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Abstract: The level of cognitive ability and the evolution of cognition in animals are difficult problemsin the
field of animal research. Corvids are as good as apes in tool use, episodic memory, inhibition and inhibitory
control, etc. This paper summarized the major cognitive studies on corvids in the past 3 to 4 decades, and
classified these cognitive studies into 3 categories: fundamental cognition, physical cognition and socia
cognition. Fundamental cognition or the general cognitive ahility refers to the ability to have general meanings,
and is the same psychological characteristics that can be displayed in solving different cognitive problems;
Physical cognition refers to an individual's cognition of the laws of nature, mainly including object
permanence, numerical ability and the use of tools. Social cognition mainly refers to the process in which
individuals speculate and judge other individuals' psychological states, behavioral motivations and intentions.

We introduces the main research paradigms of the above three kinds of cognitive abilities in order to provide
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theoretical basis for animal cognitive research in China. At present, most studies are focused on birds of the

genus Corvus, but not enough on other birds of Corvidae or other passerine birds. In addition, there are

significant differences in natural histories or ecological factors such as the sociality, distribution range, and

foraging strategies of Corvidae hirds. For the follow-up researches, we suggest to pay attention to the impact

of ecological factors on the cognitive ability, or design a more reasonable research paradigm based on the

habitat and habit of corvids.
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BN GE 7 SR S Sh Al s it A 2
WF7E N USRI R, LI T il s fe
JIHAE 78 32 BAE HhE KRR (Ratttus norvegicus)
ZFAY (Columba livia) Z5s2iG =4 s ek &
AR (Pan troglodytes) . fHIT M (Macaca
mulatta) & R KKZ)H (Lambert et al. 2018) .
X2 RN R BRSO A, WEKTF SRS
AR B K2R A 1) (van Horik et al
2011) . ART, INAIBEIFAEE S RGERE
— B R R AR RGK B R AW,
WIARAE LT AL (R 855 o B T 0 P k2 A S Pk
Al A 3[R 22 4b (Seed et al. 2009, Shettleworth
2010) . BEE LB R R, Bk Z (1)
VIR T S En I 5T

EIL WA SKP YR ERE, &
HEH—H (Jarviset d. 2014) , HApsfk}
BRDLH “HEFLidiZ ), BERINIFE O &
FE R A 2P R 2 FEAL B AR S mT 2R84 1 5 44
(Hofmann et al. 2016) , RIILENIA TIHRE
S I B ARz — . FTASRL S MRE
JIWIAE 7t 32 B AR 251 = DY 48 BT 1Y,
TEZ U FIMEAA, HER SRR SR NIR
Y, ERBERENE, XNEimE T “K
PIEBHIENIRE” (feathered apes) #5 (Emery
et a. 2004a) . [EIBAHEFRIL T 5 A L
FKARMiLE EFJEYE (Butler et al. 2005)
Ak, HSRF S RAT R T B 300 K K2
FREE TO I3 HERR 2 FE 2 R KB I 4%,
& HoAh e LS040 (1) DY 4% ( Olkowicz et al. 2016) .
4N, FEH (Corvusfrugilegus) Al K
% (Callithrix jacchus) [f1-Kii =42 8 g /2

/4 (Herculano-Houzel et al. 2007, Olkowicz et al.
2016) , {HFT & A2 Ju ks & Ao
PIPIRE 2 o IR R B SR} 2 288 () 450 i 7%
BV, R TATT AR N 75 &= 1R K (Olkowicz
eta. 2016) . XL IR SRS A m )
INFIRE S 3R A B S, MONEh I T AT
NGENT HIRE T 78 0408

RS RAFE 24 Mg 131 B BRI
PEL 20T G AN B SRS AR R 2 . BT,
] ZMFF 7 N G A FH A [R] RO S Y 3R 7T T % b
RS RMAFIRE ST, (HE SRR AR P
NINIEE A . BRIk, A SOnt i 2 = Y -4 i) 3= 22
IASELSINT AT T 2R 510, 4
TAFERARIGE W T 2 Ui Ui, XS AL
BN RR R AT R R, B
159 8 P SN RO T3 AR 4R
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WP RE TR 3R, SR AE AR YA [F] (7] R #E R
I HE R AR [ () OB T, AR PATRE D
TAEICAZ A 1% . WIERIAFIFR AN AN B AR
PN, EBEAREEMRAAME. $EE). TR
AR P A5 o A 2 50 32 B AN At FoAth AMA 1
OIFRIRZS . AT RSN E A AR 5 W
R, NI R AR EEIT N, R
AT B EHEINA R H AR ST
REJ1%E . RSO IR IR 5 2807 AR 20
ST B A TV AT A . R
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A similar approach is used in the two research paradigms of the dashed line connection.

1 —MiIANAAEE S (general cognitive
capacities)

1.1 #ATIHAE (executive functions)
PATIIRE R — OB SME, RS E
TN ENESS I, & FhA R A2 AT B il
LRI N R G LR . AT s A7 4
HARI— et 3 dpLE] . e g i ass TR
12, (working memory) . il 4 #% i1 (inhibitory

control) FIIAEN R %M (cognitive flexibility)
% (Lambert et a. 2018) . i&4A1k, TEHAT
DIy 6e 77 THI R 32 LA 5 48 b 2E A M2 ) A
RIEERA 7T

111 #s s S0 dEe ) 2= 3
YIFT RE S TERELLIE T T 2 BIPR M, 388 3 o) e
RV ABE S, T H0 P45 ] B TR 1 3
Y2 LR & T VE R I8 . Vr 2 it g,
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IR (Liedtkeet al. 2011) o H AT, 01
EflRe 1 CARAEVF 2 RS KBk 4T 1,
Horb 3 MR ST TS R
ZERIFER (detour paradigm)

MacLean % (2014) Xf 36 ANl il
Re AT LB T e, i RREA RO T HEEOA
U A FiE e — . FEREPR N B AT 55 1
FEERu, BRI E N AEY
F1%) [E3] f 000 T R N [59)  9 B3RAS e, SRR I
A [5A] i8] 5 e AN a2 I I 5, it 321 T LR
EERRENS ey (B 2) o El,
AR BRI B AR RN, SRR
AN ITiiTpei AN R SV IR ) WY RN s B UL
i B BT B, AT A 38 [ £ ) — ],
BRIk BRI AR S LS, BFFEN BLIE 1
T ARFEFINRAE S, Kabadayi 25 (2018) Xif
I RS A E A AR S AT TIE A . E
MacLean %5 (2014) HIWF5H, #A%9 (Garrulus
glandarius) #1175 A% (Aphelocoma californica)
RIMAE, KT 36 MRl (BFE R KK,
MEGIE. R MFIKE. BEZS 5
fI1E3E 2 49 (Nucifraga columbiana)  (Vernouillet
etal.2016) . MRUEEHY (Picahudsonia) 15
—HPG NIRRT D IE R O, X R
X JURh & 2R AEIE Yu P R I E 2 (Stow et al.
2018) . M@shHIRI S FR AR AR 5 2%
TERCEEWIXS B, EATTR I AT LU 2R N 56
(Kabadayi et al. 2016) . W4 (Corvas

/ e

B2 REEFTEE
Fig. 2 Schematic diagram of cylinder task

corax) TEWFALSG 10 J& 724 st e IR A 45+ A
HRIFMED (Kabadayi et a. 2017a) -
ki A dEB4ES (therevised A-not-B task)

A dEBAES TR, S2iXFE TR R I se s
MAMTF A RSB, 5 =RSEs g
M T B . EER =R, 2l A
FNH AT BT A [N, TR IER
WF B, HXREVIEE THT A, BEIHILY
A 3E B #i%. MacLean & (2014) 2 T it
1) A 9 B 155, BISZES N 03 i Sk i fEAf
F A, BERPAZ2 0 R BT A B
e RM T B IR, S8 5 Bk 32l dh T Ik .
MacLean %% (2014) A 70K k) A 4E B AT
AR AT R S 7 2, R A
FFIPE A IR IA R AN E . Jelbert &5

