R AR 2025, 47 (1) 140-150 http : //hjkexb. alljournals. net
Journal of Environmental Entomology doi: 10.3969/j. issn. 1674 — 0858. 2025. 01.15

BUEJC, TEIE . SRMSEH AR b 5 HCAR 4 65 0 G o e Yy 7 2 DU R [0 ). BRBTERR 24, 2025, 47 (1)@ 140-150. WEI Yu-Xin, WANG
Zheng-Wei. Acoustic simulation between assassin bug (Biasticus ventralis) and its prey, the stingless bee (Tetragonilla collina) [ J 1. Journal of

Environmental Entomology, 2025, 47 (1): 140-150.

=EIEBESEEYEBELRIEN S SRR

%Fﬁﬁkhzy ‘]JI_EEEEI*

(1. ERL A B P8 AR At F 40 e Bty R R A S A 000 %, VNN 6663035 2. RER#BER S, dbat 100049)

FE: WUSEARST DT e —F A SE NS, S TR AR RIS i o ORI — 2R R . A RTRE AR
TE WS R R 28 eSS S B D7 T A FROE AR XA D . ARFRRE T A TR X R TR T
il ¥4 Tetragonilla collina F 3N M54 Biasticus ventralis [ 75 SR ZE 0] o 43 SR AR T I 30 O 46 e S 1) 11 A I 5
e M SR DL R SRR I AT B, P L AR AT R O AT . B DASEAR . B 1R . SR 21Dk . AR
AR DU ST, B 2 AR U A B B 3 BTUR DU E . ARTERRIE 25 5F 7 AR SR S HCkR I T 2 8 a b, L
BENZRIBAR I SR, G5 2R3RMT, BT 7475 S 40028 S 8500 it de /N 36 1 ) 43 A7 JC 18 3580 ) s SR L A e
RIS S8 JC e ) 01 SR | b B0 O M P PR XA TP . SR H RO R, o 3 v B A i 155 i S I o e
T 7 ARSI T B E 2R (P>0.05) . XFHAPTEI, 725 R ICfl 4B IS R,
I 428 I ] e ) S8 e 5 LA 0o (R RADURE O v, IR IUES R GERY & BER 7R S RS TR TR ISR 4, ki
RS AT SRR TR AN AL A i B R AL T — 2 A S5 R0

KW AR RAEA; EEERA; AT SR

RESES: Q968.1 XERFRIRAG: A XEHS: 1674-0858 (2025) 01-0140-11

Acoustic simulation between assassin bug (Biasticus ventralis) and its prey,

the stingless bee (Tetragonilla collina)
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Tropical Botanical Garden, Chinese Academy of Sciences, Menglun Town, Xishuangbanna 666303,
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Abstract: Mimicry is a very common ecological adaptation phenomenon in nature and is also one of the
most typical research cases to understand natural selection. However, most reported cases of mimicry are
concentrated in the visual modality, and there are still few reports on the acoustic modality. This study
reports a sound simulation case between Tetragonilla collina and Biasticus ventralis based on predator-prey
relationships. We collected audio recordings of Homing T. collina, Outbound 7. collina, and B. ventralis
flying at the entrance of the T. collina stingless bee hive, and extracted and analyzed their audio recordings.
Subsequently, multivariate statistical analysis was conducted on seven sound frequency parameters,
including fundamental frequency, first harmonic, second harmonic, first frequency quartile, second

frequency quartile, third frequency quartile, and spectral standard deviation, to compare their similarities.
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The results indicated that the partial least squares discriminant analysis based on 7 sound frequency

parameters could effectively distinguish the sounds emitted by Homing and Outbound 7. collina and the B.

ventralis. According to the likelihood ratio chi square test, it was found that there was no significant

difference (P>0.05) in the seven sound frequency parameters between the Homing T. collina and B.

ventralis. Comparative analysis revealed that the simulation degree between T. collina and B. ventralis was

high among two mimetic systems associated with 7. collina. The discovery of this mimetic system provides a

new research case for sound modality, and thus provides a certain reference basis for understanding the

origin and evolution of mimicry from a multimodal perspective.

