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Resear ch Progress of Animal Tool Use Behavior
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Abstract: Tool use was once considered as unique ability for humans. However, in the past 50 years, tool use
has been widely observed throughout the animal kingdom, and therefore is more common than previously
thought. Tool use in animals usually has certain purposes, and most animals use tools to achieve short-term
goals instead of long-term goals. The tool-use behaviors may be influenced by environmental, cognitive, and
physiological factors, and individual differences in tool use may be observed. For some animals, the tool use is
an innate behavior. However, for most higher vertebrates, tool use usually involves the trial-and-error learning.
Through social learning, some tool-use behaviors can spread and evolve, thus being widely distributed in the
population. Tool use is one of the central concepts in animal cognition. Researches in tool use would enhance
the understanding of cognitive abilities and behavioral evolution of animals.
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1 B TR M E R — R A
iR

M 19 AT, A WAL L2 5h )
FIR AN R B 3 SeE B 4 (Williston
1892, Peckham et al. 1898, Duerden 1905). {H
JEAE 20 AT 60 SEARAT, K2 IF A
XYL FH A E SO TR, /2NN
i T EGE NEMA AT (Gruber 1969).
Hall (1963) # 5 DL TR — % sh ¥ e 1
MBSO BEAT 1 ik, R BRA R 1 3P i
THEKHE X, HEfhs)zE 7 NTEEHES R
EE R KRR TRME T, FFUIR H
PR EAE ] TR AT A RA N 2 )5,
van Lawick-Goodall (1966) & X T ¥ fd
ML RME S, BIA TEREAS B A H o
EIARAE 9 B AR 7 Cans ik 8010
MIREA . 3 L4k, V2073 fE Bl b
AT TANFE AN, Alcock (1972) #&H, f#
AT AR BRIk, Eesiee
B RO AR FE e W AR ) D RE B AL B . Beck
(1980) fE Alcock & X HIFEA L3N T “ 58
W N, SIS YR, HEREAH
RO 7 — iR E A S e, AL E
BORGL, B PR ARSR A MR TR) 45 B
St. Amant 55 (2008) #2H, ZYX ] H R
AR G CLED sz, M s —
AXFRJENE, B TRAAHE 538 (f
TS AN AEYD [ RE SR . T
H TR & e & H Shumaker %5 (2011)
SRR, Shisid HEE AR R Ak, AT
ZAHBEE T S EE A 51
L A EEURE .

JEEWF TN RAEWRR E W B E L
AEBR A — T IR TARZ 550, EE)
fi AR TR AFAE — 2 S B TR L
41 O’hara 55 (2021) AJy, ZEAPIREL LRI
SR A BB N TEAN S YR P TR BAT i sk
FAET B AN RS . RTT, H T2 BT AP 52

AR, —LR A TR A CE GE.
N Kaisin 55 (2020) 7EEF 40U 5% 3 48 JiAk
( Leontopithecus chrysopygus) F!| FH k& A ks S 7
R A B G ok . R X AT AU
ZLH|—K, {H Kaisin & (2020) 75\ J9 4B il
WA TR 1R

Alcock (1972) Hy5E ol 1 THH) “k
Aar” JEYE, IR E SO AR BRI TR
& “TotEar” Bk . X —2ZE R AT R R
—UBVRYVE, L HUR B RO A T R
P, JERLHEN “E T BCEAARTE (BIRN
45 2004); % (Lybia leptochelis) I R
A% AT —2eifg 28, 1B “ZE” HEH
¥ (Schnytzer et al. 2017). XEE4T NFEALF
G OHM TR E L (W1 St. Amant %
2008 HIE S, (HATEW Lad, EEW &L
A, P IRAS R A 8] TR B S % A
IR R, AP — T IUE S —J7 TR . R,
BATN AT THEW AT IS5 “F4E
" B S A AN, 05 S 45
FP 6, ) FH S S50 () IR 75 i B 4 (Osborn
etal. 1998); 5 3kJ= ¥4 (Deuteragenia ossarium)
VIS AR HE TRE B AP Z BT, FER X g
AU ) M ] ASOWR OB R & (Michael et al.
2014),

AL, —LLZYAT N AT N “ 55
&7 17 &%ET TEMHE A FAE—
EG: Wk 4 (Hypotermes obscuriceps)
A e FEHAE PR - % Y 4 (Harit et al. 2017);
fifits (Echeneis naucrates) W Fff7E KBS
YA FAGHEFL ) (Brunnschweiler et al. 2008 ).
— A FEINA, BHATAET “EtEtiz
T TR, B @ T T RS FH (Pierce
1986), #Rif Bentley-Condit 2 (2010) ANAA
G R Ay E T TREMRAT . [, “45E
7 AT RAPB A E N T AR (Pierce
1986), {H#GHERRTE St. Amant %5 (2008) %1%$
F T BRI hb. BATNA, HETH
T8 I ) FH FE L SRS B T B R A A )
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RE, “HELE” T NED “HMERRT NEE S
i, XEITNFFE Shumaker &5 (2011) 2
H ) T RAEFB)E X, BAREATHE E AR ST
AT NI SR 2 L, B AT DA L)
TEfEH.

