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Abstract With the help of scanning electronic microscope and optical microscope, the micro-adhesive systems
of house ants are observed and studied experimentally, especially for the adhesive mechanisms on clean glass
sheets and the climbing behaviors on glass sheets or wax surfaces with different surface roughness or tilted
angles. Experimental observations show that the adhesion of ants depends largely on an arolium, which can
extend freely. The surface roughness and tilted angles of glass sheets have no obvious effects on ants’ climbing
behaviors. However, ants’ adhesion ability decreases when the tilted angle of wax surface increases, and becomes

invalid beyond a critical tilted angle.

Key words ants, adhesive system, arolium, surface

REMTFROLEN, BR. Wbk, S8, Wik
FRESBRBMEANIYRESR, HRHLART
UaAwmE, —REBZROBMET, —REK
WHEORBE FEE D2 o, BERR. MRS RO BB LA
FEEKBTERSFIINNER, MERMORMH
WK T 240 S B fE R 1500 b i ) R B WL 46058 22
BRI O PR LY Rk R R
&, X074 SR BB AR, f AR TERE B AR B

2011-01-13 WP 1 4, 2011-06-20 ¥ H &% HM.

FEEAAERMNBERR L RBESNE, FHEN
EHDFHERREFENRSRERTRE LS.
MR PR LKRITRE, —BRKEa5
), ATLAEBOLHRERITAM, HAEREHR
EHEr Ol AT . 3 i ¢ B AT LB R
BEEAMIKRERS R, U%SRHMULE B,
ARAEAEAFRKMRER S ERMILE, LK
BLHIE) H 84 1 B A IR 70, T B i

1) BXHRREES (10972220, 10732050, 10721202) % LNM F RS wEmE.
2) R, BIRLH. MEERW, TEFRTROAEVRGENN Y, RAKREHE, RE / FEH%. AHEESHNS. Email

shchen@LNM.imech.ac.cn



52 noo% oy

£ B 2011 4 3 33 %

FREL, RREEFIFSIX R RSB
FAAMKOEE. X R E T BAT 3 5RH L
HBEAT T W5 LB,

BERCFBE AN EET NG, LRAE T KKFH
W R G B BSOS 4, R T W 9 0 R, S
T F R B R G A G O AT i B R ARG B 7005
ET AR EHRE, BERAROBMAE,
MK RBIICITIT A B— B 04T T R
FHEEIRH; &% TS — DR RGO IE I
R R M BLEI R B T 410 1 S Ll R A A YL

1 ERNBERIRERE

1.1 KR

Se i rp 3 P B33 4 B8 85 08 HITACHI S570 fil FEL
Siriond00NC, F T W 2293 6L T 40T, B &5
W, GHRETMTE BTAMEERREZER, J
BE X T 03 2 B B S0 5 4 0 AT OB 8.

SN R N R (6 BAMEE A POLYVAR-MET,
BT s ®shiE. RAE CCD XER
s S B B R, 3Ll 30FPS BB BT T W
K.

1.2 HEHERKERZE
1.2.1 W REK AU ELE

Ve FAAE AT X &, R/ E R 20
R, S LB ORE. EEEREF
W 20 B (&R), RER T RERH A B A RAF.

FREEWEGWEEN s 3 A, FHNEEL
KZBRBAK L IERE. BeFEAMERT
Ve FENHLEEREMRENERBRNEH
R R4

St BB TR T B TR AT AT A, 5 WU
BETELARFHX*BHENEER L, LLHA
mesh, BshBYEHITHEE, FEMNHEER.
AT B ERAT I RA L W RAE, A
WA EEWRHR AR L, TR
B4, EESmAREs, WLMBRA A BTSN
M. ZEHBHEAFENG—m#HT, fAERYE
b SR R R AT R 2 B B Ok SR G B L AR
%, ik E—BEnE, SR ERNA CCD
FHATH BT R

IR BB 5 4 3 4, BAWE. ARRER
KSR T EHERMBYIT (B, +. EREEFIES), B
WA RREBERRR (EEBEORERET,
FEREFRTMEERRIAR Y. FiLEE5H
BB R, URBIRMNGR). BEWAEE
BEMESEAMESRAT. BEFERMEETNR
8, FERERF¥EBHMELBRTRIAGERELSH.
1.2.2 3% TEDHEKE B8 XT3 Bt 1) 3 W

HEARFAEEEBER: RXSHRMRKX
N, REEWR KB, RI¢—BOe B BB A X
B, Ao LA RR S i eb4k (400, 1000, 2000)
SHHTER (FA) SEROHSTE, IS
=803 R B

W B3 5T B R I B Ak, I FE L I B b B
M. AHEMRERKRE, FERTEK BRNRHE
E&ET, BF, EEER

MR RMEELR S AT S, F—8
G VR 2% 40 £ TS TR HEL R R FBE PO B B AR b O TR AT PR
8. xtFE—HEEEGRER, RIS A
BE, MRS RSB 900, W52 u AR B 5 IRAT
ol £ RASHAERERE LIRS, FHX
BUR RS, WELTEATHEOL. SC%e o mr LAY A %5 A
PLER R IE %,

