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Predation ability of Harmonia axyridis on Tuberculatus castanocallis

CHEN Wen-Shu'?3, LIANG Yi-Ming"?, GAO Peng'?, WEN Xiao-Lei'?, QI Hui-Xia"?, YAO Heng?, GAO
Su-Hong'** (1. College of Agriculture and Biotechnology, Hebei Normal University of Science &
Technology; Hebei Key Laboratory of Crop Stress Biology (in Preparation), Changli 066600, Hebei
Province, China; 2. Technology Engineering Research Center of Chestnut Industry Technology, Ministry of
Education, Qinhuangdao 066000, Hebei Province, China; 3. Guyuan County Vocational and technical
education center, Hebei Guyuan County 076550)

Abstract: In order to determine the pest control potential of Harmonia axyridis against Tuberculatus
castanocallis, the predation function, seeking effect and disturbance response of H. axyridis against T.
castanocallis were studied in laboratory. The results showed that the H. axyridis's predation function
responses to 1. castanocallis were consistent with the Holling-II model. The maximum daily theoretical
predation of H. axyridis on T. castanocallis in descending order was as follows: 4 instar (447.97), Female
adult (387.53), Male adult (379.73), 3" instar (243.45), 2" instar (113.18), and 1% instar (62.62). The seeking
effect of H. axyridis decreased with the increase of the density of T. castanocallis. With the increase of its

own density, the single-head predation amount and predation activity rate of H. axyridis gradually decreased,
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and the competition intensity of allocation gradually increased, which was consistent with the Hassell
interference model. The densities of H. axyridis of different insect states had obvious interference effects on
the predation of 7. castanocallis, and the disturbance coefficient was from large to small as the 4" instar
larvae (0.7257). Female adult (0.6907), Male adult (0.6703), 3" instar (0.6387), 2" instar (0.3425), 1 instar
(0.3392). The results showed that H. axyridis had a good potential to control 7. castanocallis, and provided a
theoretical basis for the efficient use of H. axyridis to control T. castanocallis.

Key words: Tuberculatus castanocallis; Harmonia axyridis;, predatory functional response; biological

control; interference response
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2, QNMHEREH, PAMEEELE, m ATHARE (Hassell and Varley, 1969).
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Fig. 1 Predatory functional response of Harmonia axyridis to Tuberculatus castanocallis
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Table 1 Predatory functional response of Harmonia axyridis to Tuberculatus castanocallis

W MR abERE AREE HERKHRE

T ThEE SR T7 12
P S a T/d (@/Tw)/3k (U/Tw/3k 2 2
Predatory functional response ) X R P
Stage ] Instantaneous ~ Handling ~ Predation  Daily maximum
equation )
attack rate time capacity prey consumed
1 k%)
Na=0.598 1 Ny/ (1+0.009 55 Ny) 0.598 1 0.01597 37.46 62.62 0.20 0.99 0.99
1% instar
2 4l
N.=0.608 7 Ny / (1+0.004 96 Ny) 0.608 7 0.008 15 74.71 122.75 2.49 0.96 0.65
2" instar
3 kgl dt
N.=0.774 3 Ny /(1+0.003 18 Ny) 0.774 3 0.004 11 188.49 243.45 0.77 0.99 0.94
3 instar
4 fe#y it
N~1.056 4 N,/ (1+0.002 36 Ny) 1.056 4 0.002 23 473.21 447.97 1.60 0.96 0.81
4" instar
WE Rl H
N~0.953 1 Ny / (1+0.002 46 No) 0.953 1 0.002 58 369.37 387.53 1.85 0.96 0.76
Female adult
T i 5
N.~=0.905 8 Ny / (1+0.002 38 Ny) 0.905 8 0.002 63 343.96 379.73 1.19 0.97 0.88
Male adult
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Fig. 2 Searching efficiency of Harmonia axyridis to Tuberculatus castanocallis
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Table 2 Searching efficiency equations of Harmonia axyridis to Tuberculatus castanocallis
FHRATTTE

Searching efficiency equations

X Stage




1 W34 L 1% instar

2 W4 L 27 instar

3 W4 39 instar

4 FE4H 4% instar
WERLHL Female adult

HERHL Male adult

5=0.598 1/ (1+0.598 1x0.015 97 Np)
§=0.608 7/ (1+0.608 7 x0.008 15 Ny)
5=0.774 3 / (1+0.774 3x0.004 11 Ny)
5=1.056 4 / (1+1.056 4x0.002 23 Ny)
5=0.953 1/ (1+0.953 1x0.002 58 Ny)

5=0.905 8 / (1+0.905 8x0.002 63 Ny)
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SR & FHAER T Hassell TH0R BARAUE (K 3D, H REHKRT 095, RIBAFE
U PRV READLAN [ 5 5 € B0 LR} BE B P S B o A (7] H S 5 €8 B9I0 eh ot SE B e 1) A0 S I 77 72 40 3l
E1,=0.1204 P332 [, ,=0.2145 P35, F3,=0.3752 PO63%7 F,,=0.5824 P0757, E ,=0.4857 P09 E
§=0.4501 POo703, ZEBL R TG1R 2 S B e 4 UL R AR AE TR Y. (3R 3), KT REAKE
IMRIEDY 4 We 4l 8 (0.7257), HERRHL (0.6907), HERLH (0.6703), 3 ¥4 H1 (0.6387), 2 k¢4l 41 (0.3425),
1 ¥4 H (0.3392).
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Fig. 3 Interference effect of self density of Harmonia axyridis to Tuberculatus castanocallis
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Table 3 Equation and parameter estimation of disturbance response of Harmonia axyridis to Tuberculatus castanocallis

