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Abstract

Some of the territorial group-living animals present the dear-enemy
phenomenon, in which residents respond less aggressively to their neighbors
than to the intruders. There are two kinds of hypotheses aiming to explain
this phenomenon. One is ‘role mistake hypothesis’ and ‘fighting to learn
hypothesis’. These emphasize the different levels of familiarity between
contestants and is generally called the familiarity hypothesis. The other is
‘relative threat hypothesis’ and is based on the different threats posed by
different individuals. Familiarity hypothesis can not fully explain many
cases, including: 1) some territorial animals do not have dear-enemy effect
and 2) aggressive behavior between neighboring residents can change
seasonally. In addition, because the term ‘non-neighbor’ in studies of the
dear-enemy effect are not clearly defined, the experimental design of early
studies deserves further investigation. The purpose of the present study
was to clarify these three problems of territorial behavior. Uca lactea is a
group-living and territorial animal. Its surface mating activity fluctuates
with tidal cycle. These properties make U. lactea ideal for this study.
Three experiments were included to: 1) examine interactions between
contestants with different levels of familiarity, 2) compare aggressive
behavior between residents and neighbors and between residents and
intruders during neap and spring tides, and 3) evaluate effects of potential
mating opportunity on aggressive interactions among residents. My results
showed that, individuals fought longer and more fiercely when encountering
strangers than neighbors. It is an indication that there is dear-enemy effect
in Uca lactea. Longer and more violent contests were found between

intruders and residents than among residents during neap tide. Residents



fought more among themselves in spring tide than in neap tide. When
there were potential mating opportunities, residents fought more
aggressively, although fighting duration and frequency were not different t
among residents. These results supported the ‘relative threat hypothesis’.
Specifically, a ‘non-neighbor’ in the dear-enemy effect is an intruder that
lacks a territory, not just a stranger. Providing a precise definition will help

to clarify some of the controversy in the study of the dear-enemy effect.
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ME PRl & BT B0 PR RAFR S ] o (88 FnG o d 0
EED DR g H L BRI E T Ed B o e RARE S )
g EARE IR e

FOAR B RAT AR AT o (R gt ST O 2 LR R [ ST M I G
PR % B R B 1954 & AL Fisher 45 i ¥ L 5 ‘dear-enemy’ »% /& (Fisher
1954) o P RALILE o ?;gg TRl ROl “Sa kil o IR NP S AL E
AR R enB R enf | £ (Ydenberg ef al. 1988) o ‘Dear-enemy’ #< i e
5 OSREE (taxa) AR MLende b Ry ey i 0 @ 35 5 47 (alder

flycatcher, Empidonax alnorum (Lovell and Lein 2004); audubon’s

shearwater, Puffinus | lherminieri (Mackin 2005); green woodhoopoe,

Phoeniculus purpureus (Radford 2005)) ~ = #% (green frog, Rana

clamitans (Owen and Perrill 1998)) -~ e & #§ (augrabies flat lizard,
Platysaurus broadleyi (Whiting 1999); lizard, Liolaemus tenuis

(Trigosso-Venario et al. 2002)) ~ vf §'%f (eurasian beaver, Castor fiber
(Rosell and Bjgrkgyli 2002)) ~ & % (caribbean damselfish, Stegastes
diencaeus (McDougall and Kramer 2006)) ~ % @ (termites, Nasutitermes
corniger (Dunna and Messier 1999)) 2 2 ¥ 238 (fiddler crab, Uca
pugilator (Pratt and McLain 2006)) - P ot 5 & #f B ir Bl 2§
‘dear-enemy’ »TEeS4] 0 — AU BRI 3 B o3 TARR 5 AH DR

oo AW E & ¢ SR BEGR (‘role mistake hypothesis® » Ydenberg et al.



