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Advances in researches on symbiont-mediated thermal adaption in insects
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(1. College of Plant Protection, Yangzhou University, Yangzhou 225009, Jiangsu Province, China; 2. National Agricultural
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Abstract: Insects harbor a wide variety of symbionts, which play a crucial role in host physiology, ecol-
ogy, and evolution. A growing number of studies demonstrate that these insect-bacterial symbioses are
susceptible to altered temperature regimes. The host’ s response to temperature stress is also directly or
indirectly influenced by their symbionts. Here, the known effects of temperature on symbioses between
insects and symbionts were outlined, and the role of symbionts in host thermal adaptation and the under-
lying mechanisms as well as their ecological significance were summarized. Considering the research
advances in symbiont-mediated thermal adaption in insect hosts, further investigations are recommend-
ed as follows: the interactions between insects and symbionts in the natural world with varying tempera-
ture stress, the behavioral and molecular mechanisms through which symbiotic bacteria regulate insect
host temperature-adaptive evolution, and symbionts as potential tools for pest control. This review pro-
vides a reference for understanding the co-evolution between insects and symbionts as well as endosym-
biont-mediated pest management in the context of global warming and extreme temperatures.
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P2 M 18 S5 20 2, A AP RE T 2 R A
(Oliver et al.,2010) . fERKMRIHEALL TR, Bl
MR Ay A e R AR WS 5 &
19 4= 4 (Werren et al., 2008 ; Engelstédter & Hurst,
2009 ; KFARTAE,2022) (i 73 HE (Gould et al.,2018) |
fi# 42 1C181 (Sato et al.,2021; Zhang et al.,2021) & 55
A RS (Ju et al., 2020) KT K & 5 9% 5
(Haine, 2008 ; Brownlie & Johnson, 2009; Gong et
al., 2020) 13 555 15 Jvj 1% (Raza et al., 2020) 55, 715
FAW o A AR IS St A e b R 4 AR
(Feldhaar,2011 ; Frago et al.,2012) .

UTAFRE , A IR UM 0 DR A T R S i B ) 93
GER A O Wy a] Y AR OC &R 3 T AR OR JE
(Hoffmann & Sgro,2011; Abarca & Spahn,2021;Ma
etal.,2021). EHUGILA AT AERIEA Ak S 2
Z BN EE AR AR P T s, RS R
B TR i n] R SR R S A R AR AR DG AR Y
fiRist, Ry 1R e AR DG AR, AR R PR A Pk
I MR AL, 2 5 R A AT T 0 IR R 38 A R
(Sgro et al., 2016; Corbin et al., 2017; Renoz et al.,
2019) o ASICEEAR TR BE e X B 5 A R HLAE
R, 2, T R AR TR TR R aR s 2 e IR
ST VA & Sy TR ei e e e B L E et e b - B
LR AIBIL R B A 255 1 S, FE X IZ SRR R A B
T 8, BTN RA T A R R AL AN
Uit BEATUR 75 5 T B 5 A TR AR A L R 3
A TR B 4 SR A S SR LT LA -

1 REMBEXEREHEFLEXRN
A

Y B 5 A T A2 ORI T B, A T
X T JEE 1 7 A8 5 PR T 15 4K B (Pintureau-
and & Bolland, 2001 ; Moran,2016) . 2L R F
TE T8 ER e A girh, HA 15 7 52 20 E 3748
PRl (Brownlie et al., 2007 ; Bennett & Moran, 2013 ;
Sabath et al.,2013) , RZEkE R L LA, WK
IR B T8 FRAK Wolbachia . Blochmannia 1 Cardinium %5
Xif 7o i AU (Shan et al., 2014) , 2B A B T g 5
1K Spiroplasma % X HIE IR AIE W APE%E 22 (Osaka et al.,
2008) (1) b BE Wi B 2 5 i e A 7 1 324K
P B A2 2 T s e A EARRE NS 1 AR e 3R
U5 B (Doremus et al.,2019) ik B X o4 1 515
F A SEMR R O TG RS JE £ R E BB R
I /0 A R il R Ak 3 (] 45 22 b IR 2R 0 25 A A