SR DB AN 22 B R B P DARE A
M R THEAN A . W ARG &
KN AT 200 i TR] BL R 2 H 50 TN
AL SCIAMERE, AR AR AR — R X
LI R ANFAR P Fh . anlsisE (Chiroptera) F|
H A AR FERS 4 (Simmons et al. 1980); 3F
% (Loxodonta africana) ] I KA /5 k4T
I HE B A2 i (Larom et al. 1997 ); B

(Gnathonemus petersii) 7] 7| A H it ik i 8

A% (Caputi et al. 1998); Hifig (Electrophorus
electricus) A F F AL PRI Sc 4 i) s A1 A5 FR L o
FHEY) (Koehler et al. 2009). It4k, )iz
HUR & Rl S 915 S B 2 R
YiEEThRE, wRg R FEEREIZE. AN
FEVIARE RS, R AKE, A
FAD AN 2 (R R0 B 0 5 AR S AR A B
FIALRE, G R A 7= A RN ) FH 06 20058 5 35 B B LG
J H B T RN KA D RE, s I R AR
PR B S 75 EAE B & MR & o (EXT3)
YIS, XX Se B G AR 1) 48 5 A
AV ERIRNLEE, R RS “HhmR
THR” K.

TE R G B AT AR SRR b, 3R
IR T oL R X T EEAfIMES I+
BYIEF YA, FEXT X R CREEDAR. 3)
Ya GEHEMAEDA FPRE e, ALE
BORMLEE) R . ST, BT AR T
BTN R RN RES 2, F3RD
SE AT IS oA ) 5 — SEASEAE PR AT B 4
AT . Bk, FATE VGRS TR
(KR HEAT BAR S B AN 22 ARS8, AT ) %
1T TR T THRE AR el fE
AR LR Sl (1) B N fE
F T HB9AT R BAE e — AR B A4 v 22 5 00

2, X FAIE G EREAT EAR A 7 Hr A (2)
THAGRIAERDIT, BELSAERI 93
P& CrGAL S KD, AR R YA A IR
BRI CAnF . o, BRI AL 5 55D,
3O ILARN R A S5 A R A0 2 18] I I R 55
KA RALNE— T34 55— Ji Ve 8 T H A EAA
AL, DR AS & A R

2 FYERTRKDR

21 THMER

FRHE S0 W3 /R F T B0 5 4 72 B I A
TNAIBE IR, FRATHE T EAEH 43 7S
AFZRAL, B (D FENUER T R: sz
SRR FH A B RS BN E B H bR, gL
KU (Solenopsisinvicta) 7EBF 4z BikifE
R BRI ER T ORBE R R I, 2 (58 AR
J& A R ERURL S S A AT S AR (Wen
et al. 2021a, b); (2) AWK IREIEILFRAE
T HE: fEZ2Ma]H T ARNAAERELT,
VL s AR TR, B S 8 A Wi
R, RARBIGEN TR, MEZREESK
WA HAA RN THRSEY, BIAHH
Fr (Jackson 1942); (3) FIHTE MM N
TE: A AAEEAY R Cin=a. e
KA kB, 0 H AR (Macaca
fuscata) F FHIF /19 B9 22 BrAa 4 BLIVD AR (Kawai
1965), H}/Kfa (Toxotes jaculatrix) M Hi 7Kt
e KT _E A& (Schuster et al. 2004), Hi&
#IK (Tursiops truncatus) P H A o4, Bl 0 B
(Torres et al. 2009); (4) L& T H: 246
Serb ARG AR 8 T B, iz ik
PR G EE R PR T G BUE M, IR
AR N T BEMERME (Beck 19800, XI5 K
RELBHY (Cacatua goffiniana) i £ Yk 1) EI#f
Tt T2 DIIREUE Y (Auersperg et al. 2012);
(5) HFEHIE THR: XTFAERME, R TAE
FH K & RS 4 o AR 4L 3B 1T A, (RN T30 0T &
M THARAEW R ARH R0 FRe /) (i
55221, B M )5 L, A& R
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KRG LR MR, 5 A BE
¥ (Pan troglodytes) £ -S4 2 5 58 N HES AR FH
DAEAS 54 (Kohler 1925); (6) FIf] T A4k
EARFNEES, TE R 2R I R A 55
X —FAT AT RSN FIRE )T, HAMAEA
THRFR B S SIS A B NN R], Wt
FEME (Cebus capucinus) 7] LA Il Zr i AR T
2ZH W) (Chen et al. 2005) .

22 YR TRENEMFTRE

MR P48 T 1 H ¥, Bentley-Condit
& (20100 BEH TR N 72402600, HAdk
ZHERM SRR, OFEamIReE. Mk
wERH T REERGS Y, wEEEMH
SH/ NI 254N 1 OIGE H Y AR Y (Lonsdorf
et al. 2006); EYHER: WA THALAED
SRR USRI, wivs IKE L (Thalassoma
hardwicke) JoikTRIUECR I EYING, 28 Ak
B VAL IR BN IIRE - (Pasko 2010); &
igkn: i TRIEHEY), W Lorinczi
& (2018) WEEZHHuAT A HE U (Aphaenogaster
subterranea) {4 FH A [ A4 1} Ft H0AE IR AL e 2 7K
Fel AN . 4h, Bentley-Condit
& (20100 w7 —H 5 AT ALRNHE
1), BFEINRYEY: s TRk mE &
B HAh B P 1) A BG4, wnvb S (Grus
canadensis) i FH & ¥+ H C 1 & 1& (Bartlett
et al. 1973); BCARWG]: ¥l A A 5] =
PE T4 i A2 BT B D 2, anikkisé (Oceanthus
burmeisteri> i R EOK BATTII 75 & BLFH4R
it 48 (Prozesky-Schulze et al. 1975); K& 518 -
B P TR OR Pl R ) B A o,
i (Octopus vulgaris) 7EHL7CN T A A
3 3 RN AL ) AR SRR AR A B 2 %5 (Mather
1994),

