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Abstract: Research on animal cognition has primarily focused on vertebrates with relatively
large brains, such as primates and birds. This paper reviews on the individual and collective
cognition of social bees and wasps. Studies suggest that bees and wasps possess flexible cognitive
abilities, including associative learning, self-recognition, tool use, and spatial navigation. Bees and
wasps exhibit dopamine-based emotional states, which are influenced by food desires and
individual experiences. Moreover, they demonstrate complex social cognitive behaviors, such as
individual recognition, which is crucial for social interactions within colony. In addition, some bee
species have been demonstrated to possess the ability to solve some non-natural tasks though
training. These behaviors can spread through social learning, and retained within the population.
Finally, the neural basis of cognitive behaviors in bees was reviewed, and the evidence points to
the complex neuronal connections as the foundation for their cognitive abilities. This paper
reviews recent advancements in the cognitive behaviors of bees and wasps, providing a new
perspective on the evolution of animal cognition and behavior.
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BYEBEA A A Bl o S AW ek B — RAVE B S B BT 7 BRI A X LA SRR
FERVETENL S . BRI, AbFRAIAE 6 (S B IFE AT IR B TE 2UFR AT (Shettleworth,
1998; Giurfa, 2003; Pahleral., 2010) . ZWYIAEIEETTZ &b T BAEME Pan troglodytes
TEWIME Macaca mulatta FURSEL S5 MES) P, X T REL B S A B N 3P A R K1
5 K Z TAAFLE IEAR DGR 2, BIA KN RE 0 1 i 5 P 1) B AL R 2 2 SR 5 A5G 1K) (van
Horik and Emery, 2011; FEM&E, 20200 o (HEIT0 21 B BT TR0 2 M R A0l T
Ao AR H iR R 2 B Z R0 TR%, ARAMPITAFES, BAwEE
BEAL B AL 22 G50 L =5 AT 77 sCBL BRI 725 18] SR AN T &R 48 (Menzel, 1967 Srinivasan
and Mandyam, 2010) . {EUILA E, 82K B OUCRIIH B 0052, 12, SR 0a)
RIINFIEE ) (Chittka and Rossi, 2022) o AN RGL0A [ AL MRS R R (2 hEE
SRR E A MR FNSUIR BoHt Fi it e, FEARE O CIBAET . BRI
THEASEFASE, RN TS BB, W T MRIRA . AR RS RS,
ERAR PN ER B A A
1 MAIAFE

LRI FLR M, 1R B BAMARAE R A R R R AR, ARERARY ] B3I
K. TEAEA . tHEme s S s,

1.1 BB
IEAE 2% 5] (Associative learning) & F8 340X 855 Ho AN [R] 2540 BRI 18] R BR R AT 2
SRR, S IFA RO NI AE ST — PR S ] i T i SR AE A T 45 21 58 E



(Pavlov, 1927) o ELM AR 5002 AR 1) ~A T ST AR B B e B A TRCAE 2% 5T FA o 22 0 4 il
fifl, WAFERMET, FHORSBOE EANGE T, %G IR R N B B2 ek R xS

2] 1iE M2 (Margulies et al., 2005; Burke ef al., 2012; Devaud et al., 2015; Perry et al.,

F

(il

2017) . %[ (Proboscis extension response, PER) {EJy—FhZ sy Ipe A8 2 S0 78 yu K,
L2 B I 70 B 06 S AR 2 ST RNEAZ, o B AR Y332 25 PRI (VR BB
5 J5, FFEAEFZMRI RO BEXT GG, ARG TR, SRR
H A% [N, (Takeda, 1961; Giurfa and Sandoz, 2012) . S EENE AT 20 g 2 1R 5 2 )
s IS S (AR, BIEsTRIR) 5%E) Cnifh s sqen) Rk, 77 ik
Apis mellifera B WETE T B REWICE AL BRI 5, JRRE0K IS+ 5 M B YR IE
BEARTE—IL, BeWS R e IE B I h FHR AW A . IR, ARk ik

