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Abstract: Collective escape behavior is a complex and rapid response of group-living animals to threats,
which is crucial for the survival of animals. In open spaces with limited obstacles, the movement of animal
groups is less constrained, and the collective escape can occur in both two-dimensional (e.g., herds) and
three-dimensional (e.g., bird flocks and fish schools) spaces. The success of collective escape largely relies on
the coordination between individuals in the group. In addition, escaping efficiency can be affected by various
factors such as group size and habitat types, depending on the species. In enclosed spaces, movement is
restricted, and animals must compete for limited exits and escape routes, often leading to selfish and herd

behaviors. Therefore, blocking and clogging may be observed when groups of animals attempt to escape from
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an exit, resulting in the “faster is slower” effect. Such an effect can be reduced by wider exits and higher levels

of coordination. Interestingly, some types of obstacles near the exit may also reduce blocking and increase

evacuation efficiency. Even when there are more exits, individuals in the group may follow their predecessors

and preferentially use one of the exits over the other ones, leading to the “symmetry breaking” phenomenon.

Although collective escape is common and crucial for group-living animals including humans, very few

studies have focused on the molecular mechanisms of this behavior. In addition, virtual simulation technology

and bionics of collective escape are prospected.

Key words: Collective behavior; Escape; Evacuation efficiency; “Faster is slower” effect; Influence factor

S EERAT AR 2 R R A —
&, WS A ST Rk, DOk
TR E B IR AR T AR R ] R A
AL R SR AR S R HEAT R (R /NG A
2023) X FHE I HIR N AT NI GAESN Y Rk
JIZAFAE . Blan, SO B s AL o 1 R Ak
ESEEA LA (Franks et al. 1997). RN
AMAFI 55 (Herbert-Read et al. 2013), — 44
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etal. 2006). ULk, 1EAMAEREAT JRAY
2, SRR IR S ] BN B B £
AR, 38 A ) A2 47 HL 2 (Roberts 1996, Pays
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(Thompson et al. 1985, Boyko et al. 2004,
Jakob 2004). [Flitt, ZhPISERERI A4 ]
W BIRZ AL T shas-F g, H TR 4 534
Bi B H SRS AT RGBSR, XA
WA R — M 18 A 7R (Qian et
al. 2024). ERSIEET, AL T Ef iR
I EETR U T, 7 ST B PR SRR S
5 fRIGE T RERET AL, Ak kiE A
EA R, —J5 T, SEARREE AT e I AR
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BB, e B R S SR ) XU R £ B A
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FE TN BB B BB DU, AR Zh Pt
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X 35k 1) 88 1) M2 B L AN $8 PR (Couzin et al.

2005) . MEAT IR T 5 BT N — B M4
AR EER R, BElAMET N—3
PER R B G T R0 (M BERAT A, B
P P EBAMART AT it 98, AT $ e AR A
R ol AN T B bR U ZE AR A — e
X TEFE FE Y, A AT /N B (Mus musculus)
FHAR G E DA R A 35 58, TR ATl A4 DL
AT A A AE A0 A R ¢ v ) T =R R 5 R
PABEL (Oh etal. 2017). 4R, {EFLEIENT,
e — SO A T A R B A JRIRS R AR A T R
. TR PRIGEAE SR, & B ERE
AR ST T8 FH AR R (e AR B 2k, S Bux
R AR BRI TR, i AR e A A A R RE TR A
FIF (Helbing et al. 20000, Ik, &5 1) —%
PER AT BE S ECIEBEVE I “ 2ERER 7, RN

R0 B T R AN, A R S
Jeim, W2 5 BOHEAR N B GRS 135 38 ( Couzin
et al. 2005, Sumpter 2006). Bfgi7E it fE 15
15 “ANMARBEEE”, ] BETCIE CR AR R0 Ty
] AR 2011, BAEE 2022).