(Hammer et al.,2021) . 247 FI] i 5wk b PR B 0] 368
W, RRANMIEAER AR, SRR
AL AR C R AT
L1 BEMEEEEHERE

A2 L i e s A s LB U B S AVES e
1) 3 B AL 7 =2 AR 2552 AR R AL 4k, =
B AT R G 0I5 ) 9 3 A TR AT R A T TR
Buchnera #£ 55 W = AL BRS , FLIR BE FE A | TR MO
24, K I A PR O bR N R 2 2% (Zhang et
al.,2019; Heyworth et al.,2020) . & {4 Py 325 ik J&&
Yy A TR IR B 5 FAAO e Yk R, (B AN ]
BBtk R R EAAE 25, = A A58 Li-
poscelis tricolor FIl — MW Tetranychus urticae 115
T 32°C 8 33 CAAF R RIFR 6 4%, IR IR B v [RAARAE 1
FFhHE 52474 2k (van Opijnen & Breeuwer, 1999;
Jia et al.,2009) . 3 S AU Aedes aegypti 253 26~
37°C AR IR AL R, FLAAR P TR R 2 5 [ A wMel
F1 wMelPop-CLA #f & A BB 1E H 1£ 1% (Ross et al.,
2017). FAMUBR YL IR IR B 5 FOAAR (8 U i 05 70 trun-
catus % 35 CAL 2 A0 , FPE IR R L 5 LR AR
RN R 20% , 171 7] b JER L TR IR B e AR R SRR 11y
BUE 25 35 °C A HE 4 AR5 TR K T v [ MR R e 324K
SR1E51K40%(Zhu et al.,2021) . WEAF, DEEEA FRXHIT
TR BUR, WK s S W8 Drosophila nebulosa 24 18 °CAb
B2 AR R P IR A 52 4> % K (Anbutsu et all.,
2008) , 22 JE g D. melanogaster 42 16.5°CALFR 11T
S AR P Y IR R Rt 2 2% (Montenegro & Klaczko,
2004)  TEBIE i [ B SR UL IR IR T o QA4 R,
JEAA B 05 i R 248 20 °C AR B 2 A IR AR Y
TR R LA 25% , T . JR e A D A 1) B ol o
F % 20 CARHUE (Zhu et al.,2021), FHILAT I, 4
T R AR A BB AEA F R R R P22 7
12 BENTHARBFSHNENFERIERE

VFZ Tz o A e B e iy e A TR IR R L 5 [
T SR JFAR RN Cardinium 55 35 68 845 15 3 (%) A2 58 5%
GG B AR A 2 R LG MBS 3 A (cytoplasmic
incompatibility, CI) . A% | HE P A0 F DICHE £F 56 554
177 = (Werren et al., 2008 ) , 17 ik B W36 25 ol 2 26
A I T AR ) R R B 451 G i ) Je P I A s
A. polynesiensis %) H1 22 32~33°C {5 iR AL PR 5~7 d, H:
TRJR 2 v FQ AR5 1 CIAE FHIH 2K (Wright & Wang,
1980) ; [AIFE , 1o it A1 23 2 A TR IR [0 e QAR T 22 i 52
(¢ Habrobracon hebetor 1755 [ C1 5% & (Nasehi et
al.,2022) : 7E 98 [CREF  NE Encarsia suzannae P | 15
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T FEAR T 228 B Cardinium 75 5 1% CI 9% B (Dore- T P S S e AL 4% 5515 A WA R ARG G, 3
mus et al., 2019) ; S FFEF IS Ostrinia scapulalis %)) 4L T GF L HL I RE 4 ) o7 8 2 B0 Y — E Y T oA
FE 63°C /=il T %2 8% 20~30 min, IR /R EL s [GIKAY & (Corbin et al., 2017 ; Doremus et al.,2019) .
TSR A 7 2 F 4 (Sakamoto et al.,2008) . HeA:= T )
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Table 1 Reported cases of the influence of temperature stress on the symbiosis between insects and their symbionts