IEIERE A S B (€45 (Zhang, 2006; Pahleral, 2010) .
1.2 B#H A

HRAINHR A IR B AFAE . FFAEBAT RN B R B )y . 7E b RE W% Bombus
terrestris "1 AN FUUEME 22 B AT B A VAl B 3B RO/ R R 7E R 2% 10 SR S 3
HhTRAT R 0 B SR A e 5 B R AR, R 0 R e R VT A B B B DR /N R P ) 7 K
N, DATER R h 2240 /AT o RAT IR RG22 U T B R D S B AT 0 T HOB R I RN, 2
SR AR /N P SRR B A 2, BRI S BEAE PR AR S A b M 7] "% 4T (Ravi ez al., 2019,
20200 o BAATE, W mEEARALIC S G 2B B 1 UK I 3R B K T AR B
REME 2 I BE T RAT LSS (I 1a) AT 5 DA/ RS, 4 1R FRAR FE i, AR il B ol
SEBR (1) o IXRIIREME S VRALSERR I/ NALE I ME, HE R A SR, UAEE M
W22 4 ST (Ravi e al., 20205 Brebner and Chittka, 2021) o SRTMI7E 216 Euglossa
imperialis I ZEBRTE T, R I AC MO B RDGTEER AR 2 A 1 VAT IR AR, &%
TR e L 7, NI R 1 K I 2 (A], ke e 5 1 2 AilidE (Baird er al., 2016)
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Fig. 1 Behavioral patterns of different-sized Bombus terrestris individuals passing through gaps with different
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e A, MK REREE T N AERRIT, Hea A A A E L GRAE I, OF HLAESERR T W82 15 B (AT TRV, i 26 0] B o 4 it Ak
YGullif: B, AMMARKIK RSB ERRIN, MG > T, I R IR 0. C, ML T RAMER B, AR/ g
WS I BRGNS 000 B B 1 LN T MR RO R D, AN RE I 5RO ISR, LSS [l iR, IR HL & IR T ET 420 . FA 2
Hl Brebner and Chittka (2021) o ZLEZ S RARMEAT A, W UL S RS WLEZ I A1 BE - Note: A, Larger individuals observe the gap from
multiple angles when passing through smaller gaps, and spend a longer time observing before passing to avoid collision; B, When passing
through larger gaps, the observation time was reduced, and individuals pass through the gap with the body facing forward. C, Compared
to larger individuals, smaller individuals pass through gaps at a smaller angle. D, When passing through larger gaps, smaller individuals
spend the least time observing time and passing through the gap with the body facing forward. The figure was modified from Brebner and

Chittka (2021). Red lines represented observation behavior, and blue lines indicated the angles of observation.

M RE I B T A R AT, ST R LR RIS R ] FEIEA R, AN ) A4 R ) BE e E
I MNCAZAC AT B 247 22 5 o MR BRSO P B e A [ T4 9% B 22 I (1) 2 ST FHACAZ vk B e
PRV A2, T4 B0/ RE M IEAZ A0 2 1 B FO BN EL /A K IR BE B /D o X AT RS MA K
(I RE I RE A5 S0 2 IR A0 8, DRIL S A 1) T~ e 0 RV =F & AR 2, TN/ RE g KAV
FETTRE A IR, AL TE 28 2 & WSS (Frasnelli et al., 2021)

1.3 TEFER

THAL AR S TE RS R TER A, IExE 5 — xR CREEYE . 3 A & s
k) PR (. B BRILAE) ERSE GO, 2022) o ERE RSk —%
fEAHRES T AL BB K T RAEES, Wit a1 255 2 8RR RS B Y
i, I HIXEeAT R nr Do k2 2% SJEAMEZ (845 4% (Alem et al., 2016; Loukola et al.,
2017; Wen et al., 2024a, 2024b; Zhouetal., 2024) . LUK Vespa soror & 1EH &