1988) frigi=MHE ¥ i3 ( ‘fighting to learn hypothesis” > Getty 1989) -
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hypothesis) ° ¥ - S EF AL HBHUT TR F R PAERDPHEHL P12
B3 ( ‘relative threat hypothesis® > Temeles 1994) - T B A 3 L 2 4
7 AT s o % s B A B FRKIRT o J1E (benefit) < o] &
7 (cost) BEDA > FFBUWHEILLFT P2 M NEF TR

R oo o 2EArg AR B e 2R L TR “dear-enemy’ ATl o 7% AR R B

I "F g arc 1 (Temeles 1990 5 Bee 2003 ;5 Boulay et al. 2007)
peb s ‘dear-enemy’ At BHBIAFF T A A €H A RS
FE TR A B ehrc B € 2 B (Leiser 2003 ; Hyman 2005 : Lovell and
Lein 2005) ; % 7 3 & B BIE 4 i # 30 iR o poh o i3
TERG PERRS FHEFRALTRLF Fptid 2 ‘dear-enemy’ »Tff e
= #1735 % o @ Fisher (1954) ~ @ #1dg ef 240 R° PR
i >3 A7 ‘dear-enemy’ dfB e WP oG g § AR

T;*"tiﬁ (Temeles 1990 ; Whiting 1999 ; Pratt and McLain 2006) (intruder &

floater) - 2% 4f3% & 5 a2 1B 48 (Trigosso-Venario 2002 ; McDougall
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and Kramer 2006) - 7 & & % ¥ & * *g 4 eh2#-5 (Owen and Perrill 1998 ;
Bee 2003 ; Lovella and Lein 2004 ; Lovella and Lein 2005 ; Mackin 2005 ;
Radford 2005) # § =% (Rosell and Bjgrkgyli 2002) -+ @ L5 F % i@
o b4 A 3 (Lovella and Lein 2004 ; Lovella and Lein 2005 ; Mackin
2005) # i+ (Owen and Perrill 1998 ; Bee 2003) %7 3 + » F Sk L
AR BROES o RS RIH R o L& PRI R DRI AN A
SR F B e EE o d R KRR A R A E R hg %
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potential » RHP) ¢ % 84= Frenig 4227 % % (Rutte e al. 2000) > & 3548 4
2 7 B < -] (Jennions and Backwell 1996 ; Morrell ef al. 2005) ~ Z_A %
J& (residency effect) (Jennions and Backwell 1996 ; Caballero an Castro
1999 ; Switzer 2004) ~ # # (Kemp and Wiklund 2000) -2 7 5%
(Hsu et al. 2006) % - F]pt > %t ‘dear-enemy’ »Tfi® » ZLHARE B4 -7
R R R
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(Owen and Perrill 1998 ; Dunn and Messier 1999 ; Rosell and Bjorkgyli
2002 ; Bee 2003 ; Lovell and Lein 2004 ; Radford 2005 ; Pratt and McLain
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Tabata 2005 ; Pratt and McLain 2006) - A HEBEANEHE T 0 TE
WokSRAL > MR A EAP T R LR A 3 S RS el o
F v deP B (Ucalactea) e LB F » 5 p Fidt 0 LR
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—"F'f,?"‘ﬁ F' 2 47.145.6 % Lﬁ—‘ﬂkr_ﬁ&ﬂk 771828 %
Mann-Whitney U test » Z=3.87 > n;=18 » n,=20 > P=0.0001)

B ek (% -

s R
ssff 7 5) (R ~ R4 207

FooA45xl] %5 A
—"F'fz #E 1 0.2+0.1 % ; Mann-Whitney U test » Z=4.18 > n;=18 > n,=20 >
P<0.0001) %2 +F (%= 1 %7 %52 Hi75) (BRI
9513 % ; = -‘ﬁ

~ —‘FIJZ "1 K‘F]‘i ;Fl]z :
P AR R 1 0.5+0.3 % ; Mann-Whitney U test » Z=5.08 >
n=18 » 1,=20 > P<0.0001) > @ PFRF I G- F A B =Ry
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(R ~ 2 AFH ALY 155:09% T AFRME 51x13% ;
Mann-Whitney U test> Z=0.73>n;=18 > n,=20° P=0.464) 2 H & i 5 ([
7 \fy;}‘iru,—‘ﬂlzyiﬂ“ﬁ F' 2307851 % 5 % —"F'fr‘;,&fsﬂk 17.242.4 % ;

