) of 1:5,2:4,3:3 and 4:2, but
showed negative preference for S. heraclei in the ratios of 1:5, 3:3 and 4:2. This study suggested that

tive preference for A. spiraecola in the ratios (4. spiraecola :

H. axyridis has strong control potential against A. spiraecola in the micro-landscape of apple and func-
tional plant.

Key words: Harmonia axyridis; Aphis spiraecola; Semiaphis heraclei; functional response; predation

preference; apple; Cnidium monnieri

VAR Bl S SR bl 1 4 204k A Je LA R Ak 2k
L T, SRl v e BT 2 AN G i, R
R RO AR AR, B AR KRR
TEANBIED NG AT 2 4 i i i —
LRI O, 453 R btk 1T ER kAR (2=
F%5,2021; Zhang et al.,2022) . DIHEMEYIIEFEER
MAER RGP RES KA S DIRe I — A0, 72 %
AR A R AR P E B A s s et
KB E AT RPIEE, A BRI EY) B 3
BLEARAEOR B AT RS (B RS
2020). REELR O A KRR, LR |
ATIREAHY) YN RECR RS, 200 B4 A8k
REOTRB 2 A S EER , o R
el & 4o €2 7 42 1 FE B2 R AR (H = 55, 20205 Cai
etal.,2021),

L8 Aphis spiraecola J&>1-30 H 8}, J&3E
TR BTGP 1 2 L AE A5 ER
PRI Rt E LRI 8 O SR R
A MRS AL T (AR S, 2021) . A
AFF 5% 2 B A 32 2R el AR A7 ) AT 1) G AR 4 g DR
Cnidium monnieri AN AT DASE N3 S -l R B0 0
B PR R BRI IR A R RIS £ 58 F
FhRER) & (Cai et al., 2021 ; Zhang et al.,2022) . 1]
& NMEE W Semiaphis heraclei J& -3 H B R}, E T
SN S A E AR B R AF RN MR
KR RHMEY) , &% E S WAL S AR
(LIRS, 2022)  FEMEPR B b3k A A o Sl

Harmonia axyridis J&#3# H SUH L, J& 0 dL K Ho
A OEE R, n] IR 22 F B (PR A 55, 20125 RE
45,2021 5 5KEAZESE,2021) o ASPRZ RTIADESY T i
PRI 5 5 €0 0 ) A AR 28 2 LR, A S PR
Y5 % W) Be % B 2 5] S 0 B H g e (Cai et al.,
2020), HEPERFAEF HAEYPIG L B
VEFH  J8 B P RO W 48 £ T B S s 6 ek HC
R Y E bR, R A F R ny %
Wt (E RS, 2014) . FERIAESRG D, ZF0E
HAEAE R AEALE , AR B M R B 0 250 % IR
R AF W L R rE, 2019) B PER
TS RIVE ] R G b AR 23 ARl B 1 R
Tl — RS ) 0 B 4 P R - 2 R RS i
Y, X B2 B M A B M R S Al B R RE O
45,2004) o PRI, BIFSE A B RO 22 RS ) 1 4l
T8 S AR B AR T, 0 P4 P K
il F R A EEE L

I 4l M RO A ) 1) D S P E 5 R 22 4
HFE Rl — 3 £ EAE Y, 2 5 B Hippodamia
variegata F1-5 (05 H X 21 €6 A1 2R (6, 2 Fob (6 75 55 5 00F
Acyrthosiphon pisum P4 & iR ST CFE 225055,
2015) ; 5 (0 B0 H XS IR SR BYR U Myzus malisuc-
tus F1 55 2 35 WF 1) 403 B Ot 4 14 AF 5% (9 Il 4 45
2012) 5 5 A B SR SE SRS 1 Eriosoma lani-
gerum F1 55 2% 45 WF (0 12 D 4 1 R 98 (0 el A
2019) . KT, F B PR RO A& A R G0 2 Fh oy
F AR R SIS AR A A A D o RS IR - R



98 (7B A S 51

T S AR A I SRS AR ) S A
N R A Y A AR R . SR
FEAES HhaE e H FaJLIKL 8 AHa]ZE9 H If)
B NEY EEAES AT ETH Fak
A2 FhF AR A B R A R —E S
A 5% JN) 2 S T o 3 SR — e AR e L
2FPEF A RS RIA A N i B TR
o RO A1 | DAk S € SO 2 b A i
BhE  IRSE S O RN R 27 3 AR v , LA
J01 A 37 SR Bl A ) REAR A g PR B 5 il PR K Ok
B SRR 1 45 2 2 A 4 LB Al