TSR (EEAALY A TRLEE X A SR 5 275 3CHik
Temperature type Insect host Symbiont Impact of temperature on symbiosis Reference
g RIS B A I L AR IR P T R s B S IR E Zhang et al.,
Heat-sensitivity % & <4507 Obligate symbiont: Buchnera T# i T# il 2019

Aphis fabae, Acyrthosi- Heat causes dramatic disruption in both
phon kondoi, Acyrthosi- maternal and embryonic bacteriocytes
phon pisum in hosts
GRS WS RERNSRO 28 CAMMIZ AR IRRAZH =k Anbutsuetal,
Drosophila nebulosa MRZR Gradual loss of Spiroplasma at 28°C 2008
Facultative symbiont: Spiro-  over several generations
plasma NSRO
FAUA B RS N N TN AN N = 1 o S N N TN AW N T )3 Gharabiglooza-
Tribolium confusum Facultative symbiont: Wolba- High temperatures reduce Wolbachia  re & Bleidorn,
chia density 2022
VU5 E PSR RO SR 33CA S UGTRR I WA B Johanowicz &
Metaseiulus occidentalis Facultative symbiont: Wolba- Rapid loss of Wolbachia after eight Hoy, 1998
chia generations at 33°C
HUE I WS IRRETEINA . 35 CREGR/RETERARIREIA LA Zhu etal., 2021
Tetranychus truncatus — TRJFKR High temperature (35°C) results in loss

Facultative symbiont: Wolba- of Wolbachia and Spiroplasma
chia, Spiroplasma

B WHSA G RRE SRR 32°CA I 6 URTR/RESERRESL  van Opijnen &
T urticae Facultative symbiont: Wolba- Loss of Wolbachia after six generations Breeuwer, 1999
chia at32°C
=AE WS  RRETE A 33°CABE 6 UFIR/RESEIRARSE AR Jia et al., 2009
Liposcelis tricolor Facultative symbiont: Wolba- 4%
chia Complete elimination of Wolbachia
over six generations at 33°C
B B WA B R RE SRR st T IR R B v A Ulrich et al.,
Aedes aegypti wMel 15 5 High temperatures reduce Wolbachia ~ 2016
Facultative symbiont: Wolba- density
chia wMel
EISEY) PIRBIRPIEATE ATRELE Phia BEAR T A i Heyworth etal.,
Acyrthosiphon pisum [Q T | Regiella . Fukatsuia Heat shock reducs the densities of 2020

Obligate or facultative symbi- symbionts
onts: Buchnera, Regiella,

Fukatsuia
FHAR A L WA RRETEERAR 40°CAMTH 3 d 2 3 TR T IR /RELFE X Hussain et al.,
Diaphorina citri Facultative symbiont: Wolba- VNS 2017
chia Significant reduction of Wolbachia
densities at 40°C for 3 days
5 5 75 L WIHILAE B : Blochmannia — SiRALER 16 AL ERTIEERE 3L Fan & Werne-
Camponotus Obligate symbiont: Blochma- Partial elimination of Blochmannia green, 2013
chromaiodes nnia after heat treatment for more than 16
weeks
P Editd RHIE P R R S IR RS A TR TR B A ]2 cif Nasehi et al.,
Habrobracon hebetor Facultative symbiont: Wolba- J&HFik 2022
chia Temperature affects Wolbachia and

prophage titers as well as expression
levels of cif genes
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#i% 1 Continued
T (FEsA R TR X LA R 5 R 25 3CHk
Temperature type Insect host Symbiont Impact of temperature on symbiosis Reference
I TR/ o IR - Cardinium PPRa RN T IR L T EALHE  Doremus et al.,