2 XBWHERSTW

2.1 H3ULE MM R E R AR

AHEE TR ER HRsHmAE
a)~1(d) Brs. CEABEEREARENE, WE
a), 1(b) FiR, FFAREE IR PR E BN 4A

YEH

1

s ==

N

=

B 1(c), 1(d) it TR AL 2 /5 W BUR SRR R T
HMER, LRI A 8 Y, AT 4 WEIK, &4
S, BE-TWRREWNHT, EEERTR
iR E—ENEHR. B—PREMIEBERYS
AW R G AR NI, X T8 SR FE BRI
E, AARPRRENORMELY, XB LUK
A RIRIEA NS PR TR 10, BRRNIE
EhmaE, A REH, F-EKK3Bum £hH, FZ
& 10pm A£A, SREEHE VIR, TiHpE
BWEEORIBASHR, BTN TRHKER,
BERBTH-PHLEEE.



EHRE . -RONFBH AR LRI 53

(a) FE7K M b B ity e g JE 35 1008 P

(b) JFEoK Z R4 B iy 5 8 2 5 SO0

() WAL T i 243 W J2 B0 B 0L IR

2.2 MU BHRAE

HFBHESH THEARKSEEZRRKR KA
R, WA 2 fra. KBRIIB N ETATHEE —f
BEY, KRGS, KEAN 35 pm, A T HEH
FAREZR. EEVFBE EEsn, HERSHE
BEEOIER. & 2(a) BARRMNERFHRBKG
PUEFFRTR BRRR, RBLRBEARNE. B 2b) A
258 R B B S BUR TR ATR BRI B, WEMUTER

(d) BEALE BB BUE A

H—ERRA. BRTHARRKEN, &HEEERE
— Bkt AT — IR B R G T A BU T AL

BM3IGHTAYBHRETENEEAERMTE
HREIZEAL, FIRRADE R AL OB A OB A ATER,
WA 5 PR AR B A BB, FERE ML, AT
WP R TESREASRH, LFREM— W=,
T RSB R WA SR 1] S5 S i, X 35 B R T R AL
F IR

100 4m
—

(a) ¥ BME FRERBITRERT S

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



54 how 5

2011 £ ¥ 33 %

(b) ¥ BHMETVBYEFITRBRT R

A 2 ()

B3 hZBHETERPENEL

B 4 22 BT T WE R 3R BT B R g
B, HEIRKKBRAR RGBT Eitd
B, A DUR BRBESY S SRRk R R S R AL, I

FEP AR S ERR AR M AR ER /NS,
EBEAE— B, WENSHMEmHE. &
5B SR SR BT A R R HE— P A

B4 kEBRETERTEREIR

RKELBOLIEY — R PP HBREER L
FRMRE. AN, B/, 4 FRERS. %
BRAXFOIBR R RE, FH 454 LBUWE (xF
PR WL IRAT B & LR, SRR BLEA B 1 i p R
i), AT LAHEBR A SCHT T S 0B ISR R B T e, B
WA RS 1, BRI BB — R BE S, =4
B R BT AR, AT DU 25 HE 18 BT A 0 i R B
FBEURRT ST HANMEER. YRBRFD,
WY REL, EHFNHREARME, AELK A
BRI, NRMMKKIBE, HH DL IR fE
ARME. #—PHLRTTLERFTR.

2.3 BRPBEERREN

LHEA¥BHIBRABHEHRKE -8
AR, Houk %8 i R B R AT L P B PR 1R
H. BAFE—SNHAREESBRTEHATER
B

B 5(a) T HZ THEERPROEH, o
PUR B SRR T LLBORR. UITTERPE, Wi
5b) Bn, BRABLPLHA AT EHRE. H—
PEBNERBRTITE, —ERNGE, BROE
RFRPE2KE, KERNEERTRNEE,



EFRE . —RENEHALEOTRTR

35

(c) BRIEEM MR TR

FHELBLH, BESiEXBRED KPR L,
REHERKAR, CUFEARORB, w666l
R BB, WA 5(c) B

HTERPENERONFHAFTEENOE
A, TREAHELERERUTER, 7TLUHEERIR
W AP0 R R R B L g T R

2.4 HWHMS5REITA

X TRRG IR HLE, #— PRIty B A
BEATSER WM. B 6(a) Kl THERMRSR, T

B 5

RUFHRRERE B RN, F RS TR
SR, B 6(b) & T Bk AN E
B BTHRBEENE, BRAREER AR
BERA, RELES B A HRITHAR.
03 50 £ JR L 5 % Ak TR B B, 24 o 0 v B/
B —E R/ (5pumx3 um), REEHAFBEE £
BE. SRS EEEERARN, BMEHt
e R, RUTHERGHTERRIOHELE
H, RERZAEE— e EREMER B 740
THEGREBRERE, EREFOELE.