1 R 5T E

1.1 w8

MR U - S o T Rl R N T I 3~4 %
FWR A v ERE s IR T AOl R ELR A
TGRS [ K S = M G T AR S b e R
L LR AE W 3~4 WA SR 2 0 b S SRR
o AT AU A 25 em*25 cmx30 cm AYFF B
PSR LI 2 N G T B B 3~4 i
A RE IR 250 24K R ORI, R ST — 3K
() 1~4 385 2l HURTPIAE 1 H W& B 0 e sl R it il =
PN A 95 2% 1 38 R IR (25+1) °C A X IR (604
5)% JEHEFE#I 14 L:10 D,

HERAY) - SO G X A2 o R B sh )
WS T A U FBRUFE LR BTG Y B A S0 %
S5 TAE R R Tk, S 2R SR o 210 1, 2014 4F
R, = 2.5 m A, g ACAT I, BRAT R 4 mx
6 m; I R ELFR o AT He kb e, T 9 A A%
v, BRATHE 4 20 cm=50 em. {5 MR G X K/ A
24 mx20 m, i 56 B [A] AN it AT frfb 2= 2550 . e
g PR R LI e Fr NI SRS AR 4ot it

X% : A10000 B IEREFRAE , Ll SRR I
A BRAF
1.2 Fik
1.2.1 5+ &I R *F 2 A0 3 & 69402 2 Ak RS ) 2

SO A A ST 24 h, ARG TS A2 0%
A A EYURR 12 h, 385 (4 05401 HURIME B s A 53
ST 24 h X, X0 AE HAR 9 om 1.5 em Y
FEFRMLAEAT , SEHA 1 8 1) S S o sl PR e
o, PR AR A BIAEAR R 27 S R PR AR 01 K
KRS —F S LA WT B & D S EF Y 3~4 1%
W A IEFR LN 13k S a0, DR S0y

Kho% % &, L E R B LA T/ NL AR B i
o AN VR I ES LA SRS N
Uk 1) %% B 3 s 10.,20.,30,40 .50 160 Sk /1L
284 U B 5 2 45 WF sl 58 N TS IF 1) 4% 132 43 1)
BEIT420.30.,40,50 .60 F1170 Sk/IL; 3 4y B £ 455
SR A I N B N R I Y %8 B 43 R 30,60
90,120,150 1 180 Sk /1L ; 4 §% &l ot Ko M I ol H A £
95 2k A WF OB B N GO E 1 8 B R Ol 40,
80,120,160 .200 F1240 &/l £FNMbHEEZ 5K,
I MEFRM L ANEE . 24 hJEWEIFSE TS 3R L
TR S5 4 4 W a8 N U I R B TR ]
BRI MHERE.
25 B S OB AN ) 23 B S 2 g WA sl i 4 B
TR Iof 1) 9 2 2 ¢ 2 R Holling 11 [ 45y i oF
FREgul, HA 2= A %2 3850 (Holling, 19593 1966) 4
N=aTN/(1+aT,N) , 2P, N AN [R5 BT B0
AV AR, o IS Y A BRI 0 2R
T i g Bt (8] (AR b 7,20 1 d) , N RS Y%
B, TR &8 1SR I I FE AR e ) (A 2R
[6]), JH a/T, KPP S S XTS5 L A5 W s 2 N 1k
BRI RE ST o R EIEC R B R R A AL
VN=1/aTN+T,/T,, /N3 K AR Z4UE .
122 F &I K32 AP 3F Rk F AL 69 F
SRR & E T S LR PG
—FPAT R BEON , FEAN R A %8 B R T Al X
Y SR R AAEE] . FHREON S B THRA S
R S=a/(1+aT,N) (T 44K, 1994) , X & S 500 &
SR 12,1, 304 1.2.1 B AH N 1 a T, NAEAR AL
2T S,
1.2.3  F &I KMk X2 APEF K B AR AR R 6 A
FET 1210122455, 5 (050 HUME R HUO6 2 F
U SRR A v, DR AR S 6 3 5 S € I O
T R ER T SRl 2RI S
WEEH SR EE AN, FIE (5%, 1982),
ST T D YLD .
1+ > aF D" T,F>" N,
K, a, T, 43 I B 02 i AR W B i s o
R AR E], TR B v R 8 ST (8], N AR5 i
PRI BB, F AR SR P o R B Y T
B, n AR VIR AL
124 F+ &30 R Sk Ad 2 FF 5T & 64 b F AR AT 2
FEREANBEFR LA O 1 7 7 5 1 S SR o g
PRECI: K AN [R]85 28 2 o FISH 8 I A0 if




