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Research progress in the death-feigning ( thanatosis) of insect

LI HuiJuan YANG Kaidang WANG Qian WEN Jun-Bao" ( The College of Forestry of Beijing
Forestry University Beijing 100083 China)

Abstract: The behavior of deathfeigning is closely related to defense and survival strategy. Insects with
deathHfeigning will shrink appendages and spontaneously enter a state of tonic immobility when stimulated
by external physical stimuli or enemies. At present the related research gradually increases and the
progress is great. We have a preliminary understandings of the characteristics including duration
frequency stimulation mode and other influencing factors. And the main research populations include
Eucryptorrhynchus brandii  Tribolium castaneum  Callosobruchus chinensis  Leptinotarsa decemlineata
Cylas formicarius Brithys crini  etc. Although the research on death-feigning has made great progress
there are still many problems to be solved such as mechanism of deathfeigning. Moreover with the
development of new technologies we can provide new ideas for the study of death-feigning from the
perspective of physiology ( Biogenic amine) neurobiology and even molecular biology. This paper reviews
the research progress of insect death-feigning behavior from the aspects of death-feigning characteristics
influencing factors and mechanism and analyzing future research directions and trends in order to provide
reference for the study of death-feigning behavior.
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Fig. 1  Number of papers in death-feigning (1 —a 2001 —2019 the trend of academic papers on the study of

death-feining behavior; 1 —b the number of papers with different content of death-feigning in insect. )



81

1

Table 1 Data on different species that performed death - feigning behaviour

Number Species Classification References
1 2015
Eucryptorrhynchus scrobiculatus Arthropoda Insecta Coleoptera Curculionidae
2 Liet al. 2019
Eucryptorrhynchus brandii Arthropoda Insecta Coleoptera Curculionidae
3
Ochyromera ligustri Arthropoda Insecta Coleoptera Curculionidae 2014
A Duporte and
Tychius picirostris Arthropoda Insecta Coleoptera Curculionidae Melville 1916
. Carvalho et al.
Sitophilus zeamais Arthropoda Insecta Coleoptera Curculionidae 2014
6 Kuriwada et al. 2011
Cylas formicarius Arthropoda Insecta Coleoptera Brentidae
) ) Kamp et al.
7 Trigonopterus vandekampi
Arthropoda Insecta Coleoptera Curculionidae 2015
) Kamp et al.
8 Trigonopterus scharfi
Arthropoda Insecta Coleoptera Curculionidae 2015
) ) Kamp et al.
9 Kyklioacalles roboris
Arthropoda Insecta Coleoptera Curculionidae 2015
10 Metspalu et al.
Leptinotarsa decemlineata Arthropoda Insecta Coleoptera Chrysomelinae 2002
" Nakayama and
Callosobruchus maculatus Arthropoda Insecta Coleoptera Bruchuidae Miyatake 2009
1 Miyatake et al.
Callosobruchus chinensis Arthropoda Insecta Coleoptera Bruchuidae 2008a
3 Cardoso and Santos
Zabrotes subfasciatus Arthropoda Insecta Coleoptera Bruchuidae Mendonga 2019
1 Dupuy and
Sitophilus granarius Arthropoda Insecta Coleoptera: Dryophthoridae Ramirez 2019
Chemsak and
15 Linsley 1970;
Hippopis lemniscata Arthropoda Insecta Coleoptera Cerambycidae
Oliver 1996
16 Matsumura 2019
Tribolium castaneum Arthropoda Insecta Coleoptera Tenebrionidae
Gisondi et al.
17

Mylabris variabilis

Arthropoda Insecta

Coleoptera Meloidae

2019
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1 Continued table 1

Number Species Classification References

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Lydus trimaculatus

Agriotes lineatus

A. obscurus

A. sordidus

A. ustulatus

Calospilos suspecta

Brithys crini

Euploea core

Euploea sylvester

Perreyia flavipes

Apts mellifera

Nasonia vitripennis

Solenopsis invicta

Alloxysta brevis

Locustoidea sp.

Gryllus bimaculatus

Laccotrephes robustus

Ranatra sp.