Apis cerana BELFHHEVERT, 97 ROXT MK Moy, LR D IRIE S HRIF RS (X
) S, MUERERREE T AR R BGE RIS, FERAIEZ, SRR R
187 BB, A AN E] T IZANEIN (Mattila er al., 20200 . P47 B IR ReRE
PLIE R R B2 SR BRI IS 8 (Heinrich, 1993) o ‘B 3k/2 ¥ 1& Deuteragenia ossarium ¥ X i
AR IS 7 A HETECEE A, R FE T 2 A AR P 2 R R I IR 5 A 1 R ( Staab e
al., 2014) .
1.4 e

VFZ AR RN R % T B e )0, B BRAE Macaca mulatta (Brannon and Terrace,
20000 FZ' =Y Petroica australis (Hunt et al., 2008) o HGIHIN s % /2 57 41 5 6 (1 25 i
ZOREE, ERATRER, B AMIEE SR AR, R akg. Bkl
AW T s R, JFARTFRX D — NS ELZHZER (Gross et al., 2009) .
B0 I T LAYIZRTE BT SME P — R A bR ok TR S WU, WG — S8 20 0 BRI B AR S R TR
T AANKAEMAR (K |, ISR R B0 T 55 = RIS PUMK % b 8] i 2 mh, 72T
i, 2t IR B iR I ZE AR 3 FIHbAR 4 2 [0 FH &P i ka3, X R W B he s it
BUeA 12055 B YDUR BT 205 i # bR B0 (Chittka and Geiger, 1995; Dacke and Srinivasan, 2008 ).
L5 BRERES

TG4 R ) ERRES, 2 X AEDIRGL P A 1K (Perry eral., 2016) . oA HE
BN — BN B Z IR I 0 4 G5 W) R SRR GRS (ELBHT A E 7 2 T It B e e R s 2
A ES (Perry et al., 2017) o HAEMEFEWCEI RN EEMEA VNS, R 2 E
RAHE IR SRR (Perry eral., 2016) o [ARE, ZEBINA R T AEMENCERS,
B R BIE— AN K S IR S “8 TSR SRS AT, X KN
2 B KT e, RPN SR (Dong ef al., 2023b) o i W I 25 i £ AIBk
BRAT Oy, [RIES AR TP B K b R AR i R I, Te R R TR AT H AR IR g il R TEREAT “8
TR TR, B G v 1) 2 B M A8 4 DR £ AR A0 A4 ot SRR ) 42 1
FIOE, MARYLRAR S48 5 A R K 2 Bl K P (Huang et al., 2022) o SR04 R IK)
&, BRI HEA GERIRBEINANE Vespa mandarinia) Get% AN 1 (1) 2 B K P
A “8 FILEEIG” (Dongetal., 2023a) o K2, IXEUHF i3 B RE M 2504 Kb vh vl e A7 70
— T 2 EREHE GOIRA , XA R G002 i MA A RPRES A i filk ABARTE B,
RAE % DA I AR T TR Z M, HERETZERIIRMIT AR
B, B AT RIS W B 1) 2 EROKFARAL, X 2 EREAETE 46 K AR AR b i) B AR FIAL
] Mk = 78 20 TR, JUHOR B G RAS 51 R I B ORI 22 B Jg 1 4 22 [ 2 A7 75 2 — B VR N AR



o
L6 Z[EFAT

W B2, O RS TE B0 1) BE 28 R I HLIR [m1 S 5, DRl 382 1R 90 25 ) 3 A0
Xt R GRS, 20200 o WRE AR RAURRER, QENE —KE I8, e
S R EZSE 4, AU B/ PR 2R JE B PR (K (8] (Chittka, 2010) o BMEAMH IS F
FLCMEZA B A, R EA T E B R, LU KR D> AT 1 BE B A (]
(Lihoreau e al., 2016) o I ARic) UM & i AM R K AMA, SRR HFB) 2] LA BLAMY
75, — BRI A] i5 1% S8 A B A% Jl Dyl [B] SR, aX R B4 B i B L 65 19 3 AT B ) ( Chittka
and Rossi, 2022) .