Key words: Acoustic mimicry; insect mimicry; aggressive mimicry; flight sound frequency
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Fig 1 Spectrograms and FFT slices of sound during flight of Tetragonilla collina and Biasticus ventralis
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was the B. ventralis. The bottom black band in the spectrum was the fundamental frequency (*), and the black bands above the

fundamental frequency are harmonics in sequence. The double arrows in Figure B indicated the Outbound 7. collina.
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Fig. 2 PLS-DA of sound frequency parameter and differences analysis in comp1 of Tetragonilla collina and Biasticus ventralis
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Fig. 3 Box plot of seven frequency parameter differences analysis of Homing and Outbound Tetragonilla collina and Biasticus ventralis
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M0 B B0 A TR R0 251 00 A A6 ) 00 2 B4 £ 4 I WFFE v TR IR A8 0 S TC ) e KB —,
9 (Allan et al., 2002; Zengetal., 2023), —SEIL  Jo ] st 2o M P b 50 0 1 e A0 70 8 Al JSG A A

and Welbergen, 2016) . H ik BepE LA JE —Fh4l
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Fig. 4 Comparative analysis of the simulated similarity of two mimic systems of stingless bee-bug and stingless bee-moth
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Note: A, PLS-DA analysis of two mimic systems, the control group was the A. florea and the Amegilla sp., and the rest were the mimicry

group. Among them, the B. ventralis and the T. collina were the mimicry systems in this study. H. pahangensis and H. hyaloptera with

the T. collina were mimicry systems in the study of Skowron et al. (2021). B, According to the lithogram in the PLS-DA analysis, comp1
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significant differences (P<0.05). C, Predictive probability matrix of the model in PLS-DA analysis.

Hh LR

https://www. cnki1. net



RRE PRI

148 5 R 223 Journal of Environmental Entomology 47 %:

K, PA RS HEN Z A 6 o 1 ReA8 ik 56 5 I
S8 JC ) B Y rh 2, T S AR DL TR v G S A ) e )
FEE SR, JPAERL RN R A,
TG 8 AN BB AL HS YRE A B4 [ o e S R AR 4D T LA
L E 2 S B A Wy, R T AT RS how) iy 4 4
B ILA,

Hije A R GEIER], Fo PR R
TR H 233l o 5 3 A2 5 5 AT 5 B 15
(Kirchner, 1997; Teasdale, 2012; Richard et al.,
2013) , JUH R E T O A AR E R
(Leonhardt et al., 2016). 734, ¥EEEE UL
ik, AEE A EE S SRR 2R
HiE{E B (Dominoni et al., 2020). &7 &% 716
RERL A SE, Gaul (1952) e te BRIS JZ imi 2
TE B W Spilomyia hamifera 5 H AR W B A1 K
W Dolichovespula arenaria BAA AR AL A =
B R, Bfi J5 Rashed (2009) #1 Moore M Hassal
(2016) J3 Bl IEH] T £ 5F e 5 HAE D5 0] dee A A
ERGREAL S /S NI B VR =R R N P-8 8N
AR — L RIERE . TEdE— 2 5 P AR
R B IR S T ) e ] B e By R HE R 0 A AR B R Y
AFARURR BE , 00 A B 2 PR HE A i 7 15 3 T o e
BT H AT 3 B A 2 bR B 2 4R P A ) S
o MX—BEIFAR R ToRlgE b 3, A
e 5 RS ) o 0 B R IE ST RO G AR L
XU B 0 2 SOR B R (Requier et al.,
2019) . F34k, AWFFREMIEAFRE TR BT
Fr I BE 2 i B 7 5 AFTEIX 5 (Greenfield, 20165
Eichorn et al., 2017), iX W] G2 A i JC i 44 rh
U L 55 1 SR TE AT O A AE 22 5 Y DL R
HATE & 2 & IS RGO — A ER,
T 2 A 75— S Wr #E Ak B 2 72 - (Beatty et al.
2004; Jamie, 2017). Ff4% 55 HA B A9 A
PR X — R W R A TIUS RGeS WA
X R A R B 7 1 A