140 BEAE  S C SO S R~ A R U A o 007 3 ) B S L B 6 B 99

3~4 S 3 IR A ) S SR I R o DR R i L
A 1S 24 b5 P 24 h %) 576 200 e
Huo I R R R A I (60 /ML) | BE
(120 3k/IIL ) 1 75 5 JBE (240 3k /IIL ), Her 45 28 4 1 1l
B S GO I 04 %% BE LU AP e R 105,204 .33
4:2f15: 1, BN AGF R 8 MRS R % R
RS . FAAEBRER SR A REFRILY 14>
HHE . 24 hJF MBI G455 BEAL R 2 Fpobsg de )
FlHR . 2RISR i E XA RSP
st R 80 7 R (A S v FBR B 467, 1987 )
0=(1+C)/(1-C) xF,, 2, O, R4 & X5 i sl
YA & LU 5 C AaH 28 X 55 i RIS 0 %) D 42k
M4 C=0 W2 IR 5 X5 i P A WA I bk, 2
0<C<1 B R B4 & X 56 0 AR W0 A JE A 4 1
M- 1<C<0 B B E X2 § M Tl i
1.3 HEHI

K H Excel 2016 £ 4-3% #5644 , #1IH SPSS

20.0 HAPFHEAT BN R Ty 220 A, X D) e S R A Y
PG MR T s 7 P Bt CRZEHE
52 (C=0) AT ¢ N5, K30 HIE o 15 3 o

2 ERESH

2.1 BEIART2FF R R

25 B S TR S5 A5 I FTE 2 N S I 11
THETRE N ML un e 1 AR 2 FER , bl 554 54 10
A S N R 0 2 B (1, S € T A U P Al
R, YR 8 — e % e, S A
BHHERE TR, &SSO RTELE T
FEH B IO A A4 £ 1 OC R A Holling TTAY[5]
BRI TG A RS B 5 s LA (3R
o RIS r<rons=15.086, I 5 (5
SO A Hh O 2 Pl A e S S B ()
BB A MR T TR A5 S R R
X LR AG IR B N RS T A R

31 1384 1st instar as5r 2884418 2nd instar 100r 3%4hH 3rd instar
80
25 * § 35
[}
60
< 1I5F 25
5 ¢ 40t
g
g 5 1 1 1 1 1 1 J 15 1 1 1 1 1 1 ] 20 1 1 1 1 1 1 J
= 0 10 20 30 40 50 60 70 10 20 30 40 50 60 70 80 0 30 60 90 120 150 180 210
S
;‘:) 1801 A8 4h H 4th instar 180 MERRH Female adult 180 R Male adult
i
% 140 ® 140 ° 140
100 % 100 100
601 60 60

20 1 1 1 1 1 1 J
0 40 80 120 160 200 240 280

20 1 1 1 1 1 1 J
0 40 80 120 160 200 240 280

20 1 1 1 L L L J
0 40 80 120 160 200 240 280

FERFGIF B/ (3K/I) Density of Aphis spiraecolal(individuals/dish)

1 7R [5) B 7 5 0 L e 3ot 45 2 5 F O 4 R T BB I R 2%

Fig. 1 Predation functional response curves of different stages of Harmonia axyridis to Aphis spiraecola
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Fig. 2 Predation functional response curves of different stages of Harmonia axyridis to Semiaphis heraclei
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ZRRAglf 14 Istinstar - N=1.079N/(1+0.018N,) 1.079 0.018 61.773 57.730  0.937 0914
Aphis 214l 2nd instar  N=1.231N/(1+0.014N) 1.231 0.014 93.491 77.262 0.991 0.088
j l
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MR H Male adult N =0.924N/(1+0.003N,) 0.924 0.003 356.403 393.324 0.942 2.056
N,: B EEY S N 5% . N,: Number of preys consumed; N, : density of prey.
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Fig. 3 Searching efficiency of different stages of Harmonia axyridis preying on Aphis spiraecola
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Fig. 4 Searching efficiency of different stages of Harmonia axyridis preying on Semiaphis heraclei
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Table 2 Predation amounts of Harmonia axyridis female adults on coexisting Aphis spiraecola and Semiaphis heraclei