BRMSHICIZEZES N T 3 M EZENH R, 5502 FEEILE (Alighment
image-matching) « 1 & 1% ILHC (Positional image-matching) 142 %¢ 4 (Path integration),
S5 5 PR G I B P DG 2 1 %ot o) B BR8P AL IS (R 7 SR 1) 3 7
) b, J5 3 R 1 AR M T S TR AR A R T B UE 5183 M55 (Collett et al.,
2013) o I B G BT SUSE I Cerceris australis %5 1 SRR BL, 782> AT 1A
SRAEAW AL RS, FFE R E AT P =24 528 2 R 22 57 R D g (T s T 46 7 1)
% (Stirzl et al., 2016) . BEIEREAS IR E R HAY R EIE, I H AT LUK H A=A E R T
TER)FHTHAS (Dyer et al., 2008) , XA Beff FHAPZ “ PR ” SRid AR BIX et bR (Collett
and Cartwright, 1983; Judd and Collett, 1998) . ZEIETE i & (R FE b 7 BCAEM IR TF 2 A
[IRFE, iR PR il TR IME—HLE], T84 Bk 75 2K S AR A X e R,
DRGSR A A HL At B 2 07 AORACIZ SNSRI HIRAR . J7 ). PR B A
K/) (Srinivasan and Mandyam, 2010) . FHSZUEH], ZiE AT DLRBURCAZ KN 77 1A B KR
fE, T TEAEEEA K (van Hateren ef al., 1990; Horridge et al., 1992) . Ak, W%
WERENETE “SRIRIE T FPHREUT RIEE 8545 BRI, Re %05 B A5 MR B0 B A5 BAH B
S, AIIES AR EYIRIALE (Wang et al., 2023)

55 P U 3 TR T T R G P A B AR AT IB B R BN, B BRI AT AR BN, ReigLE
B HIRAN S R e B2k RATER AR, AT D TKAT (R B AT 1] (Woodgate et al.
2016) o TEHEELH S5 S5 T B SN SN A5, RIS SRS H R P b 2k
{EREAT S (Brebner et al., 2021) , #hH 5 £ 1) 5 W4 RESEAR I WL 22 3 (K AR bk il 2% 130
B % S ATIR FI LT (von Frisch, 1967) o — &2 ARl 2 [F] i JRUBT 2 AN K OO BRI ST,
FEAPA#E TR HL ) W B RH AR B 3812, B U, wF AR AU g 0 5T



(A7 B, NI B R AR s, 275 TR B = I USRS — VO B4 P (K i
] (Collett et al., 2013)

PR RS R T B ERS L, MR “ MR " (Dead-reckoning)
(Mittelstaedt and Mittelstaedt, 1982; Collett and Collett, 2000) . fEZEAT 4 [HI SRR, E &
s MBI R R R EE B AT 1), 2B KBRS 77 {5 8 (Wehner, 20060 , LA
HROLI (Optic flow) B H B8 s AR IEHI A (Proprioceptive input) KIR1FER
BEE, MR e, eATA R 7 1R S R E SR RN H bR A
X P8 PR SR AT RIS, B AL RE B AE AT AR PR i b 3T (Esch and Burns, 1996
Wittlinger et al., 2006; Collett et al., 2013) . WFFLHR T 5 B ER A CRIGE SH#HT S
Uit 2R 2R, RS T T AL S IS B R A AT B VR B, R T
HAAM KA “ BAEL”  (Srinivasan er al., 1996) .

2 fINH

Y2 R RAL SRR, RIS AEmh RO T KU T M s 20,
AN AL 22 SRS 1555
2.1 MEIR7

Mo tE R ANMAIR B OB, AR L T E 242 B A (Chittka and
Rossi, 2022) . fhoxth BRI MRS +Eo M RLANR 258 05515 Bk AT ik
% (Wiley, 2013; Chittka and Rossi, 2022) . 4XE A& Polistes fuscatus 7] LRI M #5F1 i
PR B A (I 2-A), 00S T A o S [ Ak 22 ]2 56 4 B 44 IO R B HE T PR (Tibbetts
2002) o FE—BHIFFR AN T RERAER B BRIk A0, 75 R AL 29I (A i
ANHEZTH BB RE (Tibbetts er al., 2019) o 75 M2 G RT LA Ik W82 1F 76 e 2} 1 ) 4
AMEFT 2V, SEASFEIAMAR R SF AT T, Xof LA 05 3 Aok R P e O PR ARG, o B o
PERAR S e R (B 2-B) S SR AT b A @R AMAIR A BRI " 4T