(2016) ffH A HE B ARSI 7 HEHy (C.
moneduloides) , A& IWLAEZ — M H BT A %
REAAABLNR . 55256 R ZRix e
B, e RS N BT R
BT A R 2R E RS IR T A
Ik B 155 . Jelbert IR, WA FHAER KEY)
PREEZ IS5 AT Be I I B 2 1 5 35, FF
TEARRE SR 58 BOX DT 55 (1 R U ZETH . 5
FERSZ A 7E A A BAE S AT [FE S5 R I 2
Z B AR 2R (U2 15 A e s BH B B 1 4258
PRE KT I i AR R B T (1 B 0 iR IO sz,
XA I A AE — 8 4+ (Jelbert et al.
2016, Kabadayi et al. 2017b, 2018) .
FERTIH /& (delayed gratification)

S 2 S i H RN A B am 45 2R
MR S AL, ZaE R s T AMA) B 33
HlBE S1 (A& Miller et al. 2019 %K) o 7E
Mg, ZRE E ey S ME AR M EY.
TEREJE IR, S8 N A SR H IR 2
R EE DY, WRSZE 7 LA — e i
] (E) B P 2 B S B ACE, ARM S SR
NAAT S, WSR3 E Rl iEEL
&% (Dufour et a. 2007, 2012) . Dufour
5 (2012) W RIL, /NBESHS (C. corone)
AR AT DL A2 BRI 5 min, 35 /NBE
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B E R 10 mine 2 BRI TR
Jih (4 J5 B R SRAT SR B 5 BRI T A 0%, A 252
T 2 R R 22l TS M B S ok 1) S
rECH ARSI R T AIER . Hillemann
2 (2014) BT ERAT UMK 1 /NG B RS AT
MR EAES CERARHRREN ‘S %
WEZH MRS CERARHETES
MEM S E A H) TR, KA
PR RN, Z2E EREERHL. SHAE
i, T TER ], BRI S 5
SIS N AREAT ELANI,  FEIEIR I AR S5 TR I
L, XUWANSSAERE RS

Wi BAE AL EANKIAE 55 A9 B (Cibulski et al.

2014) . /NWELRSAMIER R RBIE B 1%
e (Cebus capucinus) (Ramseyer et a. 2006) ,
5 BRI RINEPLL (Dufour et a. 2007) o X
T IRUL,  FEIR T AT F5AFAE R IR,
KA — 32 A3 S R S R 3R A5 ) B V)T E
WEE (FEITMRE M) RS S8 N Rk
A, wIEH— TR E, BEFEAN R T —
ANEBIH “ReFAERL” SR R ) &R
Wi . FERRTTFE, 32l AR R IR
PRI EYIRFSLTAEME L, T R e AL I
R —Ah AN, B F0 R I e S A o1 AT 55 AT
ARG ER AT LLEIR T 2, (BAE AR SR
PLELF (Miller et . 2020)

112 AEREHE ARG R AT D e
ERZ —, EXAMRRE SR AR i N
FHEIENER o RISV TR AT LS 23
TR H S AT A AT & B B BT I S 2K
&% (reversal learning)

B 2 ST 55 2 MR S0 R 1 ) 8
%o ZWRHE B FSAERIRI AN R
[ I RE (A+, B-) o SZIE IR BRI
A BI25 TRV A IE IR B B — w hr i,
W RRR SO AR B (A-, B+, i
SRt B, Girt ik # B OOk B IRk iR
FIREL . 32 W W AE R — I L [ e 77 2]
H T PRI B R AE, KRBT A SR T
AN RIS (AR ERRZE, Uk

AT Z A IR A HTAT 55 B 37 AR 2R R
%) (Lambert et al. 2018)

PR K g F 2 b RO I R AL
BEWS Y (Urocissa erythroryncha) , 1E# HL#
T AMAFERE SR IR, Hd,
b B2 W B 4 1R B (K (Gossette et al.
1966) . #k7% (Gymnorhinus cyanocephalus) -
J63E B 7 S I 0T P RN 2 R AT
KR 5 216, RSN R 2]
HILE IR BL (Bond et d. 2007) - AFS (A,
coerulescens) FEH]TIX > I R S RIAR PR,
(RN — A B 25 S AT 55 1) JRUBE Tk P8 1
X R IZPFRALE P BRIDAR 2% 5 R s 7 2 31 2 [)
f7{ERLT (Bebuset al. 2016) o 7EXF A 1]
W, /R SMES 506 R I R SRS
RISEIG B L 2o 1 0 2 GZ ELBIHR IR Bps 4
OMES TR EWIN R E, AT LA 2R
RS %)  (Rangeetal. 2006) . HiHS
£ 10 ~ 20 RSE imd T EI A 24T
%, BEJEFIIME 57 RS rh iy | X e lT
(Jelbert et al. 2016) -

8I# 47 R (innovative behavior )

FERFAMIIHh, FSRFR I T AR SR
BTN, X 0] Be BT RN A AH D¢ X ek R AR
XFR/INCA B AR T B RE S 9% (Lefebvre et
al. 2002, Sol et a. 2002, Lefebvre2013) .
B R AR R AT e et AT BT N,
B AT FE S ), A B AT I
fil e i U %, RN A E AR AEIAEE S,
5 3T fig 0 AR 16 ) e DU A Oy TR
(Lambert et a. 2018) . WFFLRM, WRAH
W AP it — 5 I (A 2ARE B, B AT T BUR A
T8 EL 1 RE AR e — TN RLAE TR AT S
(Lambert et a. 20170 . HHX, WIRARL B
FEFRAAR R T8 B AU ], EAFEAREA &K
fd FHIE B e in) . 3 2 DAUE B T 18 B 4R
Zn] DL T B AR A
Bk nl @l I0A — AN 24 B2 5 7 L
W (Betty) HARMN —MREKRLEK—H T,
FAE F A7 AN 7 B — N2 2 h (1) /N A



6 1 RS TR IS KNE 5T Bl - 811-

(Weir et al. 2002) o Hri& S il /E 541 1) R I 1E
B A BT 75 A IESE (Rutz et al. 2016a,
Sugasawaet d. 2017) . HIT A TR LR B,
B R DAKE LA B I TR A A R i
T E (Bayernetal.2018) , ifijix @Al
THEANETT AR AR NP Bl . B
WEAGHE, T8 5 A AR T AR A I AT LA FH 13T
T HIRE &) (Bird et a. 2009, Chekeet d. 2011).
12 Z5HHEFE (analogical reasoning)

FRECHEB MR ) — P, ARG
XPRAEF L JE 1t EAH R B AL, i LT 4
b7 B AT TE FCAth g 1tk [ R AL P HE B
Tt o KA 5 EEREM IO 2 18] AR 258 R A2 A

[F] s e AN ), fltnt ez KR S 2 T2
o R NFFRR B R IR B R

R AR s 48] vh ) o G 9 1Bk a2k 47 DL T

(relational matching to sample, RMTS) &4t
FENPIHERL B I IFRERE . B 5E, W3h
YRR AL M TAE RG], SR )G s
T T IR BT — 2 P S LA 1, S —
R — g S — N AR T . IEFREE
1% U £ 5 s B B oA AR RV R AU 35T, BT
MEERHF . 48, WG A A R B
(RN N R |7 S il 8P S W B vivk = Rt i TN i
AFEFHT (E3)  (Lambert et a. 2018) .
WEFRE, RN M. ASFAERSHEET 7 H
RRELILEL (RMTS) 825 2 AL I ik

(Vonk 2003, Cook et a. 2007, Fagot et a.
2010, Flemming et al. 2013, Christie et al. 2016,
Martinho et al. 2016) . fR/DFH 57X HG R K
HHAT H R REILEL (RMTS) k. HArH
W MR H8 (Corvus corone cornix) @IS T
RS IMR (Smirnovaet al. 2015) . H Al
BTN DO U6 = B RM TSI 7 A 4518
AU S S HEHERR, X H A Vi J HoAth
FIRERIMERE, Biltn: 2k SR A
Z a3 E g, HERRES OB ML
BEA B ULEL I (Penn et a. 2008, Vonk
2015) o DAL, FORHS R 5 FE PRI

AR BLEAF XL SC &R, PR — A&
AR ] Lo

B3 RKititEEXrRE

Fig. 3 Schematic diagram of analogical reasoning

1.3 EfZE&#ME (memory and planning)

TAERZ 2 ARSI FC 25 AN A
A IEIZHAEA [F] AR  2Rp 34T TR L.
BT KE - HS R S R B A R R, 78
PR R AZ T ALY EE (MK
B 2012) . i R 715 2 MCAZ 2 18] [ 28 RAE
RS, KA. S5 E A (A wollweberi)
AP NFSEFS R SRR 3] 72 MR, I
Hn T TARICZ B RS2 5 6% £ 66 I IEAH
KK Z (Templeton et al. 1999, Lambert et al.
2018) . JbEEFG. WM AELE 7 dif)
B ) 5] 0 > BB A 4R 2 R A5 T 90 Mz
AR IR A, dB 3R AR SKAS W IE AR
TP NTS (Badaeta. 1989) .