BrUbZ Ak, Bl A 7t 2% B4 A T Bk Ty
SEPL— S AW AR Th A, GRS K,
FIHESE 214 (Segastesleucorus) 77 G i i F 70
T A A0 R M (Keenleyside 1979), Z 4% (Apis
mellifera) WCEEHTERAEAI IR i AT K 5L i

I R (Simone-Finstrom et al. 2012); [&
B a0, fn 418 3L MY (Coptotermes formosanus)
A58 FH 38 R0 45 L BB B A A B A
FEEOR, LAIR/D 98 Jir B 5 4 R AR 1) 42k ( Wang
etal. 2013), 7k (Solenopsis saevissma)
W TCVESL RIS E I LS Ak, DAtk
HANZNW) I (Maciel et al. 2015).
2.3 HHATAKSIVIRE

W, HlE R TR AT 25
T 2ANEREE GR . K, T HR
ZMRMAK. SRMER (Bentley-Condit
etal. 2010) . JEIIARIEIT 20 FERIRFFT, FRATTHE
BN TR OIS S3EAT T IH9N
231 WHR W RKEIMNKIAT R AB)
VIREEAE H T A4 74 J7UEHE (Whiten et al.
1999) , AR ARt #E b ) T RAE A
1T NFEML T e (Padberg et al. 2007). Reader
& (2002) WHFEERM, REIEENPMEH THRM
A0 2 55 RN F BT Rz ORI SO AR B RN B TR A
Ko KREMFEY], 5AEELERXREILNE
FRR Re e i i ) M 1 7 A TR S b
AR (Motes-Rodrigo et al. 2021), X A[ {5
& T FREAR A sh ) b B NSO KB 1
KRz )z, PR EAG R 5 (138 Bl e A1 e
o —Eemtsuit— 2R, EHTAMRE S
RAEINY KN Bz JZ 2 M BAEH A E W 1 .
Maravita % (2004) AN, 7ERKEZHYH,
{5 FH T H 68 1 HEBEAE Re € (A 22 X 4 (1) A2 4K
T I LB 25 X 4% (1) E0A2 e 0% LE s W 7 AR 8 AT
N. Hihara 5§ (2006) WF7iRH, HARMGRES
A TR BIIZRIE, M TS XA 4
X3 b R B 2 i ISR AR Rk . Triki
(2006) WHFWAEH], WIRKRKKSMIER
o THEAMAHINGE, AAEEN <7 KR,
[EAEEAT T RN B JZ T IR IE o — LK A IR
A2l H T H, Wi &K (Torres et al.
2009) . J# 3k i ( Megaptera novaeangliae) ( Wiley
etal. 2011). J&fi§ (Orcinusorca) (Pitman et al.
2012) FIEHE (Enhydralutris) (Riedman et al.
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Tablel Examplesof animal tool usereported in the past 20 years
ES it Vb 4 T RAT ydtiig W 7 R
Group Species Tool use behabior Biological function Reference
IR B M
Use sticks to get the food Food obtaining Jackson 1942
BIEE {3 FH 22 /R A AL R B 1 8K amIee
Pan troglodytes Combine several branches to obtain termites Food obtaining Musgrave et al. 2020
R S B T
Use branches or leaves to dig honey from tree holes Food obtaining '
1 4y S A N ST H 1l
MECERE TR T AR BOIER g etal, 2011
Cebus libidinosus Use stones as tools to open nuts Food preparation
R BEFR A kM LARDIF R SAF 1972 . YIS Monteza-Moreno et al.
: Use stones as tools to break the shell of palm fruit or .
C. capucinus snail Food preparation 2020
ULES AR R T ey BUHR 2005
Mammals C. apella Use tokens to exchange the food Food obtaining '
Y s FF v 2 A 5 L A5 1 3R, %4
MBI ARG R R T WA el 2010
Tursiops aduncus Use sponge as a foraging tool to prevent stabbing Food obtaining
SR KN £, AR AW TP
. L Torres et al. 2009
T. truncatus Use water currents to stir up mud and get preys Food obtaining
oo A LA BR84S S
A S Aﬁ/,{ ﬁFHj W@U\ﬂ/bﬁclﬁlﬁt =] E
Pk By . Release air bubbles to form a net-like structure to ﬁ"%zﬁ‘{% Wiley et al. 2011
Megaptera novaeangliae Food obtaining
surround preys
2 JEED AT VY Fop P
s (PRI UK L3 TOER o
Orcinus orca Use waves to scour preys from ice floes Food obtaining
M5 B, LRI &) amIeE
Rattus norvegicus Use hooks to get the food Food obtaining Nagano et al. 2017
B2 R TR ERE T am M .
.. . L. Bird et al. 2009a
. Bend the wire into a hook to get the food in the tube Food obtaining
e a0 o 8
Corwvus frugilegus oA BN B K P g K i) 8 N LT
Put stones into the bottle to solve the problem of . Bird et al. 2009b
L Food obtaining
water drinking
S A g
ﬁﬂfhﬁﬁ{%g% g%ﬁﬁ. Wang et al. 2020
K Pulling the string to get the food Food obtaining
K 1Y —
qla_nopma cyanus 1@%7[: 7] Hg%'ﬁgﬁf}!—{){l@ﬂk@%ﬂ FRAE
Choose different objects to solve the problem of ﬁ%z}tﬁ_ Zhang et al. 2021
s Food obtaining
water drinking
A8 P K BE R AR 25 SRR a3
