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Z ®

Y X (Portunus  trituberculatus) 1%, H% O\ % 6] & 3 2 B2 £ 42 2 38 (durophagous
crabs) IZJET 2, BYEMOEREIL, —BICHIZZ Ty vy —#H(Cn &, £lTh >y ¥ —
ﬁ%@@%%ofwé AW X%mﬁ BWO AR E R (ACr&ficu) NMEL LT 5

Eﬂ%ﬂ@mu&ﬁcﬂ%&%M6 BHRA (chela) 1%, F5E1 (FTENR) & B (REME) 125
ﬁf“éoémﬁ%ilﬁ/ZYQDT,%@%Lﬁ@MﬁLT}ﬁDAQOL@D,EL
iR U T/ NS IE CTh D 1 ke = (CD 1272 b, Uik, WIS C2,C3 L E L T

<o FFEIRESOMEN =13 245, MET =1L 3ET, —ERITFEIC | ~ 24FEAEFT D LHEE S
TWD, L Cla~15 ([ZET D E INDD, ETOMEENZNICET 50, ZHLIE]
T HENARIATH D, ST 2 > =7 (22) THIE L, 4#> =7 (Z4) TENRY
ET D 2ERE L2\, M UIET, FEREMEZ 37 o 728 & 72 0 IH 3 I A TEN 21T 9,

AURGENE, FY I OMEICET 2L TOEE, $hbh, OFY I OMEICH & FIXFE
T2 QoL FIEFORMEK, @FEFERBENLHH, OMER Y=L 7 T=0F|
X FORR, OFIEF CHHIED O B 82 E 0% O mEIC 5 2 2 58, @& F] & i & /2F
EfEfED HEIE ﬁ®%,@ﬂ%%%ﬂw®&%ﬂﬁﬁW~ﬁzé%@,.ﬂ%?%ﬂﬁ®
SeER IR DB 2 OW T 21T 72, FEBRIC (ZBPHL TS X 72 KIR D KA A
A, 35 K OVRE T A= PE it % TAIEF%MKZ%@I@@E%%WK Cl LIBRI, fE{RR D
BefihlZ X 2 S O 0B VoG Ik, BRI, B K OWEGR A BT 5728, 1 @k
SOEBNZEE L, &IET390 HfE, C13 ZAE CRBEEZIT-7,

OQEZEDE A P < BRI T 28 (Rl & F) 200 2 HREEBRIC K Y, T IHHEO
FEFOUEEITST2E A, ARBEICFIEFEREE>TEY, FEFEIMEZLTHELL
RN ENR ol ERICHWIZEMEE 28R L 7-H 7 = (KC8~C10) TiX, #9 8 HIA
FRIE T, K2EREREThHoT,

QI DOTERE &Rl & FORREZTIRTRER, #HOEEL SR & FOHEE N AIRER 2 & 23D
Mmole, EAEOHMAZ T 5 &, Fl& FIXEHENPRE S, FREHEHBOMERIEE (RHE o)
MRKENoTe, DFD Cr THEMHS ZEBborolz, Eiz, MO F %2 0E LIk
X, EREEERIIEHE O, HRIEEERITAEHB O FHRRENWZ Enbrolz, AlH)
FRICATRET 2 28 (closer  apodeme) &, FFEFIE F(cuw) KV FIE F(Co) DI N RENT &R
R S iz,

/\

@ANL %QVﬂqujiﬂﬁosmnm 0.1 mm, K% cm) ZHWT, M & Cl oHE
FRER A FERTEMEE T CTIT o 7o /bR, Wi & bICH Y = L RO BEITEh 2170y, 9 HILLER
AT HETEIZ 325 Z L AMR SN, £, EHimENBEORE X%, AT
MDRE Moz, > T, M ShETEEIC t/%ﬁiﬂ%i?%éﬁﬁ%@ﬁﬁﬁ%w&%i
ST, TURERIC b A A ERIFR T, ARSI I/ NS 2R o PR SN, —
77, Z4 OHNFEETIE, EhAL W%%%iiﬁ“tﬁ@ﬂok WEoT, HW L, Z4 F
TIREAPIFIENHFT, M 2 LEHOIIENELAIESFRE 20, A& OWENFEET S
EB b,



@FfcHEx OMEBLY = (5 {8R) & AR Z OMEBLY = (7 B 2 AW CREE AEEZ TV, HERY
=P =X FORGRERF Lz, AENT-F =0 F%2, NTEREZHWZHEE
HERIZED MBI C1 TRz, EREolEE»bAENT-T =8, AR DM
LAEENTTFT=b, TOFEALERARETHY, GEtT5HE M, Cl L HIZ 95 %Ll L
DERMETHoT=, £z, Cl OSHOTREIL, PFHZ2EENEFIEAR G Cr & /£ cu) T
Holr, TOREND, MEROREFIZhrrbLT, EFnizr =13 THAETHD L
Ez bz,

OFEF K Co) OBUNZ LV RIEFENRZELT 2008 5 hERET 57290, Cl THEFH G
Cr) Z 580 B O SH 7Bk T, o2 k% C13 £ T 390 HMIChTe - TEBFHA L
7oo BERBRAIT oS, BABEXITFICAFE Tholodioxt LT, AHE A KITHE
IZEMETHD Z LN gholc, AHIMBUIX TIE, Thcu&Cr) &HOIRES EF] &
DRz R L TWER, FEF(E C)oEfim, ABEREBLLIOEFhTnThnsh
FlEEEORE T (AU DT NAEA Cr) LD/ SWZ LA L7, —J7, A#EBEYX R
ZEM) OIEFI X F (A LA cu)ld, BAPEX (5] = ER) OIEF]E T (Y UF VA cu)
L OEREDBRE -0, NEREMEL © 0 F T ELRX CHF] & (EE) oI & F (F

UPFNE cu) X0 /SN Z ENpoolz, AHlAHAE%, 10 BILLERE L7z C13 (2
BWTHERE ThoZ &b, AEBUIXIE, FceflEF (e C 2B LRWVIR
DEREICRES T, AEEFETHDL EEZLNT,

ANER DI & 2 Fh B DD (HIRZGER) 21 EGhiE L7 o5 &, &
LB (5 F ) 134 (R-Cr) 23 T AL (2 1), 72 (L-cw) 3+ (4 [1) ThoTz, —F7, Al
B B X (A & ) 1372 (L-Cr) 23+ (4 1), 45 (rR-cu) 28 +84 (4 (L) F 72132 Ofh A (1 7 + 7Y
DS) Thotz, DF 0 TRNIHEH] & @R (BALBEX) D45 27 Z 2+ — (original R-Cr) [ZFRE
i, LEFEERCESHMBOIX) 0ES 7 v v —(L-Co)x+ThH o7z, ERITRE ol
EHL, BIZEZ Ty vy —H7 7 vy — IR TE R, AR EEEROF] X T (L-Cr)
AR E AR OF] X F (original R-Cr) 1%, F B DICIRBB BT E2 > TS Z L nbh

D7,

@®EViEEFF O R (7 7 4y m) ZHWTC, HRIEEEKE AR EEETHERRZ I L, W
FHTHEFORNEHE LTz, TOREK, EREEEROTTH, BEIRDRMES, BFh
bANShole, WA THEBALKT L L, EREEROF X F (L Cr) O NEHEmN/NS
<, WREmEL/NShoTe, £, HEATHI 2T H5BRICHICEET 5 L Bl L& (K
@) CAA=ZTINT RRUT—=UEETDHE, IECrDIFNINEoTe, LLEORERNG,
Rl EARE, A CHEY A XA ERICHRE LT, BOWEEZBESEIRSLE>TnDH L
Ez bz,

@ C1~C5 £721% C1~C2 DI, A G Cr) Z8& LAREML L& 25, FHOMEKD
W7 7wy =8 (HC&AECHIZEL L, D EEPAFE B (FCr&ficu) DEE TH -
oo BIETIHE, 727 v — 0 COBFETAERMETT, Ea 77y vy —{blLiz, Z
DOFERG, “ERICHEEET 2 Cr” OTFED, SCHAEHE (cw) D2 7 v v v —{bZmfl7 25
EEZONT, ZOWT T vy —RUE L LIEIR T, BEShiA Cr 2 “EFICHE



BELZRW Cr” LB SN, a7 Ty vy — (b Lo TE s, —FH, #ES
WA ColZ 2R C o iR Cr DEETH o7, W7 7 v v —E KL Cl1 £ THA
72 U CHR ke L7228, WS Cr O FF T, b E(Cr&en) IR0 o7, - T,
cu N5 Cr ~OFEALIIARAHERITH Y, Cr 2 cullZe b D, Cr BHUKRICHAETLHED
HThHdHEZER DI,

®F| & FThH LA (5 Cr) OIFFHOLEZ IR L 2HEIC, FIEFOHENEZ 50 %
Bt Uiz, 12 s 1 EEITHENREETH - 7223, 75 11 RO AR & (G Cr
& £ ) DEFET, FIZFONEIIEZ HR20hoT-, T70bh, AHIMGE Cr) OfEH ik
MAELTH “IEFICHEIET S Cr” & LTSN, L (72 cu) O Cr b3l &
, FIEF(Cr) ~OBITNEL otz EZ BN,

L EDOFER NG, ARIZIITFIOEENG > BEIRFEEB X DN, EEEITT
ART 2 TRICHBLLTZEBZ 6T WD, ZORICHEL L 2R AERAILOEBEY EMED/L
L7 =FHD—FE Megaxantho zoque DFINL, M OLNIEFIEXETH -7, BIFTH2BYR
PEOFEERX, FEAEOREPAR I (FCr&ficu) THDH, RFTRORE R, AF X DFF
PEREBEYEMEOEREOMYICEREZ D, ZOROFSMEEZR TR L, 4% LT
WD EFIE O Z FF o2 TORY BRSSPI TnD &2 b,



mﬁ =h
2] =]
1 EHICBIY DR
1 Ist zoeal stage By =T
12 2nd zoeal stage H2M =T
73 3rd zoeal stage B3 =T
Z4 4th zoeal stage Al =T
M megalopa stage AT w N
C1 Ist crab stage 551 e T =
G2 2nd crab stage 55 2 linffe T =
C12 12th crab stage B2 4n =
C13 13th crab stage 5513 fin T =
C14 14th crab stage 514 #in =
2 JIEEALICEET HHEFE
CW carapace width FH I
TCW  total carapace width i
PH propodus height B i

3 SHRNCBEd D WERE

L-Cr  left crusher T Ty ¥—
L-cu left cutter )y B—
R-Cr  right crusher HI 7 vvy—
R—cu right cutter £ B —

BAELEED vy #—
rR-Cr regenerated right crusher FAL7ZEAZ 7 v v —

rR—cu regenerated right cutter

2 B RS BT D IR EE

R a SHH OFEE (FTEIHR) O & 2 Ktk o k22 (Fig. 2) .
Ll-a HEHHOD o

R-a 7D o

EIth B &I D& (REhEE) D EEERIZ & 5 F IRk O sk 22k (Fig. 2) .
L-8 Ao g
R-B Ao B



4 SAOERER (o, B)ICET DHEE
[RiF o2 & 28D A431F] (Fig. 2, Fig. 28, Fig. 29)

Cr crusher chela

cu cutter chela

77y vx—(Cr) &Iy X — (L, Kf o THRITHIED, BRI THHBI Lz, Kl
a BIOEHHEZBELT, REWHa2 7y vy —(Cn), hEWhahy 2 —LHEL
7

[E388 B DEI5Y 1]
T B [l ashE bR L&, N TFRICAZ S5 A 7 (Fig. 28),

+ B HEBAMEST NS R EE, EA+HTARITHA X D ¥ A 7 (Fig. 28, Fig. 29),
Others FIth B Z#8nE o Rz &, 1 +RILSND X A 7,

/i CREME) ITFET 2 B LSt o ke

T1, T2, T3, T4 : (Fig. 2 &%)

B (RER) ICFAET D 8IRBERED 5 b, WHREBEOE I N ENS DA, BAHIA D B
SEMEIZ AN T, T, T2, T3, T4 LEHRT D, BORA &Y - +8 - ZOfh) HH AT 9 B
IZiE, TI ONMEZEET L ZENEETHD (TI OMELZEETLZ LT, BOMELF
WEELIHETE ),

5 AN=AN T RN T—VICBR T D UEEE (RE LML)

MA mechanical advantage
Mechanical Advantage = IL / OL1, IL / OL2 F£7=I1Z IL / OL3.
IL input lever length : (Fig. 3, Fig. 4)

oL output lever 1 length : OL1  (Fig. 3, Fig 4)
output lever 2 length : 0L2 (Fig. 4)
output lever 3 length : OL3  (Fig. 5)

6 R4 BT DREEE
R LR K EERRZRAT - [ LR MK ER A& v % — KERFFEIT
(IR [ L RoKEERRERYS HhsiaEt o ¥ —)
AT - T L SR N T AR AR T EE AL 6641-6.

EFHIEREE A —  [ETAFZERRRIEN KENFZE - BOE RS W87 N XK FERFZERT
EHTE
(1B JSTATBAEN KEREIZEE % — ERfEREL L % —)
AT - R U R B Ak 5-21-1.



A &

1 EREORM : ERBIIEMEMNO =L, HFEMEMEO I =HHIZ2/H5TE 5,

EMEBEDERELSE (durophagous crabs) :

Hp P OBE WS CTEDOIIZE 2 IR U =% T, Florida stone crab (Menippe
mercenaria), A7 3717 v /X (Calappa philargius), 7 X A/ axX VY W 3 (Seylla serrata),
Paddle crab (Ovalipes catharus), A 37 = (Charybdis japonica), 7% X (Portunus (Portunus)
trituberculatus) 75 £ %351, R T I PRED BN A2 FFOFE 3% ),

FEYEMOEREE BYURHOEERELUND L) !

Hipg EOBEWEZRRDZ LI L L TR W =T, "7ty A ~3F (Uc
lactea), X7~ 3 A % = (Mictyris brevidactylus), &2 X7 = (Eriocheir japonica )7¢ £ )3
HEND,

2  F¥% F (dominant chela)
FIZF (dominant chela) : [EVVEE (H 72 &) 2 < 72012, FEMBAIZESMEE CHEHT A
ELON—FH O ETET, HERE O,

3 S A& AV N7=17E) (behavior)
BRI E  BEOEEER BRI, B AT/ (Fig. 6).
EFZE  BEWVEEERE BRIS, BES A TRE< (Fig. 6),

4 SHHOFZEE (form)

FEBEOMNIE, R (homochely) Z 773 6 D &, FEEkM: (heterochely) #7736 DD 2
DIZRHNTE D, BEMEZRTHLOE, IOICARERILERERICOIT D LN TE D,

AFZ3 : Fig. 28, Fig. 40A.

ERIE L, M OIERER, A2 T v 2 v — R-Cr) & ZHIHT » 2 — (L-cu) T 2R
T, HYITIXEE, FAEOMEKRN, DX A 7 (normal laterality) TH 5, SO K Z S
(FEEiE)IL, ARELYVRELS, ARELBEER D, i TEKT L [RCr & Lcu) &7
D

EHZ=H : Fig. 29, Fig. 40B.

SHIOIREN, £HH v Z— R-cu), /7T v v —(L-Cr)HERT, OB A
F| & 5 (normal laterality) D5 (reversed laterality) Tdh 5, SHHIO K X S (FEHiE) 1%, LR
FEOREL, BERMEBEZAD, 5 THT L L-Cr & R-cu) L7025,

WY 5w +—& (double crushers) : Fig. 41, Fig. 40C.

BHOREN, £7 T v ¥ —R-Cr), £V T vy —(L-Co)lE x4, il Ly HY
BN TUE, RAFERETHEBTREE T ARV, AHoBERBRX (ER 7) 128
WTHEBLL7z, 25 THERT & RCr&L-Cr) 725,

- 10 -



5 FZEFHEHER (ﬁ%ﬁ%ﬂisﬁ) : Fig. 6, Fig. 24.
=12, BRERERATER R L) 252 TC, Fl&EFrHEs szt HETH D,
E%E&iﬁc:@ﬂ% L7 gt &2 = F & LTz,
AIER : ALWIESEIRO N TH, G, MELE FIEONTEHE S,
Fig. 24A * B.

6 BWERR (SRR .
I Z T, BOBREZWS Z ENRHEREZNEPORERZ ST HETH 5,

7 EYF7H (pinch force):
VT, STl (B L) Bkt h A &3, B F JiEF(Fig. 7) TRHAIL 72,

Za-hv
7%, HALIEN (newton) T/r L7z, 1 [kef] = 9.81 [NIJ.