TARIEZ 2 — Rt s B AT = I hn TR
HHEEHRICILARS . XN 231
WFFER M, A TAEICIZEE 715 B 2R TER
MR FE AR L (Balakhonov et al. 2017)
k4, Goto %5 (2009) A I LE B DT RCAT 55 %) K
I 1% 9 (C. macrorhynchos) (415 TAFiCAZ 68
JIHEAT TIR,  HIBE 2 RE ] (R B A 3 n, 5%
WA WA AES R . 5 —MESRHY K
P RE IRz HRadie
JeF DA )R 2 A A AL BRI MASE 5 2 DT 1
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R AEAE— 58 I [A) R R S AR (1042 B AR B
Y (P, pica) AR ITER SR LA
FIRXT SR RLT . BB IR S5(E BAR 2
H OB &) (Zinkivskay et a. 2009) .
Har, XTBRidiZm g KB,
KI5 (Sepia officinalis) 2547 (Lambert
eta.2018) .

BRiCIZRETISL, RS RIEA A A K
RIMIRe 71, PEAESRREARYE B AR SK I 75 3K fif
1Y) (Raby et a. 2007) , EAITHZET L
B 41T RIBILARR 3R 5 AR 75 SRS
I ORI 5 SR G BE A A7 S 7
1% (Correiaet a. 2007) -

14 TN REEEI (metacognition and
information seeking)

JCINATR B 36 O B2 R I 4 47K (Flavell
JH) RS, fexkFiAEniiA & (Smith
20100 . XfTHCOKEHA. i, BRI
TSNS S P FRCZ FRRYERAR ONTIA
SR MR AN — R R B D1z,
WA RS RERA B RS FHRE
B, RHRN R IGER RS, kT
WA 72 £ 2@ eid iz, #ralEs
&R G REAT, A AR SYICIAFI]
RE R BAFE TR, RIS AR T
i (Smith 2010) . 75 KME S HIHF 7,
AN SR T 3203 2 75 R gt i I
FIiCIZBR Bk R BE E AT N SRE
W, 2R FE O AR, eSS FE AR
SR REN, (Goto et al. 2012) o 7E 5B —TixT
FEANES AL, 5 R SR E LS 44 S
FEE IR . 25— AN SELR R AT — AT 4
AT, HAT DR E RN — AT L
AN AT AN R 3N S E ST
T LA R BB AR B MR WA 55 T I — M
H. WAL BNy, FibEr =
R D AUEREERT LI — NS5 . BN T
R, WERFAEATCAEIRETT, EATHR %
BIRE], AL SR B e (R ME—

CIMT B BTeL, BATTNAZAT B2 — AN
o SRR, FENIINER S — NS 5L ()
(A SRR 2 o 3X AN S0 ] A A5 B B T P M
X H ENRNE S ATRE ), RS ST
INFNRE ST L B8 T ALl (Watanabe et al.
2016) .

2 Y)¥EIN% (physical cognition)

AN TGOS, — DR ERR IR T
RE 2 B A0 S 0t 9K R A v R LA R RE D
(Auersperg et d. 2015) . M ARG ISR ER A
PRI R AT TR FERt B SR
P E RN R . X BB EARARANE. $
RE ) HEREBE 7 LA RO BRI SR G R I ER AR S N2
21 ZEAkKAME (object permanence)

B AMEIRT R B OIS, fRIE{EM
WE WML Z IV EARMIRATLE . BTE H T
AT IERAEY . e, FHREES
Phlik, MRS 78 BOX Le Bk AR T AT IR 2 B AT TRE B2
PRFRAE VA A B AETE R DR R IR
PERT, JF HBEWARIE ik s sh k4718
Fio. Piaget (1952) F 2 ARK AMEXRI 59 6 i
B, NRELTREX R IR 2 IE e, (HAE
AT NP BEAS 2 TR T R I 7E 58 =B Bt
BLLV Re e EFHRIH R A, Reigdl
[l Bl 00 7 o A s TE SR DU B B oy, B
JLRT DA 2R B0 58 A7 S ik, RS AR T
YIARE S BN R BRI B, 2 LAT DUR
TEPIR LT WS B, i 8 VAR I B AT B
Piaget (1952) Ay, %JLLEZENBrBerT LLHE T
B A ILIINIFE K AN — B ARRE 77,
T DA R R ) — A E 2 LR

VE BN RIATIS E ZERE FOT %, A5 F}
98 JE AR AR T E 2 B bR [FIE,
BARTR AN T A W5 B I AR 2ok
WERET, 5N, BHRKAMERR BN
B O 4 AE# 55 (Pollok et al. 2000) . #47% (Zucca
etal.2007) . JE4% (Bugnyar etd. 2007) . /)
MEI5 %9 (Hoffmann et al. 2011) . &% (C.
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monedula) (Ujfalussy et al. 2013) DL b K &
(Cyanopica cyanus) (E#Ht 2019) Fit{T T
W7, FF HEATeERIE R 7 AR APER SN
Brig. SR, fEEMKAMERKESES, W)
PR AAEE PR ZES . S8 DB SR
PSRRI S A BAT S AR I A 9E B HiR
(Hoffmann et al. 2011) , 7 A S X A]
RE ST R NI LW () B Pt A7 S AL B AT TR Ak
FTRMHGTRE DR . R NS T
VISR 2, I T A 9E B 4% (Bugnyar
et a. 2007) . [k, fEEJHEM A 4E B Hiix
Z AR RIEA itk — P 5L
2.2 ¥fES (numerical competence)
RERSEIIEI LR, WAz, 53M
11 28 55 25 Fh 3 W ER A b P87 A B RE
(Agrilloeta. 2014) . HTYMEKZESR, B
HIOR T2 5 A B HEsh R =2 R A R 307 &R
G — WS ZNEe. ERZHOCT
e I, EEAAH TR, BE
RAEFEMAAIN G LR 7T —Fh7iE 2%
AR B IR R AN [ () A A )
CinEwEUk e , szl mes o #
HIETHEEAE, EA12 B KL 2 8
M —H. SR —MITEY, R EEZTZ
PGk, Horp—erp R CanRE MR D
RS (B 4, 22187 R R 8
PoNE T REJIAESE (Agrillo et al. 2014) . 7F
—IRLLRWE SR AR R i, ZidE &ad
ka7l (3% 5, 4% 5, 5
X} 7,5 %) 8),{H4E 5%} 6 Pk H1 2K T (Bogale
etal.2011) . XULH] 7 RKBE SIS AH — Mk £4L
KA ) BRI, T e AT 2 2 BT
B A5 RSB0 B 2T o E o — IO /N 5
PIREFE R, BFFEN GRS — AR IR AL AT AT
%, RIMZAE AT LAX 4> 1~ 30 281 7 44
i (1. 2. 4. 7. 12, 20 f130) , EHI T /NWE
GBI X 77 & A- 2 g e (Ditz et
al. 2016) .

HAEZ?
Which one is
more?