12 B
Cold-sensitivity

Encarsia suzannae

B R frise
A. aegypti

AT EFIR

Ostrinia scapulalis

P JE P4 B s

A. polynesiensis

YRS

Drosophila nebulosa

TR R

D. melanogaster

TR L

D. melanogaster

I FRR /) ie

E. suzannae

A

T truncatus

Facultative symbiont:
Cardinium

WRAEAE TR - IR IR T s [k
wMel .wAlbB il wMelPop-
CLABRF

Facultative symbiont: Wolba-
chia wMel, wAlbB and
wMelPop-CLA

IRPIE R IRIR B IR
Facultative symbiont: Wolba-
chia

R IR IR v Ak
Facultative symbiont: Wolba-

chia

IRPILATH - SR K NSRO
Facultative symbiont: Spiro-
plasma NSRO

IRPILATH - SRR MSRO
Facultative symbiont: Spiro-
plasma MSRO

WG T IR B e [
wMel £ £

Facultative symbiont: Wolba-
chia wMel

RRILA : Cardinium
Facultative symbiont:

Cardinium

PRI B  IRIR B IR
BRIA
Facultative symbiont: Wolba-

chia, Spiroplasma

RO B A R 5 R

Warm temperatures reduce symbiont

2019

density, vertical transmission rate, and
the strength of both cytoplasmic incom-
patibility (CI) modification and rescue
26~37CHYAL R AL BE T 2 wMel Al
wMelPop-CLA £k = ARERA AL 4%
wMel and wMelPop-CLA infections

are not transmitted to the next gene-

Ross et al., 2017

ration when hosts are exposed to 26—

37°C

63°CAbFRZ) 51 20~30 min 144 Sakamoto et al.,
AHEFR Y 2008

Exposing larval female moths to 63 C

for 20-30 min suppresses the male-ki-

lling phenotype

32~33CAFRY L 5~7 d FEMITTA  Wright & Wang,
SEAWERTIF R 1980

CI eliminated by exposure of larvae to

32-33°C for 5-7 days

18°CALFRZ 2T IR AR GE T2k Anbutsu et al.,
Rapid loss of Spiroplasma at 18 °C. after 2008

two generations

16.5CALFE 1 AU BRI R
Loss of Spiroplasma at 16.5°C after one Klaczko, 2004
generation

IR T IR REL e R wMel #R 29 Hague et al.,
)R RENEUSHLIES 2022

Cool temperature reduces the abunda-

Montenegro &

nce of Wolbachia wMel bacteriocytes
and transmission efficiency
IR 7 20 BT B, 158 1 MBS
FRAMEH]

Cool temperatures reduce symbiont

Doremus et al.,
2019

density, but enhance CI
20°C Ab PRFFAR T IR AR 1 355 1 Fn 4%
FERCR WK IR T 58 AR TG )

Exposure of mites to 20°C reduces the

Zhu et al., 2021

density and transmission of Spiroplasma
but not Wolbachia

2 A FAERERRBREENERR
1E R R
21 HAEWAEREREBMM N EEA

H T A T A0 PN 4 5
LD, DR A Tk AN ]t JBE e ik, 5 R R o

WL

HH EE b A= T 5 DR 2 0 3 7 1 2 B T i (Ben-

nett & Moran, 2013 ;Lo et al.,2016; Latorre & Manz-
ano-Marin, 2017) . A= FRI7E A 35 90 B 3 1 o F v