Use branches of different lengths to get the food from i Knaebe et al. 2017
: Food obtaining
the container
15, FEE A L e
Birds Corvus monedloides Use wood chips to cut the food Food preparation Hunt et al. 2002
A3 IR A AN /INFL AT R AR B BYHE
Use branches to get insects from small holes Food obtaining Hunt etal. 2006
DR 3 A TR BT LT
Cactospiza pallida Use branches to pick out arthropods from tree holes Food obtaining '
I = Bt A TR AR A
Nestor notabilis Use stones to clean feathers Semblance maintenance Bastos et al. 2021
A9 PR A5 2 it 4 D 22 X A5 IR 2R TP
Use branches to get nuts through the wire mesh Food obtaining Auersperg et al. 2012
RIF IR K B RY kL ) TP
Cacatua goffiniana Bent the wire to hook the food Food obtaining Laumer et al. 2017
%M’WF@EZ%FI‘JTHHZ%WD&% ' T Food (e etal 2021
Make branches with different shapes to help feeding preparation
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g&R1
ES it Vb {41 T RAT ydtiig WD R
Group Species Tool use behabior Biological function Reference
LERES b IR AR 515 36 M .
Reptiles Crocodylus porosus Use tree sticks to lure birds Food obtaining Dinets etal. 2013
g g 25 & Ak s H T % fy’
LRS- A4 I 7K A A ) AL ARE 04T F 7K @#@zﬁ{% Schuster ef al. 2004
Toxotes jaculatrix Use water to slap preys Food obtaining
H E4E 2 64 7 GRS P VD A R T TR KR .
Segastes leucorus Use sand to clean the rock surface during spawning Cleaning and sterilization Keenleyside et al. 1979
R VG Gk it A3 K RAE YD T3R50 A2 3R 5 amIee
: : .. Sasko et al. 2006
% Rhinoptera bonasus Use water to move the sand and dig the prey Food obtaining
Fish WRMGE T TT S s etal 2010
Choerodon schoenleinii  Use objects to open the shell of bivalves Food preparation '
A G 48 A5 AT Sk AR R AR £ ) b B A/ N O Y
Thalassoma hardwicke Use stones to cut large particles of the food into Food preparation Pasko 2010
smaller pieces
ELLIN WK LAERAS SRS &) M Kuba et al. 2010
Potamotrygon castexi  Spray water to get the food from the plastic tube Food obtaining ’
NEELES ke otk H 3 [a] 8190 .
i@*ﬁmﬂgﬂ 1EFHTE*A ﬂWWﬁEﬁ(%H/ﬂQEE%/\W %%ﬁgiﬁ . .
Aphaenogaster subterranea Use different materials to absorb honey water and Food transportation Lorinczi et al. 2018
transport them back to the nest
YD A FH L 3 F0RL 7 5 &) I8 29 Rt .
. - . . . L Maciel et al. 2015
Solenopsis saevissima  Use soil particles to cover the food Isolation and hiding
e i) A8 FH YD RLA R VR AN 2 o R L K s
L:9) g
)(@( . Use sand to build a siphon to suck out the sugar water %%z}tﬁ_ Zhou et al. 2020
S richteri . Food obtaining
from the container
Bl A7 FH 3 RTORL T A8 /K 5K 70 DABCE U £ ) Y
Insects Use soil particles to break the tension of water to feed F = . Wang et al. 2018
. ood preparation
liquid food
By A 1 gg_ E‘l ;“_ )
B - HEBURLIE S e ) MEIH o cal 2019
o1 ki Use soil particles to bury the food Isolation and hiding
S R R 2 e bk b T V] e e
S invicta 1Eme€¥m*i{§m*ﬁ #JZEIZJE?%@UZ)&{?%% @.#@g;i?g Wen et al. 2016, 2021a,
Use soil particles to cover sticky or repellent surfaces L.
Food obtaining 2021b
to get the food
A7 S OR 72 15 % AT BR A SR T ARG R I
Use soil particles to cover the surfaces treated with NS Wen et al. 2022
. . . Isolation and hiding
insecticides to reduce contact toxicity
PEES AT 5t TR E T R

Cephalopods Amphioctopus marginatus Use coconut shell to protect themselves

Natural enemy defense

Finn et al. 2009

1990) %5, Mann 4§ (2013) LL#¢ 7 BhEAAIK
A LA TREMAT A, N KAERALE)
Y (BRI A ) 5 et i) T4 7K
SIBELERM T,

232 92X SRAFRSER T ESGHAE

— e B RPIE Y “H P BRI (Lambert
etal. 2018) . Lefebvre 25 (2002) X} 524
TEMHTRE, {fH THROSE S PMT
HILT 2R, HALUSEL (Corvidae) %2 f
NG (EREE 20200, i3 4 H i