2 JFHUE R B YR AR B AT N R
SN

FF7i% s 18] Copen space) i /& 8 7E H SR8k
NTHER, WAESY Gl wk, &
) 1, ARSI S RO (g
Hi AT UEBhEE) H B #2373 [E] (Fischer et al.
2007). %A A BAA BERH H B A S
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TRFEER . Filhn, —SEhY R 5 2%
B S NSRRI, il kR AT
KA, b, AR VS TR AR B I )
(Cervus elaphus) #1130 Hi L 4h FH 85 AN 52 B4
e H5MHENEREEm (DR 2017).
22 =4 RSB

=Y 1a) R R AR R i T e S EEATK
Y. 5 gEENAE, SRFUKAE AR
B R TP, mEEnE e,
AR . K, R = gEas a5
PRI IRAT ALE R T TH 5 PR ARAL, ER
JE I M USRI RFALE o
221 BEE ESHEED, AT B R
PR L RE A e 2030 [F) A 7= A Pl — B
R, FEIRTH I CE R R o DAL I R A 7%
WOR B R HI4T A (Beauchamp 2012) . A #R )
T, U DI S ST SRR, S HERE
s BN, AT FEZS 5y TR “ IR G
(wave event, SHE AT LA AERAT ILAT—
AN B Z A HH G2 B A LRI kD , IX R AT A
43 SR RE S S r b [F) R AT, SR M AEAE L
By SN, YR AR DS EEE R, SR
e /e B2 BE R fg fih ¢ TN B HT 5K 7 (flash
expansion, 321 15 FE I AR H Ao ) DY JE A% 1)
s, PLRGHE P B &R (Procaccini et al. 2011,
Storms et al. 2019). —MXIM S, FEAAMEL, &
R AR B A R A TR 0 A A ok B A AE
Wi, 140, Ardila-Villamizar 25 (2022) W& 7T
WG EAEFHAS LI (1) 15 FhAS R S 2R B0, R I
KIGHEAXT SN AT 2 ek, e g
PRES S . AN, Moller 25 (2013) #id,
TEAIFER AN, SHERIRE RS BUK,
RIS B AT (R0 I 2 T A, DABE G AN Db L)
REmVHAE; AR, T ARSI T A S BERT A
RN EE E, e i B 2 4
ATETE S M EZRE . SRR R
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i BE L SR B fE RS, Wb HA AR EE B E 2 1
Bn (Mayer et al. 2019). i, R KK
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capensis) %Y 72 e HLOK, (R EATIFEIR T X 35011
LRGSR EES, XfeEH T
PR TH G AR 9 B KB A4 2% (Ardila-
Villamizar et al. 2022).
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7EfdEts (Clupea harengus) BEREIERF, AMA2:
R AR B 2 AT N R % 5 4730, kg
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Pk PR 4R PE 2 8¢ (Bacchus et al. 2024).
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e T RN (2 1) fEK (29 HD 1
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e NP5 WA K ERREATE, HEAT
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31 HEBER “ZHR” BN “HREIE”
KR

— RIS, FAEER A S B R
TIHERRARE G0, sedd “2ZR” 2%
JSERSRINEE 2 1 16 A BE A JE (Lazarus 1979).

N, fERe BN ERHE S B E S, AR
B H TR MR 2 B S A R ER R 0 3 o 3
(Isobe et al. 2004) . AT, KZHENY)MELE
TS S BNy, 2 I — e A5 2 P R
AR A A A Bl R SR AR AR g A R
Mz B A, B Gt P A ) A B )k
PRI FTEE IR, 30 A BRI A AR T ) R S
TRHTAIEIE, 3G BT E I« PRI 8 (“faster
is slower” effect) (Helbing et al. 2000). 41,
Garcimartin ¢ (2014) 38 N FBRAR 2Pk
Wi, e FECE L DS, BEAER R O
B (B 1a)s 7K SIS A 1)/ BRAN A S AH Ui
M OALE, FEUE 2 0 MRS ZELE Ak,
AT T A AR 8 A2 I 8] AR, 3028 2% P2 IR (Saloma
et al. 2015). fE—EAum iGNl T, LALEER
EREEANGE EH2 S 3 — MR 2, TixLesz
P AR X 23t — D B I 28, TE BB AEIE A
o0 s TR R 2 R S () A R, S A TR
RITE " RN s NI . filtn, EREREET,
T R AE D R B8 s ge i i 1, AN
MAEH DAL R AELEZE, BEE RIBOKF RS,
A pl Dy b 36 e 75 PR B[] R 6 < 39 00 (Lin et al.
2017). HbAk, ANAIA] ) 22 e RPN AT 2
=B R S AR SR — A
REERF o PR/ BRAMA R Bl FEFR e 22, A
DLk AN AP I B BT 18], AE— e FR R PRI
“PRENE” 4N (Ohetal. 2017,
32 BHOTH3WEMEIET A REHER
321 WEEIY O RN
WEIE AR “IRRIE” MM . i, SRt
1A B B3 i 6 R 2 R84 ey 108 A R0 o A Tt
BE A H S8 BER B, BB /N BRAE H Db TR
S i 2 FE AR I R LI (R AR A, S B[]
4% (Zhang et al. 2018). N & M 1 %8
REAR AU T R S A I I AR B ), B2 s BB 2
# (Garcimartin et al. 2015). HEEENZ,
HE U250, -5 o e 5 e e B A 16 308 ) PR 25 v
REAFAE— € A HAE M - 4140, Zhang 45 (2017)
il A /N R B O (SR 2 em)
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Fig. 1 Collective escape behaviors of different animal groupsin confined spaces