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Arthropoda Insecta

Coleoptera Meloidae

Coleoptera Elateridae

Coleoptera Elateridae

Coleoptera Elateridae

Coleoptera Elateridae

Lepidoptera Geometridae

Lepidoptera Noctuidae

Lepidoptera Danaidae

Lepidoptera Danaidae

Hymenoptera Pergidae

Hymenoptera Apoidae

Hymenoptera Pteromalidae

Hymenoptera Formicidae

Charipidae

Orthoptera Acrididae

Orthoptera Gryllidae

Hemiptera Nepoidae

Hemiptera Nepoidae

Gisondi et al.
2019

Ritter et al.
2016

Ritter et al.
2016

Ritter et al.
2016

Ritter et al.

2016

2018

2016

Larsen 1991

Larsen 1991
Neves and
Pie 2017

Humphreys and
Ruxton 2018

King and
Leaich 2006

Cassill et al.
2008

Hiibner and

Dettner 2000

Rogers and

Simpson 2014
Nishino and Sakai
1996; Nishino 2004

2010

Holmes 1906;
Holmes 1916




1 Continued table 1

Number Species Classification References
(i
36 Farkas 2016
Timema cristinae Arthropoda Insecta Phasmida Phasmidae
37 il Godden 1972;
Carausius morosus Arthropoda Insecta Phasmida Phasmidae Carlberg 1986
38 Khelifa 2017
Dragonfly Arthropoda Insecta Odonata Aeshnoidea
Reitze and
39 Maniodea sp.
Arthropoda Insecta Mantodea Mantodae Nentwig 1991
Moore and
40 Pteronarcys dorsata
Arthropoda Insecta Plecoptera Perlidae Williams 1990
41 Mite Ebermann 1991
Arthropoda Arachnida Arachnoidea Scutacaridae
" Hansen et al.
Pisaura mirabilis Arthropoda Arachnida Araneae Pisauridae 2008
43 Tityus pusillus ) o o Lira and Almeida 2019
Arthropoda Arachnida Scorpionida Scorpionidae
44 Brachyura Coutinho et al. 2013
Arthropoda Malacostraca ~ Decapoda Aeglidae
45 Oryctolagus cuniculus Giannico et al. 2014
Chordata Mammalia Lagomorpha Leporidae
46 Didelphinae sp. Reebs 2007
Chordata Mammalia Didelphimorphia Didelphidae
47 Reebs 2007
Gallus gallus var domesticus Chordata Aves Galliformes Phasianidae
48 Brooks et al. 2011
Negaprion brevirostris Chordata Chondrichthyes  Carcharhiniformes Carcharhinidae
49 Reebs 2007
Triaenodon obesus Chordata Osteichthyes Carcharhiniformes Carcharhinidae
50 Henningsen 1994,
Carcharhinus melanoptera Chordata Osteichthyes Carcharhiniformes Carcharhinidae Reebs 2007
51 Heterodontus i Henningsen 1994
Chordata Chondrichthyes  Heterodontiformes Heterodonidae
52 Astronotus ocellatus Richardson et al. 1977
Chordata Actinopterygii Perciformes Cichlidae
53 Carassius auratus Richardson et al. 1977

Chordata Osteichthyes

Cypriniformes Cyprinidae
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1 Continued table 1

Number Species Classification References
54 Santos et al. 2019
Rhynchotus rufescens Chordata Osteichthyes Pereiformes Scombridae