RECEE TIMEE WaEHR - NIV -
X ‘ SR 1 TR AT TR m
ks (/) S E R
) Intensity of scrambling Interference effect Interference R
Stage Number of Feeding Predation - _
) competition mode coefficient
predators amount ratio
1 36.80 0.1227 0.0000
2 27.70 0.0923 0.2473
1 4l
3 24.67 0.0822 0.3297 E1,=0.1204 p033%2 0.3392 0.9915
1% instar
4 22.90 0.0763 0.3777
5 21.08 0.0703 0.4272



2 el i

2nd instar

3 Wil

3 jnstar

4 4 H

4t instar

ok
Female

adult

T s R
Male
adult

—

61.80 0.2060 0.0000

2 53.40 0.1780 0.1359
3 46.20 0.1540 0.2524 E> 4=0.2145 p03425 0.3425
4 39.15 0.1305 0.3665
5 35.84 0.1195 0.4201
1 114.80 0.3827 0.0000
2 71.60 0.2387 0.3763
3 54.00 0.1800 0.5296 E3=0.3752 p06387 0.6387
4 45.15 0.1505 0.6067
5 42.36 0.1412 0.6310
1 170.80 0.5693 0.0000
2 110.60 0.3687 0.3525
3 71.73 0.2591 0.5449 E4,=0.5824 p0-7257 0.7257
4 64.20 0.2140 0.6241
5 53.52 0.1784 0.6867
1 146.60 0.4887 0.0000
2 91.70 0.3057 0.3745
3 65.87 0.2196 0.5507 E ,=0.4857 p0607 0.6907
4 54.40 0.1813 0.6289
5 49.96 0.1665 0.6592
1 138.60 0.4620 0.0000
2 82.20 0.2740 0.4069
3 63.67 0.2122 0.5406 E x=0.4501 p-0-6703 0.6703
4 52.05 0.1735 0.6245
5 48.00 0.1600 0.6537

0.9576

0.9965

0.9959

0.9978

0.9961
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ENHFFR B FE R E R, AT DU RSO SE Y (4 & 62 7). (Schenk and Bacher, 2002).
AR YRR 25 A 7 S B O PR B A BRI R /T, BB TR R BLIAF A Holling-TEA! .
X 5 S5 SR 20T Kurisakia onigurumi FIBEEF Myzus persicae WITH £ g [ N 45 5 — 30 (FkfH
2, 2018 FRUOWEE, 2021). AL (/T R EINRER M EZAI, MR, #HEk
JIESE (R ICE, 1997). R R TR, ANF HUS 5O dO0 SEREF 4 S me AN m], i 4 8
g AR A, 1 A U R R, U R IR 4 R 4 O BRI 1 R D e, 1
&)y HUOGT SRR (145 55 BE IR, Ry 1 4 MRS, TEENRE LS, Bt AR s, X
SR Ak A BEEF Panaphis juglandis FUE WF (4 € ThRE IR N 45 R — 80 (RS, 2015; Al HH
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Holling-TEAY 75 F2 1H A3 Y, AN duads s € B e H e KB BH B de oy 4 84 iy, iy 1 4,
X 5 S B M AC I B2 Aphid sp FIREEF Aphis gossypii WA & Thfe f M 45 R — 8 (SCBEE, 2011,
Huang e al., 2019), XMNi%5 FEHREK ERIE G, 4 64 R EAGERIEN, LS &
RER, 184 gl TRINIFAL, BrCLO AP R R EBUN (AR RS, 2021). ARIRIFITEs REH,
e RS ER T H KRR A & TR R A, X5 R B RO B S AS R Megoura japonica 4 B T g
RIgE R —E (FHIESE, 2020, XN i%5 5600 R R TR BRIOR 88 78 ok A BAT R AN %
Ko

TARUNLAE R FAE A B I 2 Aot P Bt AT S 8O8E o ol MR ) SR SN S A A % FE LA A
K CTER, 1983). AU FLAE TR, 5 G THHR AN B FEBEIF 2 5 (38 K PR AIE, x5
St I UK B B Euthoracaphis heterotricha MM RIE Spodoptera frugiperda 15348 305
ZER—F BRKFESE, 2009; XIAZEE, 2020).

FE— 8 2 AV Y, SEBRFHOR [ 8 250 T, [F)— He a7 [ %8 B 1) e €00 S o 2z 1) 3R 300 L A0 )
WTHAER, JCHE 4 4 SO SEBRIF A BRI T HAERT, 1B 57 (5 B0 d A TR A E b Py 56 4 FAR L
T, LA Hassell 80 BB AL AL IR SR ok GRAALAE, 20220, FALhfi 5 5 (Bl e [ B 5
3R, PR A A R R, X 5 e RO I i 25 BARL CERRSE, 2015), X[
REAE R R B 2 FE IR, A PS8 s BE BTG K, T R A 3 4 I T HUE . (] 5048, 2023).
FCTE H [RDRE TSR C IR B YR SRBE W IR, ok 1 5 R SR B IF 1) 2 2 41, 3 1o 2% 8 7 €SB e RO R TSR E, A
I B e 4% T R

AR VAR IR S €0 B e X BB (0 B DR OB RSN R B T RAE R A, R
S0 0 K BE B LA R AR B TR RS, R K RS R R S B B iR TE B R A T EIR S
(BEESEBR A riRIR R . Gl e KB e S SR R e B R e, Hik, &
3 HUTE FH ) 2% 2 0 SR A= B R 13846 R E— 2B IR N AL
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