@)

B4 HeehdssE
Fig.4 Schematic diagram of numerical competencetasks

2.3 #HAEES (inference making)

231 HEBHERE (inferenceby exclusion)
e 1R feAMATE MR ) Y, ER RIS R
AGERE, AMRTT LLd F R ASME B B HE
W40 I IB AR b Ui L T PR A o 7 S SR A v 1)
B (Premack et al. 1994, Call 2006) . Zh¥I2&
73 AT DA HEBR VR B E 0 7 R AT TN T
BIBOSER I ) &, R I FhRE 77 B REUE 304
RE0% 5 FHHESE B8 77 1T AN 2 5% 2] BB ISR fif v i i3t
(Aust et d. 2008) . 7EIX M7 H I & 8 F 11
Tkt K EYRE— DA SR, ARG
N2 R P ALRE S AR AR T S 28 R B 2% N T
M2 2 (Call 2004) . Hiltn, 432 ETH
BNE T —AHEEM—AEE, 2REEIH
BRI R e —eeESE R
{2 IR 2 25 ) . Schloegl 25 (2009)
I FEUE R 1, RS W] AR R FEBR R R e ]
HE RS SR, HEERHE R A
VI RE 1A 5, B anfig 47 & W0 I /N 5 S
(Mikolasch et a. 2012) Lt AETE VIR FER
FEHERRAERR A R R I 47, B [F A )
(A8 RS FIAA A5 A R It HERR AR Y B
77 (Shaw et a. 2013, Tornick et al. 2013) . i
H—EHPE A BN, BRI A U R
MR R HE PR AL RE /1, RN TR S 2l E
WL 2 ] 56 T RE AR RE (Mody et al. 2016,
Cesana-Arlotti et al. 2018) .
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232 fEiEfEHETE (transitiveinference) 3
YA s PEHEER R DA B T e A il i W g s 4
Xof T2 1 (R AH AR FH T A BT H 0T R+ 55 4
(Grosenick et al. 2007) . A& 4 $5
PRANEAN BA b R B A A% 3 145G 2 1 4 T A it
AR, & —PplaEoc RIERE, EERMNDH
K B G A A AT TR S B S OnT 2 TR )
K F (Guez et al. 2013) , 2V Gk F () —Fof
Rk, MA 5B 5 B5 CHIKRTHER
A5 CHIRZA=TRS S . HAETES)
W ge i AT T a0 IR A A @, T
B LAY S I 07 R, AR F
BEXS REAN [F] B 1 406, DSt s I AR
T, “A > B” REA MREHST B
(Mannsetal.2012) ) : A>B. B>C. C>D.
D >E. WG, ZHERFEMEMEE A EC A
5D.A5E.B5D. B5E. CHEM*%
o WP RAS 5T 20 IR 0] 8
R FT, P ok 5 . SEY AR LS
(Lazareva et d. 2004, Mikolasch et a. 2013,
Wei etd. 2014) . {fE—TFFH, Wk, 7
AHS . b SE A R AR EE R = £ (Cyanopica
cooki) Z 51t LI A HE(A>B>C>D>E>
F>G) MK, X)L SAE B:F Ml (R IEL
B:D i 4F (Bond et a. 2010) . XIFHF4T
R T, M6 HOBRE AR S L P
HEFRRE JIAH G o AL S PERE B 2 R Mm% s 4 20
JIIX— WA AR S A 33 TESE, AN
REER ARG S A 020002 Y B O A s R A
JIHEWT B A E PR AR R R AL 2 A (Paz-
y-Mino et al. 2004) .
24 FB-HHK (means-end comprehension)
XFB-H MM R R A EiRE
THRIH AT — R B D R EGE B — R RS
(Huber et a. 2006) . TEMSCHFFCH, 5 H
I s e AR R AR . TR B,
BT R BRI F B, FE & Fhscge 6 1
&, WERE RN EER (B 5 .
HHT, fgaicia T 1 ik 200 Fhahd
(Jacobset . 2015a) , HH A 17 MASR

HKo R FERL S SHR AT DL 55— Bz
WS, eAe | R LR — R A g 7,
TR PAIX 2378 22 il (AT A 22l () 487 (Wang
et a. 2019) . {H2 AT 5K, WEs
(Heinrich 1995) #] Ll A8 X 48 it X
TR K 43 S R A AR s 28 ] /LN AR FE 1) 2
CRRIEEN” o B TS R AR I A AT
FoVu R, AN R 2 A S R A (support
task) o TESCHERRMIRH, 23K E 7] Ll
PN F R Z YD, RSN 5 il A
xR (& Bb) £ NE5HE
SRR, 2k E 2R —A
] PRI, 1T 2 A0 BB 1% 5 F B i A2 2% Frg
W, BRI 0 A AR B I 5 o FE AR T
R 2% (Albiach-Serrano et al. 2012) . 7£—
SEASIRINTT B SIS RIS, BN RS A
FRPE ) T ORI T SRR
PRI AT BRI SCHE R R (P2 i &
TRAESCEEY) D (R 18] LU AT B8 1 S 43 %
F (Y BAESCHEY) B B A]
T K (Birdeta. 2010, Davidsonetal.2017) .
RISRUL, FIREFF A RERY], RS
A DABR AR ER B OC R AN 23 () 4, BRAR AR
FHNESNE, RS S B iRE A &
AT N

¢+ X

A ARG SRR -‘
Possible
support relationship %
J
AHREM LR R -

a

Impossible

support relationship b

K5 FE-ANEASEE
Fig. 5 Schematic diagram of means-end
comprehension
a AR, BIAREREY: b N,
a. Cross-strings task, and the star represents food; b. Support task.
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25 THAFHA (tool use)

8 F T B AT I8 5 # A =  \ Ende
(IFAE (Seedetal. 2010) . LB EAEEF AL
ENTHEFRIRES R, RS R RN T i
A TEAIRE ). eI DU R & &M TR
fif e i), LR ARG AE I T A (Lefebvre et
a.2002) . FEY RS, FLRK T RMEHERZ
BEAS . FERFAL, ST LA AR TR
R AR FRAZEE YD, I RE 0% 158 A I SO A A
BRI AOERI T 5. (Hunt et al. 2003, Kenward
eta.2005) . FEAER AL, HATHE—C
R HIE I TR M (Sugasawa et al.
2017, St Clair et al. 2018) . 7ESZIRHTFEH,
HE ISR TR R A SR RGN, &
TREEFELYKERERN T AR EY
(Chappell et al. 2002, 2004) . ‘EATER] LUE
M L RBATYMEZ i, HR%I0T 56 e B
SAFAARTHERES (Taylor et d.
2007) o sIE—IURF AR, R A
T L figf e 1) R Sk R R T DAIBE S AR Th REME R
M, =R A L oA F AW A
(Gruber et al. 2019) . FFMEASsN, HEHEY
) (Corvus hawaiiensis) % /& IiAd FHARIR T
HAENFEN T AMIME (Rutzetd. 2016b) . B
3% 2 5 S %) S TE A LR A A T B 1
THi¥ e THH TR, EREEEER T EN]
SEEA M TASAEDM G TR, &2
TR A AN S R S TR T RE A AR TR
(R fAIE 75 3 — B AL

TS AN g S S H AT AR IR
HY ARG A TR MRS RN S M H BT IESE
KE, HAME S RER SR IMER T A,
BE AN AE G TR PR SR AR T R
77 (Lambert et al. 2018) . RAEHETINFE
RIOF &GS T RIS, (H&E s
ESIE R NENR RPN (7 2 e
Mg K iR, I HAEey Tk OR A RN A
Bt (Birdeta.2009) . GHFIFRAREI, —H
% W5 (Cyanocitta stelleri) Ai— 5 B

(Corvus brachyrhynchos) 7£#T 3} i BLF-i% 45
T RF R T E S RES A R i (Balda
2007) . IXUGUEHRIER T, A9RFSENT TR
PThae B A — e R MM, BT DURYE B
ST REFREGEN T A,
26 HRHEHE (causal reasoning)