T H Bk AR 8 S id 8 m SF H
FHE K IAT A, BIARHE RS2 £ A A R} 19 25
HA& X MR, 385151 (Corvus frugilegus)
(Bird et al. 2009a) F1 /K& #% (Cyanopica cyanus)
(Zhang et al. 2021) %, B 2E KB 45 (Corvus
moneduloides) & AR & 2% ¥ 77 il it A f
AT H (Hunt 1996, 2002, Huntetal. 2002),
I B A A1) 3 A T JEL MR T 4% B b B B R
(Hunt et al. 2002). #iT, Steele 2% (2021)
FIF DNA & TEAGH ARG H 357 6% 7 f F g e
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PORHEE TR, xR 5En] L2 TR 5030
VI THEBPRIE. kB2 e R, 198
FAE B A i T BRI T B AR 78 7 HL

bS5 H (C. caurinus) ¥ 1705 A & &
(5m) $i7&, DLRRORAE o B/ N BRAS 7048 D5l
Z (Zach 1979). [FIFE, —2eHAMLZE, Wik
J 7% (Neophron percnopterus) (Thouless et al.
1989) FIEMEMES (Hamirostra melanoster)
(Chisholm 2010) 4 5 A By A
W PR EEINE L, DFTIFESIE . B
R (Psittacidae) [958t A BERMEH T
HAIRE /) (Lambert et al. 2018). Laumer %%
(2017) WFFEERM], X5F IRRCGLESRG AT LA 4
JE 2275 Hh RREIR , KA T KT &R A
IRV . BT R R I, 78 15 AGF IR
RSB RGH B e, 2 Rt e
WP B (Cerberamanghas) i, ) B hiIE
S RIRAS A A A 4 A i ok Bhidt £

KRR KWt B A s TH A 7
(O’hara et al. 2021),

2.3.3 @472 Dinets & (2013) HUIRkiE,

75 1%  (Crocodylus porosus) <3 1# FI 5 5175 Ui
ERPUEM B 2, LI TR B R E AT
el TR, T T shiiqT
AR — i 1

234 R HRERDOUWHEIN @AM T
HA947 4. Brown (2002) F1H T HANERA: (1)
ZRfFER S ERAWR, FovERRA VR, fi
AT E B — 722 I FHMEaEE; (2) K%
FERLA TR, KA b S A B
MedE|, it EAE R AR A 7 S K ] R

VRS, R E A TR R A R K
i (Toxotes jaculatrix) i & Sk FHE 2 [H] [r1 8k
AR IE T oK & KT EJ7 %570 (Luling
1996 o 7 8 (1) 72 5 7K £ ] ARF A 4 R /NI,
B RIEHEIKI AN (Schuster et al. 2004),
R 388 1o R 4 55 7K A B DADTCC 2 ORI 7K T AL )
Tk iR ESEY) (Schuster et al. 2006 ).

— 8o R ol H T B AT PG K3 Wi 7.,
4 Jones 4§ (2011) #1& HIS [G4# A7 #1 ( Choerodon
schoenleinii) {3 H 5 KIS0 X522 80 Wiy 2]
— AR E, I PR e AR B AT,
FERE R, RRLRIAT AR AR B Sk R
(Labridae) F 257 #f &3 (Coyer 1995, Bernardi
2012),

235 BRHE THKEHLE R SR H AR
IR ICE, HAEEA SR R RE TR
ARG TL . a0 —LeAE VDB AR v I i 2> A
/NG A ZE S A S EL SN T (Hlldobler
etal. 1977). -k (Solenopsisrichteri) A&
VP RAS BT, SRR A B R G
B (Zhou et al. 2020). Wang % (2018) &
ALK BAEHUR BRI, R e e N A 2
Ak AT RECARAA 5K 7, DT 2 B A2 W B VA 1) i
T bl vk 7y B e A IR S T (B 1a). BEIE
W% (Aphaenogaster) [ T 204 % iy
Iy BRERRT T3 R 45 ) BN TR+,
SRR R B oz 18l i (Fellers
et al. 1976, Lorinczi et al. 2018). /K HLA
KX LEAT NN R CR A B 1, B
W FER B 2 SR — I Rt R T —E1EH -
U Lorinczi %5 (2018) #i#, Huif#AE W REDS
T S N, d ke B Y e 0 B A
BRI B 2 57, T A Both iz AR &4 .
BT, A TR BIE AT AAETIH
WO A R Y 8 3, X Ll i e AR B B
G AE R EAEY), K H THERZE—
FRAMENLE],  DATRAME A B A S Py 1) A2 2
JABRe BRULZ AL, L0KIRR NG IR A
THAREMZHAEZ 5. W Qin 5
(2019) KIL, L KB TCIESL RIS KB4
R 3ok Rk, RE Al e g I (&
1b). Wen % (2016, 2021a, b) K8, £ ki
W IR IS BURG E BR IR T OREE ] (X
WRESE) BRI, M RENE LR LeR AT 2E AN
mE (E 1c). Kk, Wen 4 (2016) #i¥,
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TE JRTE 41 JOBCORIBE SRR, 75 ZEAR I R I — I
BRI 5 PR K OISCIKEE FEAT TR FE, Wen
& (20212) RIRA T EHM A EAK LK
ORI ROREL 7 56 AT A, DR ] DATE B MK
VB B 38 2T K I 7E B U I F0 R, Wen 25(2022)