ANT A ER A

S AEAE RCEAE T, BIAT DA v B2 R 320 il B Y
3, AR I O7 35 i AL A R 2 A UIAH G
(%2) o
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Table 2 Case studies of the role of symbiotic bacteria in thermal adaptation of insect hosts
AR EXIN e YEH ETEVE AL E B U
Symbiont Insect host Role Underlying mechanism Reference
IR - A R HRAF EHSRAF ETAETC BRI i i B A TR 32 Hsp L GroEL  Zhang et
Obligate symbiont: Buchnera WA IEF B O Limiting host thermal FLR A ik al., 2019
Aphis gossypii, Aphis tolerance Affecting host Hsp and GroEL
fabae, Acyrthosiphon gene expression
kondoi, Acyrthosiph-
on pisum
PRI TR - A A R EZISE ) St A A R SRR T 15 EMH#E Dunbar et
Obligate symbiont: Buchnera A. pisum Enhancing host thermal =~ Thermal tolerance is governed  al., 2007
tolerance by a point mutation in bacterial
symbionts
IR T IR IR B 5 [ A Rt P fE A R 2 ELU AR Gruntenko
Facultative symbiont: Wolbachia  Drosophila Increasing the heat stress Intensifying dopamine metabo- et al., 2017
tolerance of the host lism
RS IR IR T LG SR SR i TRZR L [N RRAT 0 AR A1 Moghadam
BEFRAT I D. melanogaster SEMAE Em LT 9EY: Unknown etal., 2018
Facultative symbiont: Wolbachia, Thermal and cool toleran-
Acetobacter ce affected by Wolbachia
and Acetobacter
WHIE R RTS8 SRRSO I S Zhuetal,
LLITEN T. truncatus Enhancing or limiting 15 3 Hsp 3£ Y Fk 2021
Facultative symbiont: Wolbachia, host thermal tolerance Wolbachia modifies host tempe-
Spiroplasma rature preference or Hsp gene
expression
WK ILAE T - Cardinium MED B3 L P 1E i AR Yang et al.,
Facultative symbiont: Cardinium  Bemisia tabaci MED Increasing the thermal Unknown 2021
tolerance of host
R ALA ] 37 R G B 5 f Hhni 1 A A Montllor et
Regiella . Fukatsuia A. pisum Enhancing host thermal ~ Unknown al., 2002;
Facultative symbiont: Rickettsia, tolerance Heyworth et
Regiella, Fukatsuia al., 2020
SN PRV TR/ AN B AU T Pt FE i T M P AR DG R ek Brumin et
Facultative symbiont: Rickettsia ~ Bemisia tabaci Enhancing host thermal  Inducing the expression of genes al., 2011
B biotype tolerance required for thermotolerance
KPP VDB QI Hamilto- 9655 Wi 2T B A Russell &
nella defensa .Regiella insecticola A. pisum Conferring tolerance to ~ Unknown Moran, 2006
Facultative symbiont: Serratia high temperatures
symbiotica, Hamiltonella
defensa, Regiella insecticola
WIRBR B T AR IR . RASREIE KA 3218 Mk ARH Majeed et
Y RS Rhopalosiphum padi, Enhancing host thermal ~ Unknown al., 2022
Obligate or facultative symbionts: Sitobion avenae tolerance
Buchnera, Serratia, etc.
[ AT SRR AARF I BD177 A/ IVED IS R e E IR e PR EIR SIEIRR AR Raza etal.,
Gut symbiotic bacteria: Klebsiella Bactrocera dorsalis  Enhancing host resistance Stimulating host arginine and 2020
michiganensis BD177 to low-temperature stress proline metabolism pathway
P 3L AL T N EIAT T R AN He e ErORREE G R Ayyasamy
RV ZEMFF B AR M EK B. dorsalis Helping the host to over- Unknown etal., 2021
AL BB AT AT BRI come temperature stress
Gut symbiotic bacteria: Acineto-
bacter, Brevibacillus, Bacillus,
Enterobacter, Enterococcus,
Pseudomonas, Staphylococcus
T A O M A e P R 3l Jaramillo &
Gut symbiotic bacteria Drosophila Enhancing host thermal ~ Unknown Castafeda,
subobscura tolerance 2021
B AR SR $E i 1E LT IErE A Henry &
Gut symbiotic bacteria D. melanogaster Enhancing host resistance Unknown Colinet,
to low-temperature 2018
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WIS TR LR R 80E FA T BUEE A K
SRR o I TR I R SRR BR ] T R AR
L e N, AR R L, BORTE E SR AR
TR 1 AR 14 A AR FH AT 2 B X AN Rk o
E’J “PrTmE i B, e UL 5 R i S A