ITAF K Skowron 6 N (2021) WF5Y T HFAME #
PRSI 325 3 0 X 1% 32 G ol e 1 7 A B, A
A7 0 90 o i 308 e 2 7 £ 5 32 T ) e KA T I i
AR B RS, X E DL TT R Sy i 3 ik
Pt KA TPLH . 5 Skowron 5 A BYAFFE 45
L, A TR 1 R 2L /N e 5 0 e TR
BB B 2, G R T e ) S e N PR
LA e U T g AT W S A, T HLRE S T

https://www. cnki1. net

06 U1 S8 e 0 R TR HE A i 5 Skowron A5 ABIFSE P A I
S8 G ) e R TR 2 A7 R A T v AT B R 0 R
Skowron 5 NFERFFE 4 X REZH /)N i 5 o g
J& Z It LA 0 15 02 PR R B AT Y B R/ INVR ]
AT A B35 22 5 o AR5 rb Y I 33 T ) g ) 1
e — PRI HE AR i 2R GEASTADL A AR B2 oy T s 3 TG o
I — 375 T M AR G B AR DL R B . XA AT BB PR
MU R G T AR B SRR 3 ) T e 20 A
255 . AR PR DLAS A AU 35 Sy I 4 e fill e, {HL
TE I I 10025 2R e T AU AS AL A BIK 30 7 S PREH
W X I S T W ) A R R ), X R
(R g ) BT S S A REL R . T - I AU
RGP LS FEA R B S )k 7 175 00 AR A I S e
P e e S Al B O O R A R R R ), B
F GEME) KB SE AL 5B (T
s ) SEAHRE, fEH FEEAFEZ — F BRI A
L 3k 30 000 B O E (R E ) R B RIS
(Casacci et al., 2019). 5345, FEARWFE FRIME &
IR LA N 2 A AR X o To i 5 /N e RIS 3R
gerp HoA Y B AU AR T R R A DTBR A, 3 R AR
PR FRATHE A W) 25 57 T X SRR AR AR 7] RE AL 128
(IR 5 A & I B O3 A5 2., T A A [H] 4 il
)26 1 R B2 A3 32 1 0 435 B507] R 5 AT IS AR IR
B o fic ik LI S JC o e 5 375 3 W A7 A KA
OB, 375 IR B A1 AT I S A 40N I T
W) RATHLIE  (Skowron et al., 2018), X FKHTE
— MU RGP IR RAE A — RS T TH AU
P75 FAT BT I8 32 T o 0 5 R EDHE A i 4 UL
R G0 [F] I AR TR Z RSB, AR T LML
59 . W¥ES . ITHESEESIZR G AT
FANR AR G5 S BT o A5 R LS R S8
ALy AT T e 400285 A e AR U5 R S T ) 2 A2
THER BB SFZARYE , 6 X R G AR —
AR Z RS AU AL AR W) 2 8] B A R 25 T
T HA—E R .

Bl R BRI K F R FEG R4
W38 Rk 32 ik forh 3R MR E A .
Rt E TP B R IR FA R S TR R A s B

S Z 3 #t (References)

Allan RA, Capon RJ, Brown WV, et al. Mimicry of host cuticular
hydrocarbons by salticid spider Cosmophasis bitaeniata that preys

on larvae of tree ants Oecophylla smaragdina [J]. Journal of



Hh LR

11] BURHRK SRR i 5 AR 6% 8 JC o0 e 1) 75 DL B 52 149

Chemical Ecology, 2002, 28: 835-848.