55  Adenomera hylaedactyla Jones et al. 2011
Chordata Amphibian Anura Ranidae

56  Allobates cf. gasconi Jones et al. 2011
Chordata Amphibian Anura Ranidae

57  Allobates cf. irilineatus Jones et al. 2011
Chordata Amphibian Anura Ranidae

58  Dendropsophus acreanus Jones et al. 2011
Chordata Amphibian Anura Ranidae

59 Dendropsophus koechlini Jones et al. 2011
Chordata Amphibian Anura Ranidae

60  Dendropsophus parviceps Jones et al. 2011
Chordata Amphibian Anura Ranidae

61 Dendropsophus reticulatus Jones et al. 2011
Chordata Amphibian Anura Ranidae

62  Leptodactylus knudsent Jones et al. 2011
Chordata Amphibian Anura Ranidae

63 Leptodactylus leptodactyloides Jones et al. 2011
Chordata Amphibian Anura Ranidae

64 Leptodactylus petersii Jones et al. 2011
Chordata Amphibian Anura Ranidae

65  Leptodactylus rhodomystax Jones et al. 2011
Chordata Amphibian Anura Ranidae

66  Rhinella gr. margaritifera Jones et al. 2011
Chordata Amphibian Anura Ranidae

67 Tropidurus itambere Nunes et al. 2012
Chordata Reptilia Lacertiformes Tropidurinae

68  Iphisa elegans Narayan et al. 2013
Chordata Reptilia Squamata Gymnophthalmidae

) ) ) Gregory et al. 2007,

69  Dendroaspis polylepis Serpentiformes
Chordata Reptilia Gerald 2008

70 2017

Pomacea canaliculata Mollusca Gastropoda Mesogastrop Aillpullaridae
71 Brithys crini 2009

Mollusca Gastropoda

Stylommatophora Bradybaenidae
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. 2019

1.2
1906

Holmes

( Holmes 1906) .
Metspalu ~ Krams

Leptinotarsa decemlineata

1.5
( Metspalu et al. 2002)
Ruxton
( Ruxton 2006;
Ruxton et al. 2018) .
Miyatake
2001 19

Tribolium castaneum-
Callosobruchus maculatus

Callosobruchus chinensis

( Ohno and Miyatake 2007; Miyatake et al.
2008b) . Miyatake
( Miyatake et al. 2008b; Matsumura

et al. 2016)

( Uchiyama et al.
2019) o
Miyatake (2019)

1.3
2010
Laccotrephes robusius (
2010) . Brithys crini (
2016) . Calospilos suspecta
( 2018) . (
2014) (Liet al. 2019)
(2009) 3
(2019)
2
2.1

( DeathHeigning)

( Humphreys
and Ruxton 2018) .

Agriotes subrittatus ( Ritter
et al. 2016) .
(Lietal 2019).
. 4 2,



86 Journal of Environmental Entomology 43
2
Table 2 Characteristic on different species that performed death-feigning behaviour
Type Characteristic Distribution References
o ’ ’ 2009;
’ ’ ) ’ Farkas 2016;
) Entered death-feigning at the original stop while the E. brandii T. castaneum
Constricting Liet al. 2019;
antennae beaks feet and other appendages of the C. chinensis T. cristinae female
Matsumura 2019
insect contract and close to the body. etc.
. {(C ”» N
Insects actively seek o Ritter et al. 2016;
Bending hidden spots the curved body is in a “C” -shaped A. subrittatus larvae C. suspecta 2018
death-feigning posture and mostly in larvae. larvae etc.
) . . Jones et al. 2011;
o Stiff body or rigid limbs open mostly i
Immobility ) i ) Lizard frog etc. Nunes et al. 2012
in reptiles and fish animals.
Reebs 2007,
) o The body falls over holds its breath \ ’ Brooks et al. 2011,
Hypnosis ) o Rabbit rat ete. o
and stays still mostly in higher mammals. Giannico et al. 2014
o 3
o Sibul .
Matsumura

ventilation periods

2013)

( closed flutter
CFV cycle) ( Sibul et al.

Co,

- Davie

( Davie et al.

( Ritter et al.
2.2

( Deathfeigning intensity)

1993) .

( 2015) .

2016) .

( Ohno and

Miyatake 2007)

( Depth of death feiging)
2016)
2.3

1996; Metspalu et al. 2002) ;
Mitchell 2010) ;
( Holmes 1906) .

(Lietal.

2019; Miyatake et al.

( Matsumura et al.