LR AT RN LA, A1 bR IR TR 1 4R
éﬂi#&ftl?&lfﬁ}%ﬁiﬁfﬁif EAETE B AT RN G T 38
O] R R AR, A S R EOZ AL AR TR R A
A CC TR PR 1 1 =08 HU A R 52 1k (Zhang et al.,
2019) ., SR, A0 RaH FG TR HE 5 20 s 9872 )5, T LA
FE— 7 {30 [N 2 5 i 3 09 T 241 (Dunbar et
al.,2007; Burke et al.,2010) . P, B He 5 AR B
A 5C R AT REREE M FUE Y ek T AR BR A
S ¥EPiAE F A A0 . 5% 3 (Renoz et al., 2019) . A/,
IR R T BB B T i F X S AR A 2 P,
Bl 3238 1 e I A8, 451 4 E A /N S 88 Bactroc-
era dorsalis ', 7 16 40 & 52 55 {0 #F B Klebsiella
michiganensis BD177 Re4 = 1 F 1P FERE J1 (Raza
et al.,2020) , HAthJi7 38 & WS S FT 1 Acinetobacter
55 28 MU FT B Brevibacillus F1 25 MO AT 18 Bacillus 5514

ek PR (A A 1) Z2 b A A B N S B B Serratia symbi-
otica. Hamiltonella defensa. Regiella insecticola .
Regiella Fl Fukatsuia %325 T 84515 F i #pk
(Russell & Moran, 2006 ; Heyworth et al., 2020 ; Ma-
jeed et al.,2022) ; 704D B\ Bemisia tabaci F1 51 55
WEFEAR R, 37 s R [GAA Rickettsia IR 7K B v FRAA
Cardinium BSTRFT 1 Acetobacter N i1 41 7t v] 14
S EAYTH #E (Henry & Colinet, 2018 ; Jaramillo &
Castaileda,2021; Yang et al.,2021) . 7EEJE T,
PR YLt A TRIVR 2R T v PR BB SR I 2RIk A
FE AT FRAE T [ Fsf JR 4 7 5 I P DA e i STy
RIS W M (Zhu et al., 2021) o X Se25 R HLE
WS SR R AU E 0 Sz M s it H R
A1 F R RN AT IRV SR A
22 HAERFERTREGEMEBEN S

BETF A TR A 3t M S R A e R R
T 3 07 3o A A A A S R N AR AT
X AL 1) 58 AR ] 0BT, KB WT ST 3R
A AT Dl 2ok iR g ATy A B A A0 A A
85 Z2 iR AR R PR 4R A FE AN R EE e iy (2

REAT B = vw A il B2 i

(Ayyasamy et al.,2021) ;
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Fig. 1 A hypothetical scenario for the underlying mechanisms of symbiotic bacteria-mediated adaptation