8 Foith
Fa & (ATEh$E), ZE i (propodus), PIZEEE (apodeme) |2 DTk, #ELE Hika i L7z,

11 -
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1 T+HERRBICETSHAOERN-REF] BT S NETOMR

B =OHMNT, JEBIZH D 5O 5 B 1B o0& 2k- T, AROMEH
BEFCE D RIBICHELLLLOTH S (H 1980), SHIOTERESLKRE STV =D
PRI TR A TH DN, EDORI R TH > THEARNRERIIMZHRTLZ L THLH (RH
1983), SHNIALA TRICKRE SDOGH L, EATREIRNEIED GH (EEMtEEL~T5
) END D (I 1980), VL EIFHERETHOHMICET SRR TH L2, FMEHHETHD
RETH, YIT=THOHIMILELETL6DTH D, LI, REME2Rd A 8
(CBIT DT R £ LT,

1) E2#ktE (heterochely) : ZHEHBEIDIEXFHE

B FBSE O O X < Fn oo RBRIR UL, ek (heterochely, SO TEZRE & K
ESCBTLELIERAH) TH D, 2 BITHEESNLTEY, 1 21F7 7 v ¥+ — (crusher
chela, LA'F Cr) £ 721X KEHMH (major chela) & FEITIL, K&V T v a R ETLHEREL
TADRFE(AD=TINT RN T =) &z TWb, —J7, HD 71~ Z — (cutter
chela, LLF eu) 7213/ (minor chela) Id, 59V &FAIE, 2/METL LY B v b
T ORI T HI1ED, 70— 7 b M T 5 (Crane 1975, Lee 1995, Seed and Hughes
1995),

HEM A2 R T U AR R ORETIE, RKEWEIIIORE, 07 D/ S UEIN T/ N &
i, AIEET 4 AT OB O BRI KIERET 5 (Levington et al. 1995, Rosenburg 2002)

BT EL, BYREEOERBE (EWSRTEBONT B Z /5 =%, durophagous
crabs) TH B < F&=E L T % (Seed and Hughes 1997, Schenk and Wainwright 2001), EX4#)f
MERIE X, 17 v B (Calappidae) (Lewis 1969), A %7 F = 7 # =F} (Cancridae) (Warner
and Jones 1976, Vermeij 1977, Yamada and Boulding 1998), 7 % U % =%} (Portunidae) (Brown
et al. 1979, Abby-Kalio and Warner 1989, Seed and Hughes 1995, Seed and Hughes 1997), 4 ¥
X 77 =#} (Xanthidae) (Brown et al. 1979, Blundon 1988), M UMLDEFED 735AH#E (Vermeij
1977, Seed and Hughes 1995) & AT %, [F#kM: % 7R ¥ %2 JH (homochelous crabs) T %
A FavHopomREZR &, BEOBYRMEEEIT, EAIEMFROMNEED,
WEHEIXAEN 2 Z v v —, MR » % —Th % (Lewis 1969, Vermeij 1977, Brown et
al. 1979, Abby-Kalio and Warner 1989, Seed and Hughes 1997, Schenk and Wainwright 2001)
LBk, ARIER (O Cr &/ cu) 1F, 13& A E OB MM RIS TES
25,

2) BB TE HBTE - REME

FAIERL (A Cr &7 cw) [BROEIGE, HFBBHAOMIA TR S, Herrick  (1909) (37 A U
a7 AKX — Homarus americanus (BT, FHAMEIRORIF-E 1,164 EAENLF] & A
(R-Cr & L-cw) T, —J7, MDZA T THDEMEMNR 1,266 HETH -T2 L 2WELT
W%, Yamaguchi (1977) 1%, 7t T A~ (Uca lactea) DIEIZI T 24K & A & £ H]
SR OFIGIIMAFRE L HRELTWD, DFE 0, 8,088 HED S H 4,071 EAITAF XA,
4,017 EARIZAEF] R, THHMIZHIZE 111 ThoTm, ZNOOHBEEIL, FA T —2
ik, EAXMHBOMHTHD, TAV horn T 22—, F&FFELEME OWREDS] &4

- 14 -



1%, EESEhAE] (the critical juvenile stage) (23T HEHOMEH TH S (Govind 1989), D%
0, EAMEORERIITELEIHICIRE S TWDED, ELLNRT T v v —IZRb0E, A%
DEEEER (B OER) IC K-> TR E D, $IHOLELEEDORERIL, 77V ¥ —DFENRD
OOy X =)D T vy —LEZMT 5 (Govind  1992), —J5, NI IA
VXX OMETIE, M= EE 60RO AZ BIRZAEIL, 5o T2sH 25 KEH
(2720, BYI LS S/ N2 22T 5 (Yamaguchi 1977), ZOFRIZ, ZiuH O FHAE
IZBWTIE, ARE EAEFEEREIRIFORIG TH L Z LERHEINTWND,

BEYMEMrEREOZ O, BEMICAEREOMEAE b b EHA SN TE

(Przibram 1931, Smith and Palmer 1994, Yamaguchi and Tokunaga 1995), ZDOR#LE LT,

DAFIERICE Cr &2 cu) RN &, 2) @ERIZ e 213 E AR & YRR OFIG 2N+ 2 2
L, 3) BT, florida stone crab TITH 7oA Cr O BUIEBRBZIZAFE R e o7 2 &3
FToid, LnL, 7HZ A= = (Thalamita sima), 7 %A 7 = (Charybdis
bimaculata) 3 . O 35 = (Charybdis  japonica) ® 3 FaIZAEMERETZ 2N, [/ KK D KER 5y
FEENSTOERTHY, AREBREMSITEHIBE L IO TIERY] LORENDH D
(Yamaguti and Tokunaga, 1995),

3)U v ry—AUICKS THEF W) OFidx (reverse handedness) |

77y —i, FFE LTAUNCE » TR, £0H%D 1~ 2 BIOBETH L < B2
BAETDH, bLAZ 7y vy —RRUTHE, By Z—0H7 7 vy — 0 Cnictlby
Bbb, ZOBSIIRE FOis (reverse  handedness) (Emmel 1907, Przibram 1931, Lewis
1969, Govind and Pearce 1988, Pynn 1998) & L CHIH TV 5, .

T N—2 T 7 (Callinectes  sapidus) TIL, HFIEH (G Cr &7 cu) AEROEIGIL, A&
/N A ZDOEEFED 100 Yo b, e KV A ZOEIERED 74 Y%~ &b L7z (Hamilton et al.
1976), Fl& FRWHAT 2B, Z OB ERZ EF<HAT 52 &2 kD, Simonson
(1985) 1%, SHHIO BUNZHE < FlZ T filisA3, florida stone crab (Menippe mercenaria) D RKIK
EARET, AFERDEREATEN 100 %205 80 %~/ HJRIKA & % % 7= (Abby-Kalio and
Warner 1989, Norman and Jones 1991),

WEC LBELEFHGoulX, FUDFHILECr AU DFILE cu LREFIZHEZ D

7 V—2 Z 7 (Callinectes  sapidus) \Z3BNT, WA L7287 7 v v —Ci/E Cr) DA T =
T T RN T—U0F, BUIRKREROA Y VS v % — (original /£ cu) & U KE W
B, FVIF NI T vy —(original 5 Cr) K V/hSWNZ ERHBIL TS (Govind  and
Blundon 1985), [RARDBLSIL red rock crab (Cancer productus) \ZHWTHHEINTWVD
(Brock and Smith 1998), Florida stone crab (Menippe mercenaria) Cl%, 8% OKEHH (R-Cr)
(ZH 53D XWX VAL (normal stridulatory pattern) 23, FE U 7= S CIXEIE L7220 FAH
5 Z 4T % (Simonson 1985), —J5, shore crab (Carcinus maenas) Tix, A& L7Z8HEITA Y
IV E RV A R 05D EHERI STV D (Pynn 1998), SIHIORREE, By ¥ —
MHT Ty =l Ebolir 7y vy — (FE C)IZBWTEHETH S (Juanes et al.
2008) ,

A2 & (7 /Vv—2 77, red rock crab) O FHNTEIBEZRNDS, il S L7 RIME R Z B #E,
AL ITHEMMSEEZRIAE LR TH D, thvdx, EAHTINO B O DEEE CGF]Z 2
LEFZIZUI D B 2R IIAHTHY, 577 vy —0RUIRE, By Z—05bH
L7 7 vy —IlUVEbol sl (/2 Cr) 25, f£3 7 7 v v —{b L TV A[REME
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W%, 1o T, BEBIOBR R (130D KRETH (original 47 Cr) & [RIFFIZ72 0 1525 wlHE
PEARETE R, HELEFA cu IOV THEERTH D,

LD Loz, Bl BT Rl GorE Cr) ) & TAUREA LA B
cu) | DIZHEH « BEREAVRFEITTE /D ITHE S 7z LI Z VL,

4) Bkt F IR

HETHOY RO VELZ T AT=FHTIE, MY R USMHET =T 5070 a bz
HEE T B DA T a2 (TR A S 25 5 7R & @iﬁ%ﬂ%iﬁb‘b 5o —HlZE BT
AUX, ¥ B U TiX MacMillan (1971), Crain and McLaughlin (1957), Fitch and Lindgren
(1979), % 7 N7 =F} TIlL Duguid (2010)% (Z X % brown box crab (Lopholithodes
foraminatus) DRENH 5,

FRETHTIE, ATe "HNZESMELZRT EOREITOTINT, BT v O THE N
&5, Shamefaced crab (Calappa granulata)’( EA T a SN, BRICEEME A2 R L, A
OFFEENICIE, RERERZEE (R o) 230 5 LS ST 5 (Guerao et al. 1998), &£
7=, Calappa tortugae O A F a N L, AN ENZIRENZ ENRFREINTWVD
(Negreiros-Fransozo et al. 2007),

FRETHDY S, THIDETIEZ Y T=RON=FITONTIE, AT e HohAECH
O EGE A2 R SUIZ b 508, A a5 B2 AR+ 213 R4 7
572\, Polybiinae #iLF} TiX, TV 7 =J&® harbour crab (sandy swimming crab) (Liocarcinus
depurator) \IZEB\WT, Cl % 15 EEREE L 24, 2 TREMETHAER (G Cr &£ cu)

oL, A OFEHEIEERIC KM o 238l 547 & & 5 (Gueraoa and Abelléb 2011),

BHET o> PN A 1 (T@J?ﬁ (ZAHRET B NZEIE (closer  apodeme) 0 A 1 =)L T RN T —)
CRALTIE, RETH, BETHELBIZHDH(Z7 T v a hxll], Xa 4, Cl %) DOk
FITRE =520,

S5)MZEF (78 - BEEICH T HERIERRYE) ORBEH

T HORBIKIZE LT, 1TEIL L ToORE TR0 F HEOBERRICET 2 /24 It
GMEDHRE D H D (Shoup 1968, Blundon and Kennedy 1982, Govind and Blundon 1985,
Shigeyama 2003), L72°L, WTFnOfBEERE TH, AETE)ICEBNTS, D770
a b=, M, Cl ) ITATEN L~V CRIE FRMFIET D L OWREITR AT hoTe, T2
DL, Eolmin bR E FATE) NEBT L0, KEH L EbN D,

6) I EF (BR) O¥Ex (reverse handedness) | [& & DEm#AN 5 £ DhH

At 3) TR L72 X 91T florida stone crab TlX, HME 10 ~ 15 mm OHELV =TH Cr B H
U LIeG, EAMMOBREN AT 5 2 & BAWE STV (Simonson 1985), Lo L,
FIE 10mm A OHEHT =0 2 H (M) 2OV TIE, KR B 8 L 2 F| & FO s N 1F
T 20, REFATH S,

NI BV RFTIEA T v g A M) OHTEE BIERER D F41 73 8 % (Yamaguchi 1977)
25, SHOFARINAHTHY, M THYUIL, Cl THALED, C2 THAE LAY
Thod, I, AT HoORHEFH C)EZRBLESGS, FlIEFOHENEZ D
TR & B s,
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2 HAYFIETHHMENELRYE FIEF) ICETHAETOMNRE

Bt GHMOERIEXRE)

O EIL, Cl RS CTAAICHBZRZR /BN D, fF Lz Cl ~ CI13 #8282 Lok
K, 99 %NAEFEEE Cr &7 cw) & OWENH D (R 1996) , RKIRMEAKETIL, Wik
(1996) DFATIE 91 YN AF|E T, FHF)I[(1999a,1999b) DA TIx, AFIX AN 750 ~ 83.2
%, FERIET(/E Cr &4 cw) 25 1.3 ~ 5.0 %, WA v Z—H (45 cu &7 cu) 73 15.5 ~ 20.0 %
EDOHREND D,

MEF (1TEY

HHIOFMEITINICE L TiE, #HAEE (B) OFREIZILE L TW D70~ Z — X3S 1L
D0, EARBNIIEDONAY I THREZRIHHERATH Y, HURAY 722 21 TMERR T & e (A
1994), L22L, EHICTHZEES EORBRRN LD, T IaHOFEFEHAE L
FERE)VCE L G diERN e S hro - L b s,

3 MROE=

Y NFTKELEELPBETHL20, H<HOHZERZR S, - AR -l
HEFESEDOMANE S HESNTWD (K 1938, KFEZMER 1957, H9 I M EENES
1983, 7 I fl i A FEAFIESS 1997, iy 1996, F111 2000) , R[EBUE TO HH I O EPHFHAR
TR A FEOHMRRNBE LI TON TS,

WL ClE, AKEEFRE L CTHEHERD T RAY =T V—7 7BV TE, FEAESCER
EREDIENNT, HE (P.14~16) D LBV HIMOLELAMERLH S FIZEAL TH, F#FLIHN6N
T & 7= (Factor (ed.) 1995, Kennedy and Cronin (eds.) 2007), Z #5122 &, ¥ IR
LTI, S OLEAECR & FICBE L TiE, RFFATRAZRE B Z0,

FFL, MILEOKEMEANCB W CAF I O AEEZ Y T2 L Ly, T 26
BFTHHT, [(HTHFICEMEFERH LD 2] LRIE T TV, T I odick T
DA & RIS 5 KM D ZH 6T 52 8T, Y I OfEAEE - PEE K
- g OB PE B AT T RESR ISR LT, AARMAEZE TSN TE S EEbLS,
Fiz, TV I OBEAERSCHMOLGEFIEF)ICEHLTOLTEHLNITHZ LI, il
O+HBEFBELRETH ETCHLEELEZ L OND,

IhE TICBYEMEREOHIMOZEAYE (Rl F) BT 2 W& TR TV, TD%
ITRARERZERED L IXEHEHE L CHA L7232 (Blundon and Kennedy 1982, Govind
and Blundon 1985, Yamaguchi and Tokunaga 1995, Smith and Palmer 1994, Pynn 1998, & [H - %
WA 2016), & L <X, ANTAERELEEEEEE LA L7285 (Simonson  1985) Th
Do NI UVETIIOLDITHDI(A T a ], C) b EHAE L CHA L7 FH4
(Yamaguchi 1977)%°, Zh b2 RHEEF L T, MO -178) (Rl & F) -#ee (L F 7)) @
=& w2 [FRHCA Lo E a3 v & b b,

A TR EEM T EB RS e o 7 — TR, A EIh TRy, Y=
T, ATasgE, CLA EHET =) 8 ER L CAFHRETH D, AWFZEIE, FITHH
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AEPEICHWTEMER T =, FEEARE LY =7 A (Z1 ~ Z4) - A T a~hA -1 el = (C1)
AW THI O RE-1T8) - RE 23 L7z, SH 1L, Cl ZigRE T Cl4(14 fim) £ B H
L, AP TR Dt A FlE F) I 2HEN 21T > 7,

4 WHRJ|EDYRG

AWFFEIE, TV I OO AENEFIEF)ICE LT, LUTORER A CREZRAESY) 2 78
LT EEHAME LT, FEhLT,

EB 1 IR EFIIFEETHN?
AW OREFOHEFEERH L, Ml&FCERE, ERE)NFEETLI0ERE LT,

EBR 2 : SHHOBEND, F&FOHEIXEEN?
Fl&EF(HEZWHS TOHME) & HERE FomE %2, SNHBERE - NEERE - B F I ITRB N
Thedge L7,

FEBR 3 O (BB, FlEF) BT 5D EDEEIH 2
ANLERUNEZANTH) ZHWT, M, Cl THEERZITV, FEFENFET D20 %0
Bl BbET, EAMMORPE OZRE LOLEAIERRIE) 2 ~7z,

EB 4 B =L F =R EXFOERIZ?
& F (EHRE « 178)) 270D 2 DITBEORENETARD 120, AFE & AR E O % H
WTHERAEL, EFN-FH=M, Cl) DFfxF(FEE - 178) 2 & L7,

EBR S AFIEEERIFIEFEEE) 28875 L, FIEFIE > D02

AT ITBWTH, £ Cr BUIEIZ, A OIERE DR (reverse  handedness) 7% & % 7>
T, 7o, AV UFVE Cr BURICHTICUI D b oo/ Cr 28, AV Uk
CrE[ACRESLRMUA (B FINITET D0, CI13 £ TRMEGT L GEBRRA L7,

EBR 6 AR & AR X BEEOF X FeH (Cr) OBRBICEZRITH 502

FRIE AR L AeF] = ER T, BAERR (BWEZHWEBERER) - T hollE - &
REHIE (A =V T RART—, WNEEYA X) 2170, BEREINCEN D 502t
L LI, WA E EERAEVE Z P BB MRV D2 RHA L7z,

EBR 7 : FlXFOREYL BEE) TEA DM O & BEEITELT 522
M&FE Cr OFTENR) 285425 2 L TrEiEZ R 8k L, o8z BaHa L,

EBR 8 FEFO—E (FBFEDLWE D) 2R LIcEE, EAMEIIERT 502
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1 BA-EHESIUHAI-—DEE

1) RRsEHISHEL-EE (EHORBERRA)
i) XRH=

KIRH =%, FEIFERRMAS WLREODTHFSM 2OEAL, HHMfFEE L, £
ICHWe, LR WBLIE & EURTRBIT 5728, a7 U — KT I 2AF v 78T T A
T, T Lz, 1 FORESNIMEEORE IITHLET, AW TOHERITHE 40
cm, A#§27 cm, =25 cm THoTo,

i ) R A = (B D KEEEK)