Mann-Whitney U test > Z=1.81 > n;=18 > n,=20 > P=0.07) + > ¥ & % f& o

SRR EHBRT I &R
FrEpsR RIS o bR TR F G RE (mean+SE- 14+

0.09 # B d 13 5>n=68) >+t 46 HAT LK (12003 #Fld
1 2 4>n=352) » 3 &% 5% & 37 F (& = -~ Mann-Whitney U test >
Z=2.65>P=0.008) ; b+ @ » REETLLF DA (132014
FEd 124) febF @At (1220.02°4Fd 125 a2 LR (%
= ~ Mann-Whitney U test » Z=0.78 » P=0.437) o 7 FpPFRF et > )
el L TR G~ BE (33524 sec > n=68) > A2 G AT T

¥ (48.4+69sec>n=352) > 3 fk v P F (4 = ~Mann-Whitney
Utest » Z=2.65 > P=0.008) ; i@ s » & fai PHE A e B F 5 &
ZR (LRFR 370+£21sec n=719; » BH & LA FH 134555
sec > n=31) (% = >~ Mann-Whitney U test > Z=1.04 > P=0.299) - # % p
HRAT R F B e PHIE S A4 P pEE (4.8 £0.5 individual 'hr  n=23)
B2 ¥ 3 b pEd (3.2 £0.3 individual 'hr' > n=23) (B -~ T-test >
=2.8 » P=0.008) -
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12 PCA B (7 R 5 cnlidp o178 % > 2 80w BEKE
(eigenvalue) = *% 1.0 ¢hi = i (principal components) > # 12 j%§§ > 3#*
Bedp? Bl5% R > A BB I GAGEERFLEAZ o Bl g
¥ 0.35 ‘ﬁ?fftjé ¥ ;F'k i Prenik 5 4% McGarifal & 4 (2000) #

# 1 en> 2 o Principal component 1 (PC1) e #c? » & —‘ﬁ FE R
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FoBITHEFLR Y ¥ ME KD BantFEER o Pl ER
T H#-PCLFag 5 M5 R coc B (7 5 JPC2 ¥ 4 5 %71 5oc ¥ 75

¢ * K fcfeiT R PR ETT?ZE\E; %R auT# 7 5 PC3 faiicky
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w B rc T L e T REFR >V B PC3 & HARG ¢ g R st

T 5B B & =xehdr P ¢ 17 3] - B principal component score °

BB 0 Bl PP > 97 A = A ¢ principal component score ¥ i~
.,%—'!FTEE’ S:;ﬂ;,—*ﬁ Feng HiEgF g s —"F'f i (Bl- B~ Mann-Whitney U

test > PC1 » Z=2.89 » P=0.004 ; PC2 » Z=2.38 » P=0.017 ; PC3 » Z=2.46 >
P=0.014 ; PC4 > Z=2.36 > P=0.018) ; f~ @ pFfp > & FgA| = PHt> A&
A"ty 4 = 4 2 principal component score Ffim * (B A
Mann-Whitney U test » PC1 > Z=0.91 » P=0.37 ; PC2 > Z=0.15 > P=0.88 ;
PC3,Z=020>P=084) > =3 PC4chie3 R F LR (Z=2.26>

P=0.024) -
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E BB BT LAY I B E

Z P gL 2 F® 7 F (One-way ANOVA » F, 4=1.08 >
P=0.347) 22 % }*£ (One-way ANOVA » F, ¢=2.03> P=0.14) ¥ & £ & -
ZRAMR gz @R Y T A NG S EEIT e 11.4120.20
mm (n=24) ~*& = FepFeg? = 11.7740.17 mm (n=24) et F7) ad
® 11.69+0.18 mm (n=24) ; * A E T35 A W% 15.68+0.44 mm
(n=24) ~ 16.25+0.42 mm (n=24) 4 16.90+0.43 mm (n=24) - = B rpi{*
T iaF 7 F % 10.3620.38 mm (n=12) ~ & & 3 E5 6.26+0.17 mm
(n=12) > A 4403 F 2 B 0 5 9.8420.36 mm (n=12) -