R I, g R 3 LT 2 B S i A 41 K SR R
Bt (B 1d). E—AT RN T4 KB
RG4Sk, DT S22 B AR T AR 250 21 L)
B XEERFARY, AR R BRFHTHM
17 AT REXT S BB VA H A B 1 N A

B 1 #rkdl (Solenopsisinvicta) ZEARFRSRFHFHA TR (HIBEHTRNE)

Fig. 1 Red imported fire ants (Solenopsisinvicta) usetools (e.g. soil particles) for different purposes

a. 0K IR ANE BIRAA Y (25%MREA) o DT B 5K Fil DB T (Wang et al. 2018); b, 41 K USCH 4 H 330007 13
HEOR, ARG R T S R PLNE R (Qin et al. 2019); c. Z0 KNGS BRI 26 K 1 B PROK BRI KR 100, AT e s 701X 28
MATER R A (Wenetal 2016, 2021a, b); d. ZLKUUS FIBURLIG B R CHBERRD AbIRAY-FIIFE SR, I/ 5 2% sl B8

Hefil, PRACAR HURFEME (Wen et al. 2022,

a. Fire ants throw soil particles into the edge of liquid food (25% sugar water) to break the tension of water and reduce the risk of drowning (Wang

et al. 2018); b. Fire ants bury the food with soil particles, which may avoid the food being discovered by competitors (Qin et al. 2019); c. Fire ants

transport particles to cover viscose or repellent surfaces, so they can walk and forage on these surfaces (Wen et al. 2016, 2021a, b); d. Fire ants

cover the insecticide-treated (rotenone) surfaces with particles to reduce the direct contact between ants and insecticide, and therefore decrease the

toxicity of the insecticides (Wen et al. 2022).
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236 HHE 2T RWF 2T BE,
BIafEI TR WFe. A R MKEY)
LA, IXEe R3S B G2 R EE A Y
PR E . — L83 J5 B 2 A G 7ok (R 3
H O %2 12%E (Andrea et al. 2005).

237 kAE HuETEHAES A T AR
FRIRD, K2 H 7T 4L e Sk 2 2K 3)W) (Mann
et al. 2013, Sk ENBNYEH T B2 R RE
PR tEes . A YIIRIT A Sh
Vi e, e AT RE % N2 B BT R R AR AE )
(Thorpe 1964). AEVEH{EENFE J& P8 0 Mt i ifg
IR~ 2 4. ( Amphioctopus marginatus) 15 I HF
TP A (Finn et al. 2009), [EFE, K
PEMGSL 5 (Rossia pacifica) BES Vb1
HEC, BFE# RER I (Anderson et al.
2004). XUEWFFLRY], kR RAERINI LTy T
B B RE A 2 R

3 W E A T A SR LA R A

31 FMEATAMERANNTREERAFR
2 A
BN A BERE, s T AN
BA— 2R BFrIE. SR A I AR AE ] W sh P fd
M LTRMATAZEEA BAst, JCHAER SMIT
Ft . SAT N B AR SRR A R — AN R
() “AER” B, AN R RE RS AR I H
3MIAFEHCEER TR, RA A R TR
A REIRIF WL, AR EATTA I 2 0 R Y
TR, SEURZRATASEYR) (Wimpenny
etal. 2009). Knaebe &5 (2017) I FE,
T S 2 AR AN A R (9% T B R AN [R] ) 7R
K, REEATARN AR I 1ol TR K
HlGF, (HIX 2 LR e HERIE T RE 2 —
€ PRI P48 T N2 SR TR &R Z
AT NI TE 2 —, HATEE/EET 160 fh2k
AT T, Dby 4T IRAS B I 2R
BN AR &S “FBH B fIEEL#RE /) (Jacobs
etal. 2015, Wang et al. 2019, EHkZE 2020).
— LGS YR8 T B AR ST A I i)

XL AT se R T B 4E A 5 0. 40 Bernstein-
Kurtyez 55 (2020) #i, —5 N\ TAaAF 2R
PR RN H RT3 F B A AN R B8 M T
BRI EY), AR TR ENTH
ICEL () SR, A SR A BN R R B EL
Ty, MM — R T, BOR AR IR
¥, #IERIIERAT 'Y . X R B SER AT
R 1 AR A () T R Re 08 2B WO, R4 L
B TS Gy A NASKUU R TE ,  [R]F RERAE tAR
AT RE IR B D) 58 B 55 77— 8 1112 48 i
o BeAb, #li& TR el gefe— e e
7T RREE, W Auersperg & (2012)
i, SoF IRRCEK SR I 22 ) FIR ik
TERUSRECEY), AT A B v o 4
A &I (Hunt et al. 2002, Weir et al. 2002). 24
R, KiBaahtn, JCHETEMESIY, WhHe