Anderson B, de Jager ML. Natural selection in mimicry [J]. Biological
Reviews, 2020, 95 (2): 291-304.

Bagneres AG, Lorenzi MC. Chemical deception/mimicry using cuticular
hydrocarbons. In: Blomquist GJ, Bagneres AG, eds. Insect
Hydrocarbons: Biology, Biochemistry, and Chemical Ecology. [M].
Cambridge: Cambridge University Press, 2010.

Barber JR, Conner WE. Acoustic mimicry in a predator—prey interaction
[JI. Proceedings of the National Academy of Sciences of the United
States of America, 2007, 104 (22): 9331-9334.

Barbero F, Thomas JA, Bonelli S, et al. Queen ants make distinctive
sounds that are mimicked by a butterfly social parasite [J]. Science,
2009, 323 (5915): 782-785.

Bates HW. Contributions to an insect fauna of the Amazon Valley
Lepidoptera: Helicondidae [J]. Journal of the Proceedings of the
Linnean Society of London, 1981, 16 (1): 41-54.

Beatty CD, Beirinckx K, Sherratt TN. The evolution of miillerian
mimicry in multispecies communities [J]. Nature, 2004, 431 (7004):
63-66.

Casacci LP, Bonelli S, Balletto E, e al. Multimodal Signaling in
Myrmecophilous Butterflies [J]. Frontiers in Ecology and Evolution,
2019,7: 454.

Cushing PE. Spider-ant associations: An updated review of
myrmecomorphy, myrmecophily, and myrmecophagy in spiders [J].
A Journal of Entomology, 2012, 2012: 1-23.

Cuthill JFH, Charleston M. Wing patterning genes and coevolution of
Miillerian  mimicry in Heliconius butterflies: Support from
phylogeography, cophylogeny, and divergence times [J]. Evolution,
2015, 69 (12): 3082-3096.

Cuthill JFH, Guttenberg N, Ledger S, et al. Deep learning on butterfly
phenotypes tests evolution’s oldest mathematical model [J]. Science
Advances, 2019, 5: eaaw4967.

Dalziell AH, Welbergen JA. Mimicry for all modalities [J]. Ecology
Letters, 2016, 19 (6): 609-619.

Dominoni DM, Halfwerk W, Baird E, et al. Why conservation biology
can benefit from sensory ecology [J]. Nature Ecology & Evolution,
2020, 4: 502-511.

Eichorn C, Hrabar M, Van Ryn EC, et al. How flies are flirting on the fly
[JI. BMC Biology, 2017, 15: 2.

Gaul AT. Audio mimicry: An adjunct to color mimicry [J]. A Journal of
Entomology, 1952, 59: 82-83.

Greenfield MD. Evolution of Acoustic Communication in Insects. Insect
Hearing [G]. Springer: Springer Handbook of Auditory Research,
2016.

Jackson RR, Wilcox RS. Aggressive mimicry, prey specific predatory
behavior and predator recognition in the predatory prey
interactions of Portia fimbriata and Euryattus sp., jumping spiders
from Queensland [J]. Behavioral Ecology and Sociobiology, 1990,
26: 111-119.

Jamie GA. Signals, cues and the nature of mimicry [J]. Proceedings of

the Royal Society B-Biological Sciences, 2017, 284 (1894):

https://www. cnki1. net

20162080.

Jeffords MR, Sternburg JG, Waldbauer GP. Batesian mimicry: field
demonstration of the survival value of pipevine swallowtail and
monarch color patterns [J]. Evolution, 1979, 33 (1Part2): 275-286.

Kapan DD. Three butterfly system provides a field test of Mullerian
mimicry [J]. Nature, 2001, 409: 338-340.