FKIRA =D 5 b, FEAEEICHOZMER Y = XROBEHECHE Lz, I » o R
SNMET Y I A2 12 A~3 AICEA L7z, 3 A TIHEMATH ZEHW-/KECHE L, 4 Al
RAITW Il S 7, 4 ARALZICHIN L2y, faIPi3m o720 FRP BOKEIZR L,
T AT 7By I (NEE 40 XAE 27 X&) 25 em) 12 1 BRSO L CEBIEE LT,
MEBA I X T IR S LT t% b, MEBLZERIE S &2kl L, HEERBREZ1To72,

2) BREEIN-AK (REOHFHEBRA)

2010 FHEDEERR 1 3 L OFEER 2 [ITHWFEE (CDIE, BT ORKIC RIROMER 7 = % [
AL, 5 AICHEEAPEZAT o 7o, TR APEOFEMIZR 1L K PENTFERT RS FERkK - % 2011)
IRESNTWD, SAICSEL, 6 HIZCl &leosl=Fflid 2 H L=,

2011 AEFELIBEDFEBR 3 ~ 8 THW=HE (Z1 ~ Z4, M, C1) 1%, LK ENFZERT £ 721X
EEHEREY X =5 2% T,

3) ERIFRBELUEKIEMB LU Cl ~EH—DHFH)

M, Cl O =F ToORE - O BFARREEZBIZET 527D 0HEF L, 2 CEEAE
L7, T OBmIX, DIERWEIE Lo BOAZRIET 5728, 2) E{RFEL] LB
BRRA S 5726, 3) MR ZEARBNICED 57280, ThoT-, FERLGIL, WAKEFT TIETY
FTAF w7 8OH Tk, ILKEE T T 7 AF v 7 /lREEH W, WKEEEZITo7=00%
FeBR 1 &R 2 OfffR, ROVERR 4 & EER 6 OMER CRRER) DA Th o7, DM EER
1%, IAHKIZE BAEE AT, fEAKICIE, WILEKENZ T CEFEHEHR L TWA05
WHEK M U, (MEKEZEBEICHZ DR COMBIXMAFEE L, #KEESIHEHET
T pWitigk TO/MF T AKBKIC L DB E L),

1EAKETE THWFBE AL, SEROMEY v — U (R B em XES cm), /NUE
EWEL XBE 13 X®m& em), YT AF v 78-E—T (1 ~35L), FT7AF v 787y (5~
20L) Th o7z, #KIE, H=2VNSWERFEYYNIEAIC 1 EHOKL, RBEMIZIT T RICI
AR ZFEARE Lz, 72770, AWNCi3Bic 1 moke L, MicEoRBEETIEL A
B DOMaK E T T, HOKERIE, 28K (100 %K, 18) & Uiz, HERITHS Ak & Jrk
UCREMH L722d, KA ARRE LIZBRICIE, FEER A L7k Z FAIH Lo, FFZ C10 BARE
ORBURAKTIE, 8% OWEK & HR AWK EZ RS L THW,

KRR, BEICi3/NEEAIE 1 B, KREMEAR I L B L EE L, AR I 1 Efs
L Uiz, fHIZ, ANRUER M, HET =) IZIImRa~R—F, TLTIT70 /) =7 TRy
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B, BT X, WMEAXT Ik, RIS THEA T X, A, e, HEO
U E) BAREE LTz,

T L—Ya i, Yy — LB XOWMIER COREHF P70l IeE—H L
1L, FRIE LT2T L=y a Y& To72, BB, Yy — L TOMFEL, RREGWITER
o TEN, mEBKTNE, PRl b C4 ETERSFEENET, ALIERHTLH -
776

JFRIE LT, A DEF2EILLE, BEBROAELMHER LT, WRTE MR, &T
[ L 80 Y%= & / — /VHIZERAF LT, IEKEEHFIZHBEORAEIC L VEERAHE 2o
e, A~ RV AT VT e RO 50 ppm) Z T 24 REEIEIB 21T > 72,

2 SHZFEICH T HRESAE BT

1) SHEDBEBELDEFH

& (dacty|) & Z 4 (propodus) :
Fig. 1B, Fig. 1 (Appendix) (2773 X 9512, & (chela) I345Hi (dactyl) & # i (propodus) D 2 >
s, FeENE, Bh< 72 A dEhFE (movable finger) & HIFEIENL D, —J7, FEH FRIZ o
RO 1A EhEE (fixed finger) & HIFEIXN D,

P ZEE (apodeme) :
Fig. 1E [ZHHH (chela) 70 S H 0 44 U7 $550 (FIENHE) 05 E 478 LT, $REICIE, FEEiZ 80
T 720D 2 DOWNZEH (closer apodeme & opener apodem) 23 77E9 %, Fig. 3 (2~ 9 XK 51T,
opener apodeme [ LHE (FIENFE) 258 < BRIZEI <. —77, closer apodeme [ LI T & $T o
(@<, D7 EBLHY T LTI, opener apodeme D 3K &V, LUF, HIZHNZEER
(apodeme) & 5 9 %514, closer apodeme % 7~7,

fHEIDMWIREE - Ko, FAEL, T
BN IX PTEh S & REVR IS, WA TS X D REENZHAFAE L, FEIE% upper teeth,
E % lower teeth &5 9, AIEIFE O ¥ IR ZLHLHE (upper teeth) D 9 6, b HEHITH H K E
7Rk Ze i 2 Kt o (o tooth) & FETR, AHEhEE O 8 IRZEERE (lower teeth) D 5 B ELEFRTITIZ
o HEMmROREI022E 2 B8 B (B tooth) LIS Z & &35 (Fig. 2), lower teeth D 9 H Lk
I DT DEVHIRZZE 4 > (T ~ThH D 5 5, b Fll (RTEHE & RNBE O IE) I2H 5 %8
EADAZBLIZT2Z LT, HB ARSI ETH T,

2) BIEABLL

Fig. 1 (ZEHIEIA-E0L 0 4 Bk & JIE AL 2 7~ L7z,

< EAE TCW, ERE CW.
Fig. 1A (R X 912, HHE(CW) &4 g (TCW) ZHIE L7,

285 (propodus height (PH))

s, PH (min) & PH (max.) ® 2 & Z#lE L7z, PH (min.) %, Fig. 1C |27 T K 91T,
FEHOMZZERWERIETHY, CLLEOEEORIEIZH V-, PH (max.) %, Fig. 3C
IZRT L O, EFEOMEGATZERE LY, IEUEK(C1 ~ C8) DEH mOBIEIZ AV
72 728, Z4 & MIZIZZ ONE W=, PH (min) & PH (max) 132 L < 725,
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P TNDORESNCL S TUEGEZ 2 DI HIE, UTFossy Ths, T7b
B, KREERTITMOZHARE <, RRFEERTITMA KRB L TOLEE LA SN0
ARV PH (min) & L7, —77, /MEUMEETITOZHIZDO T THY, WEOHES S
LS T CHIEREZ 37201213, #Z 3T PH (max.) D503 L TW5 LflfrEng
72D ThHDH,

REad (a height) :

Fig. 1D (2T X912, HEHOKELICH D REa DEEITH D, a ORFiEOM A 2 s % EAR

THE, TIMBIMELMO o Dm S 2[E L, FIER, EICTREREHE TIT 72130,
BB TIT o7z, 72720, o iTHIEERALIC IR AT I3 & Wi oy DRI 5 728D, i OB

Bx OIS AI, mﬁff@@ﬁ#%bﬂoto@k a%@wﬁm,ﬁW@%mww
GRAMLIMAD 22 54T o 72,

MR (apodeme) : AZRIER, MRIECEE
B (chela) 2> B FEHT (FTEIFE) 21X LC, U TOREEITo72, £, NERES (apodeme
height) 1%, Fig. 1E (27K X 91T closer apodeme DFHE 5[] D K 2 HIE L1z, NZERD
H#E (apodeme area) |X, WZEEDEHE%Z, T VX /N AT TEBICIRE T 5H, FEIRHEKSE
’H[ﬁ’ﬁﬂ‘érf“/“&/l/ﬁ)‘ T TR Lok, Y a2 IRV IAA THEEDmEZRIE LT,
mHAERIEZIE, JEY 7 b 110 0! Excel [E & -mfEHIE ] Ver 2.0b (lenaraf220b, & & ¥ x
K&B’&ZU) (10_0! Excell & & - m f #l &) Ver 2.0b:
http://hp.vector.co.jp/authors/VA004392/Download.htm, 2013 4F) ¥ 721X, [Image J (Rasband,
W.S).] (Rasband, W.S.: ImageJ, U. S. National Institutes of Health, Bethesda, Maryland, USA,
mmmwmmmgmm 1997-2012 4F) & H\\ 7o, N8k R & N2 mfEIE, # (&) o
PR G, pa) 705 WE L7

B, WREIINEERITNEL, 20%, RAICKELSBRLBAPBNOT, i HE
R CHER T D FR1E, EEVPRETH D, £z, DGR E ARONZE TIL, BEGERD )N
B &M/ SWMEENIC S > T2,

B)AH=HI 7 E/N>T— ; mechanical advantage (MA)

MA fERREWVIZE, I THZMESER, @A C 50103 RETHIE), KD
RERNVBIIMOLZ L0720, BONEZRLERICERE 0 b (Eokm, #HEZAT 5
HWEITELS 72 D),

AH=TNT RN T—U0F, FrRoRXick-o TR L,

Input Lever Length

Mechanical Advantage =
Output Lever Length

i ) Input lever length (IL &)

Fig. 3 B X W Fig. 4 12”7 X 912, A[ENE O3S (fulerum) 7> 5 NZEHE (closer  apodeme) 23k
ALTWOIRETORESEZ IL & Lo, 2ok, H#HOENE GURNB%E LW IERED &) T
B 720, ILRIFREWEE, OWHEZR OIZEFITH D,

ii ) Output lever length (OL %)

OL EIX Fitlond 3 A2 ME L=, OLL Itk MOEZHEINTE-HEMBM TH L, K
W2 CIZEHIZ OL2 & OL3 Z#FEF L2, OL RIXEWEY, MAENKREL 20, EHWE
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DODHENZANTH %,

OL1 :
Fig. 3, Fig. 4 (2~ 3 #0581 (RIENE) 12 & 2 3R (fulerum) 22 6, FREIO NG E TOR ST
B 5D,

0L2 :

IRERRE CHRE 2Bl L, HEE OO R o ICHRAZ &, 20 2 S COR~#5)
DOH#E% OL2 & L 7= (Fig. 4).

0L3 :
Fig. 5 (X OL3 WIERF OB T2 R L TCW5D, 7, EE40mMm ON T AE(ELIFAT LA
W) & B CHRe (Fig. 5A), I, FEEEZBAWT, ¥ T AL Kl a ORI/NSoh—R
M2 ANTRRET, M (chela) TH T AfEa ke L, R o b LICANERERLE LTHEA
I 5 (Fig. 5B), I, EHinoEHiEZIRAL, B L0 IR L CHREOSOR
D HEER Bk o B R £ ToOlEE(OL3 &) 2 HE L7z (Fig. 5C), B 4.0mm O 7 AE %
WL, BRERBR CHWET A3 u0OBREBEZI LD ThA, 2171,
PFINT T L a ] B, BT L RO K2/ LIRS 720,

/2%, IL, OL1 ~ OL3 OFfMiiL, LATD LBV THD, 723, IL, OLL, OL2, OL3 i
VPG, S R o AR G, PO 20 B E L7,

i) ok (OL1, 0L2 H KUV OL3 (ZBIL T)

Fig. 3 1%, #i (chela) THMIAZ D E ATV B, SlOMELZ RL TW5, #ITHA
HeS BRICHERE T 2 DI, WEMHEH D OATH S, FWEIHEICIE 2 DORNZEE (apodeme) 73 il
L CW5, closer apodeme MAAIZ L > TJH) Fl THI-ELBND &, R ZEHOIT L THE)
BB E, NV INEALT D, T, opener apodeme 73] F2 IZ X~ THIpID &, A& H
M FENFE N EN 72D, SHIEIASBA <

ek, BT AR ERICE R S D MAEIE, 59F:® Output Lever Length (Z1% OL1 %
WD DM —EIIT, ZE D5 T4t T X7z (Govind and Blaundon 1985, Yamada et al.
2010, Fujiwara and Kawai 2016), OL1 I3 A ~#HEmOE I TH Y, S CTIEHT 5
BE0 MA ETH D, LL, EERICHY INEZW OITIEARIITHIE O FEEH (R o fF
W) Th D, HYFINHEZHBEICERIZEAON TV D MA HIX, TR O E
fEE(IL/OL1) &1X, 2720 Bip->TWoH LB X BN S, IL/OLL X, #HO S TH 2 3B
2B < MA ETHY, K/D MA ETHSH, £ T, OL2 & OL3 #&EL, ZOHES
(OL2, OL3) #HIE L, HEMBICEBRITIENT 2 MAEORH 277, S (FREi & 5
#i) T, BEZBE LN T RAEZHAT, EBEIEHT 58 FE TOEREOL3) 2 HE LT,
72720, BIEIZFEMMB 2056 Z LT, OL3 1%, SHEICEROEBOBERITENTITH 55
WBEZ T D, T, RIgDYA XD Z T 5 81E, BOEEY A X4 L 53~
EONMEE 2%, TI T, BEOERIEA SN (OL £) & LT, OL2 Z&iE L,

4)FIFEIZAL-#3R

AWBEMSEIT, T2 20 ~ 400 5T, HEBEMEEEL, FICT~90FT, ERvA 72 A—
2% VT, NER(Z4, M, Cl 72 &) OFEHE, W24 E (apodeme height) 2 HIE L 72,
KW aRA T =TT BT —DIZBHRT D87 (IL, OL1 ~ OL3) 72 & O NLAKRR 729 O
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ENIE, JTREFFEHE (V-12, Nikon Co. Ltd) (X 10 ~ 50 £%) ZfiH L7=, AIEICHET 2 IR
THEPARRT2HEIE, 22—V BT 7 (ERBMEEH OGO 2 #iBhrIc s L7,
TREBEEHIE, T LBV MY v 7 HRFREMEH L TWAHT2D, MEINE S ORESSSL DM RN
THTODHEOREICHAZT, BEE N OEIRR D 2 KOKYI7 O BEREZ EfElZ
ET 5 Z L Al BE (Nikon A — A~2— | http://www.nikon.co.jp/channe
I/recollections/31/index.htm) Th - 7=, KAUEROZEHiEmDIZD, FIER EOREITIL, i
OFFIZ2 AR A > b 7 F A (Mitutoyo £E, NTD12-15PMX) % EIZH =,

BEPSBE N OV REf 52 COREARRNEREO CFHA L L TERAE AW, Mok &
(4, M, C1 OFEEiF, KAEEERO A D= NT RN TF =V E) 2 IEICHIET 5729012
X, AERREETEHE L CHET A LENRSHDH, £ I2°C, BEMEIE X OUTRER M CHlE
THEI, VEISC TERZOE L ZRHERE LT, ERE AW, BREFRHROERKIC
%, FTREREETIEMEY v — L&, AR CIIME AT A4 R 22wz, &
RIFHEDIER LT, Y EOFERZAYKIZODN, F— h7 L—7 (121 CX 20 57[H)
%, WHEY Y — L () ZI0E L CTER Lz, /N7 VR (Z4M,CL O SR, W2
L) IZOWTIE, BB CBIET 720, & AT 4 R T2 L, 7ok, EX
REL, ZEROMEICL > THNVRENRR D720 B 2V, N7 hT T —
(Difco) & W= 85132 K 2 ~ 13g / A KIL & LT,
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3 FlxFHE (EEHBR)

1) EiEAE
HFUCAETAT, RALHOOHMTRERD S LT o2& @B LE. HiX, UTIC
FTRKOEEE, ATHICE-7=B(ANTER) 2 V-,

i) XARDH

7 Y S A (Granata lyrata) : FEERIZH W2 B TIIE/NY A X, BPIEFITEZ O, A
DANZELIE LB TOEATHMEICEND, 07, NUHET =0 BEEBRIZZH L
Teo 72 &b AR cm DL EOERR S, HICHES 2 LN TE 2, [ LIRKENFSERT D
[H A G L 7=,

B N FX AT A (Musculista senhousia) : [ 11T N THIE TEREE LT,

INERYD A F7 A JA R 1L SRR BERFFERT O JE O THAE LTz,

7 7 L v (Nassarius festivus) : /NUOHE TH L0, BOBEBTH L, 207D, HT=
(0+55%) D BRARRER CHEH U7z, [ (L RoK EERFZE T D fiil B 7K AE O HEK S TERIR L 72,

7 % U (Ruditapes philippinarum) : BEHGIE CTHEA L7,

WV (A A) (Scapharca kagoshimensis) : 7% U L0/ UiknEWEEbivs, FE
BT CREA L7,

>N~ 7 U (Meretrix pethechialis) : 5K E < THMR T D728, A =0 HAERR
TEEM L7c, &BhnIE CTHEA L7z,

i) ATEE

FERIIRYED I, a2 Fe L CEIRO AT H (AL H, PFA tube bait) 2 {Ep L7z
(Fig. 24A°B), RO ANTEHIZ, vty METEICHAFHAL TERKR L, /MNMIO AL
BHIX, B2 T A FREDFTAF—TREI ST A XL, EfEEEREEZHNT, FlomE
U CHERR LTz, /Mo N TEH MR 0.3 mm, NEL0.1 mm) X, 77 AROKETFAH
— TR L7260 %, BICHERAETY T AP —TCHREI T A ANHZIZ, Ty vy
(FEST 2R & ESHE) Z O TEICRIE E 721305 LERK LT,