ks R NE o A
gy 24 25 i Aphis f fagoza Sen)jif hl\iliiffzei AR/ G/
H \‘““& o PHIS 5p — — P — Total predation amount/
G/ wbra e/ (/1) VIR e/ (/1) (individuals/dish)
Total prey (k/1m.) Predation amount/ (Sk/m) Predation amount/
. de_n§ity/ Initigl (iidividuals/disfl) Initi.al (individuals/dis%l) WLt T
(individuals/  density/ MEAE FSAE density/ WEAE LN (E] )
. o . o ; Observed Simulated
dish) (individuals/  Observed Simulated (individuals/  Observed Simulated
. . value value
dish) value value dish) value value
60 10 9.40+0.40 10.56 50 38.40+4.58 43.15 47.80+4.98 53.71
20 19.00+0.55 19.23 40 35.00+2.05 35.42 54.00+2.60 54.65
30 29.80+0.20 29.59 30 26.20+2.22 26.01 59.60+2.42 55.60
40 33.40+5.85 37.93 20 16.40+1.69 18.62 49.80+7.54 56.55
50 48.60+0.87 47.85 10 9.80+0.20 9.65 58.40+1.07 57.50
120 20 15.00+1.67 15.58 100 73.80£7.08 76.65 88.80+8.75 92.23
40 29.60+2.01 39.54 80 40.60+4.15 54.23 70.20+6.16 93.76
60 54.00£2.59 62.31 60 28.60+5.00 33.00 82.60+7.59 95.30
80 69.80£1.77 75.96 40 19.20+3.15 20.89 89.00+4.92 96.85
100 81.40+4.12 84.49 20 13.40+1.40 13.91 94.80+£5.52 98.40
240 40 33.80+1.46 3491 200 105.40+5.11 108.87 139.20+6.57 143.79
80 57.40+£3.31 60.91 160 80.20+6.21 85.10 137.6049.52 146.00
120 77.20£3.77 87.76 120 53.20+2.73 60.47 130.40+6.50 148.23
160 89.20+5.93 112.22 80 30.40+2.68 38.25 119.60+8.61 150.47
200 106.60+4.46 123.71 40 25.00+1.82 29.01 131.60+6.28 152.72
2.4 S HLoE AL R 2 FOF IR AT 3 it

ML RS NS AP, TEAR R
(60 3K/IM) F5A4 T, S50 S0 i X6 2 i i) i
UPERTE i 22 5, A HH U Ao 5 (T R ol X 2 o
ef e ¥4 0 i bk (1 5-A) s ZE P E (120 3/1L)
FKUET CHELAENE SR NS 0% L Ag R
1:5.2:4 150 1A, S5 (oS00 e g e Xof 2 g e 34598
B2 RGP T S5 4R 4G S50 8 N O 1) % B
EL AR 323 R0 4= 2 I, S5 €0 T R e X) 45 4 2
FEI W AR I (P<0.05) , XA B N AR I 3
P 5 35 00 1 B (P<0.05 5 8] 5-B) 5 1 = 5
(240 SK/IIL) 25 1FF , ME LR35 0F 508 N U I Y
WL A 1:5 .33 A1 4: 2 B, S (0 20 e e ol e Xt 45
YA IF RIS W2 R AT (P<0.05) , XFEHE N1k
EF I 3 R L (P<0.05) , T 4 25 4%
WoF SRR N G I Y 2 R AR 2 4 B S (e
S, X 5 24 4 e e L M I S A D & (P<0.05)
XFHEHEE S TG 3 T i (1 5-C) .