Kawahara AY, Storer C, Carvalho APS, et al. A global phylogeny of
butterflies reveals their evolutionary history, ancestral hosts and
biogeographic origins [J]. Nature Ecology & Evolution, 2023, 7:
903-913.

Kirchner WH. Acoustical communication in social insects. Orientation
and Communication in Arthropods [G]. Basel: Birkhduser, 1997.
Leonhardt SD, Menzel F, Nehring V, et al. Ecology and evolution of
communication in social insects [J]. Cell, 2016, 164 (6): 1277~

1287.

Marshall DC, Hill KBR. Versatile aggressive mimicry of cicadas by an
australian predatory katydid [J]. PLoS ONE, 2009, 4 (1): e4185.
Moore CD, Hassall C. A bee or not a bee: An experimental test of
acoustic mimicry by hoverflies [J]. Behavior Ecology, 2016, 27 (6):

1767-1774.

Miiller F. Ituna and Thyridia; a remarkable case of mimicry in
butterflies [J]. Transactions of the Entomological Society of London,
1879, 1879: 20-29.

Nelson XJ, Jackson RR. Aggressive use of Batesian mimicry by an ant—
like jumping spider [J]. Biology Letters, 2009, 5 (6): 755-757.

Pekar S, Garcia LF, Bulbert MW. Spiders mimic the acoustic signalling
of mutillid wasps to avoid predation: Startle signalling or Batesian
mimicry? [J]. Animal Behaviour, 2020, 170: 157-166.

Rashed A, Khan MI, Dawson JW, et al. Do hoverflies (Diptera:
Syrphidae) sound like the Hymenoptera they morphologically
resemble? [J]. Behavior Ecology. 2009, 20 (2): 396-402.

Requier F, Rome Q, Chiron G, et al. Predation of the invasive Asian
hornet affects foraging activity and survival probability of honey
bees in Western Europe [J]. Journal of Pest Science, 2019, 92:
567-578.

Richard FJ, Hunt JH. Intracolony chemical communication in social
insects [J]. Insect Sociaux, 2013, 60: 275-291.

Robert P, Rubio GD. A wolf in sheep’s clothing: The description of a fly
resembling jumping spider of the genus Scoturius Simon, 1901
(Araneae: Salticidae: Huriini) [J]. PLoS ONE, 2018, 13 (1)
€0190582.

Skowron VM, Casacci LP, Volponi P, et al. Southeast Asian clearwing
moths buzz like their model bees [J]. Frontiers in Zoology, 2021,
18 (1): 35.

Skowron VMA, McLean DJ, Volponi P, et al. Moving like a model:
Mimicry of hymenopteran flight trajectories by clearwing moths of
Southeast Asian rainforests [J]. Biology Letters, 2018, 14 (5):
20180152.

Teasdale CJ. The Role of Sound and Pheromone in the Sexual
Communication of the Raspberry Crown Borer (Lepidoptera:

Sesiidae): Implications for Monitoring and Management [M].



Hh ] R

150 5 R 223 Journal of Environmental Entomology 47 %:

Vancouver: Simon Fraser University, 2012.

Thompson MJ, Timmermans MJTN. Characterising the phenotypic
diversity of Papilio dardanus wing patterns using an extensive
museum collection [J]. PLoS ONE, 2014, 9 (5): e96815.

VanKuren NW, Massardo D, Nallu S, et al. Butterfly mimicry
polymorphisms highlight phylogenetic limits of gene reuse in the

evolution of diverse adaptations [J]. Molecular Biology and

https://www. cnki1. net

Evolution, 2019, 36 (12): 2842-2853.

Wilson JS, Jahner JP, Forister ML, et al. North American velvet ants
form one of the world's largest known Miillerian mimicry
complexes [J]. Current Biology, 2015, 25 (15): R704-R706.

Zeng H, Zhao D, Zhang ZX, et al. Imperfect ant mimicry contributes to
local adaptation in a jumping spider [J]. iScience, 2023, 26 (6):
106747.