B i o et A F PR A (B~ A SRR
@ 128404 A RepFE 115204 5 s ERCA e 1 09203 5
Kruskal-Wallis test > y°=11.83 » n=12 > P=0.003) ~ 4= FpEF (B> B~ =
e 0 16794359 sec. A& & HppiEe o 149.0442.1 sec. ; bR
1 77.1+£52.9 sec. ; Kruskal-Wallis test » x2:9.19 »n=12 > P=0.01) friv
PHE S (B~ C~ + #ep e 1 0.0620.01 =t/min; A = gepiEe
0.04+0.01 =t /min ; ¢ AR %2 0 0.02+£0.01 =% /min ; Kruskal-Wallis test >
X=9.51>n=12>P=0.009) * } HF LR - § BhIfisg IME (TR
PRERE A S BT e dpt) o BRI R R B A R (B~
B » Mann-Whitney U test > Z=0.61 > n=12 » P=0.54 > a 5 ¢ Bonferroni &

T 50025 %2 FPHESF T &7 B (B~ C~ Mann-Whitney U test »
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Z=121>n=12 > P=0.23 > a ¢ Bonferroni f&i* 3 0.025) - e frkf ¥ #%

2 3P & (B~ A~ Mann-Whitney U test » Z=2.31 > n=12 » P=0.021 >

B ~ Mann-Whitney U test > Z=2.11 > n=12 > P=0.035 > o % ¢ Bonferroni
it & 0.025) ~# g S (B~ C>Mann-Whitney U test> Z=1.87 >n=12>
P=0.062 > a 54 Bonferroni 2t % 0.025) 24P & (B~ A~
Mann-Whitney U test » Z=1.32 > n=12 > P=0.19 > a 5 ¢ Bonferroni & 3

0.025) » v mAR -
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‘Dear-enemy’ »cfis ¥ 4 fLenZLil s > § 2 & FH TR LG A
BoorxrmdaRag o ijﬁi% %% (intruder) ° @ 3 X A& Beh7 i

L ERe R

PREDBER EFEFMHE? > TG K

ETTES

e 2
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LBz ks ¥ A BB v end d T o LR S
MPHEAEE Y $E e 4 Fo $EE R %% o 14 Whiting (1999) #
Yily (Platysaurus broadleyi) 733 ¢h:&(7a BR % 5 & gLt 114 3

531k A (5-50m) chFARE B EATE BH BB UL F B AL

B he HRELFLBMF PG 2R o BRET 0 £3% G
75 =t B ST H B R frd PR B ol hF IR &
AR AT XL F Lo HRIBFABM L7 gRAFF5 o F
FLEBEEFE A AR ER BRI 0 RS T AL TR K o
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AP AT MR e H2 RESFLE A FERFRS 2
o e pES TR PR AR o0 P % 23 ‘dear-enemy’ PTBFEF
MMAFY P B LieXE 2 A LFRER B (Ydenberg et al.

1988 ; Getty 1989) - F]Z

Yol

ARG IR I HRET L §
P72 4t gom s o o PRl > A BHG HEAgB O B
Foov ARG HART R E G RBAF L MRS RE S AP
Homgme PG EH SRR HFERF I R LR o d 38 4
LPRET RS PR ER 0 Fla e R A F L e iR ER AL
WHFAEF L8 PP b bFiBEAIf il ¢ WP %

SRR AR DRELET T € Tl SR ENI RS B F

-

B FM o BRI Gl E S ﬁéiﬁﬁi’“ﬁ%”} £ 1) e A A4 £ R Rk
S ERFIPVEARPBEET IR ELHFROBELE AT A A FEARE
® P ER (Temeles 1994) #7145 ik enfiim o 12 + 2% £ 3F ‘dear-enemy’
P FE R ECRRS I o m 1UIME I et M € F1 2 3 b L fiefhin
(mating condition) @ T % ek & > F]pt “f 3% B B3 (Ydenberg et al.
1988 ; Getty 1989) -
‘Dear-enemy’ »xJEAR % JePpF (8t > Flpt j2 2 = Flenipi g B
PP - 2 & o ‘Dear-enemy’ »</&&_d Fisher (1954) BLZ 5 8 cit € 7 5
ST R P E o B ILRS  A 0 2L B