M TSR AR B AR, 5 — 4R A 1
ARG L, SR 1A S R G RS AR
T HARRE AR AT e e R PR3 F/EFH (Demes-
tihas et al., 2017 ; ZZ#F]#]45,2021), (HE , FRE K
B SR LIS B 3 X AL G T SR AR
BRGNS IIReESs , Iz Kt A Bl ik
23], el v R AR, [J SR R BRI AR X D
(FHIAESE,2015; ZEAN AT 55 ,2021) o FEESR i Fh
FE T REAE Y BE U8 1S I AR bl v () A= ) 2 REE S KL
PRALZFEAL I B YR IR R AF B BAEE , B Ik
B RS R, FE 5 R A AR FE DfE (Cai et al.,
2021;Zhang et al.,2022) . Mg K E A QRIERHE K E
() — AR AT ), AT R R A B R, Ak
T /INAE (EOK AR ARAE SERURIAL AL T sl R
Pl Xof 2 3 A T AR AR ROR 3 (B SRR,
2020), Cai et al.(2020;2021) 5% & PLAE S5 fel A
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PR ERCR B4R 5 5 teAh sl MR AR ic Ty
T 0 S A8 S A Bl WL PR R e A2 7 B AT S R
B, ISR | 2/3 B0 5 0 B R A PR e |
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HERBRITE
Fig. 5 The preference of Harmonia axyridis female adults for
coexisting Aphis spiraecola and Semiaphis heraclei

Pt A bR . * R RoR 28 e S VR A 6
# 5 B3F (P<0.05) M B 3 (P<0.01) . Data in the figure are
mean+SE. * or ** indicates significant difference by ¢ test (P<
0.05 or P<0.01).

R B R XA P Al B S R S R A e Kl
BRE W E B — R KR R E R 1Y

FEPPMRYE (F RS, 2014) , TEABIGE Y, 4 H
75 S € IR X S SR — g PR s W v 2 g el
EIIHE N LT Holling A R4 77 72, 5 F (4 51
TR AG 0 (PININ IR 5, 20125 )7 51 5245, 20135 4%
e, 2019) AU B DR RO 45 R — 3, 5 a5
HUGFEI S S RO I (TR IR 2 A 2015 AR RT R AR
2019) I BT RE R W 45 R — 3. ABFIR AR o,
2 WA BT 2 Fhi B RE I A
U R TTRG I, G e R X A W A
AE T B, RN B S SO I A B R ) g
PR ) FH S5 € S R B 9 5 2k 2 MR i, 1 9840 A %
BRI EIEA . 25 S S OB E S L4
TS NG ] (1% - R AN A B 5 0 28 T 3
12T RS BEEA R DB BT, Sk
AU SRR T MRS Y S E AL, R
AR R RE I AHXT LSS, X 5 07 R 4R (2013)
FEAMEAE (2017) WFFE R B TF o Y SR A0 B
f o 2% R A 1A I T R I A 45 R — 3

SR R MR, R
g A e A A RS R A5, 2017) o
7T fiff S €6 SRR AN TR A8 400 1 4l B O 4, T A
P As FIHAEAEYIBIE RN H . ARG AF
FORSEIAR B A Y A 32 e R FE SR
A T oo R s A 5 2 18 ol 55 O 2 Fofo e e ) Fsf A7
FE 5 S (0 S0 A X 3K 2 g A F8 J 6 i 2 vl AT
At R ] A e R 5 75 X S (T 42 T 5 2k A
EEIESAE . ARSI RT, 552 45 W A
BN R IF ) B Ol 60 S/ITL (IR 25 13 ) B, S5
O 2 iy U4 T A e . SRR A F 2
B R B R R AR B S €0 I A 1
i, RIS AT . CUSE LA B N R
SV SR 120 S/ I (s JBE) sl AR S e SO R X6 2 o
HF e AR AR B D R S N4 SR A ) B AR R
I BB, fESS A I R B TS 4L
A Y a5 2R A RS 22 T MRS R,
0T e g e Ao 5 2 2 o e IR 5 R D e TG
TS NS B A T ik . S5 LR
FIVEA S N o 2% 82 Sk 240 Ske/ I o 2% 5 ) i, B
VTR GO, A 58 N RS 0%
JEHHI N 1:5.2:4 .33 4: 2 I 5 (0 B R 05 28 4 ik
P I B R b A N G I S8 e B
R AT . IS AE (2004) & IS 40K | Be-
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PE TR SV B2 25 F T DX SR 1 35 1)
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HEEA EZAEH (Cai et al., 2021) . 7S5 = &1
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