a. NBEFEH DAL P98, KB “PRBEIME” 24 (Garcimartin et al. 2014); b. FIF 7%t CKHL /N (Mus musculus) 7 (Zhang et al.
2019); c. dEVIHE (Attainsularis) BETERUH HZAF N HIL “XIFRUERER” LS (Altshuler et al. 2005); d. &G¥EFL AU (Coptotermes

formosanus) 1 B T 25 &5 FR T RS ] (8B FA %1 (Wang et al. 2016a).

a. Human groups are blocked at the exit, showing a “faster is slower” effect (Garcimartin et al. 2014); b. Escape Mice group using corner exits

(Zhang et al. 2019); c. The “symmetry breaking” of Cuban Leaf-cutter Ant colonies under double-exit conditions (Altshuler et al. 2005); d.

Termites form unidirectional escape flow in circular containers (Wang et al. 2016a).

BF, BT [A) Fif RO S 3 0s 174 BRAE
it CERE 4 om) B, BT [R] 5 K
AFREMR., AL, ERARHEOKET, /D
SRR S I 7 T BE R R g AR H T (ATfiE 2 H
ANRIEED B RO, 10
HORRS Crl it 4 HUNRG@E D, /NREfEE AL T
FATR TR TP 3 s K, b AR 2R st e (1
1b)s AHTESHIEOKE T, AN RO E A58
FUG /N BRI AR B2 55 (Zhang et al.
2019). FilBRE, SAIMEEMHER, fEHH
Ab TR B 3E M R B AS A T DA R A e AN AR TR RS
N7, P AR PR AR,
MPE—ERE LA R TR kA . Fla,

Zhao %5 (20200 BFT T AFE R — KR IUHAR

A IR ARCER R 2 T R (1 DO P 45 1 16 o
(RHCES INF ], 25 SRR B O R [m) BRCHR g
X NBEREAT 7000, 48 R0 N8 T A RS I (1]
RIX — 250N 9, W] BB 32 B B RS AT R R,
ff FHPRIRBRAS I TERE 2 1 4 om AbXE /N R
PEIEAT /3, S I (AR T T B s o T
AL 36%, AE H AL AR B E 1) AT Rt B
Z PG SR, MRSV EEREHRN 4 ~
10 cm AR, /)N BB R SRS IR 8] 5 T0 B 0 175 100
SN T 26% (Lin et al. 2017).

322 WY SWASELL, RS
TR B B A7 AE “PREDZ 7 8. 454,
Soria % (2012) &I, 2 = 4 (Camponotus
mus) B I 06 A= T FEE i A K IRE R B2 A R T
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fnbks MORE IR 75%0), WO I
CHOREDS” N, SEEEARR AR, R
i, WAETTREY, W RR—L8IT N
TWE R AR th AL BAR . S5 FAL3IH
Lb, RS RIN,  RIAE B R A — e e
FEHUESE A 225 Rk, MARERS @A
R RS R U7 LR S % i
[T, 1 Sobhani %5 (2014) &K Bl 4 &
(woodlouse) FfA % BT (<2.5 H/em®),
SEIGHIC T SR L R A DA s, A
RTCAR BHERR BOAT s SR, B % P R0
o> 2.5 Hjem®), ) fiAMA 238 it 5 A
ISl G = g A s W s W <o == w1
PR AR . A, RS
F Bk e AE AL TR B 2 BE SRS . B L
I (Coptotermes formosanus) LB 7E B H! [
BRSPS BIERRINS, FIBk
P& DA T, G fE H PR TR BB 5 B
JE CGiRkfg s 2022). SWALshPZRel, HO
A7 B RS T R SRR e AR R . M
LT &, Bl AR i8¢ (Linepithema humile)
BT E BN OB, MASER AR KE
BEIR R U B Rl R 1) 5 B A A
(AR )5 5 A -0 B H ) 79 HE S A L
ISR (1)~ F 514 B I K T 47 55 58% (Shiwakoti et
al. 2011). LI RWAE G FL A BCH M %2
B (BRI 2022). b4, EHOREEH
(1% i 5420 AR TT DA 3 1 JRE B 0 A ) 36 0 2
o filhn, S5TEREEAFIEOARLL, 7EH T %
BB RE 3G 0 BT R S aSCE i 11 ) 6 0 T
F, A 3046 B HL A] (Shiwakoti et al. 2013).
323 K fEIIET, AR TR
P AH 4B B 52 (I8 2 5 [ SO FE SR B & a2
4T~ (Schaerfetal. 2017). XFAT AH BT
PN (P BEH, - DT DR AR Bl 1 — B
P, T R R & L R A A7 e . 9t
FHTJIEHE (Paracheirodon innesi) B 7F i
HAME, SO RT 1.5 om B, @i
H AR IR 2 S AR AR R R — 2 1R