ST PRE R G o ARG RS ZEE TR R R

[a]
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AV AC G H2LARE B REPE 0 fr g TRt R 0 FIN R
‘dear-enemy’ ° 4t i VIR FlE F R - 2§ 1988 & - Ydenberg
FARHEN A A B ATRE > THR5 > BWE PR
EOREMRETF W o & AR IAE &7 T 4<% (WOA >
asymmetric war of attrition) #-3]2. T > & B+ - FirFte g it 4E
Z_ik v (ESS - evolutionarily stable strategy) #_% &2 %K F 5 >R e

e E 0 M E RIEHFTHT A € g ¥ 0% e (Ydenberg ef al. 1988) o e

= x

UV AEEEEFRAESN A K& - B3P i 3R 4 g ¥
AL hpT M- B AR E VK Bahg Mo FFRRT 5

PR T B kT B F U o IFEGRL  BR T IAREL
3] WOA #5358 @ #7p A B AL T =M o F P (Ydenberg er al.
“E 7
B RAETh & 3 fa FeDEE R o § B D £ AR e

Apa

1988) o b3 BRePBE4E B0 > B K H R TR 2T T

€ ¥ 1 F 3 5% o (escalated) #7 e 4 (Ydenberg ef al. 1988) - 2%
@ o Getty (1989) 2% > WOA #-58 T 7 5t f#f# ‘dear-enemy’ 5/l - WOA

ﬁ;‘:;\}i ¢ - f@;ﬁﬁﬁ:‘; ’ ﬁ—]_ Fl IftFB'QP*TH’ oo 7\}\{2 iV I—]'*"T_Qj’)\ﬁ R}

)

VIKE > ed > - L% QRFpRFLAR L FI 7T 0 i i

RUplff cngm MY R Ieh BART LG JRd s T ROE 2
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Bk ik F 2 (Ydenberg ef al. 1988) ¢ i 7
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## & o Parker v Rubenstein (1981) #& - B {8/ » # P #F - = g MY
il maw £ (round) 0 F - w £ ¥ 5 - o T WOA 5N 0 Y
‘F’T? ."l%gﬁ Fwr LBk kT T - w i R F VK E Flto iR
iiﬁé‘b 39 BB 4T P AR P ;f'gsi LA AT AN B RICHFFLIRT
1 V/K & o Getty (1989) 327 » d ** Ydenberg % 4 (1988) # d! ehigii
F bt emEgR o gt th o A anis & (dispute) T AF et M (Getty
1989) - Flpt o 3] WOA #5383 @iz = 5 R fAR8 17 5 enZE g o

Getty (1989) r2 Parker - Rubenstein (1981) # ) 77 WOA £ ¥ #C
FORNEFFEY B AR ‘dear-enemy’ rifl o § 1t & F SRR
U8 - RADPHE R PR > £ 900 00 FRESEFPRE
B R A RESHIT 0 G PR Y RERFR o R
TR MR E R (Getty 1989) o % m 7 > Filkd BRI R 22 A
BPHEFRIERDE K ¢RTHIREFZLZL > F o RETUBE LT
€M E W A g A BT R S EF LR o

Trigosso-Venario (2002) #§ % % P > F1 % #H& 3] cfrdd (Liolaemus
tenuis) PIER E R EICHF 75 2 B anhf o & LW F g s> i
FI BT OREER - BEET O RIFIA L ArgA L2 B @
* gt & L B o (warning displays) 0 ¥ 2 BT H PP RE 0 ArT
Fenfm amA T A& AR o Ra > ABWIPHE > K2 R B 20

ARETEREE L BHET T B o vt o ST R 20 X e Mg
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5RO RAENOBHE AR 20 X 25 & d %ﬂéﬁ
Eﬁﬁ&-ﬁ{ﬂroltﬂw\-‘»ﬁ' ’_j‘E'.%'K

R NI B S <d - ]

e % 4 #F Ydenberg & £+ (1988) crh B
'T} A AL % IRt (social separation) & M B A8 h3 E R 0 Fl@ M 4ot