BOMEIX, ik Perfluoro alkoxy alkane (PFA) 7 = —=7 % V72, PFA LAt [EH
WHME TR CHh o722, YV av DX RFLDVHEIL, T=0HEATEI LW
DA ThHoTe, BOWA XL, RPN 4mm, ME6mm, £ Lem T, /L, N
0.1 mm, SMEO03 mm, K& Lem Tho7o, RSFHRMEMEZEEL, 5~10cem & L
oo NILEHORRKMTIE, T=BLOERENE Y NTONAERTWESIZ, D
B =— VT =T W, TR LUTCEEBHE, MlAXT X, A WS I Th ol i
F L bR EIXE Do T,

i) AAB/RM &1 EFES = (C1) OFIEFHIEHRER

120m’ KFEEIZ A T M) & 1 BHET=(C) 2T v X LY TV 7L, 6 RvA7
2 L— M2 1 EETOINE L, £OFE, FEEBEMSIT T, ANLEH MR 03 XA
0.1 X Llmm]) ZHW\T, Fl& FOHERREZITo72, FlEFOHERLREDT, EARMIZITKR
K (Fig. 6) LA TH 7o, HEHKEE 13) BARBRICKBFESFOHEREE [ORL
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7o

7ok, HEERBRAIIZ, EREIAMEE F CHHoOXE, GELXONT HENBEWN N HERL, 2
W OB T EBRILER DR LT, ARk, BN AHLFEEKE T, oG EORX
BENRONDZ NN, EBRITHEH L2717,

2) PHER

THEFERIC L~ T, & FHERRICBE ST 2 ERNICET 2 KIKROM R E2G71%, &
ABR (B 1 ~FBR7) 2K Lz, 7ok, RENLHEENTEIE, FlE FOHELEICHL
T, AEACKLS ) BEAFRRICIDMEFOHERELE P2 ) ITE LDz, LT, HA
TLICHER &R AR LT,

i) fIZFOHERE

HET = (B HE 5 cm) ~F K1 C12 DL E (BHER) 19 em BLE) ETOHTF I ZHWT, £
2 e FERE (B AR (XL ), fAWlv g, &), %73, =t b= AV
THY oY, B@HE 7Y, CHHE, BH) LERxRE S CRRITMA XA~2FK 20 cm
D) DEEE 52T, EAMEOMEN T2 T 20 &8 L, HOTERE, AR
HOBRAEEE (XL y N, B H~2F), v, V=8 (A VH BE(E¥IH
A, To7Lva, 7YAIA, THU, "ENNXRATA, 2TV XAHA, VI =TV,
VU, =, hU=F), TOMTH o, B, KOV A X i3kEx THoTz,

AT HIC b o7 DFGEERBRORE R, HEOEWEZ 525 &, M < Bz we < din
DBV AVHIBA U7z, el 0 i U CRIZR LR, JA & OEERS AT 2 & 2V
LTz, —, faetx7 3, HoLxH (TH ) ol ) %% 5 2 28581%, EAHEOM
WIS DBAHBE CTh o7z, BT E HEDOEWEEL 52 5 &, AAHHO/E T A3 BRI 2
720, ZORER, FIEFOHBINARETHDL Z ENbnotz, HIZTMH, BHEICART
HoT,

i) BEOBAMLBEORZE

HERBIZBW T, HOBAMEX, Fl&PHEEB PICEE Lo T,
PEERER (T D)kt LT EofniE O, 7, i, BEFENTHOME) ICHEZEALT
b, BZEEEICHOWHI(HEF) T, FESLIC—ETHYARETH- T,

i) BOES GRE) DR

HEEBRIZBWT, HomEL, Fl&FHEICEE L, fEERICx LT, oo
(B & L) 2 Ff - T HEHWD Z EBMATH -7, MENR+RAEZHWESEE,
T FLEMITHE TERhoTo, BRIZEND HThiUE, HFFEFLrHNTHWZD, &
DIZITET 2 -V 0 ORBR) CHEBERVT L E, EfERFE FHENHRR o1z, Bz
X, T IAITNE GEPRS 3T/ NRER (FIE 6cm F255) IZITMO THZITH S
25, KIEUMER(C12 72 £) TiX, FEFIEF TRV D, A CREH) TS 72w, Fil & FHIERBR
WZIEARETH -7,
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F2BR : Table. 1 OF]E(Ex.D 8 A 22 H) OEBRK: (RHIE 5.4 ~ 8.5 cm) 121X, /MU Tik
MELDPWT Y A BERIZIFE CH o7, UL, 3 [BEIHOFERRE(EHIE 7.8 ~ 10.8
em) IZBWTIE, 73 YA 2%5 LEGA, ailElofars (Ex.O, @) & o4 Hu
720, AW OMEEE A wEARA L, FlE FOMWYTRBERRICRY, /AT D
&, FIEFERRVERIZE DTz, FRCRAEEE (SFE 10 cm BLE) Tidn OK%R) TR/
WTCEII Z < Rl b SNnT=, LL, B, 7Y U4 L0BZOENT 7 Lm0
D LT XA TAFEHNTHEFHERREIT o728 2 A, FIEFOMENZITHHIREC
720, FlEFOHBISEE R £l Tz,

iv) ROXZSDEE

HEEREAR OSN3 LT, Mmic K& 37 & 2 BIdRE FHEICAETH Y, Fl& FHEIZ
FHEBEFEBRICHND B0 A AP TERO 2 RE S THDL Z & (RETERNI L) MR
HETH oo, HEMKICK L TRETELH1E, BHETE (H 2wk <ATE) & o178 (H
Aok T 2 OATEY) & OFENEIRIZ R 57280, F& FHEIIIARELE > 7,

v) REDOEE (BR5ETROZBERRE)

iRz U C g TR 25 AN+ 57 TR O REUEA TIE, BEUTEIEIR T, WiFTHEZHAS
ETHZERD T, RAEEIRIE, FHOMAGIZREREZN D) DA S8R T= 8, Z OHH[A A358
Mmolz, TOTD, RKEEERTIE, HENSFTEDE o Tob HERBRZ1TH 2 &8, HHE
Thole, £7, BMEMEWEGES, BEENEL -, HEATENCE D I VWMERAENZH -
7

vi) BEOBEOEE

REUEER FRICRARD DI L7ZER) 12, TH IR A~ T Y 252754, <1
FHEITEIZ L o2 %L, FlEFHEICRRMAE L, —FH, ALEHUVME 6
mm, W& 4 mm, &3 em) % 527256, BRFETEEITEIZRD Z L% <, FIEFO
HIENFERFR CEETE 72, AN LERITImA RIS TWAT, EFEIZEEDIZB WA
WL, iR mnwE B, 7z, PARYEE 0+5%) & 7 v A 12 Xk 2 BEIEERT
%, AW INEREE RIS LRETTEN 2T o 72720, BB ICHIE FOHENERTX 7,

vii) BEIfTED

BonT- BENTEI O LA OFANT, ko [3) BE RO & FoHELLE] 1R
Lz, HMEFIIAREZXZ DT, EBICHEZHLS OIXF FOMBMORTH -7, HiET
L0, Fl&FomEE (FTEHE) OLT, MOMSITEANICI SS9, SoETIC
HEYTTHhI I L Lz, EBIC, RAT=CIIR# o & B ELD, ELEFELIM
EPMAENER SN2, BRATH 202> TREZW T D AREEREmW &3
b,

7o, REEE, BEMTEI 24T CH EEMT 2o 258, RS FCTHLEETEI 2179
HHIRHER S 2D, LTG0 O THETTEN 2T o 72, W% FRHWC, H
FUTEVA T2 Z LIRS N oTc, BFEE ORPE L BEE LT, Z o3I ICHEE
Th o,
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3) HEIHERIC K HFIZFOHIEEE

Fig. 6 |%, WV IICHZ 52T, # <R BEITEZ E LD bDTHD, T
B3E %, AR EEE S AR & EERO BETTEI O 277 LT 5, AR E EERITA #HH
T, EREEERTAHCHZRE, EREFTTH LM HFR X ERO LG, /o)
ROLHM) ZFERZSFATEY, XZATVWDIOARTH-TZ,

Fig. 6 (=~ L9212, HxHx 5 &, WIS, EAELL—FHOHEEZHNTHZ DT
IZRF>T< %, WIZ, 1 (KER) T A CREEISHUT Zau Sl L7256 1%, FlE B CHETT
BaBthT 5, BEROICAELAED L OMBCELMCEEERT, A EICEE->TW5D
B (Rl & F) TRAWWZ, &N ES O O CTHETe IZEBER TH 2 Mm%, 7 AU D
a7 AL —OHAE (Beer 2011) EFRIEETH - 7=,

UL EDBERERN D, OFEFE2FANCHEL, OMHOBEER (R o, HE B )
T, @FE%ENEE L CMABEALTRERI D LT3, O3 AETEMELEBAICED
B 2 F) & = & HE LT,

4 REIGEEADAIE

1) EVFHDHRIE

T O, MEiiie h(CrF ) %2, CrFHeHckoTRELE, ErFhits
Fig. 7 \Z/R"T, BT NEHORESIIZIE, KZ 27 F = v 71— (DRAG CHECKER, ¥ F 3 >
BEMASHE Ry X T e s va )L, WETLZI=DREI(ErFhick
- T, @ DC-1003 GHU#FE 0.25 ~ 3 kegf), @ DC-1005 (FHHIHFiFH 0.3 ~ 5 kgf), @ DC-
1015 GFHUIEEPH 1 ~ 15 kgf) 2 H L7z, /DRMEG (C12, 13 BLF O Yk fEER) ClEEic@
%, KRAEUER BT =%) TIEFEIC@E Hio, sz~ L — MIETIC22/Y,
TNXEE S TWb, EFOE&R7TL— MY, @ ARV =F LU OM%PE 74 >
(DEEP ONE, i X&ttH > T4 )LV, FI7F v h—%@EHL T, K ESOEEL
TEBHIICERE SN TWD, T4 ORI, MIESMOKE SIZE->T, 6 5(70 LB.),
10 5 (100 LB.) F 7213 20 5 (170 LB. class) & i\ 7=, SIS T ORIEHROEE T L — F %
Fete b, LT L — MR THIZMES, PE 74 VCERNPBIE, 77T = v —n01EH)
T OIS TWND, RTT7F =2y I—dkgf AR THoTZT2, N(==2—F)IT
BB L7~ 1 [kef]l = 9.80665[N]1TH 5,

BT, WESGEE Y L— M) Z#H T EE A Z LI X EIEIEL, FOHD
BRARMEAGH Ulc, MIEALENE, REMEMR MESLT =) CIXSTIEST & e o P, /i
A (MEBLLIAE OER) i, SHAEEES 2 & S & C oD LTIV 1/3 O & L
77

BIEORIZICIE, BEEOBREROEY | XL (3] T UFIIEOREBREL T,
VY FHORERMBEME Lz, 728, CrFHEOERBIOE U FHOREICE LT
X, MEERTREFTERENDNRTOR—LX =V EBF T LIz, (HP:
serimoe.web.fc2.com/kagakuyousaikennkyuujyotop.htm, 2010 4 .; HP:
serimoe.web.fc2.com/agoryokukeiopeji. htm, 2010 4F)
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2) REIAER
BERMEMRIC R A B, — R CEOSMB~H R %) 2R Lo, Ra i< IO
D LTemt el Lic, BRI TRoNTHRE L,

REIBE (%) = (BENZH LB~ (REREFED

ERRPITEIGEE & Lm, Ha 1 I 2 EEA L a0, BEpksh@EmEns, 21 E2
WA % 0.5 ik, H 2l i=5a%x 1EkE LTCh o b LTz,

BRHEERBRICIT, 7T a3 n0v <2 ) ORREBR&E R - HOEHANMETH
STz, FEBR6 THWE N TARE Lo/ NUERIZIZ T 7 A%, £ e O R EER (BT
=) WEY T~ Y, 'HA, THIERHWE, THIURTH A%, SN IER Cter
KEMEKR CTHIUTED T ZENTEDDT, OOV, INER D FER T
TILvarEBALERBICHE L, BIV=0FERTIE, 7THVEEZHRARD6 HEZIH
ELTe, I a=wr U aHWERER T, HtZ2 W03, Davidson (1987) D & [FlkR
12, HORBIZHICS 2 AN THERITIZFHRH o722, ZHDITREN DRI LT,

= =

5 sHID B - #% (FB1L) - FTimtlER

1) s B

M, Cl TIHXFERBEMEE T Ty M CHI (EH £ 7213RE) 2R < EBT 52 & T,
SRS 2 B S 7, EEBR S TITo72 M OBYUIERERTIX, 24 OIS L7234 H &
BbonsEEkz AFL, BIA, Az 3872 @ M THRUMEEZITH &, C2 T
EVRHAETLHEOTHD),

2) sHiEf 0 EEE(REE)

HEEOFRET (FTENFE) & HEHi & 288 L CHREia i L 2vwikiglcL, At ox -
FATZ DN D TERWIRRBIZ L2 O LA HTH O IR O Z L Z B L7z, FIEifELL
NOEHIE 7L, #E LRholo, RAIOHEEIL, M5 CLICHURZERER, a3 ~6
IR AN IZ SR REBATMEE T CT1T o 72, Cl ~O B Dk EIIR BN AT O D72, HEEEED
KA1 20 g~ 4 RFIZAT o 72,

F5# 1 (Adhesion 1) TiX C1 ~ C5 £ T, 3B 2 (Adhesion 2) Tix C1 ~ C2 F THEHTH (F] =
F) G Lictk, BB %ICHERER (FlE FHEs) 2% L 70, MERRE T%
1380 %=% /—/VEEL, #HEOHEBOBLE -HELITo, 2 ha— XL, Ehl
TITEALPE L U, EER 2 TIXAHNORREIEE OB & 2 85T 7257 (B (TS A 4 B0
L7z, BEEEEOGEMIILLTO LB Th D,

FLRBAMSE T C, Wi UEREE L O = DOF5E 2 B U 7R B8 T4 B 2 Bl 255 A1 (32 Rk
S a-T T 7V L—h, B4 T ey T VT 7 ® EXTRA®, == RRE4t - B
AR TEEE L, FRE (TR O AR EIN RN K DI Lis, ARSI O
SIHERE T DAREE L L7, HEN = (C1, C2%) Oz hEned, v~ A4 7y h(Fv
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v %t; Gilson's PIPETMAN P10) & W CTEESER 280 L1z, 728, SREOBEAEATMK L
ToX LU A 7 TWAE LT, Cl BREEZ OBANER X, Bitk, B 3 ~ 6 FFREILINIC, C2
VB85 1E, JRAIE U TR 24 BERILINIZIT - 7=,

3) {EHi D SEimER S D UIER

C1 OAER DL S O FEE S FEEIRE © 50 % A1) 2 ERBME ¢, Bty ha2Hn
THIBR U7z, YIBRES 0138/ T 25 %, KT 70 %RRETh-7z, ZOURTIZAYIREZ
Liphrolz, JeimblbRtz, C4 ETREBEL, HMOTRELZEILZEL, & FOHE (reverse
handedness) 23 = 5 G A A LTz,

6 YOTILORE
HIEZ ORI DO 7= 8 OB (Z1 ~ 724, M, Cl1 ~KEMER) B L Oz (C1 ~K
TBIEER) 1%, LTFOFIETHRE L,

1) fHEERE

VI TEAE (Z1 ~ Z4)1%, EEEOREDTZHIZ, 5~ 10 %k~ U 2T 24 B [EE
L, £D% 80 %4 / —/LHTHRAE LT, WEEDOHRHDIEARIL, O PBS (phosphate
buffered saline, ! o WgfEE A=A K) 1 C-80 C CHifEtR7E, @ 80 %% / — /L CHEE
17, £720E0 5~ 10 %d/~ U T 24 B EER, 80 %= / — /L CTIRIELT,

AHaRGE (MIE, PBSOA-T-~A 70 F a2—7 (1.5 m) IZghE%E 1 EIKSSA
*, -80 CCHUFEERAT LIz, MR OMEARIL, PBS W Cfifdl L=, HEHAHIERICIE,
LA OB EZSIET 5720, IR EREE IR - 7=,

EIBHET= (C1)IX, 5~10%&/AL~ Y 2 T24 BEEERIC, 80 %=x & / —/LH T
fF Lz, EIRIZE T, =& 7 — D3 LEARN T 2 &0 ) REOFHITHZ 57
DIZ80 Yoo & /) — /7 VY VERMUTHRFE L, 7V CORMNED, 80 %=X
J =)V 1ISLIZH LT, 50 %27 VY KERE 120 ml TH-o7z,

BHSAEMEEL, 7V 8V RS0 % /) — /L CIRAF LTz,

SN BT ORBEERIT, B EIZZ VY U0 %X /) — L TRAF
L7,

2) BREZ®
M DO fifz%1%, PBS 1 C-80 CTERIEL 7=, Cl LD, & TZ Ut 880
%A ) — L TIRTE LT,

3) AR

M K& C1 ONZEE (apodeme) X, AEFEAR - BHREEAR « =% /) — VEEFEARTIIBETE
7B, A~V VEEERTIEMR TERNoT, £ 2T, NERBEHAOY 7L ORL
ZiX, A~ o EEH U)o T,
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1 AFIOMWIHTEFEFOHFE (EBK1)
(RZRAW=FZESFDHE)