(Tibbetts et al., 2020) .
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Fig. 2 Individual recognition and social cognition in Polistes paper wasps (Polistes fuscatus)
e A, 4 SKEIENARRITIER, X IR MR B EE R, [EK E Tibbetts (2002) o B, JHid k222 3] PEASIECE BI4T 2% o
G 1 WL R A B 50 GEREE) TMTh 2 )G, 5EABEGHVERETREE 14T, HRIM BRI BT . 2R
WEEWs 2 52 WA BRI H AT 4T 2, HERIH G B i . BI5CH Chittka and Rossi (2022) < Note: A, Portraits of four
individuals, which serve as the basis for individual recognition. From Tibbetts (2002). B, Assessing potential fighting rivals through social
learning. After observer wasp 1 witnessed two conspecific wasps (demonstrator wasps) fighting, they exhibited lower aggression when
later interacting with demonstrator wasp 1, which had shown high aggression during the fight. However, when observer wasp 2 fought

with a wasp it had never encountered before, it displayed higher aggression. The figure was modified from Chittka & Rossi (2022).

22 #HEFIMAERE

BRI “8 FIMIEIR”  (Waggle dance) 1 51 I13 W AERTE L E MBI & LR ILIE
IR G, BE RIRE 7 v ) SR A B A B R K e P R
#4582 (von Frisch, 1967; Dyer, 2002) . HiITHIFFFLR “HFES 7 &Rt
SIS, A IR S BRI E N ORI ¥ ME L BRI B AL, B A
FEfmZE R, HEE B midAER, (HRME Y IRRI R, HIEERME S 2R A E i
i (Dong et al., 2023b) . {EFHBHBENS, BHSMHH 8 FMIERE HATRE (Seeley,
20100 o FEVIABTBL, RS FEIEAN LA AEBOR A B, i 2 YR R AN TR B Ak i S

e GIER AL, XM T R EREAM AR (Seeley, 2010) .
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BT (I FU R T b R I 75 AT UE I 4R IR e (B 3D o R R RME S
(¥ 2 SR T BXAR % 2] (Wen et al., 2024) , FEMEIEIT % 3] 45 2205 () NG A6 R B2 N i 1E
(28 F IORHE SR RGBT %, P 98 F IR T RESE 2 (Zhou eral., 2024) . Fififh
AR B LEA [F A Z )6 3%, 15 H 28 2200 (R W 5235 1) AR AL 48 (1 M ST R iR, B
Ja H OB R —REE I H Iisn 2, R R S8 B E AN B b 10 75 i T B L AMA I B dr T K
(Alem et al., 2016) . fEREMEIRBRIBTCH, O BTG RE 050 R /INERHE R 2145 52 (07 B LASR
22 ity BRASEAE 2 > AR o A v 2 3T 00 2 SRzt RO BR , WU Ee) W 85 e o 5 S 10T i s o7 B P 3R,
X R W R IEHERR AT N I 232 ST BT RiEE (Loukola eral., 2017) . HhAEWE[RIRERENSE T
M52 SR AT I Rk SR 1O RE D TERDER P AR 38, (EBRZ R TS0 T, AR U ik & 1017 A1)
AT AR T AR E AN, X R I T IEM SR S I 2 R E

(Bridges et al., 2023, 2024) ,

K3 Mg 4EAT N

Fig. 3  String-pulling behavior in Bombus terrestris
Ve PLARAT T DL A 2 2 ST AR T A5 3% . ] 9 S0 - Note:: String-pulling behavior could be transmitted within the colony through

social learning. Image from Wen Chao.