(a) ¥ BHETHRTERH

(b) BN BEH L EMEBWEAD (FFXFiRNMB/N—RER)

6

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



56 2

2011 4 5 33 %

B 7 B P Bl AR R

2.5 FRREMERFMITH

X TG I B T R LB R R AT T
WECEICITIT AR, Be& R, AXFTHR
MAFBRTEROEY, AFHMERLERARFRK

ERHWAITH: () £FH L, BECEKE TRM
A L€ (b) Foig R T AT B 57T B i 3L B X I8

TTHBEAERKKEW. £ T4k, WBE0E R 5 IRLe
(/R tho 2 B T R SURAT), [FRT SR A A B2 ik i
BOFATERER AN (o) W EIRITRE, WMREE
HHAALK, TRITR AWM. {585 E A LW K
i, TS BABRBEAE. HAR—EMmE (WA
55°~T70°), BB & MBS R T T K.

P L T B R LR B AT o LR AT DA, H T I X
A TRAT AP AN 52 3 T HEL RS J3E B R0 W, D A 0 285
AR T E M. {58005 R B LR R R
TR, ERMERCFEMER? A, RITHREE
BREMBRE? BAD— AR, MiSERE
MAGEMER? WARTHK, £—EmpEY
BEAAEBFHETH TRmERAD, EREME
IERLFTBEAS, AT R W E 8 7 7 33 2% i) RO 02 HE 3R
I RERA R LR SR E B AT

3 HitRRE

AJGEFLBH PR T — RIBEH R RS
RBEBRFAE, 55 2K S B A 2R 003 o JE 30 R Y 0 44 B
THRRHENBEERTRITS, £2HZIAE
TR ERE, RUTHESHEKR, MEE
. BT ERNE, R, F 0
gy, FE-NKFUET, EHERVEASSE
SR . A RN B — R SR
¥i5 LB R WK B NCATRIEF I BoR s, HRANR
(R RELBE B i) 22 TR 0 9 1) R TR AT R 9 B e, (R
MTEEN, FE—EHhAEMARE, HEHBR
R REP R, H 045 SE 50 AT DA BR A IGE 3 B s ik
B AT REE. WA ELSCRMOLEE, BUKSEEH

MR, CERKEREAS FAINTER, £FE
EARGRSLRITT. A TR R A,
RRBEFT R TR RS2SR
PLE R RATBIR TR TAE. X4 E—RE R
BeNsh YR M IRAT RE T WAL, B KO R B
REAT A, RW RSB0 450 4 AR B AN R 9 R B L 28
BN, B RKO B ERBE M AR R

BAZRFEENEFAEER XL
2 % X M

1 Autumn K, Liang YC, Hsieh ST, et al. Adhesion forces of

. a single gecko foot-hair. Nature, 2000, 405: 681-685

2 Arzt E, Gorb S, Spolenak R. From micro to nano contacts
in bioclogical attachment devices. Proc Natl Acad Sci USA,
2003, 100: 10603-10606

3 Autumn K, Sitti M, Liang YC, et al. Evidence for van der
Walls adhesion in gecko setae. Proc Natl Acad Sci USA,
2002, 99: 12252-12256

4 Scherge M, Gorb S. Biological Micro- and Nano-Tribology-
Nature’s Solutions. Springer, Berlin. 2001

5 Gorb S, Beutel RG. Evolution of locomotory attachment
pads of hexapods. Naturwissenschaften, 2001, 88: 530-534

6 Federle W, Barnes WJP, Baumgartner W, et al. Wet but
not slippery: boundary friction in tree frog adhesive toe
pads. J R Soc Interface, 2006, 3, 689-697

7 Federle W, Baumgartner W, Hoélldobler B. Biomechanics
of ant adhesive pads: frictional forces are rate- and tem-
perature dependent. The Journal of Ezperimental Biology,
2003, 206: 67-74

3 Federle W, Brainerd EL, McMahon TA, et al. Biomechan-
ics of the movable pretarsal adhesive organ in ants and bees.
Proc Natl Acad Seci USA, 2001, 98, 6215-6220

0 BB, W, Skt AR JORERHE SWEER. B
FEW, 2007, 23(3): 428-432 (Zhou Qun, He Bin, Yue
Jiguang. Source of attachment forces of outs and the se-
cretion effect. Chinese Journal of Theoretical and Applied
Mechanics, 2007, 23(3): 428-432 (in Chinese))

10 Dai Z, Gorb S, Schwarz U. Roughness-dependent friction
force of the tarsal claw system in the beetle Pachnoda
marginata (Coleoptera, Scarabaeidae). The Journal of Ez-
perimental Biology, 2002, 205, 2479-2488

(Kb AgE)