FEHA T RMER . BT AR S,

RETHMRAFMEFHE R TR Bk, F
L& JEr- Mg R, HEa] Rk B AR
JEHE,

32 EWMIAKRAKNER

321 HAFEAMBERR HVWEGEH TR
A BRI T AR A (Tebbich et al. 2002).
A T RS Z BVMASRF L HEE, fig
HasmEPIE N RE T, fE B RERE AL JE AR AN E
E RIS E fE (Alcock 1972, Parker et al.
1977) o fEEMFE HEHPAFHIRIEHX,

W4 (Cactospiza pallida) fR/>dfH T A
RIS, MLE A B EAE DURER) T 5 4
X, —FLPL RS R dd A T HEIRS R
(Tebbich et al. 2002). Musgrave 5 (2020)
FUARH, ARG W SR AN E ATH 5% 8 WAL
R, HIEITAAEERRNZER, Mt
BN, A S A T A R B 4R A A 4H
AR R TR SRE B AL, [N
BHE B R IIRERCE . Bessa %5 (2021) 1
FAKRY], fEVUARSE S LB WX, &
PRI M T HEREUG A SR AE LN Y
SRR R TR R iz B s, H TR
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PIFPIE . MR Z AR BEAEAS A AR B0k
ZE5t.

322 ABMABWEER I TERAT
N5 KR BT B AN . Reader 55
(2002) WFFLERFH, REBEINMEH TEM
FERE S5 KM R BRERE RIEASC, XPPA et
FEY TR (Lefebvre et al. 2002) . Rizzolatti
& (2004) X RKFEBNYIS B AR ML T 7T
BT T 451k, SRR, RKEIINIES .
)R AN R SIS B EATRI R ZE S X1
4. Padberg % (2007) WFFREW, BigE
1% (Cebusapella) 1A/ HEA REHITE Y

BBt SR, EATTRI G B X5 XA HE A
it B S N & ik . Hopkins 25 (2015) &3,
A R ) 5 A L R 3% A, e 0 s i) B 0 A
T B CH/AMENF S BRECE ) fEE AT =,
TR T B 75 (R 5 b R AR AR AR e 1)
BN R, R SRR LM 2 A AT
BT H. ok, s A T BAT AT RE

S TIFEE . Modra £ (2021) K,
PR P 5% 5 O AR AR T 190 28 I S B A R R
B RREYINAT N, (B TR % 5 1
FEE A Bl 7 (4R SR B HE B 2 B ) T B
1T,

323 MkER MH TR AER DR
A E MR ] REAAAE— B ZE R, W Qin 55
(2019) IS WG, I —LELT K2 e
F s BRI ), RX—1TNTELL
KRR TR BEAEAE — B R AE 24 T
Maa'k 5 (20200 MBFFEHRE], UH—/NE
3 MR A G I T o 8 F TR s i sis g4,

HEBIE, YR RATRAAE TR TS,
— B TS T IX — TAE. seah, MR
WAL AR BRI AL 22 7 2 S B MR 5
—E MK T EMEA, sUEA A
(B H BT B ) T RS 5. KT 43 Hh g
1% (Bombusterrestris) 5 Zll Zhalim it 4 £
SRR AR Y, SR — /N5 e
W TG 758 0 I SR st £ 2 5T RV AT figt e 44T 55

(Alem et al. 2016). Bastos 2% (2021) M 2<%
— HEh R SRS RY (Nestor notabilis) 2>
HERERKNEIEMIGINATE T ok, REE
BG4 DL JE H ek B AR B R ) A AR L.
Xf 8 77 FBR SR HEAT 1 8L AR0, Hopkins 5§
(2015) R BLE AL R R AE AR TAMA
Iz RS T EEE.
33 THRMATRIMFE. EEEHE

T BT RIESHIIM B RSB 20 3
ANET B (D TEAFAAT AEME 4, '
—BEANARRAR A B AR TR BT (2) AT
NAEF ARG (3) BRI idE, TR
FAT RAEMHERABE (Alcock 1972).
331 TAMATAMFTESRE XT—
Sehk, CHOETCE Y, M T RRAT
N RE RS AE R . Bandini 25 (20200 XfiX
FRORAE RS TRIAT AT T8, AR
TSR ARG IR . R — L4l 1
SHMESIYIT, WERUERR AR B K AR
AT T EAFFHMBCEAT N, W0 S AR A sl Al
Fisk, RAEIXLEAT AW REERA BARN H AR AT
% (Visalberghi et al. 1998). X} K0 =%
BHESY KU, ERGH T RN RERE
(IR ) (Tebbich et al. 2001). i ] T. B ({45
RATRERIN BRI, — L) AW 22 B
FIFRENERM L. GRS E B AR /N
A Sk R S SR, R, T
gk BAHS<EE (Thouless et al. 1989), —Lbz)
VI A B — e HE L RS ) SR M U 2 BT AR fif
(1A 75 (Hunt et al. 2006). 4sh¥dH T A K
LB HFRI, 2T eu iAT AN S SR T
M, R TR — IR KA, S
EHEKM T A,
332 TEMATHANEENEML (fHTA
FTNAT LA EEAS “OBTE " 5INBIRIEE, FHELER
e AE4E (Alem et al. 2016, Whiten et al. 2016).
Auersperg 55 (2014) BFLEH, 12 ALK
KBS R A 53— R SRR AT T B AR A
MR E, A 3 RIS T MR
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71, XEWPMHTHRMREATUAES RS S NIIGE, RERAAE Ty ARG
et fE—ezhdh, R TRRAT NEEE % (K 2), JFFHXMT R DU & %Eﬂ
WA R h PR, WdhARigaE AR A I KR AR AR IR R P, I