3 R ER

BRI AL T LU AL A ) K MR 2, ARBUNN 1 mm? 245 (Giurfa, 2003) o &
B B R A RO RN R R, AR R I T B4 T T 2K e g AR A N 2 B R AR
52 (PN JIAT 55 A It m) DI e A 1 BN S5 2% (1 A 22 [ 2% >R 523 (Ardin et al., 20165 Peng
and Chittka, 2016; Roper etal., 2017; Guiraud et al., 2018) . UIEEAE2ES] (FIUE Sk S

SRR A AE DD AR A TRT R L AT ORI AR, AT DUE L e B S (K R R R A



SRR ER SRR, R 5] AN SCIE A T LA S5 R R A DX p Sl B AR
A4 (Chittka, 2017) o FLIK, 0828 B dUH ORI E AR B, BN EIE BRI A A 4 100
JIAHERTC, (REEAMZE 0 K Z5 KR T DR — R — B B T2 40 3, BRI K mT
REE K E MM TCI 5% R (Witthoft, 1967; Giurfa, 2013; Chiangefal., 2011) .

HAT, ST i3 B durp e ML T 78 3 4R rh RN 5 A0 A 22 38 o 1A% 5o T A= W AT
WA FR ARG RET N, HP2ERESRESTWACEMG, Mk
(sNPF) 338 7 AR YR LA S P AH DG SR AT AR & B A, R
FKHISEHE (TRPs) HIHIEAN. (Silva et al., 2024) o — LA {28 A4 ) 2 (R 7 5 1%
CAEIE PSRN, Ao A5 SR B AR ERVE 5 B i M i (AL TP 2T
FEARAIEL R ARk, I AT O E SR 8515 SN BIBE £fk (MB) , SRR 558 05
MZ TG, B (KC) Al MB il #1270 (MBON) Z [ FEARFAE (Paoli et al.,
2024) , XA BT ELMARRLGEAR A ANAT e AL o (E B A T B R T 2R A N
MG TR TR AR B, 1207 181 (KB 7o B T B HL S 2% A S AT s, )t v By
N TR S AR LR R o
4 RE

WS B MTE A S RGP SRS E B AR, HAARAT I T T HuE R R B, (H 2
H A TE LU AR I o) s A PR 2R -

(1) TEWF T S PG B U BEARAT I, SR AT N TE S R AR B IR BN, B R KT
EGONEIRL 2 fltn, EEBESURME R, 2 MMERIE 2 50 R R, FED
VAEAE DL CR I B E5 0 Se B v o FEIXFIE BT R, B0 75 AR 5 8 DU SR S B o i R
&, BRI T A BT AERRANIRER .

(2) Boi iR B R IARIE R R AT EAL SR 2 A A E Iy R 4
RIREIN T 3P 12 Fat bk Rk, ndgis, iR s, Kt asimEa gk, Mk
ZIRELERE N > LS PME, P AT T 5 R S A T S AR A bl oAbt R
SRBEARAT U S BIE BIE T IR MASE . R, M2tk B A AR 2 5 i T AR A
SRR, (ARG T, FIRTIEE R A A KE RS S SR, X
BT 9 12 ) R0 P B ABARRE Y, — 285 PR DN R0 22 e T DA g B Ak o PR 0 DA RIS 18 2 i i (R A PO R
.

(3) WERE REM— AR AR MAT S5, Wil HERRAR Rk G TS5, 2 AJERE



o Ra B AL 7 1 B R AR pR AR 1 ARAE 55 IR RE 0 2 153 RELE AR b I U OR B 7T RE R T 1% RE
R RENS SRR LA BRI 3 . Biltn, A5 20 R R A AR S e R 5 2 115 A B ey
MORE N, BE A BT AR b A AN SRS . SR, T X AR S5 IR BRI R IS TR
W4T, HAEREA A (R I8 A2 € VE AT RERLAR, PIRE EZMOB T +E 254 5T o ARORIKIBE FTRT Lk
PRI IR S AR B SR 55 A D BE T (AR AR LR, X AT DA I T K 4T D9 LS AR R A8 A 2
e
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