FEINFIRE T, B4 ) R SR\ e o 4
E SR AR, Wi ) )i 4% 346 55 (Lambert
eta.2018) . fEERFLANN I R HERE e ),
I B 7T TE O B B E DI (Seed et al.
201D o SZRFH DA, FiRecE TR E
VIR D BR ()8 TR 4 B Y, SRS )
ER SRR NG TGN (E6) .
IR IE T 1995 4, TERVIFIRAF, Zik
8 XT BF4 R B R 488 [ B AR DN Ay o i T IR AR AR 1T
AR SR HERE (Visalberghi et . 1995) . 7EBE )G
FIREFE A, BN iz sk T 1 kit . 7
SSOEE AR A, B TN SRR T AR T RE M B MR
Ml FHDAHEBR L SE S 25 (A1 2R R, 2 2
FERA A ThReA seiEd M, —2xh
T 9% BT S 78 2000 100 2 Yk 1R S 56 5 AT LARR
DikieeTh RetEREBE CELRERE) , IF BAEHRRRAL
o S AR R JE s b, 1SR n] A4k Sk
BEAME (Taylor etd. 2009) . W5 A BN,
TR S ) AL DAE B e AT ) R SR 2
EATR B B AR AE 20 BURR . T S R AR
i S AR IUAR N B %, PEIRkE HArA — R
55 AR IR I A, WA e
] LB I e Bl (Seed et a. 2006,
Tebbich et al. 2007) .

oA ) — LR A R DGR 32 R Al
JH DT SR 2 SR At e e R BN 2 i R TR VIR )
g (iR . EEFMBEE) KM, &
IRV NI LY N 7 E DN L E SR g Y DS
Yok 1 LSRG 92 Jih (Bird et . 2009, von
Bayern et a. 2009a, Chekeet al. 2011, Jelbert et
a. 2014, Milleretal. 2016) . AUk, T
5 15380 v] DR HEAT 55 e 818 4 h Re AR/ T
H. (Birdetal.2009) . — REREAE 2%
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K6 MBHEMES~EE (Taylor et al. 2009)
Fig. 6 Schematic diagram of trap-tube tasks
(Taylor et al. 2009)

—

Bl TR B R B B R B B EL TR T R a
IEWRFN TR a MIZREE, ThEetEpE (NP bil
g ebrd, HERERMESAR, HERA SRS bR
WA TR IR FIT LR R b BRI ER )T, HE
BT AR D . BEBFRR A BEAH R b, R E R T ‘3R
ORFRIR” X —WRLR: o EHTRORS, FBERTE
fprid, MAZIRE LT HEEEMRICNRERRTERIES: d 4
M TheetErarE (e R, ZAMNIEDIReERERE (ot
Y, BAR DA ZE R s . R TR AR,
D2 A A5 B A TR R A U R R SR K R o

The device shown in the picture is suspended on a shelf. The arrows
show the direction in which the food must be extracted to avoid the
trap; a In the initial trap-tube, the upper rim of the functional trap
was coloured blue in order to increase its visua salience. The height
of the yellow discs and the blue mark both may become clues to the
subject’s judgment; b. The two yellow discs were removed, but the
blue rim remained. The bottom of the traps rested on the wooden
base. The removal of the discs prevented their use as cues to guide
behaviour. c. The black discs were used and the blue mark was
removed to test whether the subject needs blue color marks are clues
to complete the task; d. The trap-tube had one functional trap (with
an orange disc at its base) and one non-functional trap (a hole without
a base). Food can fall out of the left opening. The device removes
most of the visual cues and tests whether the subject really
understands the causality in the trap-tube task.

B R R E B Ak, HoAt 3 R i
ST I N R e T X TR fE

(Kabadayi et d. 2017¢c) . Jacobs %% (2015b)
INA, BT RS B At 1 S AE T 2 ST AR R
TS e B R LR L, AE S 2 R
Wi B 5T 'L, oAl [
BRSSO R R OC R B . — T KCE
P5RS (Nestor notabilis) FEFE 49 [F 2 5 (It

FLAAESE 73X PR DARR S5 A 1) Je8 124 A
YRl G, e AR EE AR A T B BN
PRI SR (Lambert et a. 2017a) . &
T — T ey, TR BRI AR A AN [F] EE & Y
VAR AE R I R A [RIIR S HE T 4R 1 32
B (IEEN 73%)  (Jelbert et al. 2019)

3 #4iAE (social cognition)

SANAIRT S AFESEAT N ST
N BT EF N 1 F A AR S I RE )15
B AR T B AR A RN B R, i
MG INHE SRS S A A R S SR A 2 R
B3| TIRAWIF (Lambert et al. 2018)
31 HEBERIRH (mirror self-recognition,
MSR)

H M Gallup (1970) ¥k BA SRR ik
P RIAT T I T B AR SR Dk, JE
NS B B — BTN AR I
BRI . B T R )k A g — 35
ar kR ARIL IR, RITE 523 AN B 1 1
TIEENT SR e B4 E B AT br
0, PSSR 2 ST T H e
FIFRIC AT A, A BT I 2R AT A
BB EHT X (- 7D o RS RE,
O A 7873 BIEHEIE A 28 N (Heyes 1994, Bard
et a. 2006) . FEWJEAKX (Tursiops truncates)
(Reissetal. 2001) FIEHS (Elephas maximus)
(Plotnik et al. 2006) 1% & & & #- 2 P i i 5
WINFNRE ), HEBERIKERIE SIS f
(Labroides dimidiatus) 57 25 AR & I (de
Waal 2019) . HEiB G BRIV CAHETZ S
KT TGS, JCHGRASRHS K. JREH%
BT RS G E AL BN E, (HETE R
WEFEHR, BRI R 5 8 — AR A (E R T
AN SR M H S 1478 (Kusayama et al.
2000, Medinaet al. 2011) . KM H9FHT 0 Y
IR FEH , 2R3 AR A K [H) 2 R AR 85 111,
WA A2 bR icilit . Zead— B 18] (4 i
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G, BRSO T BCFOR DUE AR IR
111535 (Prior et al. 2008) . Ffifi. {EFERHIFR
MR, ZRFEAMAESE TR T fabs
CHIAT RN, TEBCA B 7 IR B S a0 i B T
ZAT N FERSMR IR L T AR J7 ik ) B B
(Soler et al. 2014) , BEF R TCAN AR IC A
BRI SEIG A S RT3 . I T,
B 50N 53 A FH RN S B RIF O R AL I SE B FE P,
BT 58 (C. splendens) FI4ERT H 3R A fiE
(Buniyaadi et a. 2019) . [FlJ& T HR} 521
IREES, FERTEB AT 4R AL AT N (E
Hk 2019, Wangetal. 2020) .

R I

0 are you?

Ooo

B7 ZEIET=E
Fig. 7 Schematic diagram of mirror test

W& AR, WFFCN S P — TR R
AESHFRATAMAES GEETESAR AT H PG N
it EAE LR AT ) WL 3E B AR
(Clary et a. 2016, 2019) . Jb3& & FLE X}
H OB SR M A S IEW SR, HI 78
Z R AL AT N AT AR K A AT R, X
R EATHER MG E CHBE, 1
AR FIEIGR  AEE N NIX L 5] GEAR 4 15
SRIENERE AR Z N A O, HA R I8 T b
10 B ARARFAE 1797 AT F) S AR AR UL AT TR )
R HIARIRE o  T A ASTE B AR AFAE I A R
Hhnfs AR B AT A, ZERE S BARIC I
AR A TR FFRCAT A .

32 HLHIRMIIZHME (social knowledge
and social strategies)

3.21 MERHA| (Gindividual recognition) 7
Sl TRV FAN A A TS TR B AR BBl S A R T 3)
VI EERE /1, DORTE IR SR R A AR ™ 10
FRH SNBSS KRR (Yorzinski
2017) o VFZ AR LESEAOE 2R o B Y
SR, X T HESH YR B E R X 43[R
FhEhW) E B )77 (Tibbetts et al. 2007) , 4
LIRS AT DA IX 43 [RIRE AR 7 B2 | E A4 A 72 (Boeckle
etal. 2012) , FfAT LA 43 B ol o 1) R #2255 )
Hifi7 (Massen et a. 2014) . WiFt &, FEH
(Zandberg et al. 2014, Woods et al. 2018) .
JEH9 (Boeckleet al. 2012) . 755 519 (Roskaft
etal.1984) . #5:kHY (Marzluff 1988) . 2
B (Hopp et a. 2001) 44 Fhs Rl & 2]
PADX 43[R AR AN A i 7, 1 K 5 3 i it
S AR o PR R AR A A (Kondo et
2012) .