of insect hosts to different temperatures
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P20/ e S o P T i 2 X B L E X e obl Y Tl
N VR FIDLEI S 2 . 2 —, A WS 5
P A 3 I O G, A A v 07 I R 3 1% R P
1720, 5 B 3 Pl alle B O TR F R B R T,
(B G AE SR 55 i ) B S rh  IRER YL IR IR L v [ A
(A ARIE 5 AR IR YL IR I B i AR 8 A AR Bl {1
i (Hague et al.,2020; Zhu et al.,2021) ., {K/KE 58
PR 3= PRLBE e AT R 428 AT g A 1 35 Ny iR
JEE 1360 1) 3K 3k 47 R SR Z — (Arnold et al., 20183
Truitt et al.,2019; Hague et al.,2020) . HARIK/RKE
o FCAAG A = 114305 O G- 45 T R A R A AR P 3k
AEAE NI 3 R 4 B A 5 i — 25 BF
9% o5, AR L R AE 00 IR (Rus-
sell & Moran, 2006) & Hoi7 5 19 A= 5 0 4% Flis 6 B
A U555 5% 7 < (Pintureau et al., 1999; Anbutsu et
al.,2008 ; Bordenstein & Bordenstein,2011) 3 B 38k
(252 M 1 F2 A T PR sl i FE 0k . ZEmF Ay 220
A 3MILA T, GG Hamiltonella U5 75 FC W F1AG
LG TR E RN ST V0 TR AT LA a5 i
A K TR R 1 1 A T 1Y A7 5 B4 B BE ) (Russell &
Moran, 2006; Heyworth & Ferrari, 2015; Chong &
Moran, 2018 ) . £ 440 AR TRTR IR I 5 [ A4 ixf
$tn 22 TR A AT $2 =i 4 3 AT A4 (Gruntenko
etal.,2017). TERG/INSIEH e B EFT R RERE i TE
NG 2R AN 2 PR A RE ), G i L hTFERE /) (Raza
etal.,2020) ., £ K K&\ Laodelphax striatellus 4 &
T\ Nilaparvata lugens . %i 5. W Acyrthosiphon pisum
FIR Ry E\AE 22 Fh B SR P, LA IR R B s IR 1
5 [C TR F Hamiltonella 55 7] 2 1 T4 52 A, DA
1717 ] B I 2 5 M i = A8 il B2 335 P (Ju et al., 20205
Ren et al.,2020; Zhou et al.,2021) .

FEROW A2 2w L, B R R RBOR
1032 B B FE A IR Y, Az FLiR oy e A R 40
(520 (Ttis et al., 2022) . S H 3 A o 4 it A i
(YRR 5T, I B HE XF FR IR 1 B 5 2, 2 TRT A i
OB W] BB 23 B ) 2 3 Y A 32 1 R 3 7 1 (Werr-
negreen, 2012) . il 40, 22§ A% g 7K IR B e [G A
wMel ¥k 2 H, F T 2K H WspB H i — A 20k
FRG - Al HE 5 TR R T e G A FAVEPE A OC (Hague
etal.,2022) . B SLUF AR G AT R 24 EC TR PO
KL iboA J i IR M, 7 s I L T iz AL Y
FEIR BRI, 2 ibod BARAENG , iR ikt
[ 2 3K ARG, 28 728 (A W 1 AR BE RE 7 U855
(Dunbar et al.,2007) o A RaH P N TS 31 58

AR AR ) e A TR A R B R A BT
PE | BUE T A T ibod Fe DR 2 R d i v Ay
JJHE (Moran & Yun,2015) . Btk Mo A TR A
94 R AR 25 11 GroBL 75 i il FRFLeik , vl HEM
A5 3 0 A4 36 v P4 (Baumann et al., 1996 ; Fares
et al.,2004;Zhang et al.,2019) , HLAEFHBHES Y
P A B N PR A A 3R 8 (Brumin et al.,
2011) , [AZ R4 18 3 60 R 09 0 R 1Y (Moran &
Yun, 2015; Harmon et al., 2009) . 4| {1/8¢ gy 41 A= T
ST 5E R FAAR R ARy B0, 76 T — LG 22 RN 20 B
IR R By, LBl A P R Uk A P
DL R WL 1 5 PR A5 3 5 DR ) R o) Ry L
HCAH =5 i A7 % V8 76/ F (Brumin et al., 2011) . #0¥
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SRS A R 40 5 0 32T AR R BB DA
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Zhu et al.,2018 ; Hague et al.,2022) .

MR R A A A, T A A S — Ao o el By 4
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Ak F BB IR U O S F 2L i ) (Bian et
al.,2013; Zheng et al., 2019; Gong et al.,2020) . 7£
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