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Abstract: To explore effective biological control strategies for high-altitude regions and to identify sus-
tainable natural enemy resources for managing tussock moth Gynaephora menyuanensis, the predation
characteristics and sustained control capacity of the predatory bug Arma custos adults against early-
instar larvae were systematically evaluated at an altitude of 3 473 m. The results showed that predation
by A. custos adults on 2nd- and 3rd-instar larvae of G. menyuanensis conformed to the Holling type II
functional response model. Male adults exhibited the highest instantaneous attack rate (5.050) against
2nd-instar larvae, the shortest handling time (0.247) when preying on 3rd-instar larvae, and the highest
predation efficiency (17.782) against 2nd-instar larvae. Results from a 14-day continuous predation

experiment indicated that A. custos adults maintained high predatory activity and survival during pro-
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longed feeding, with a cumulative predation of 25.8-37.2 larvae and survival rates exceeding 60%

—=70% for females and males. Overall, 4. custos exhibits strong predatory capacity against early-instar

larvae of G. menyuanensis in alpine grassland ecosystem, highlighting its promise as a biological con-

trol agent in high-altitude regions.

Key words: Arma custos; Gynaephora menyuanensis; predation functional response; alpine grassland

ecosystem; sustained biocontrol efficiency; biological control
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A B IEME R C D B ER L, A, B: Female adults of Arma custos; C, D: male adults of 4. custos.
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Fig. 1 Functional responses of female and male Arma custos adults preying on 2nd- and 3rd-instar larvae
of Gynaephora menyuanensis at different prey densities
Bl s 7 S HE R R TR 24 h N RO SEBR R R N2 SR S T BT BE ML B H 7 R RO TINMEL . The data points
represent the actual number of prey consumed by female and male Arma custos adults within 24 h, and the curves represent the

predicted values based on Rogers’ random predator equation.
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Table 1 Daily prey consumption by Arma custos adults on 2nd- and 3rd-instar larvae of Gynaephora menyuanensis

at the highest prey density

i [TIERE R B Gynaephora menyuanensis
Arma custos 2 #{%4)1 Ht 2nd-instar larvae 3444l 1 3rd-instar larvae
I ¥ Ht Female adult 4.0£2.0 Aa 4.0£2.0 Aa
% . Male adult 2.5+2.0 Ab 3.5+1.8 Aa

Ferh B A P R DO A3 R TRIAT RO IS AN [R) K /NS S 3R T S v A 00 8 S A i A [ 3] 8 e X AN [ ] 8 40
A0 H AR P S BORIA [R50 e SRR A [ 68 0048 1 19 H 3 2 b 624028 Mann-Whitney U JE S0 56 15 4690 22 57 o 3%
(P<0.05) . Data are median+interquartile range. Different uppercase or lowercase letters indicate significant differences in daily
prey consumption at the highest prey density, as determined by the Mann-Whitney U test (P<0.05), either between different larval
instars consumed by Arma custos adults of the same sex or between different sexes feeding on the same larval instar of G. menyua-

nensis.
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Table 2 Logistic models fitting of the proportion of 2nd- and 3rd-instar larvae of Gynaephora menyuanensis consumed

by Arma custos adults at different initial prey densities

sk TR Pt

24 e

Arma custos Gynaephora menyuanensis Type Parameters Estimate SE ! P
e B R 2084 I P, 0.583 0.351 1.658 0.100
Female adult 2nd-instar larvae P, -0.131 0.038 3.418 0.001
P, 0.002 0.001 1.645 0.103
34 I P, 0.601 0.357 1.683 0.095
3rd-instar larvae P, -0.166 0.039 4205 0.000
P, 0.003 0.001 2.904 0.004
e g e 2 A4 I P, 1.008 0.325 3.103 0.002
Male adult 2nd-instar larvae P, -0.177 0.036 4.851 0.000
P, 0.002 0.001 2.497 0.014
34 I P, 0.944 0.692 1.364 0.175
3rd-instar larvae P, -0.354 0.145 -2.438 0.016
P, 0.017 0.009 1.902 0.060
P, 0.000 0.000 -1.743 0.084
3 BRI IRE R T B 2 4970 3t 4h B39 Holling 11 B R ThEE R R 54
Table 3 Parameter estimates of the Holling II functional response of Arma custos adults preying on the 2nd-
and 3rd-instar larvae of Gynaephora menyuanensis
s TRERES  BHMIGER AE RRSER . e
Arma custos  Gynaephora menyuanensis ~ Attackrate @ Handling time 7, Maximum daily consumption h
e B 2 4l 1.76840.703a  0.226+0.020 a 44 7.801  0.980
Female adult 2nd-instar larvae
34 1.096+0.370 a 0.221+0.023 a 4.5 4.959 0.981
3rd-instar larvae
e R 2 4l 5.050+4.090a  0.284+0.019 a 35 17782 0.983
Male adult 2nd-instar larvae
3k gl 0.764+0.221b  0.247+0.027 a 4.0 3.093  0.987

3rd-instar larvae

PR AR R o RS RO S [ /N 5 B s e e A ) 531 s R0 AR ) B S W ) h BE B R 2 B e

BRI 2= 5 1 3 (P<0.05) . Data are mean+SE. Different lowercase letters in the same column indicate significant differences in

functional response parameters between different larval instars of Gynaephora menyuanensis consumed by Arma custos adults of the

same sex , as determined by ¢ test (P<0.05).
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Fig. 2 Survival curves of female and male of Arma custos adults continuously fed on 2nd-instar (A) and

3rd-instar (B) larvae of Gynaephora menyuanensis over 14 days
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Fig. 3 Daily prey consumption of female and male Arma custos adults on the 2nd-instar (A) and 3rd-instar (B) larvae of

Gynaephora menyuanensis over 14 consecutive days
P P B - b o o e M S B R £ i 22 Sidak £ LB R S0 A 56 22 5 35 (P<0.001) . Data

are mean+SE. **** indicates a significant difference in daily prey consumption between female and male adults based on Sidak’ s

multiple comparison test (P<0.001).
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Fig. 4 Total prey consumption of female and male Arma custos
adults continuously feeding on 2nd-instar and 3rd-instar larvae
of Gynaephora menyuanensis over 14 days
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mean+SE. ns indicates no significant difference in total prey
consumption between female and male adults by Tukey’ s

multiple comparison test.
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Fig. 5 Daily mean prey consumption of female and male
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Arma custos adults feeding on 2nd-instar (A) and 3rd-instar (B)
larvae of Gynaephora menyuanensis over 14 days
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