PR E RN, — SRR S AR AT PAX A
ANEAMAE, Brecht 2 (2017) KB, /NHESHY
TE VR A 16 H () 2R 0 LR A G SR B 47
S A 1 R M S R B B A H R IO e A T
I BN L, 1S RERR R
UKGEEA BN, AR T8 B A 2
IXFE (Marzluff et al. 2010, Leeet al. 2011, Swift
etal. 2015) . YA NI N ST B A SE AT,
EATSERHIREE, (EFUCHENTHATEY
{EHi &% (Davidsonetal. 2015) . & 7 EF4MH
WEIE, S R AR KL, Cibulski 55
(2014) I 4A RIS N ALESIT, PR
AN S IR E S 5 K. Muller %5
(2017) I, VERSRTLAICATHER AT HEA IR 5L
BN, WERATTEERSEEG N 01, FEAERE S ik
P 2 5 TSR IE SR N AT 5.
322 HALEEMLEIEE (perspective taking
and mental-state attribution) X TR RS
ek, HERILAMA PR AT BEE B8 T BN LR
FHeXF AR tH R R e 0 SR BB ) Al A BOAS I
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Ml RAEEEEH. EdXRJUHER, 5t
FHORIIB T2 3 T )2 R (A] 2% Boeckle et
al. 2018 MZFR) o F9RHS Ko 1) LA K ffir
Bt NS, DR e AT T e s 1825
JOEDRAS A F W E A A (Clayton et al.
2007) o AHIRAIIE 22 RV ) A9 RS
KRGSEBIE “HEWR” FAEEM “HIR” 1
AL E TR E S B IR . 22l
EEAEA R B AFER, TEANG.
1. A6 BRI 2 B i A2 P RS ) )5 T
B B T ATE L YRR (M 5 (Bugnyar et al.
2002, Dally et al. 2005, 2006, Legg et a. 2014,
Tornick et a. 2015, Legg et al. 2016) . JEH9
(Bugnyar et a. 2005) F17G AT (Emery et al.
2001, 2004b) AT A RERRHIVELE “ SR %
WCEIOG T & W AL A5 B AT A5 ., 1
HaF RS A B 3 B /el &
Y. FERMBSIIRETE R, BERNRRBL, HEPER
FLE 4y YIS 2 AR YR MEVE LA i R i R
TSR E (Ostojic et al. 2013) . Bugnyar
& (2016) RIL, U AIE T R R R HEWT
JE LA [ b Sy B, AT T2 23 | R i SRS
— e TN LN IR A SR TR A RER D) IE B
R RM LR G681, EA TR RN
B T HAMAMEMAT A (Heyes 2014) , [
L T PSRk 1 28 (g 6 o7 JE 2% Ko B A IR R AF 9%
WL Rt — 21 k.

323 H 4k EE HEHM (body language
understanding)  7E 5 & B SRR BN, A
AAxf [F) b Bl e A S A B RIS RS, WTRA
WA GRE RS, $R = LR X —3KH
Wt g I i A2 KB P 2 75 RE I N R S5
NGRS AES CFERR . b, ARk
BT 14D B [F) 2RI B RTE 5 e B B ) &
). Bugnyar %5 (2004) MH MR, A
AR FR IS AT AERBE S5 N A AR 2 S8 AR
RS, TS Schloegl 25 (2008a) HIHF T A&
IR F LTINS IST S b= S g LAY [ SURiNES
AEDIED, HRA AR I N 75 F K

IALE B T 4R I 7 [F) ok tH BRI A 8 . RE
TESRISITESGE G, AW R (27) PR L
B9 N\ G BARZR T T e a2 Schioegl 55
(200804 52 B HE L R D) TR 27 2T B
Jo LSRR T Y, REHZIAF R
— RS A e R SR N DR R Al B2k 2R
It BAE/D B SIS J5 Re % 2 2 fd F 48 [m) A1y AR
(IREEFILAZ B ) 28R (Tornick etal. 2011)
FERG TS B 5 B m] AR FH 5258 N 03 )R
FEMEY, HFANTINA, R
SRS RS SR I S (von Bayern et al.
2009b, Schmidt et al. 2011) .

33 AEKFEHLATAH (cooperation and
pro-social behavior )

K2 HUGRFS 2 T0 AK IH ) — % —ZE |
ZEXRFR, B HISURPIE. SRR E
B ZEGE RS IT A (Emery et d
2007) o HHT 82K N HAREHER Y 2 (A A 1R
MEAL VR T IZ AR, SCHEX AT NN
FIHL — B2 TN SUEROGER 1
33.1 &1 (cooperation)  HL#H FHI&1E
WG S — N E RN PEIYMES . 2
WAL R I BN P S 4 Sk A B AT D 2R il A,
WRRE—N2ilE 4+, frahiR
RKEPRH, 2AE/AREY (K8 . &
L 5 FAR R AT DL e SL [ A ke Wi R 1 1 s AT
%, ABRAEIEIRMIA T, EATTA BT [ AF
(L EE (Seedetal. 2008) « KER/IHNHL T,
EATIE M B B 4T A 2 SR B S R B
[FfE—R e AT S  JEEk— I 53R B, 7
LSRR IR SRR T AR, FEL
KMEFE IR EZS 5 64E, mEEMEmAT
NEZE 5y %2 B [F A 52 (Scheid et al. 2010) o
BER T DL AR i 48T 5%, IF He AT i)
TR REHEVINFEHES1E (Massen et al.
2015a, Asskawa-Haaset d. 2016) . S575& Y
AFRZ, ERYS TESTEES AR
P ARG F AR R R A e 2 B RS TR
PEAEAE I B I8 R U AE S o 1 AR 15 R
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4, BE/HH ST E TR S
PERE IR T H, B 7 75 BR A B 45 [FIAE
[F R B G, WA E T LR |
Yo R AT LS A 5 X BT 4,
HREEAEAR HIER A EMMES, RAK
WRIERTAEE, B2 B BE A Sk AT
N Jelbert et a. 2015)

B8 afEESFr~EE

Fig. 8 Schematic diagram of cooperation task

BTN GLIA AT AS A 1) PR AT RE S 52
YE SRS PRI — N F R . HATiEH
BEEA N PG A R, fERK
F AL IR T BAESE A % (Brosnan et al.
2003, 2010) . Miiller & (2017) KBL, V&4
A DACAERRAN SEI0 N T FE A RS 3
AR N B A2 B AR, B
5B B e R % (Wascher et al. 2013,
2015) , 1 H A R A R I H A A RO
(Jelbert et a. 2015) . HAX T SR B2 RAELE
AN PRERHAAIR, FB, AAFRES
EAEZ B R WA R .

332 FE#LATA (pro-social behavior)  7E
GRS, MAZ IR IBE AT T 2 NS
SEVERRUTT R BRI Rk, AT
RE< 52 B b e, EAISE T AT IR
PRI AES56/E (Noe 2006) » ST
RERIRAT R BT A RIS AR KR 73 1

—2K17 4 (Marshall-Pescini et al. 2016) . X3
AT NI T B AR R AT NIES ) S
U BRMOEE FEE P RER . e
(Cebus paella) . fHIAJESE R KKz (Silk et
al. 2005, Burkart et a. 2007, Cronin et a. 2010,
Burkart et al. 2013, Lambert et al. 2018) , T4k
SRR LT BRI O E AR S R . ]
BN FAE R TTEAE, EEEH R
Fe M2 AR 5 T DL F RS . &
XIS — R FRRY], EASE S f v
ARFHCFERGSBREY, ZESEA
FIIF AL, EATERA FEXT SIS B ER (Di
Lascio et a. 2013, Massen et al. 2015b, Lambert
etal. 2017b) , XU HIERSA 2 tHIABAT 9.
Duque %5 (2016) &I, kB2 5E:S =
&Y, I H S SIaHALRAMA S LT 8 R
ZaEREMAT A, [FR, AR TSR TS
FR) AL 2 ) 2 BB A e 7 3R KT 16 T v T 39
(Duqueeta. 2018) . HTAKEHEMEEEE
B (Renetal.2016) , ‘EATHECN T LS
1T R RN R —, £ —BUHFASLE $ Horn
& (2016) KIL, MKEHGWT LA B E R A
PRAFEY. WA, WA KL, SRR WAL
WETHE O FEAERE Y, (HX AT R H
HFEERT AEMA K (Schwabeta. 2012) .