Bz W& FHERBRZEE 6 [ (Ex. O~®) 1T\, ZOREH% Table 1 1IZ/- L2, 4
TORBRIZEBNT, A CHERE BIRE, TR 2/ < BIRO MG MR ST,
BHEIRBLE L=k, FIEFIEIZ L Loz, 7ok, WBREEO D =0 B (Cl ICEEHZ D
A#m) 1L, ExDO23 » Al (HE 98), Ex@ 145 » A (A 525 H) ThH-o7-, 7235,
Ex.D & @ TIEafERIZH L THEIFERZIT 7275, Ex.Q@LARFIL, ARl % (Ex.D, Ex.
@) THERE TH - I fER % BRI AR % F0E L7z,

1) FMEFOFE

Table 1 (27”77 Ex.D & Ex@TIE, 38 fEl{AZ HWWT, Z4LZ24 2 B/ HDOF 4 FIF] & FH|
ERB AT -T2, TOME, 27 B EITFIC(&4EE L) AHCTHRZRE, 7EEIXFICL
HIH TR, 78D 4 EIRD 5 5 1 ER (A13) 11X, 3 [ENEASE TR A3, 1 ENEEEIET
A RS0 Tz, D 3K (A6, A18, A23) 11X 1 [l F 721X 2 BT S CHETTE 2 & -
7eBy, 2 ENIARE (R & FHERE, A HZHW%) Tho Tz,

B & R & ARl EEROEIAIE, BEICHET VUL, ExO® A 22 H) T, A5 :
FERIE R CRBAB) =29 :7:2=76% : 18 % : 5% CThH o712, Z D H LA 2 L
%, A E Lo 7o THAIE & UTERHT L, ARIERE ARl =31:7=282
% : 18 % ThH o7,

38 ERD 5 BAFIE 8 EIK, Z£F&E 7 EIKDFE 15 EHRIZ OV TIE, 21 H#&IZ Ex.® TH
T FHERRZIT o 72, ZORE, ExOTHMZ Wz 8 iK%, Ex.@THAHMNAZ M
WCHEIVITENZ/R L, ExOTAEHMZ RV 7@K, Ex@THEEEZ, i< E
TENVE R LTz, ZHOOREENG, FlEF(Ha <) BMEEREIC, ZHHEO &5 55
—HITRESTND Z ERRBI NI,

2) BEDMEFADEE

ExXOTHWEHTY I %, ZORIHICERETED®R 142 » A (427 AR IZh7c>T
e E 925 2 & C, HEERIONEE, FlEFERENT H0E D 0 %Ei~<7-, Table 1 (%A
FH G AR OFEBRFEREZ R LT D TH D, £HIE(TCW) 1%, Ex.D (201048 A 22 H) D
FEA CIZ ) 6.8 cm (Fe/ 5S4 em~Fx K 85cm) TH VY, FDHELRE, WL T, 1F%ED
Ex.@ Q01149 A 4 B) OEEATIE Y 16.5 em B/l 14.2 em ~F K 18.7 em) IZ%E L 7=,
2010 ARk E CITE AN 2/ 0 K U723, &~BEEREFE TIIME L ooz, 2011 4F
F~PITEE U, B ofEEEZ AN T, EREx@O~O%1T>7,

Table 1 (2773 & 5 1Z84E (2011 45) 12 19 A E W TR & TR ERER (Ex. O~®) 217 -
7fER, ExOQTHFIE TH o 72K (h=16) 1%, Ex@O~O®THAMZ A= BB TEI2
REN, MEFICBTE,-T-, —F, ExOTERE TH- 72K (0=3)1%, Ex@®~®
THAEHEZ O THETTEI 27/ L, X0 FlE FICZ TR ooz,

PboXoiz, ¥ %, BERIOPEZRTIAELERELTYH, B s fl& FIER
ETHY, MEICLDFEFOEFIZELRNZ LEZRLTWD,

[FIRE D FEBRIX, M2 2 Fl (=35, n=35) OHF Y I ZHTIT, Fl&EFOFELH & T
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DO DOEIZE LT h [RIBEDOFE S A 5T % (Table 3), Ex. DI2BW\ T, A~ CH#HEF
Ba L, HFRIE  ERE RABE=77% :21% : 2% TH-o7-,
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2 SHENICEITSTHIZF (1TE) - B -#eel OBKR (R 2)

1) MEFEHEDORER
F & F L SIHORE & OBIREZII D ANCT 720, UTOERET-,

i) MEFLMPONBEE (BHE - REeE)

AIHEELLHAZICEITRERER

Table 2 (2, AAHOEK T L OF| = F L M OTZREROEAMR A #ED 72, F & FITH & FHIE
ARRIC K> THIEL, SHHOBRBIC OV TITEH B Lo mOBIER R LR L7, Table
30%, O KE & (EHE, oF) EHEFITONT, AH, BB IO CHOMEELER
L72bDTh D,

Table 2 (27" & 912, AFEMEEK (Al ~ A5, A7, A8 BL TN A10 ~ A19) D
(propodus height) 1%, ZESHNC G U THEHI TR E S, amb RERICAEH R E 2o
Toe — 07, FERIEEIR (A9, A20, A22, A26 ~ A28 15 L TN A36) 1E, ZEEim A st L
TLEHMENARE LS, EoambRBRICAESHN KR E ) >7-, Fig. 8 IZED—plE R LTz,
fEmB I Wa A A& LEAHBCHlERT S &, EofEEITAMBNARE <, #ig, T
FESIHA R Z VN, BEHWFE PHERBROME, EofEEIILENE T, FTHOMEKT
FRXChHoT-,

ZOXH, EHEOMMELRET S E, FEFTHHHMOGN, FERE IR L TE
fimbBIPamE bICKREDNoT, DFEV, HMOIRENRZ Z v v % —(Cr) THZHR Z &
DB L72, Table 2 1 X AMOFRZRLIZERTHY, o B E CHLFEKOMBRTH
-7,

Table 3%, BHHOKRE S (EHiF, o®) EFIEFICZONT, A, BB LOCHOR
REEFHLZHLDOTHD, Table 2 LIRS, EHEBINa @A KE WO CH %/
<MHIFENZH -7, AR, B, CHWTNIZBWTY, SHHOSTERE (EHiE - om) &7
X FOMFRIT, ZIERETH T,

Table 2T RENTWDH KT, LERE THEED IS, 4 EKTIE, FEFORHE D,
FRE BRSO LR RIS L TS o7, A0 5 B 2 8k, EHEb o
b, EADBFRETH MmO TS hotz, ERMEERTRE a2/ NSWEEPBLONTZZ &
0, EAIEO R ANFIE RS THR/NTH - BRI OV T, FEBr 5 ofim Rl & FHY)
BT & ML) 2D, HEHZ BY LAR X 2o 7R, & L<I3F&E FRTHEL T
WDIBH OO AN EWEZ X bV, DFEV, BRI v X2 =067 T v v —
LB TH DD, R a2/hIWNWEEBZ LT,

RKAOKBERXRIZE T ERERER

Table 4 [T RIRD RBUMERE (A& (R A2 PE I W TR CIT o 7l A2 R LT 5,
B =TS, EAHMHOEBRRE (EHE - am) b, AR EHESNLD 19 X,
FERlEFEHEIND 12 AEEZEIL, Z0%, HERBRICL > TREFLHE L, £
DFER, HRIE EHEE L7 19 EIRITETHEAIE T, Afl&E &HEE L7z 12 ERITeTER &
ThdI PRI,
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INEDORERNG, ZEAHIOSNTIRE (EPRRERIR & o @) IZE SV THIE FOHEEDN H
WETITA 2 2 LD MR S =,

i) FEF L NRHEE (closer apodeme) D K= = DEAE

I OFEHEICIE, 2 ROWNZEE (apodeme) 23FFE L TV % (Fig. 3), closer apodeme 3, &
JICH7Ze &2 W< BRICHERE L, opener apodeme (%, SHHIABH < BRICHRET 5, =2 C, H%
HeS BRICH W DR & FE &, B O NERIZ & 5 closer apodeme DK & X (apodeme height)
& DRAMRZ I~

Fig. 9 1%, 4 RO LHINOIEE B LONEREZW 72D TH D, FlEFIX, AflE
2 VR, GRIE DN 3EIRTH o7z, AFRIE 3EIROWNZEESIL, AN L, A
TR&EMpoTe, —77, EREoO TEED, AEficig L, ZHoNZEEN RE o7,

Fig.10 |1, Eﬂ%@%&Eﬂ%@%@@EH%W®W%£%%?L&HT%5 &
R (n=23) 1T CTHIMBONZERNKE <, Wi, AREMEER O = 12) 132 TEONZEEN
RK&EhroT,

IHIT, RMaDREZENEREOBEBEFANTLE Z A, MEILXRROMMIZH T,
Tbb, Kl aNKEWHTOMMT, NEESHKE -7 (Fig 1E, Fig. 9) ,

i) FIZFEADZAILT FNOTF—D

Fig. 11 1%, RKROKRAMEFEIRIZIB T HF]E FLEAI=H LT KA T—T(MA, TZD
JIFRIERINE) & OBfREZ R L TV 5,

FHRIE AR (0= 16) Ti%, ZEHENZ R L, A O MA ERREERTRE o7, —
J7, FEFIEEMA (n=10) TIE, 9 ERTHEEIZ L L TAO MAEAKRE o7, 1
BT/ OH#I T MAENIZIER%E Th -7z, 20X 912, AR EMZICHIDL L
f,ﬂ%ikﬁéﬁw@ﬁﬁ,#ﬂ%ik&éﬁwuwhbf,fﬁ%ﬁw7kﬁy%~9
(IL/OL1 fE) A K&EWZ EAVHA L,

2) MEFLEVFHDER

Fl & FHERBRIC L o THR L 72 AR &R (n=19) &, ZFIEEK (n = 12) DA H
DY T NEENENIE Lz, HEERICE, RAROKBMEERZ -, AF]EEERO
2B 8 EIATIE, HEHIND v F AR RRIEM (152N) Zi#k x 7272, v FF1% 152N &
L7,

i) MEFLEVFH
Fig. 12 (%, FlEFLIFREFOE L FHORKRE, AR EER & AR & EIRIS T TIZ
RLTWD, 77 70M#E, EAMBOE S FHRELWIA 2R L TND,
FRIEMEER 0 =19)1%, 2FERT, FEFETHLIAMEOFNE Y FHNRREHo7- (58
MoTn), EREEME (M =12) TiE, 1EERIEEDE S FHRE L0, FRliso
11 EA TR O o F hnssgnotz, 2Dk 1z, ARIE - ERESIHRD LT, #IiC
FlEFLRBHMOE L FHA, FERIE FICHB L TR ERHNE o7, LLEORER
IZHEESX, MO FNEARESTRT ETRROLI TR D,
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aREEKTE, AHEEIEF) > ZHECEREF)
EFEEAETIE, GBHEGEREF) < E#Mi (RIEF)

i) $HEOESHS - REEaBEEVFHEDERK

AR D X 912, HFRIEEEITEHIO, ZEREEERITLEHEO © o FHRRKRE WD &3
mElpolz, F7-, Table 4 vt X H1C, FlEFE, EHESKEL, ambREN, 2
NOOREREIED L, BEEE - a BBREWGFOMERN, o FhBREmntEzons,
ZIZT, BAEAICEEREZRIRL, ZhEhov T H2E LTz, Fig. 13 132 ORER,
R, HHHRREZVEE(A) &, AHHAREWEEB) LI TR LIELDTH S, Fig
BAIRT LI, AR REWVEKTST, Ao FhnKEhrotz, —7,
Fig. 13B (27”7 K D12, ZHTHARE WERT, ZHHHO s F MR E O[S
DI I N0, FAEOEETIIEMBEOE U F hnKENo T,

FAE LD Fig. 12 134 & L EREAEOE L FhHERLERTH LA, A5 & mikih

DS R EE S S ambE <, AREEERITAHE O S R FERICKRE otz

VI EDORERMN S, A 5 6, EEHEEORE o @RKEWNGTOMMA, ©rFin
BRVMEIICH D Z LRI N,

iii) NZEEE (closer apodeme height) & E > F HD &

MEBL A = % TN ZEEE & (closer apodeme height) & B2 T 77 & JI7E L 7= /5 £ % Fig. 14 12
RLTc, ZORENS, FEFICEALT, NZEEE (closer apodeme height) & &> F )ITIE
EBIORBRIZH Y, WEEEDPREIWVIEE, BUrFhRREL DT AL,

Alexander (1969) & Govind and Blundon (1985) (2 XV, WZEEmAED Y F HIZHBIT 5
ZENBRITHE SN TWD, o T, ARIOME (NEESR & v F o) X TES
Nzt OTES D0, RHAZRIRONZEEOHEEOREIZLLRT, KR CTHW N
& (Fig. 1E) 1%/ XA TESHICHETEX L 8BENLTHND EWVZ D,

3) REE2DFELH

Table 5 (2525 2 O OIERE (S, oM, NEES), FlEFATE), (e T
1) DERIZ DWW T DORERZ £ & DTz, AR EEIR CHEETH 2 /e B 1, ZEHiE S o
EIIAHHARE <, NWEERITAHEAREZ W, A=V T RAUT =TI K
=<, BT NLAEMBNEN T2, —07, AR B FEEE© B 2 < 8 1%, AF]E
fER L 2 WOMEMIZH o7, DF D, EHfimE o mITAHHARE <, W2 S HH
MREV, AH=JNT RANCT =V EHMAARE S, B F b EMEA R T,

Y I OLEAHIZIBNTIE, S OEE, 178 (HEATENIAE N 3 2 B & OERE (B
YFN)DZFENFERIC—B L, L, FEFHHEZAGL T LGEIE, WFETHEE
ITEIZAT O 2 LRSI N, ZNDME—DBSTH -7,

D LBV, 7T v v — (crusher chela) #ffi> THZWL Z LRy, T v X
— (cutter chela) DFFEMEIIANIIE TITAHE R0 o7,
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3 miLFESFORE (RER3I)

1) g ED IR, Estt D FKEEH
PEE®ZO Y =7 Z1 MO AREEZ B> THE L, FlE FORBEY 2 M5 L7-, Fig.
1512, 22705 C13 ETOMB T L 0, AAEOMHIFEE L O AE R~ LT,

i) SHENIRE (55 1 MERE) OHIR

18 =7 (Z1) TiX, FAM (maxilliped) IZFERE T X 72238, Rk, SN 72 2 BHAAE (55 1
Jfa L, the 1st pereiopod rudiment) | IR C& 727 7, DML (55 2 ~ 5 5
(pereiopods rudiments) ) & fEFE T X 722> 72,

288 =7 (Z2) TiX, #I&O THEIREE GE 1 MR RSB L7z, BRI, ks L<
TRV IR TH o 7oy, el TN 7R M B DMEE LTz, JEITi@ENT & ARk o
NBEL STz (Fig. 15A),

3R =7 (Z3) TlE, Z2 12t LS X & L (Fig. 15B, Fig. 16), Jcimnioi L7z
MR A 5 U 7= (Fig. 15B)

4#5 =7 (Z4) TIE, RERTH DD MHFEICHiREE) B2 <z (Fig. 15C, Fig.