#F |+ o B2 X Trigosso-Venario (2002) th3 % L HFH ER T €
a5 o

AR i
AR oo 21989 E2 15> A F ﬁ;lﬂi«‘jﬁ

’ },}:Kﬂ" 7 Fﬁ mT’ /)‘ZJF II§
M sz # M+ (Reviewed by Temeles 1994) > Temeles (1994) Tyt & 41 37en
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WP MRV R EES > B A EFI R (Getty 1987) o §
370 & Uca mjoebergi SV 38 i @ A7 5 B4 » P > AT 2 b F ¢ §T1
FE ARG BB R NIRRT g { <
goeh o JTE PRE AN F <t~ B (Backwell and Jennions 2004) - F] &
R FGRS S A BEAS Y T 8] 0 W R AR R Ol T R
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P kPR p B ek A Qe (T h 0 FT AR s R L R Uk

¥RGwEEe HETL A T 0 BE PR AR L URITRG AR
LT G LA PR RO B PR R
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B B AL T f (Leiser 2003) o &¥F (hBLRF IR 0 LG LpA
By inT o TR KA BRF DT BF ML B BT E
(tailbeats) =k frit§ £ 8 3 Ra o dpd - NI BT FAEEFR
B, —‘Fl’z {2 AR E sl B (52.8949.23 % 0 E AR+E T+ E eh=k
Bt Bl) 0 R B U IR (20.6432.48 % » i ALHE 7+
e ek gt b)) (Leiser 2003) o &¥F ¢h o v dnip (BA MR el § o)
W TR E G REPREEFRS WAL PR RS FRR
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Lfes g RIS oA e R fobbhnE R Ak o
Ik enfiins VIR 8 FAFRE (Thryothorus ludovicianus) > B >
PG B Ui L € £ RIS o 22 4h 0 FAII LS A bk

€ T35 (social environment) NE &P o J{AE guc# F 7 F (Hyman
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2005) o HERE o N BAC BB waE A

eﬂ‘t

) T A 2
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FIATBME AR F RS AN BHE TR ER S AR 0 Bl
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AT AR BrpTEL R AR RIS 0 @ W R F G AR o 2K
st F L3 £ 3 (Hyman 2005) o 4 = B 7 A8 &4 9
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(Blumenrath er al. 2007) ~ /& & % (Parr and Waal 1999 ; Sharp et al.
2005) -~ # %+ (Lopez and Martin 2001) % o % f& 4= fE#71¢ * FEahen
Ryt A AP G AF vR e L B 4 B (De Fanis and Jones 1995 ; Waldman
and Bishop 2004) ~ g+ # (Miller et al. 2005) ~ g ¢ (Detto et al. 2006)
% DREPA SRS BRI R4 o A M B F R 42
B {#hAt ¢ 5 % (social interaction) ® € * AR F LT LR R B
Yot Ip S 2 R A R R IT kRN AT S H S (Layne etal. 1997) ~
B foir fa iryes] (Detto et al. 2006) ~ AT iE i F ¢ AF P k5]
B 1+ (Backwell et al. 1999 ; Christy et al. 2003 ; Kim et al. 2004) % ° Uca
mjoebergi¥ % ¥ < A Epd K I¥ 5 F e gL > 221 Uca capricornis
VLR T TS o H 3 gEd RN kR A TS MR e
(Detto et al. 2006) ° @ Uca tangerizef+ < # X LB m F &1 5 Hehp &
B B+ (Cummings ef al. 2008) > L 45§23 k- B 305 £ 7 LT
i i en g2 (Burford et al. 2000; Pope 2000a. ; Pope 2000b. ; McLain and
Pratt 2007) - &% Bl F 7 B o 2w @5 ¢ K 2 a0 K el
% o Uca thayeri¥eF = fA5CR B *# = 430 nm{e 4 500 % 540 nm 4R 4
¢ % (Horcheral 2002) ; @ fR¥pe 7% Finp @Fhd T2 7~ BT o
4 A AR e U § U cnd A dere 0 & 325081530 nme- fA 0 kA
P Fam Z_ (Uca pugnax ~ Uca pugilator ~ Uca vomerisf-Uca tangeri) > 11

= BB £ #1600 nm+%  (Jorddo er al. 2006) © F 6 4z {FHL 2R 2
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