RIHAE Y LA S T R 28, R S 5
FEREZ 1.5 cm BRI, HY AL fa B B 4 2
TERINIE S| % %E (Larrieu et al. 2023).

33 XU AT HIsh YR A kiEIT N BB R
331 WEIM ERFORE T, HshikE
A PSRRI R P A TR, A P A A4
A eI B AR, B — AN
PRSI AT A AR S, T — AN 1k
B o A, BION “ XK IR 7 R
(“symmetry breaking” phenomenon) (Helbing
etal. 2000). Ul Saloma %5 (2015) HiEEI/K 5L
56 v () /0N BSURFE B O ) 328 436 A 220 1) S 11 3R AT 26
A, REEFRASFIHBAH O 2R, AKHH
CRAREENERA, SENUE LR AT RS AR
LAt ANMA = A “CAMBEARIRR”, B T iE I B
A B £ TR RoE SR AR H H,
MAZE HM A (Haghani et al. 2019). #1#1,
Chen 5§ (20200 &I, AATATREA UL PRI B
ST P REBA RS S b, T A 0 95 B A LG
BERAEFATH PR . seal, AR T
AR I HEBAA B2 L HERAH 55 R 2R 255 T
6 FF B 1T 4 IR ) 8 AR B 28 (Bode et al.
20150, i, PANH ARSI R B HES, A
MRS CRIE R E, T4 B
I TS R g, AT ikt
PR A NSRRI Y B, AT A
i} [E] 454 (Fang et al. 2010),

332 BH REHBWAEE “XIFRIEMBIN” BLR .
N Altshuler 5§ (2005) 8, £ TG HKEE 15 150
T, EDIHE (Attainsularis) 1% AN FR
tH BT AR RO [R] s T 52 21 90K 38 711 ) 33
HIAMA SE A ) T P — AN (B Te)s
PR AN H 1 AE RE 7 B 2 52 il A 4 30K A 1) 2%
o WIHANH DR EEER, HASHEW (C
japonicus) FEMMEAERCRER R G DAL T2
e IR 6 cm) I H A 5 75 B0 4RES R
LB K (Wang et al. 2016b). #e4h, FHANH
FU) 98 FEANR], FEAARSRUES 1 R ] se A T A
[ o 2y =24 SR T 9 A5 82 AN [] ) L R A I
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AR 11 2 A AR S 58 R B TG (i
et al. 2018). AR Z, —Leliiy = Ehmid(E
BENSFEMEGERE. W, DE3ESEER
WREERTREXS “RFRYERIR” G R HE. WA
241k (Solenopsisinvicta) fi)/ A%y & /b
i, 15 S RIREEACPEAL, T AMERBIALE,
] Skl 1) 5 FH — A S T8 A R AR R I R AT5 58
TE(E; (HEEEMBCEEMIGm > 40 R, &
REREWRERE T, X FREERIR” I 50 2 30
HR IS (Lietal. 2014).
34 BIEMTLH OBEP RN EEREIT RN
IO — P 8 A AR VAR R R R
o e e T g e s e g U iEE,
EAMBIA AR . T AR D RE Ak
FEIBAL, REERBLH — SRRk IR AR AT A DLk
Bl . Wi e E MR S, I i
(Odontotermes formosanus) 163 i F% 7] %
FRZAWE: HENERE (TEREROMIT
HeAlD A RRER CERAS IR R EE S BrE,
DA K 57 32 TA) ARG ) o ) 1B SR B B e 1 L
EERTE A T 3D (Xiong et al. 2018)
ERA B OMET, 2GS A AR
A BNR AL, FHIRAE 24 1B 51 A
5l TRCE AR k% (escaping flow).
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