58 cm

wrE AT Arificial flower
¥k Sucrose Demonstrator —

SF Table
B | Nt ~exe
Artificial WiEEE Observer

flower W Hive Xﬂ%i\/@ |
Observation

2 f RF e ehamber

41 cm

: 48 String — Sk

43 String

e

At ﬁ

Non-social observer 7

f WHBRE oy Jnggtgaﬁ U

@ Training demonstrator ntrained bees Wit
O |y V= \fﬂ“ NE Demonsu'ator % Test 2

M1 lTest 1 |

ﬁ%xmg%& c

Social observer

B2 gk Reied £ RS R B MR AL AT AEEFP B AL 38 (B8 Alem 5§ 2016)
Fig. 2 Training bumblebeesto pull a string to obtain rewards and the testing process of transmission of
string pulling behavior in population (Figures are modified from Alem et al. 2016)

a. IZkHfgiE (Bombusterrestris) frZe3R1G &3, EE0HR: 1. G NG LTS, eGP SHERRE: 2. K 50%H
NEWBNERRIET T 3. K 75% M NIELEHNE R T T 4. K 100% 0 NIELCRNIE HFEFF, B NGB EE =11
W% 5. WNIETEREAR T Ry BEL% 2 cm 4b. b, WBUBRREER AT RN E . o MBI, IR i g W O NG e 5
BF, WHBATHE I G D. 85, XHERFRRERET ISR, JETEE W B N B CE G RE I, R A R R 8 AT
ZJE MBS MR 48T G 200 NN % TN MR MBUR A R, U] SRR, B thay > OWESHERE
FIZR) 1M AR B 20 T SRAF REWE 10 20 B B 2 v T oR 5 S AR AR 2 2 ST (K g

a. Training bumblebees (Bombus terrestris) to pull a string to obtain food rewards. Successive steps: Step 1, training on blue artificial flowers,
which contain sucrose; Step 2: Put 50% of artificial flowers under the transparent table; Step 3, put 75% of artificial flowers under the transparent
table; Step 4: Put 100% of artificial flowers under the transparent table, the artificial flower is placed on the edge of the transparent table. Step 5,
the artificial flower is placed under the table 2 cm away from the edge. b. Area for testing bumblebee pulling string behavior. c. The testing
procedures: After training bumblebees foraging from blue artificial flowers, bees were tested for the first time (Test 1). Then, the demonstrator was
trained, and the observer was placed in a transparent glass cage, and the demonstrator demonstrates the string pulling behavior to him and then
observes the behavior (Test 2). Artificially pulling the string is treated as for non-social observers allows bumblebee to learn. The results show that
the number of bumblebees that obtain sucrose by pulling the string through social learning observers (observe demonstrator pulling string) is

significantly higher than bumblebees that are not learning or non-socially learning.
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JURZ: S #t63% (Alemeet al. 2016). A 753
WER R, U B BT N SYE RIS, %47
Jyefitn TAEMBE IR Nk, FETRERE—
KA (Lorenz 1970, Hopkins et al. 2015,
Alem et al. 2016) . W4 UK S K (Tursiops
aduncus) 7E 5 &I, MIEKIZRIEERS, IF
W ILIAEVIR ELADTR sh P alis k. X —
1T A 2 2 RIGI, HACH BESE#%
25 J51X (Bizzozzero et al. 2019) o X T VK &
(Tursiops sp WK KR DNA 43 # 45 Rt
FKE, MRS — B R E PR
FE 35 ) (Kriitzen et al. 2005) . Kriitzen 25 (2014)
(IR FEAR B, A FH i 2 A0 AN S T 4 1A BT KRR
SIKERYEN EAAEREER, RHUTA
GEEAR) 8 AT A5 — 50 g K R e 4l SR8
FIAEYD, FEpb> T 5 HopAVE T R R 5
G, HULTTREIRTS T —E MAEAEIL

4 HRMREE

NFEAEH T B AT N EA s 152 e 0
R, JF HLRRRE M R AL B, s A
A ANE S, I 50 SRR KB FTR,
ot AEERE TR, WML A
EE, AR TREMART AR A3
) E IR AT KR R, RS
B WAL TEERE. T fEsh?n i T EA B
THEB A TRREFES L, x5
INARE RSB FEESEZME.

H T N s 48 T BAT N B A
b, RN REZE PR SR — e
Ed. [ Py sh A8 A T AT R BRI A 3 AT
TECLR — S ) @A R e (1) B2 25304
FIF T BAT AL, ST R 72 A AL 3% i
T DL BN IR S5k Z RN IR ZR ;s (2) 31
i T BAT R F i = 78 2 FRR E 4 2 32
B, LT R KM ALMBII, (3) —sxf
SARMEHEAT BT AP BTN S2 6 S A5 . IR E
FHEEINFE X TR, WEZHMHE,
WAT AR HHEAEYIER PS5,

W T sh WA Y R 47 0 S LA
Z % X W
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