4 RE5RE

AN 30T A T AR SN Jn ) F T B
W IR TR NG AT TR AR
FWBT A 22 Fh, Hb, BESZK 10
o AR 3F, HESRSKERRE 26,
ERE. AR, SRR AR 5
&% LR MBI TR, KERBTES
THESRLU LIRS, . EREER
A B RIS AR I 5 S8 5
ERPER R, AN A RUECR (van Horik et
2011), £ T HALMSE T BA RIFRI . M
FEIRE B0 K AL S S 55 1 28 A 2 W)L 12
EVIE S ENG P
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X TSR DL B oA & SN En e 77 B A AN
AT CAH R AT TN ENRE L MR ER, &
REE I B R 73 3 9 A R A R 25 )
A F-B, n Chen %5 (2019) FH T B A%F
PRINFIRE S0 58 Sz 838 (Mel opsittacus undul atus)
TEMEE R T TAFEAL 3. 7RI 510+ LA T,
V2 W50 RSB S 2R 1) s R T 52t T E
P, AR AR SRR 7T U R I 2 T
LSRRGS . (HE AR 2 £ T8
Je& 5 ANt B BE 7 e 1Ak S8 B A K v AN,
FoB TR FONFIRE I AR, X TR
Fofth 2R EOR B IE H P AR S SR B 7 v
AT, FrmlZ A TE P AE S 5 A NN
o Hik, HBEERRASE. HEIEHEL R
TR EESHRAGREER, ERENT
FH, MAZRFEAESFE RN SR SN G
(RIREN, B 45 A AR I AR B8 K S s
HE AR R ER. A, WA
FERWABRMMIME LM TSI
PERLRE, {51 G0 RF 1E HET T T 2494 (positron
emission tomography, PET) B 77 1% #iii [X )i
BRIE LSS (Swift et al. 2020).

HHT, R4 1 fSE— M A FI§e 21 77
MEHEIGE B, B 107 AT 2 4h,
52 B TR A fr g2 . D4R RITEI
KZRIEHMER, BT Ames R~ LR R
AR, MBI AR R R, XONAE T
ANMVIFRINFIBE JA K T PHAS .

Z F X W
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Appendix 1 Summary of the studies mentioned above

E3) E=PEN
Performance References

Yrfh Z 5 siia
Species Research paradigm
79 J& Corvus
Wi AdEBAE% /Iy Epiibos
C. moneduloides  TheA-not-B task
St
Reversal learning
THE s H 5 AR

Tool-making and tool-using

|aboratory
[ FE I The trap-tube task
EAIEE AN

Mirror self-recognition

Hit3% The New Caledonian crow is the best known tool-using
bird, with extensive tool-using records in the field and in the

25 31145 5 AT BBk Subjects are trained to avoid traps

AT UARI A S5 SR B e BT B S A0
Subjects were able to locate food using mirror images, but

Jelbert et a. 2016

Subjects passed the test after training

K2 RINGR )G, AT
After repested training, the subjects’ preferences were reversed

H T S 75 (1 TR 926, BPAMSEie E394 K Weir et al. 2002

Jelbert et d. 2016

Sugasawaet a. 2017
Rutz et al. 2016a
Lambert et a. 2017b %%

Taylor et a. 2009
Medinaet a. 2011

did not pass the mirror test

HAFES
Cooperating task

AL R, (HATRAR SR AR
Subjects learn to solve problems together, but don't understand

Jelbert et a. 2015

the nature of cooperation
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Species Research paradigm Performance References
ReE I {4 T Tool-using A FH TR RE ) Subjects can use tools to get food Bird et al. 2009
Clruglegus oy mamin o LU R Bk Bird et dl. 2010
Support task Subjects can understand the contact rel ationship between objects
FEBFEMR Thetrap-tubetask A — RAMAIE MR Only one subject passed the test Seed et d. 2006
AR X 53 F R AN AR By Roskaft et al. 1984
Individual recognition Subjects were able to distinguish the conspecific calls
GRE S HR AT LA 2360 N R AR 2R R Schmidt et al. 2011
Body language understanding Subjects can use the experimenter's line of sight
HEES e JLIE R R, AR AR AR A AR AR Seed et al. 2008
Cooperating task Subjects learn to solve problems together, but don't understand ~ Scheid et a. 2010
the nature of cooperation
/N 5 18 SN A2 FEIR G R 5 e, o 10 b Dufour et al. 2012
C. corone Delayed gratification Subjects delayed gratification for more than 5 minutes, some  Hillemann et al. 2014
for more than 10 minutes Cibulski et a. 2014
%Ak K A Object permanence il i Passed Hoffmann et al. 2011
e 54 F510-2 7 49 %€ 1 Numerosity representationsin crows  Ditz et al. 2016
Numerical competence obey the Weber—Fechner law
HEBRAE 2 TRIELIE LR R N A6 & The subjectswereableto  Mikolasch et a. 2012
Inference by exclusion deduce where the food was based on visua cues from the
experimenter
TR W ARL AN SETH Brecht et . 2017
Facial recognition The subjects were able to identify corvids and human faces
AR T LA 43 3 28 B 2 O S0 A B Cibulski et al. 2014
Human recognition Subjects were able to distinguish between familiar and unfamiliar
subjects
AR ZERIANATAHESE, LI T PR Wascher et al. 2013
Inequity aversion After the subjects were treated unfairly, their enthusiasmfor ~ Wascher et a. 2015
the experiment decreased
VA IEME s\ Detour paradigm F UL KT Subjects performed well Kabadayi et a. 2017a
C. corax JEI T 2 GEE W R 5 4 e Dufour et a. 2012
Delayed gratification Subjects delayed gratification for more than 5 minutes Hillemann et al. 2014
Cibulski et al.2014
5] B SIES SR MBS NS U 1: 2 Rengeetal. 2006
Reversal learning Theratio of thefirst learning task to the reverse learning task
is1:2
Ak K A Object permanence i i Passed Bugnyar et al. 2007
Fr4a B The string-pulling task ] LA ik 22 X 46l Subjects can pass the cross-string task  Heinrich 1995
TR G LAE A LIRS 'Y Kabadayi et al. 2017¢
Tool-using After training, subjects can use stones to get food
AR X 73 F AP AN AR By Boeckle et a. 2012
Individua recognition Subjects were able to distinguish the conspecific calls
NFEEG AT LA 53 AR A= 1 S0 B Cibulski et a. 2014
Human recognition Subjects were ableto distinguish between familiar and unfamiliar  Miiller et a. 2017
subjects
Hofr 8% HEVITRAER DRI AL E Bugnyar et al. 2002
Perspective taking The subjects hid the food in aplace whereit could not beseen ~ Bugnyar et a. 2005
Bugnyar et a. 2016
Gk ER R S50 N A Bl R 1 A4 5 4R B ) Bugnyar et al. 2004
Body language understanding The subjects found the food based on the body languageof ~ Schloegl et a. 2008a
the experimenter or similar subjects Schloegl et al. 2008b
EAEES HAETE B4 5 Massen et a. 2015b
Cooperating task Subjects could cooperate to complete the string-pulling task ~ AskawarHaesetd. 2016
RALSAT N A Di Lascio et a. 2013