[

( Nishino and Sakai

( Acheampong and

2019) .

o
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Table 3 Death-feigning intensity of different insects

(s)

. . Death{eigning ~ Deathfeigning Death-feigning
Species Classification . . . . References
duration frequency stimulation points
0.56 Farkas 2016
Timema cristinae Phasmida Body
Kuriwada et al.
. L 7 200 0. 80
Cylas formicarius Coleoptera Curculionidae Body 2009
Metspalu et al.
. . . 180 ~3 600 - )
Leptinotarsa decemlineata Coleoptera Chrysomelinae Light 2002
. . 2 400 - Holmes 1906
Ranatra sp. Hemiptera Nepoidae Body
. . 663. 16 -
Laccotrephes robustus Hemiptera Nepoidae Pectoral plate 2010
Ohno and
o o 500 0. 80 .
Tribolium castaneum Coleoptera Tenebrionidae Abdomen Miyatake 2007
Cardoso and Santos
. . 300 0.49
Zabrotes subfasciatus Coleoptera Bruchuidae Abdomen Mendonga 2019
Nishino and
120 ~240 -
Gryllus bimaculatus Orthoptera Gryllidae Foreleg and Protergum Sakai 1996
L. 163. 62 0.97
Eucryptorrhynchus scrobiculaitus ~ Coleoptera Curculionidae Metasternum
. L 123. 88 0.91 Liet al. 2019
Eucryptorrhynchus brandti Coleoptera Curculionidae Metasternum
97.40 1 2016
Brithys crini Lepidoptera Noctuidae Body
Miyatake et al.
. 90 0.4 -
Callosobruchus maculatus Coleoptera Bruchuidae 2008a
Naofumi Hozum
o . 53.14 0.92 2005; Miyatake
Callosobruchus chinensis Coleoptera Bruchuidae Abdomen
et al. 2008a
Naofumi Hozum
o . 86. 45 0.98 2005; Miyatake
Callosobruchus chinensis Coleoptera Bruchuidae Abdomen
et al. 2008a
Duporte and
. L 85.10 - - .
Tychius picirostris Coleoptera Curculionidae Melville 1916
i 72.87 0.75 2018
Calospilos suspecta Lepidoptera Geometridae Body
45.19 0.9
Ochyromera ligustri Coleoptera Curculionidae Back 2014
Acheampong and
Apis mellifera Hymenoptera Apoidae Sound Mitchell 2010
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2.4

( Humphreys and Ruxton 2018) .

( 2014;
2016) ;

( Hozumi and Miyatake 2005) ;

( ) o

~

\ \ ( Yasuda 1998; Ritter

et al. 2016) .
( Hozumi and Miyatake 2005)

o

( Miyatake et al. 2008a)
Timema cristinae
( Farkas 2016) ,
Miyatake
( Miyatake 2001b)
(Li et al
2019) .

3.1

( Pirri et al.  2009) 5
( Octopamine OA) ( Tyramine TA)
( Dopamine DA) 5-
SHT) ( Histamine) o

( Serotonin

o Antheraea pernyi

( 2005) .
Drosophila  virilis Schistocerca

Periplaneta americana

( Davenport and Evans 2010; Ma

gregaria

et al. 2015) .

Miyatke (2008)

; Nakayama ( 2012) Uchiyama
(2019)
o Matsumura
(2016) 4 (
N . 5- « N )

( Miyatake et al. 2008b)

o

OARs ( Octopamine

receptors) TARs ( Tyramine receptors)
Drosophila
melanogaster Bactrocera dorsalis ( Robyn

and Schafer 2009; ClaBen and Scholz 2018) o

3.2

( Duporte and Melville
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1916) ;
( FCOs)
( Nishino and Sakai 1996;
2009)

o

(VVS)
( Klemm 1977; Davie et al.
1993; Alboni et al. 2008) .

SC- ( Pulvinar
nucleus) - ( Amygdala)
( Wei et al. 2015; Miinch et al.
2020)
3.3

( \ \ )
( Miyatake et al. 2008a;
Miyatake et al. 2019)
( Nakayama and Miyatake
2009; Nakayama and Miyatake 2010) . Miyatake
8

( Ohno and
Miyatake 2007; Matsumura et al. 2016)

lh
( 2010; Farkas 2016)

12 min 18 ~25 min

( 2009; Ritter
et al. 2016) ,

4.1

4.2

40
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Geometridae-

( 2001;
2009)
RNAi

( Brooks et al. 2011) ,
Claudia
( Farkas 2016; Ritter

et al. 2016) .

CT
LC-MS/MS. RNAi
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