19, L2oL, SO - ZHSEOMEIIRBETH- 7, £, HHFEOKRE ZI3H
74 LWpH] 74 TIERES R, BT AREIMEL W, (Fig. 19 O EEIT RO
74 OHIHIFIZ, TEIIBHI O 24 M ICERE T E DRI H O Z4) OHFEEE 2~ L T\ b,
Fig. 17 1ZWp 4 74 2 MIE 7> S8 L7-5E T, Fig. 18 (3 24 OSFILAZ BV HL 7= b
DTHD)

o, ZaHMHTTH-oTH, Ax, HHFEENRESIEREL TSI EE2RLTW
%o SHIAREL B 1 MR ED 1, ~ =7 (Z4) O H > M- Cl OSTHIZ HEz LT 5 76C
FHL, WBRIIRBETHD EEbRz, 728, WEEIER 22 THO THET S =
&, SR DOTERE, Z4 I OSHE R ORI, S 2 BEFoMWE ORKE 1938, K
1957, ¥léF 1996, 77 I FlEAEEMZEE 1997) & IZIEFERTH - 72,

i) SHEIDHIR

AN TiX, #I THIMAFRHET & EHiCa0h, MEikieZ & 75§Hjﬂ€51%3§7’<2§f0
T EMER & L7z (Fig. 15D), $£72, K o NASEICHGE Sz, CLIZHET 5 &k
0, HEHPNVERERET D Z & bR TE T,

1EHEY = (CD) Ti, R o NLVBEFICRY, EHIIITHAET D 2 ROFEEHR (the
ridge lines) 23R8 = 7172 (Fig. 15E)

A[EhR & REREEIOWRZEEREY, VT (22 ~ Z4) OFHFIRICIIRER TE o T
23, AT asNxM) O CTHIO THER S L7z, ClL TlE, T OREDMN FEIET D 2 &7
B2 7= (Fig. 15A ~E),

i) SHEDEEEDFIT A

VT (72 ~ Z4) TIISHHIRENEN S Z L 2R CE ehno T, F£77, 82 ~5 5 M
), E<HEFIIBERTE o7, YT NEKIZHW S E/EdZ BTl TH -
726
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S D EB M DN N HER SN DX A H 1 8(M) T, FRUEOERII T, a2
B L CHEER LOWBITESE 21T ) 2 LB SN, Z WIS 2 R S 7202
ENZHOWTIE, BEEmo@ws (N 1957) L —H L T\W5,

iv) PIZEHE (closer apodeme) 0D Hi I8 B H

B OFRET (RTEhHR) [T B3 2 N2, /i?@@fi%ﬁéh&ﬂotﬂ AHnw
(M) B OHER = 1 i (C1) PARETUX, S O FEE A IS HeRR S 47z (Fig. 20), WNZEE DK
%ﬁi,ﬁ%®@@@ﬂ%ﬁﬁé%%@@%ﬂ&*ﬁbto

2) SR B TR EEERHEDOHE (BEIZH T3 EAIERFRE)

74 OFHFIIZ OWTIX, BRI EL 2 (EAIESIME) 2R TERhoTz, (&
ﬂfi%é@%ﬁ&&ﬁ@’%#%% ICEXT=DIEIMBITHY, Cl TIXEBITEAENH
272577, LLFIZ, M & CLIZOWT, EAZEOMHBR TE KA 235zt <5,

i) REaBLUVEES

HRZEEE O LA ZET, M LRI, ORE o ORI ORE X, OF%E B OFIR, O
ik L ORI O #REEFEDO A HF MO, 1B\ THEGR S vz, BT, EfZEn Pk
ThoToRE a lZOWTRLIRT 5, 723, HE BIZOWTIE, [5EER3-2)- v) kil & Hl B
DIEFEMFE] ITFE LT,

OFEHOERIEED 5 6, BEHICH DKM o DELAENEECTH-T-, Rall, A1
SNX(M) THID TS 7o & U TREMERETICHEE S, Z ORI CAESEIC S, i
a K E D> 72 (Fig. 15D, Fig. 20A-B), 1 #pHE = (C1) 27220 & /eh & b a l3FEEE L1223,
D o BNFAFIZ K E Hro 7= (Fig. 15E, Fig. 20C+D), K VI AOELAMEIL, K o LSO
Wk b, AR R ZWERIZSH 572,

@A T mr/X(M) TlE, EHHEHE EAPOBIET DL, wREEIT—ER LICESI L Tk
D, BRIRICA SIS B OREE AR, +RI%E) TR TH -7 (Fig. 22A D M), LorL, £
FHOBIREEEZ BT 5 &, BHLDICHEDTBAEFROENKE N7z, T2 bEERIC
HHTH CEA R o T2, B DA O 2N I HER S DiX, MW = 3 i (C3) LUK
ThHotz, HEH =3 (C3) TiX, ZDOBIT1ILTH-=2, HADOBIF21LERY, AR
FEARZENA Uz,

QK o FIHE B %5 THEEIB LOEEICH RS ER A, hE TR B LT-RFC
AT mOLELEED, HHEO TR OFT N RKREVEHMICH > 7o, EHIFET 2 ket
¥ (the lower teeth) [Z DUV TIX, Fig. 22A DM & Cl & Q2 ICBEEZRL TV 5,

i) 85 (propodus height)

Fig. 21A 1%, $hAEW(Z4, M) EHET = (CD) ITB T D A OS2 g L7 X Th
Lo ZAWIMHIIEPA M ET 5720, Z4KEBE (M ~OBEZORTBE) IZHIE LTz, A4 HTHE
DEM@mELKT 5L, YT 4 (Z4) TIIELANRFEORE I TH TN, AH /(M)
BROHEN = (CD T, 2EETHHNRKE o7,
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7B, M, ClLIZHEST S &, Z4 OFEEEEITEERENKRE NPT, TORKIL, 74
CTITEHEIE DS 24 #2102 > THMET 2 Z & (Fig. 19) IR T 5 & Bbiiz, Ak
(F2/F)E, ZT099, M TIiX0.95 CI TIX093 ThH-o7-, FEREKENICEHESTRT
L, UToXoicloTz,

4 - H=k
M:-EB>EK
Cl: B>k

i) NREOKE S (NREE, closer apodeme height)

Fig. 21B X, M & Cl OLELHMMONZER & E 7R L TW\W5, AL O Z i3 2 &,
M, Cl &HiT, AN KRE o7z, NERICOWTIE, Fig. 20 (A~ C) DFHMEEEEITR
TEBY, MECILOWTNTSH, AHIMONEENKREhoTo, AAOWNEES % s
L, EAERGE/F)IIEM TIX087, ClTIEH079 E7o7, MIZHEL, Cl TlIAEAZE
DEHEIZR YD, ZOEITIABOEH IV L VBEETH T,

¥, Z4IWTBLTL, 24 OfEA M ERTEORTIR) Okx 7207 v (Y7
v, T, 2B )= )VEEY T, Rw ) VEE-ST X ) —VEEY V) &
FAWTHEELEZR, WTFRICBWTHNEEIIHR SN o T,
UbLofiRE2E LD E, UTFTOLIIZ72o72,

Z4 : (AEEELL)
M:-EB>EK
Cl: B>k

V) ABZHILT KR F—2 (1)

AFTasxM) &1 EHET = (CDIZEBWT, AAHEIO Input lever length (IL &) ZHE L
7o IWRZEALGE/E)TrTE, MTIE110 (h=4), Cl T 115 (=3) Th-o7, &
%, I NEEESC L COBBRRENZENS D, WE L 2EEICB O TR O I3
IL BN,

FROMEAELWETIUE, OIS (Fig. 3) 6% LWE THEZRTIE, ZLWv)
THEEZHESILTH, M TIEAHHOL A L Y) 10 %, C1 TIiX 15 %, 5818
HizmbsZ &L b,

v) A EHEAR R-1 & L-+8) oRZEBERE

HIOF T BIZIE, Fig. 28 1R 9 L 912, MG 1 KOWERHD 1 EBE, F30FIC
EART D2 RDOWETHR S +HED 2 ’_ﬂ#% LIz, EAHMOENE B OFEHERT,
SLERIX (control) Tik, A Cr 2318, /& cu B +MTh -7 (Fig. 28), —F, AHHAGIX
(r-autotomy) TlX, ZSHEIEZ CricZBL L TH+HHEDOFEETH 720, B4 L7 AHTE
(rR-cw) 1T+ R4z 224k L 7= (Fig. 29) .

HEALER X (control) , A5 EHHH B Y [X (r-autotomy) (Z431F C, FI8E B DFERGEFE &l & 1281
BT, SERAORRRITMEE =, 320 Phase (257172, MEEIZL T LB THDH, Phase 1

P RFTERORETH Y, BOWIEILT A RIC—ERUITR> TN D,
Phase 2 : Phase 1 & Phase 3 DO TH D, RIERN D, LA 2HINRTE
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7IRRETH B,
Phase 3 : 52k L72IRRETH 5, HEER RS CTHIVUE, I TR, I +HRINER LT
RETH D,

DU ML IX (B BIARRER X)) O 247 # (R-Cr&L-cu) O FF] &, A B OIX O/F4 L
7o A B (fR-cw) O FI i B (+3Y) DI EEBFE A2 7R T,

Fig. 2213, ENEX (BYRRELR)IZBITIR2EEDEE L R-1 B8L-+&) o5 E T
DIFFWEZ R L TWD, I M~C5 £TE/RLT,

Phase 1 : 7545 & HITRSEM T, Fig. 22A IZH LD L DI, #E 1 FIOEHRORETH

Do AKREFMOEIREEFEOLEAMEIZ, £ R BAEL) LY RENoT,

Phase 2 : DA B OREIENRAKRFERR L7IRIETH D, Fig. 2B IZH. LD K 51T

FEIE 1 IIORIFER T, HiE2 o TR THEAKRETER LT 5, Fig. 22C TiX, ZEIERERK
(FIF 2 1, #5101 1) T, AIXTRRER LIZIRIETH 5,

Phase 3 : ZEA D B N7ERK, Fig. 22D (2R T L 9L D+ (4 1) BEAKIRERRK L=,

ERIZ L - T, FAl B OMERDLVIZ WA, HkZEE T1 (Fig. 2) OMLENHEZ 5
&, HpleRE CThH o7z, 7ok, KMo, HE B, HHRZEE (T1 ~ T4) OREARL, Fig. 412
AT ThD, ZOOMEERD D LOD, HEHO B T1R (2 L) O5ER I
ATz DX C3Q Ml =), HHD B T+ (4 [LUA%IE) OTERDHERR S LTz DX C5 (5 fnffe

H=)Th-oT=,

Wiz, AEHBYIRIZEITS AHEIEUIROBEAE L R-+3) O E TOFREIWFE % L,
Tk %, Fig. 23 1%, A% C1 THUIL, 0%, B4 L7-AHE (R-cu) DFH B
DI FEMEZ R L TWD, AHIENE C3 G #nHEl =) THAEL, C8(8 Al =) T+ )5
mTET,

Phase 1 (or 2) : Fig. 23A ({2 R BV HERIZ, C5 TIETMEIZ 1 517 A ROIRKE, ->F U Phase 1
D, 72720, TA DBHEL SN2 B0 REERR 72728 Phase 1 (or2) & L7=, &
%, BRI L DFEMRRF N EEND,

Phase 2 : Fig. 23B ([Z R 6D K 912, CT TIX, BIXEKTH 7203, A0 2 1o 2 4
HEEDSHER T E 72, 3@ 2, 1),

Phase 3 : Fig. 23C (/R X 918, C8 TIHKIEKRETIEH L b0,  +8I(4 L) OEH B
D5ERL L7,

3) AHANRE 1B =—DFEF

i) FIEERER : FISFHEAEZDOREL

WHEOFEE CTHWDEEZ, M & ClLIZEX TERITEIZBIZ LR, EAHEOMEN,
JERRTER2hote, TAVTITO)) =7V 7AMESR, WM aXR—4%, BRT &b
95 L, EAOHMEZME > TTLT I 7 i L7273, Fig. 6 :fa‘ﬁ%m@béf bR s
o le, THOEBRRFICE, EHOHMAZIHER L GEITRET VT I 7 9AEERE
DI L, W TIERE TE o7, .

T, MEMIEROBICHELARE LIEATER GMR03 XNEZO0lmm) 517 &
25, Fig. 24 | TR HEMTENBIZ I, ZO/RREZZIT T, KARBRTIIALEHE M
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W E FHERBREZITD 2 & & LTz,

i) M&Cl OEBIITEIDFH

M & CLICANLERA 5 2% &, RKEMERK L FERO BHEITTE) (Fig. 6) /=~ L=, HIH, F]
X FEFANCHEZ, & FHBOES LI ORI (o ) TALERZ-EL 120, S
BT 2ITE N BIE ST (Fig. 24A°B), ZO M & Cl o HEUTENE, EAICIE, KM
{4 (Fig. 24C) L Ak TH - 7=,

i) AABRM &1 EFEH=CHDOFIZFF

M&E ClIZxE U TRl & FHIERERZ )i L, Table 6 ICZDOfEREA/RL7, M, Cl &
2, A EDEENERIE Thol, M (n=33) TIE, AF]E 31 {EE, 25 0 fElk,
R CHIEARTR) 2 R CTH 72, KA DHERIT 4% 0% : 6% TH-o72, Cl (n=30) %7
NRIFER, ARIE 27 UK, ERIE LEER, R 2 KR CH o7, Bar DHFIT 0 % 3 %
7% THo7-. MTHCI TH, [F—ERICEEEFTEREZIT> CTHRBEOFERTH -7,
LEDORERIE, 7 TIIM & CLIZEWT, AEREICHEFENREE>TNDH I ERL T
D

¥, EHHAEME o7 ClEEROMMABIZE L 25, AFIEH(R-Cr & L-cu) Tho
Too BERISERR L CH, ZOMEKITAECHETTENEZ & o7, 2O 1 ARSI (£
cw) THEIVATE) L2 JJZRNIIARIZR, FlxFoOAGICLY, AMHTHEHEIVITEZTo7-
AREERmWEEZ BN, LanL, BEE T COBETITLHBO 7 U AR TE R0 >
Too MIEFERTHELTWDLEEERE, BRELFEFIIERI KT 5 L OER 2 OfHH
NHT5HE, LEIXIOMEEKITARE ThoTtEZ BN,

4) AFO/NOFEF (GEHE) BYI- K 5F =FOilids

Cl CTHEHZ BYIT 5 &, ZDHFE FDRE~DiHils (reversal of handedness) 2SHETR S 1
72 (FEBRS5)72y, M OBUICENTH ZOWEAFET LAl 2 mat Lz, M ICAERB LY
HICH] & F (A, R-Cr) Z9&HIICEYIL, Z0%, C4 TEAHMOBIZEZITV, S
234 F| = B (R-Cr&L-cu, normal laterality) (2 B % D Ay, /EFl] & B (L-Cr&R-cu, reversed
laterality) (272 % D22 BBHAE L7,

Table 8 (I T DFRZRLIZbDTH D, HUHXTIE, C4IZBTHulIOIERERIL, 4%
L 7= 2R (n=5) 234 F| & (R-Cr & L-cu, normal laterality) TH -7z, M THEHHIZBLEI L
A EBIX TIX, C1 (FEF = 1 i) Fes© 38 ER KL, 955 21k (55 %) IX
Cl THHBZAHEAEL, 725 17 K 45 %) 1L C2 THAELL, C4 KR TOHIMOIERE
1X, C1 TAHEHMIZ A L7ofE (16 B &, C2 THAELZREQT K b, 2K (n=33)
DIEF|E R (R-cu & L-Cr) Th o7z, M O B (original R-Cr) ZHEIL, KD C1 T
HEHEA AL TYH, ARSI D Z ERR SNz, 2F 0, Fl&FR-Cr) HEURZITE
Z D8 & FOiHx (reversal of handedness) I%, F]& F (R-Cr) 23 M O] TO ALK LT2721F
THEZIDHZ LA L,
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5) EVXH=GEBMBAD)ICE T HREFHERR, EEMEHOMELER
THFIDOATaN(M) THERESNTHE FOHFEZ, ETOEREOM THESNDD
2, TRELHY IEO—EOERED D WVITEY AN OB REICORRE SN D EH
N5, FEWMBT=CHDLEIZ AHT=DM, Cl ZHWT, Fl&FHERER L A4 H

DIHEBIZE A 1T o 72,

i) ATEREZAVEREFHERR

BT AT=DM & Cl &bz, NLEFRICHRSERERL, K2 HWCEBETE 2R
Lz, - T, REIERZFERTHZA I 7084 M, Cl) OiEICRIEIZE) - 7=
EFZEZ b, LnL, M, Cl & bIZEIZfE -7 HEITENI RS T, 1o THIE FOfF
FEHER TE 7enotz,

i) EAHHOKEE

BT AH=D M, Cl OELFOFHINZEL T, SNBERE (EHiE, KREaom), NBEE
(closer apodeme &) % iz L7, fEIRIZ L - TlE, AHMEH T OOELZEITA LT
D, THFEIOX D 7oA AR CTE R0 ole, 2, Rl a OFEBERTE 220
olc, EDOFERNS, &7 X =0EAHMMICIE, B ERITES, A=A
ThdEBEZBII,

6) € Dith
i) AAO/NMBEELTTWMHEA=C)IZBTIER#MBMOEYF A

MBLOCLIZBIF DO F oW TIE, MIERRER Y U F HENEN-D, H
PERE U A Cleig 35 Z L TE oz, LvL, WNEEOHBEILIY U FIck
%135 (Alexander 1969, Govind and Blundon 1985) Z & 225, PNZEIE (closer apodeme) D K X
ST ZRART, NEEEITAEDPLELIDREN 00, T ZIL S TERICHER %25
SENIhE>EEHNEND, Tz, AD=IVT KR T—VALE) B, A>/KETHED
ZEnn, EA#MMEOEUCAETEARZ 9 & LEGE, WEELSIK TONRFELTY,
FEFE O R AFNME X, BTN b5 B2 6D, Zhb 2 208HNG, M
BELOCL DY F L, HHT> S & HEE S 7,

i) ZEMBEREOATO/NNMICHTE2EF S (E- 178 #EE) OTTREMSE

BB REDOH=THDHEI AH=DM, ClLIZBWT, HMOBERE CIXEER AL IE
KIRIMER CE oo Te, £To, BEUTENZITORDoTlc7c, Kida ORI OBERERY) 225
LR TE R oTz, ZOFMEMND, T XTOERE (V=) O M= Cl BNFHEMN), HEE
PIZAERIE W) b TidnEEx o,

BT NP AEHTERZUIV > TR Z < mbnTnbd, 7 v/3Ti, W
R DELZEIRIEI TH 575, AT a0 CLIZBWTBEIZ A A #IOTZREE HAE S
LTV 5 (Guerao et al. 1998), - TH T v 2N IZBWTH, FH I EEERIZ, M, ClLEIZFH]
X FERMET D AR E W E b,

UbEDZ &nt, SREIAFIDOM & Cl THEE SN EEAEENE, BEITEIRNAS
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NHAE T, KO F IR LN DEEEDEAFERFREL, 2 TOERE =8 DM
RLCI OO TIE L, TFIH T v/ 0 X 9 7B 71 =% (durophagous crabs) |2 R
HieMETHDHAREEREWEB 2 BT,
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4 BH-DFIZFLEFEN-HA-—DFIZFLDEEF
(EER 4)