Pro-social behaviour Thereis no pro-socia behaviour Lambert et a. 2017a
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KW 55 TCNEN TCZ AT R, Bt Goto et a. 2012
C. macrorhynchos Metacognition Subjects avoided the test when they had memory errors
#ae Ebved UV CE AT Bogaleet a. 2011
Numerical competence The subjects’ performance was influenced by the number
ratio and the intensity of the stimulus
Bt H F A0 gSiibus Kusayama et al. 2000
Mirror self-recognition Failed
AR I T B A P T 2 Kondo et al. 2012
Individual recognition Subjects can identify congpecies based on visud and auditory cues
FERG Ak K Atk Object permanence it Passed Ujfaussy et al. 2013
C. monedula R RIS i B Mikolasch et al. 2013
Transitive inference Subjects were tested on the five-item series
EAIIEE AN Al Soler et al. 2014
Mirror self-recognition Failed
AR X3 R AP i u Woods et a. 2018
Individual recognition Subjects were able to distinguish the conspecific calls Zandberg et al. 2014
S5 = PR LA R SRS N G AR 2R % von Bayern et al. 2009b
Body language understanding The subjects were able to deduce where the food was based
on visual cues from the experimenter
RALSAT N A LA A PR AT B Schwab et al. 2012
Pro-social behaviour Subjects can help their companions get food
NS BEW HHAA B I Davidson et . 2015
Human recognition Subjects can identify threatening people
KW TR N AR B ok 5 58 0 R i) LR Balda 2007
C. brachyrhynchos Tool-using Subjects can choose more advantageous tools
NFEEG BE HHAG BTN Marzluff etal. 2010
Human recognition Subjects can identify threatening people Swift et al. 2015
P 57 K EE AR I, A2 3 T sE Smirnovaet a. 2015
C. coronecornix  Anaogical reasoning Passed, but questioned Vonk 2015

H RS

C. hawaiiensis

F

C. splendens
)& Aphelocoma

LN
A. coerulescens

N}
A. californica

&3 M HEEE Tranditive inference
R R A0 X

The trap-tube task

TR

Tool-using

Bl H F A0

Mirror self-recognition

S 2% >) Reversal learning

Al =E N

Mirror self-recognition
1E A5 3 Detour paradigm

A 3k B f£4 The A-not-B task

S

Reversal learning

el CINRAVAST - fi

Spatial memory and food-caching
capacity

N

Metacognition

TLI A 51 1] 8 Subjects were tested on the five-item series

H A A A g i
Some individuals pass the primary test

TEMS FR SRS T A
Skilled use of toolsin thefield

@t Passed

SR — AN SRS (5 21BN
The subjects learn more slowly for each reversal task

A Failed
R A Poor performance

KA H: Poor performance

TEEELE e 5 2] T R I R4

The subjects performed well in continuous reversal learning
1eAZRe 71 SR ) R IEAR

Memory ability is positively related to the ability of food-caching

i, X E SIS R T AR
Passed with the ability to regulate their own cognitive activities

Lazarevaet a. 2004
Tebbich et a. 2007

Rutz et a. 2016b

Buniyaadi et a. 2019

Bebus et al. 2016

Clary et a. 2019

Maclean et al. 2014
Stow et al. 2018

Maclean et a. 2014
Bond et a. 2007

Lambert et a. 2018
Badaet al. 1989
Correiaet a. 2007

Watanabe et a. 2016
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LN {3t P HERE LI 2 7 il f Bond et al. 2010
A. californica Transitive inference Subjects were tested on the seven-item series
Hofir 8% H AR B R B A B Dally et al. 2005
Perspective taking The subjects hid the food in aplace whereit could not beseen  Emery et a. 2001
SR B A 2SRRI 5k et TCAZAE ST S R F1 S AR Lambert et al. 2018
A. wollweberi Spatial memory and food-caching Memory ability is positively related to the ability of food-
capacity caching
AR DX 3 R A s g Hopp et al. 2001
Individual recognition Subjects were able to distinguish the conspecific calls
#9)% Pica
EHY P pica %Ak 7K ANk Object permanence i Passed Pollok et a. 2000
A ZE 3 Human recognition AT B Gl I\ Subjects can identify threatening people  Leeet al. 2011
L[ 40 1Z[A17E 8 Detour paradigm FIAAE Poor performance Stow et al. 2018
P. hudsonia
KE )% Cyanopica
R Ak ANk Object permanence i Passed FHk 2019
C- cyanus AR AR I, RS X 481 Subjects can solve  Wang et al. 2019
The string-pulling task the broken-string task, but not the cross-string task
Bim H A ARiE R Wang et a. 2020
Mirror self-recognition Failed
SEAE 447N Pro-social behaviour 27 FIfEIRIS A4 Subjects can help their companionsget food  Horn et al. 2016
BRI LT 40 FE i PEHERE Tranditive inference L2 R 41 [ # Subjects were tested on the seven-item series  Bond et a. 2010
C. cooki
SEASJE Nucifraga
2T iF M5 3X Detour paradigm KA Poor performance Vernouillet et a. 2016

N. columbiana

|
Reversal learning
R VAST 3o

Spatial memory and food-caching

capacity

HEBRHEFE Inference by exclusion
{38 MEHERE Transitive inference

BETH EH NN
Mirror self-recognition
Hehr B
Perspective taking
il = R R

Body language understanding

15 3kH8JE Gymnorhinus

R
G cyanocephalus

|
Reversal learning

i S frie

Spatial memory and food-caching

capacity
i PR

Transitive inference

AN

Individual recognition
SRALSAT N
Pro-social behaviour

TEELE S 5 2] R R 4T

The subjects performed well in continuous reversal learning
1eAZRE 71 S R ) R IEAH R

Memory ability is positively related to the ability of food-caching

I Failed
LI £ %1 1] /3 Subjects were tested on the seven-item series
Kifid Faled

B EVIRIEAR DRI AL E

The subjects hid the food in aplace where it could not be seen
ZgE, WU

Passed, after the subjects are trained

TEESE [ e 2 3 R L R 4T

The subjects performed well in continuous reversal learning
IZEE )1 S A B Re 1 2 IEAH KR

Memory ability is positively related to the ability of food-
caching

HIFRA ) LIRS ]

Subjects were tested on the five-item and seven-item series

[X 43 R AR AN A Fr Y

Subjects were able to distinguish the conspecific calls
oAy S M TE SR T = B

Individuals with higher status are more willing to share food

Bond et a. 2007

Templeton et al. 1999
Badaet al. 1989
Tornick et al. 2013
Bond et a. 2010
Clary et a. 2016

Tornick et al. 2015

Tornick et al. 2011

Bond et a. 2007

Templeton et a. 1999
Lambert et a. 2018
Badaet al. 1989

Wei et a. 2014
Bond et a. 2010
Paz-y-Mino et a. 2004

Marzluff 1988

Duque et al. 2016
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AT JE Garrulus
AT i m7E 38 Detour paradigm FILA 4 Poor performance Maclean et a. 2014
G glandarius

A 3k B {15 TheA-not-B task
{# Fl T A& Tool-using
Ak 7k At Object permanence
HeBRHEEE Inference by exclusion

SHERFMA
Support task
ey 125
Perspective taking

s JE Cyanocitta

i et A TR

C. stelleri Tool-using

WiHSJE Urocissa

ZLMEHEHY |

U. erythrorhyncha Reversal learning

FKIAE Poor performance

248 T HAREUEY) Learned to use tools to get food
J# i Passed

S Failed

AT LABRARA R PR A 0% 2

Subjects can understand the contact relationship of objects
K VAL A 2 R B A B

The subjects hid the food in a place where it could not be seen

N TRFRIAEE b 35 5 A A TR

Subjects can choose more advantageous tools

A DU ANAS R ) 5 e R B A

Best performer among the four different families of birds

Maclean et al. 2014
Chekeet al. 2011
Zuccaet al. 2007
Shaw et al. 2013
Davidson et al. 2017

Legg et al. 2014
Legg et a. 2016

Balda 2007

Gossette et al. 1966