D MRS —DREF (BELTEH

MER ORE FI1L, RO ER 2 OFERICESE, WIPRFCH#H O (FHim, Ko
) ICKDHEE LT (Table 9), 5l&fki&, H&Fz HERERIC L VH#EE L)%, Table 9
\ZRTARIS, AFE R (R-Cr & L-cu, normal laterality) 19 fE{&I1%, SRR THEAE T, AF]
Z M (L-Cr & R-cu, reversed laterality) 12 fE{&(%, SEERICETERME ThHo72, Fl&E FOHG
AT T RO 5 6, AFIEE 7 @R & AR & B 5 ERDPEIN « S L7zshAE (Z1) & H
W, FIEFICET 2 FERICHT D 2 A0E LT,

) EFEN-HA-—OMNEF FEFOEFER

i) ARZEOHEMEFNI-FHIT—DFIEF

Table 10 |34 5] & OHER OIFN S SME LT Z1 A% 4 KEICINE L, FEEAEELEZM &
Cl DR E FOHEMB LR L TND, 24K (tank 1 ~4) BT 25E, M3 77 EIE
Thol, ZTOWNHEFIE, EflE, FEFERANRENZEN 75 EE, 0K, 2EETH-
7oo C130 fE{RDWN, HHlE, FRlE, FEFEARPITENAEN 29 IR, 0 FEK, 1{EAKTSH
-7,

i) ERMZOHRELSEFEN-HIT_—DFEF

FERI & OMER (5 ER) HSROIIN G SME LTz 21 ShE%E 3 KA ICINE L, FEE/EEL
Teo AFELTZM & Cl OFEFOHER R %, Table 10 (2~ L7z, 43 KfE (tank 5~ 7)
HFET 2L, BonMIT K TH-T, TOWN, LR, EflE, FlEFRBARZE
N 86 fEiK, ofEik, 2k TH o7z, —J7, CLIZ4EERT, WL, HFlE, ZF
X, FlEFAWARZNEI 29 BE, oEE, ofkTH-7z,
i) £&8

UL EDORERIE, MR OF|E FIThrb b, ZRonbAEENTHIT=M, C1)D95%
Vb, A CHEITEIZ1To7-2 &2 LT, AHE ThoT-,

) EFEhEHA-—OEADOMHOME GHEOKEDOEFER)

EAHEHORE CERIER, ERER) 23, 7ricsd 5, #EoREORGRE R~
Too BKFET 10 ~ 20 fEALL B> C1 Z Wy, #HOIEEE (Cr, cu) 2B L7z, Cr & cu®
HBNE, “Ria’ & PH (EHiE) TIiTof, EATRKEWHOMMEAZ Y 7 v x—Cr &
L, E%EDTy%—cuHELR,

i) AF =8 RCr &L-—cu, normal laterality) DEfiiiZ £ DRI SEThI-FHH = (C1)

DEHB DL HE
FiFl| & (R-Cr & L-cu, normal laterality) O $tHEI % & SHEEL 2> S 42 72 HEAT = (C1) DS
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DIEReZ I, #ik% Table 11 (/R L7z, KIEZE 5 tank 1 ~ 4 25, A& BUBI 2 F5 Ot
BOLAETNTZ1 ZINAELT, M, Cl ZEELIZAKETH D, HARMYTZD 20 ~ 22 8K
R, R84 EIRABIE LIz E 2 A, 2K (=84) 2%, £iF]EH (R-Cr & L-cu, normal
laterality) (Fig. 15E) THh > 72,

i ) ZF =& (L-Cr & R—cu, reversed laterality) DI Z £ DHBEN SEFTh-FH
= (C1) DRI DR HE

Wiz, FefE A (L-Cr & R-cu, reversed laterality) Dl 2 & DOMEBL > & A F L= HET =
(C1) DEHOIEREZ R~ 5% % Table 11 (/8 L7z, AKEE S tank 5~ 7 2%, ZEF& A D
HIH A2 RSB D AEENTZ 21 ZIVE LT, M, Cl 2R LA TH D, FAKEYL7Z0
20 ~ 21 fE{EZ AV, Bel EEEZBELE A, 2K h=61)2%, £AFlEH (R-Cr&
L-cu, normal laterality) (Fig. 15E) T ~ 7=,

VL EDORERIE, HMER OB OIZRIZ D 6T, AENT-HT = (Cl) OHH ORI,
2 THHME A (R-Cr & L-cu, normal laterality) Th 5 Z L 2R L TW5, 7ok, FIEFOE T
Bk Z DD ThHIL, HOBT=DFEFLHMHOEBLI L XETHDHD, K%
TIERMER ThH o T2,

4) FICRohFEFETEO 1 EFHHA=(C1)

AT CLIZBWT, EFiEALEHH TRE WAER SR OMEEZ R LT-, Azl
T, GHEEREGIZ NS oo, FERIZRBENT 21T > TV W, B AEEN AT Th -T2
V, EEVOWMLWARET, ZHBT H8RICE DT,

W, ARERZHE, FEEiE PH) L, ADETE (cw) - KEHN(Co) 1X, M7256%70.95 : 1,
Cl725%#70.93 : 1 TH Y (Fig. 21A, Table 15), ENIZAHMHARKEVVEETHDL, Znb
D LMD, b LERINCENE THUE, ZHOHINTIZIERSE T, < EMNIENKE
W (R=L) AfEEEREWEB 2 6D, BYIREBRO 2 C1 O (Fig. 2 (Appendix),
Fig. 15E, Fig. 20D, Fig. 24B) [Z b, A HYUNZ X B AER &R C1 T, B4 LA A
F55 (27N S o 7= (Fig. 25) o

UELDREREADODETEZDL L, FRROWHICEONTERESRO CLIL, ABEUNZED
BRORAEFZEEROFEEEREm VN E B X N, B35, MBILENZ, HRWEIZX
STHHMAZBYIL, BROICEFED CLIZR>T-OTHA D, FEEEEZ LTS L,
FICERE LI MIZ ZA BEBEVWENZD, MIZMEL, HLITEICEELZClLICL-
TEIMZ RS Z L3R T 5, RIS, MURBRITHEEWAM L e, —H oz ko7
iR %Z L < D78, Cl THRRIZRAFR & EERSHE L THAEFETIEAR,
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5 A (FIZF) BYICLSFEFDEER (B D)

5 S B 91X (r-autotomy) 38 L OMELLFR X (control) D =2 RHFHME L T, OF&F, @
HIHOIEE, OLEAHBOY Y FH, SRED L I ICELT D02 B0EE Lz, AHHA
)X (r-autotomy) (36 fE{K) TiE, Day 0 (201246 H 22 H) IZASHHZ AU L, MALEEX (36
) & & bIZEE ZB4h L7=, Day 0 (C1)~ Day 29 (C6) £ Ti%, B HIAL R FAFIX
mﬁﬁ%okocrﬁﬁﬂmmﬁmbkﬁﬂﬂm;c2ikmc3m®mﬁﬁﬁﬁmméﬁﬁ
A EAE L, ok, BiEEHEYIRSTZ L CEAMMPMORE JITZIFERZEICR -2, 7E
DOFVMERTIE, EBREBLBLZFEO 11 AT, a1~cui1mﬁtﬁ.Dw3%<@§
BR&AH S 390 HZ D 2013 427 A 22 H)IZ, AEF% L TN BELERX 10 8 & AR B BIX 6
Ak Z 2 TT v a—/VEE Lz, ®EiE c12 28 2 8K, C13 28 13 fE{k, C14 2 1 EiATH

277,

1) Al (FIZ=F) gRkICEZ LM EFOdER

HEALPRIX & A7 BT B DX ¢ HERER (F & FHERER) 25 5 EITV, ZOREE % Table
2R L, TV I oL, BisROFEHROTIL ClL, EBROTIX CS ~C6, EHROTIX
Cll ~Cl12, FEBR@TIZCIl ~Cl13, =L THR&EDOHER (FEHRO) TIXCI2~ 14 TH-o7T-,

AL (& [X) TiX, 36 AR TEHEZRMMG L, EROE TEELZOIX 10 @ETH
o7z, FlEPFHERR (O~®) <TIE, 2FEERAHHECHEITEIZITV, AFX SHES
iz,

FHEBOIX (Ef] = X) TlE, 36 R TRE LML, FBROE TAE LI-DlL 6 fElk
T%oﬁoEﬁW§@%®ﬁﬁﬁ%(%%®> X, AEESEREHCREITE 2T 72
25, BUI% O BERBR (O~G 0 4 [0) T 1 ERZBRNC, LB CcREFTEZ21T->7-2
EnD, ERE EHEINT, FISO 1 EERIZERG CHAEITEIZ/R LTz, Z OEKITH)
5] DFRERIF (FEERD) (1L O R & FIERIZ /S CRENTEN 21T 57223, £ D%, Day 47
® A7 H)IZCT 2D C8ITHL T DBRICHI & FOLMAZBEIL, C9 TASHHA AL
72 HEFABROWF (Dayl140 ~ 142) IZIX CI2 IZRE L, At cHETE# 21T 7=, T72b
B, MOMER & R —ELAR X IZ/2 o720, Hii-eflE F (L) 2 AUk, AFIXIC
Rol-DTh b,

Ubzgls &, Cl THEFTHLAHMA BUIRIZIE, AHAEAET L, &
FIXAHE O A D B o7, X5 C1 THYIK, 13EIFLE LZ%O Cl4 (27
S Th, HHEOIKE - BEE - ITHORTHEREDOEEET, HFIZITELZH o7 (Table

12),

2) At (R ZEF) BURICEEZL-EAEHO EY FAD#ER

B ORIl & F2) B U2 B4 L7 A R & 228l oo v 0 T ) O BIfR % Fig. 27A 1ZR L
oo EEOEFHRELTIUR, R TRLETA v EICT =237 a2y &, APE
FAUSTEAR D T2, BT IVTIHRO LT —2n7a vy h3ivd, JERFO#EIT
Cl0~Cll ThH -7,

ALK TlE, Fig. 27A (T K 912, B U F T fIEIcB W TR 7035580 -
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7o, AHHBYIX TIE, Fig. 27A IR T L9212, B FINEIEERICB W CTLESH O F 23
Molz, DFEV, C2~ C3ITHSHMMAHEA L2, C10~ Cll FERIZBW\WThH, Ao
FWEFNMWREN-T,

HEALER X (FF & [X) & AR B B0 X (ZFl) & [X) OGO v 2 57 OS24l % ik 4

5 &, BALBXIIAENRNOIIK LT, AH#BEUX TIZAENRNZ &, Fio, HEABXO
72 16.5N 15 LA B B BIX. D2 1% 29.6N & JEEIRYIZ R A - 72 (Fig. 27B) Z L 026, A HTH
HUIX (R & X) T, AN BEI%IZ, AHBEONBRRELS ozt B 2z bz, %
7z, A YX O A LA R-cu) (X, SLFEX O (L-cu) L0, B F
5o T2,

HEHLFEX D R-Cr & L-cu, AstIBEEIX D L-Cr & rR-cu (2, A& B F DNEN %D
J5HE, R-Cr=L-Cr >>L-cu=rR-cu DIETH 7=,

3) ERMHHOMEDLLE

SEERBALGEF (Day 0) D C1 TiE, 2EEIEFIEH (R-Cr & L-cu) Th-o7o, HEHEIEDIX
IZOWTIEAHINZ BEI L, fE4 390 H (C12 ~ Cl14) £ CThkke L7=. FEBRBAL2H 29 H
(Day 29)121%, MEAPRX CIIAMEER (n = 36) 2345F & (R-Cr & L-cutter, normal laterality)
ThHotm, —7, FAHEYIX (r-autotomy) TiE, fEA (n = 36) WA & (R-cu & L-Cr,
reversed laterality) (Z#A#a L T 7, SEBRBALANS 390 H H (Day 390) (21X, C12 ~ Cl4{Z7¢
ST, MR XTI AEE (n = 10) AAERIEH, —F, HEH B SXIZREE (n = 6) »/EH
A (R-cu&L-Cr) Ziffefs L TNz,

i) R o ORREEIL (EASHMO Cr & cu DiER)

Table 13 /%, Cl1 (Day 0) THEIHZ A OIS, ZEAHMOIREN E > E{ LTehE R LT
W5, HYIET (Day 0) (/XA X & AHHBUIX S, R-Cr&L-cu (57 7 v ¥ v —/ih vy
4 —Ml, normal laterality) T > 72725, AHIHBYIXIX, D% D Day29(BEI#% 29 H) &
Day 390 (H Y% 390 H) D#IELTIL, L-Cr&R-cu(iE7 7 v v —F K v # —) (reversed
laterality) -~ L7z, D%V, AHIHABUIXIEX, HZ2HBAY#% 390 H (Day 390) T, &~
(C3) B 10 B9 ~ 11 B Wi LT1Y, normal laterality (57 & A (ZIZR B 720> 72,

Fig. 28 & Fig. 29 (%, Day 390 |Z C13 THUY EF7-E{ko, MELPLX & A B U)X O &
IO BB 24 %5 LT 5, Fig. 28 O LB DKL, HAFX O Z Ef /S R 585 T
b, Kl al T TREN-o72, 2F Y, R-Cr & L-cu (normal laterality) CH-7=, —
J7, Fig. 29 O LEORIL, HH#HAYNKOMBMOETEE Ch D, Rl o l3/EHHTRE <,
L-Cr & R-cu (reversed laterality) CTH 5 Z L2305,

i ) At B (EFHETOEKER OLLEER

Fig. 28 & Fig. 29 1%, CI13 T, MALPRX &AM B GIX OB 72 [ B D FEZ R L
T3,

EAFX T, R-Cr O BITIE, SN - TREGF MICHEICIEN H 2 2 (1o T HY
<& - 7= (Fig. zs) L-cu D BT, Luawﬁﬁhjﬂﬁ@/ﬁ [Nz, ZAUTARZET D K O
FINZHIEN B D + A (type +) & 72 o7,
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£ B 81X oo #5 Z Fig. 29 i FEEDOFHEIZR LTz, L-Cr OFH B 1%, MLIEX O
7 (original L-cu) £ 572 U<, +H8TH-7=, R-cu (FHELEEAD v & —)iF, BUHEXOH
(original R-Cr) L 720, +BIThH o7, ©F VD, MWLEX D/ (original L-cu) & [F U TH
77,

AWFZE T LN B OFEFREZHERF L, Table 14 (2% L7, ZOEIE, 390 AMEFAH
LA LED 55, C13 &go R OBIRME R Z R L T\ 5, BEOMKXTIE, 42
K (0=9) 2%, A7 (R-Cr) 1% T Y, ZE$HM (L-cu) 1T+ 2 8 L7z, ASAYIX T, #E
L7 A (R-cu) 1%, 6 fEIKD 5 6 4 EAERN+E, 2 EENZ oML (1R +HIZ %
HBLWbD) Thole, —J7, AHML-CoiL, &EEN+HTH T,

FHHHBEUIXOR & F (L-Cr) A%, MEAFLX OF| X F (original R-Cr) & F72 2 g7y, BB
VW, F£72, BAE LA GR-cu) 1%, original R-Cr & 725 S BN R TH -T2,

i) FENIE DRI DK

Fig. 30 /3, S 4 3 (BRAEX OZAGE, A HE B GIX O ) OREfE DI
(AIEhFE & OREGIAHT) OFAROE N E/R L TV D, BOFE) NELEEX O, R-Cr & L-cu
Thb, EMBz@lL L, RCriX [<DOF) 12725 TWHD, Lculd [LF) RiZAH-> T
Too —77, A (BB IZAHHAOIXOME CTh D, MBI &350, R-culd L F,
LCriZ [ OF) 125> T\, ZOWSDIFREIC ST, AH#IEOEEL, EHD
O TR DN R LTz,

v)E&®dH
b i~ii)OfRE2EL0bDE, FTrOXLICEHNEIND,
ERX  FEF ErFh SHEI D2 RE

HEAEX = AR E = AH8HEI> LM = AFIEE(R-Cr & L-cu, normal laterality)
AHHBUIX = £FE = AHEI<AHE = Z£FIE8(L-Cr & rR-cu, reversed laterality)

4) O KZFS (EFi=)

Fig. 31A 1%, MLPRIXIZIT DA OZER R D 24 ~ C5 ETOHBEZRL TV 5D,
Z4 TIEAERIZRIZETH 7203, M LUK, FOEHENLEE ER-7-,

Fig. 31B |, A #IH B UIXKIZHT A OE S D Z4 ~ C5 £ TOHERERZ/RL T
%5, C1 C, RCrzHYIL, C3 CHIMMEMNHAELZZ LE2RLTND, CSEATYH, BAE
L 7= A8 (rR-cu) 1272 (L-Cr) L W /NS o iz,

Fig. 31C (%, ZEB#& THFD Day 390 (C1 THEMNE Y14 390 H) T, HALFLX (8 fH{£)
& B YK (6 ER) DA DI ARIE LI-f R Th 5, HEITHWZDIL, Fig. 31A
& Fig. 31B CfEA L= fER Z ik E L= b 0T, BAEK EAHMMBEYIXE 1 >0 7
7Rz ey b Uz, @I C12 05 Cl4 ThoT-, SOV A X3R4 XD EBE %
J o7, BENCMNIAE S E UCHIIES, McERiSE LD, VX —L Ty vy —%
R EF—DRIFET V2 EEG SETES &L R Lz, BUHXOLY 7 vy —
(R-Cr) LGB OIX DA T v v — (L-Cr) g L7 & 2 A, EUFOYIFIZBWTHEE!
WA BERE=R™ M &7z (df=11, =2.260, p=0.0451), [AEEIZ, BELFRXDED v X —
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(L-cw) & AR BIX DA A > & — (fR-cu) Z ik L7z & 2 A, BEIROUIFICHEIICER
AN S (df=11, t23.097, p=0.0102), Z OFERICHESE, EHfimis KEWIRICRT
&, RCr > L-Cr >>rR-cu>L-cuTholc, BUHXDLH T 7 v ¥ —&LEN v Z— (D
R-Cr &@ L-cu), A#HIHBUIXDEY T v % —& 47 v #— (@ L-Cr &@ rR-cu) DK E &
WAL 2+ &, T1, 4, 2, 3] Thol, DFV, AHHAUROLE Y 7 v v—
(L-Cn) 1%, #ELFX DA 2 Z v % — (original R-Cr) X 0 /hE <, AEHIB IR OFEA L
7w B —GR-cu) 1%, MULBEX D/ H & — (original L-cu) & W KZ oz,

RUBR LEHBYRIZETSCr / cu LED LB

X B L OEBUROAXIZEBWT, Cr & cu OEHiIEO (Cr/cu th) 250, Wik
BRIX Z g U7z, Cr/cu Fhid, SEALPRIXIIOFE 1.115 (1.086 ~ 1.139) T, fHHUIXIZFEY
1.063 (1.053 ~ 1.083) T&o7-(Table 1 (Appendix)), Z DOfEFIE, HRBRX % T 5
&, MEALERXE Cr & cu OR/NEDPRKREL, AAHYIKIZCr & cu DR/NENNS N L AR
LTCWb, 2%V, ZofEEY, sk 4 & (O R-Cr &@ L-cu, @ L-Cr &@ rR-cu) ®
EEEOIEN (1, 4, 2, 3) ZHEFELTWD,

5) NZEFEBODKZE & (closer apodeme ) HEFE)

Wiz, ErF il L0 EBEICBRT 5 &b NZEE OETE (closer apodeme area) % Ft
i L7o, Fig. 32 1%, MEAPLX LA HTH A BIX O LA SO NEE OmifE s R LT\ 5, §if
% 4 3 (EAPRIX O 4 /26 R-Cr & L-cu, A8 B U)X O L-Cr & rR-cu) 1257
FCORL, FICHEREC T TR Uiz, (KA X& 8 & L35 2 TR IR (CW) &2 & 0,
Mez A & o7, AFIE 7EE(R 4K, O 3K &ARE 6 R (P 3K, 3
fEA) DFF 13 AR Tl L7z,

R-Cr, L-Cr, R-cu, BEIUPR-cudD4FHEDH L, 77 v v —MR-Crvs L-Cr), ¥
—[t] (R-cu vs rR-cu) T 5 &, KA MEMICHERBRRBIRNE LN, AKX OL 7 Z
v —(R-Cr) £ BUIXDES T v v —(L-Cr) Z LT 5 7=, NEEOREE IEEAK
&L, MNIERE UCHIEAE AR, MR AR OMMAERIEK L LizBRET LV E YT
O TR U 7o, AR D I W e O ML B O BAERITET VICE DR o7z, Bl
IR EFAIC A & (df=10, p<0.0001) TH Y, 3 ODOMNAEELIFINICAHE (HIE : t=10.304,
p<0.0001, PER] : t=5.077, p=0.0005, FHIDES : t = 3.175, p = 0.0099) TH o7, [FKIC
HALPEX D/EH  #— (L-cu) EAHTIABIXOFA LA v # — (R-cu) & L4 5 72
B, NEROEFBZERELE L, MrEHE U CTHIELZIE R, MRl & oA O % 5]
ZH & LTeRURET VA2 Y T TN LTo, B OORRET & RIRRIS, FEARED D 72N o D JRST
EHMOMAEAERITET MIE Do T, BURISHFINCAHEE (df=10, p<0.0001) TH
D, 3ODMNEE G FENCAE (FIE : =6.667, p<0.0001, MR : t=4.675, p=0.0009, &t
oAt =-3.351,p = 0.0088) TH 7=,

NS DEYFIZHESNT, 7T vy —f (R-Cr vs L-Cr), v ¥ —f(R-cu vs rR-cu) T
WNZSEEAE 2 el L7245 5, R-Cr > L-Cr 8 X OV L-cu > rR-cu DR & 725 Z E 03BN & 72
ST, Fiz, MEHE(R 7K, o6 MO TIE, BONEREFBOFNARICKE N
ZEWbhrol, —F, BUBXOLLEOHE (DO R-Cr &@ L-cu), AEIHEIX DAL D
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SN (B L-Cr &@ rR-cu) ® 4 FOWNZEE %, [EURRED S HIE 115mm OER TO g
AEE LT, AT E T, 3, 2, 41 L7roi-,

6) AHh=HILT7 E/N>FT—2 (Input lever length)

AH=HNT RN T—U (MA 8) OFEMZ 0TS, iR o AF) & @k & 2F & E ko |
FIRES) DIENEFHA~T2ERR 6 DI RT 2 & & L, Z Z T, input lever length (IL &) O #
Z H T L 72,

FHIFR T O 3 A (Fig. 3) 20 D% LW HEBEICALE T 2 M CHEZBTIE, ILEAEWIZE MA
fEIFREL< 22, BICKVBEANIRMbL Z &2k d, 22T, MOUHEXOLELOMBE, A
HIH B UK 0L OHO IL RZRE L, HiEE OREREZHE L7, Fig. 33 ICZDfER%
m LTz, PR (D R-Cr&®@ L-cu) & A E B1X (® L-Cr&@ R-cu) D 4 2 NERL
AT L, T1, 4, 2, 3 Lheolz, bbb, AN LEEMONTHZR BETX
R-Cr > L-Cr >> L-cu > rR-cu DJETHIZ L VR S3nbb Z &3 HEE Shvd, R-Cr(fE
LR IX OF| & F) & L-Cr (F #HI B GI X OF] & ) OFEM 7R LRI ER 6 DBIZFED A, Z D
T Cr & cu OEIFIREI N LAV Lz, ZoOFERL, AAOFEGKRTE, ILEIC
BWTHAEME (L-Cr) BRE L, AHHAUIC L > TIL &b /AAOHEF Tz 2 -
T2 e RLTWVD,

1 $HEHOXZ S (2R OIECLICEET HEITHR & DR

AWFECIE, AR EEROLELEOEE (R-Cr, L-cu) & AR BROLA O (L-Cr,
R-cu) [IZH 1T D EHim O TIX, ZDRKEZIILR-Cr > L-Cr >> rR-cu > L-cu DJIETH -
7= (3BR 5, Fig. 31C), A#HMIEUIX O L-Cr 1%, HEALEEX O original R-Cr L U /NZ U3,

2, A L72AGHE R-cu) 1E, MEALEEX D original L-cu XV HREL 725 LWV I FERIC

DONT, TNA—7 T FIZONTOHE & a2k -,

Table 16 (X, ¥ I O (Fig. 3 (Appendix)) T&h % 7 /V—7 Z 7 (Callinectes sapidus)
T{TH47z Govind and Blundon (1985) (2 L D&M L, SRIOTY I OfERZ g L7
bDOTHD, TN—20 T 7T TOFEMREMENARA RO, EfiEE, 7Vv—2 77 TO®RE
(CHEC T, FEHis SR TR Lo, FEEiS 2 HiE TR L7256 (PHICW) L RERIS, B
Fl = EARDOEHN (O R-Cr &@ L-cu) & ZEF & EIRDEHH (B L-Cr &@ R-cu) Z T 5 &,
HHITIE, kdkoLxsy 1, 4, 2, 3] DIETHLHR, 7Vv—2rF777TiE, 1, 3,
2, 4] Tholz, BED, 3(LL ANMDIEITIZIEFRLCTHY WHITHEETEP-T

(Table 16),

TN—0F TN IOKEE, TN—0T77 /B ILLTHEET 5L, AR&BOMEK
BEIZ DWW TIE, R-Cr 28 100.4 %, L-cu 2% 100.8 % & D CIEWEIE CH - 7=, —F, KRl
BIOFEREEZ DWW TIE, L-Cr 28974 %, tR-cu 28 97.7 % &, TNA—2 FTDFHNR, /HhEW
EERLT,

TY I OEMEERIZONTE, FEHICEHEBEERL, C1 TAYIL, £0O#%, Cl2~Cl4
o ORER R TH T2, —F, TN—27 T TIERRMEIRTH Y, o A U@
DAATHD, TYILREETHD ETTLER &SRO T V—2 F 7%, LLAIZ original
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R-Cr # Y LT, AT L CWDITT THhD, A0 BURNRHATSH Y,
KA C1 T, original R-Cr 2 HEI L TWAUTAH Y I LRV MEIZ 72 o 7o ATREMED By &
iz, 2F0, QUKKRICHEEZBAY Lz, /WNEOICHTEEERE X biviz, 7 —
7T T OEMERN, Cl THEAUWTLZ LICE>TET DD, HDHWITFEICERIBLE
E, Y IEEEIC T1, 3, 2, 41 OlEXN T1, 4, 2, 3] OIEICARSA[REMENRD D
LB bz,

WIZ, AB=TNT RN T7—V(AL/OLD) At L=, L1 & /CW TOHEPEE L
WS, TI—7 T T OEN RO, IL/OLl TG Lz, RARTN—27 T T DHE L
LR O Y I OFAEIE, FEHiE THER L725E1213 954 %~ 108.5 % L 72K E o 7228,
MA fEDNEALIX, T I ELEUT 1, 4, 2, 3] Thol=, 2FV, RARITLV—7F
T DOHFEHTEH, rR-cu > L-cu, DOF Y A LM GR-cu) D F 3, HUIREER D HEALEE X
DA F1  #— (original L-cu) X W K& < 7z o7z,

Lk, REROTN—2 F7 L OMBITRER NS, HY I TH ORI OfSE [45 SH
HUIX® L-Cr |%, MALPEX D original R-Cr LV /NEW2AS, w2, B4 L72A I (tR-cu)
L, MEALERIX O original L-cu KXV & REL 5 1E, #Y & s,

8) £&H

H OB L oo 7 X (EALBEIX) &, C1 T2 B 80 L7 7 < CAETE B B01X) o #if
IoREED, EICHE D Z{bzr L& % Fig. 34 (278 L7z, Fig. 34A |3, IEALBEX C
® R-Cr & L-cu DpEIEFEDFEAM (control) Z7~ LTV 5, SHIFIEIX 22 THELL, 74 &
T OHTHFE RSO R E S THEEFRTH H, M T4 > THID THEENA K E <
R0, EEIEFRE D, TOR-Cr & L-cu DELAIERFHERIL, FOBEHFERREEZBELT
e 2, £72, Ko ldM THILL, AOFEH R-8) 1T C3IZEARNTERL, L£DH
B (L- B ) 1% C6 LIRRIZSER T 5.

Fig. 34B |%, fA#lH% C1 RRCAY) L= A X HEHH B BIIX, r-autotomy) O /2 47 §HHEI D %%
FHEEZ TR LTS, mfORRIE, Ako B O L o MABEX 0 77 X (control) D72
EDHT74 0 ERLTND, Cl TRCrxBYIT 5L, (L DE)C3 THEHA AT
Do A LA GR-cu) 1, ZORICAELGOHHABYI LRWRY, ALjELIEF]EF
(cutter chela) DE FE Th D, L-culd, HAEHIMIEUIZIE, HBELEENEILL, SIIZKEL
TL-Cr &72% 7%, original R-Cr X W K& <705 Z &iE72 0\ (Fig. 31C), —JF7, BALIEAH
) (R-cw) 1%, D, original L-cu XV K& D0, L-Cr KV KREL< 48D 2 LT
(Fig. 31C) ., Input lever length & BIIR & FAROHAWMIEZ 72 £ 5 AlREtEd v & b7z
(Fig. 33).,

Fig. 34C (%, A% C1ERICEY L= I CAEHIE BIIX, r-autotomy) O /245 D EHHI D
M2 (closer apodeme) DK X X O F &R L TW5, F7z, Table 17 (255 5 O
BRERTH LN E L F B LOHMORER R S5 SR % £ L o7, Fig. 34C O
SRRO L, B U O G A (LX) O RIRFEZ R T, Z2 ~ Z4 O EEICIX
NZER TR ST, FEMIORBEEE LA L, A0 a B M) 1w T, NZERNER
A, SHESEERE LG B, B F 0L, ZOWRERTR-Cr 28 Lcu LV KX, ZORKRIE—
AERE T 5, ERR ORI, AR (R-Cr) 2 C1 BRHZHY) L2 A9 2 CHEH B 8IIX,
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r-autotomy) D2 DO EZ R L TW\Wa, C1 TR-Cr YT 5L, 2 O%E C3 T
FEA AT 5, AR B Y%, L-cu I3RELITE) L BEEDY, L-Cr ~E 2L L TRl F
ERY, BN TF hETFICAND, LvL, original R-CriZbbld 25 &, WNZEEITED
TEEHLIDAFEIT/NEL, e Fhb/hE<, W original R-Cr OV F ITET HF
X720, —J7, BB LA 8 GR-cu) 13X FERI & F & L THRET 223, %, Yo F ik X
ONZEREH A X7 original L-cu (BEALERX D IR & F) (22T % H13 722\ (Fig. 27B, Fig. 32,
Table 17)
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6 [BAFEEAELTEFNZEEIOEBIENDE (EER6)

D HBALoEBLEEREZEREEREEAEDOE

WD ENT-H Y I () RKEEEAZ AWT, AR XA L R X EikT, BEREHo
Arfet Uz, BERBRICEHLZHIX, 73V, 454, PRy, v Fha~7 U4
Thote, £, FEEHIMHITHE LRI W iehroTe,

WTNOEIR S, TH Y RLETA ZHEG IS ZE R TERR, I <7 VIcHE
L, @ OMEEPIES Z N TERhotz, 2, v a~2 U OEBENYEL L
FKreZ b, SHICHBNRRKREWZ EQRFERKEE bz, BEITEICIX, &%, JIDNBENHE
9 2 BEIESE (R o, FME B) CHERAM D, BENRKE W, HE (R o f0) T
ST ERFELWE bz,

¥, VI 7 VI L D HEREBRZ I, TV ORI A HEATENC L 5 T
K LT BN ZHBE SN, £z, F—EEEZ O TEREIER L THRAERIZERTH
V. EEIC X 0 BEORDRICEN NI,

i) MEF (BRZF-EFE) LHABDELOBR

Table 18 (&, HF& OF AT = (n=23) L /2F| & OHH = (n=12) TIT - 7= HERRBROFE R %
RLUTe, THUIEAERE Q3 EER), AFE 2 @K & bicefikn BENCps Lz (HEIK
12100 %), YV AR T TIEAHFIE D 96 % 22 @A), R & D 92 % (11 @) OfE K B %
e ZEIT Lz, —J, BB REL CTEHWY T AU ZHWEZERTIE, A7) EK
TIE 35 % (8 flfA) DEES TN =AY, FEFEEERIZDT 0 8 % (1 ) LawEh L7zd-
776

i) IEFELEEC>FHOER

Table 18 (&, FHF & & AR & ERO o FHORERFE, FHFE EIERO LD G
(R-Cr, L-cu), ZEFIXEKRDIEL O (L-Cr, R-cu) 23 TR LT, 728, AFEEED
8 MERIZE v F St DRIERA (152N) #2720 T, 152 N& Lz, AF]&EEROR & F
(R-Cr) D ¥ F I 138.9 £ 192N, AH|E EROF] & F (L-Cr) 1X7%) 105.2 &= 24.0N
Tholz, FHMETHRT S &, FlEF(Cr) bIEFIEF(w b, HRISEEOFEN,
fAEX Y, ©oFhnkEloTWZ, ZHHDFEENS, ErF N RKEWEICTERD &,
R-Cr > L-Cr > L-cu > R-cu & 72> 7=,

i) FIEFLEHTEOBR

Table 18 & Fig. 352, F|&F L EHimOEREZ, AFIEER, LR EEEROK 2 LD
FHB (R-Cr, L-cu, L-Cr, R-cu) (201} TR U7z, EHimiE, WIS CERELLMEE R L,
& F(Cr) BT, AFE R-Cr) NEFE (L-Cr) LW EfHimAkE <, JEFEF(w) T
s L7254, 0030 AFE (L-cu) DEFIE (R-cw) LV K& o7, TEHE / FiE) Off
1%, Rl F(Cr) # 8T 5 & R-Cr TIEFEH 17.7 %, L-Cr TIXFEY 168 % Th - 7=,
R-Cr/L-Cr = 1.0536 TH VY, HFEOFEFDOHN, K5 %EHEmDEmNroTo, HFEF
(cu) I CEHIR,/ HIEZ i35 &, L-cu l3F 16.0 %, R-cu X 152 % ThoTz, #
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#is (PH/CW) %, KRZWIHEIZTRT & R-Cr > L-Cr >> L-cu > R-cu & 727, ZDJHE
FECTF LR CTH 5T, DLEORERI, FEYA XOMEETRERT UL, HFIEEERO M
B (R-Cr & L-cu) IZHHE U C, Z2f & fEAR DM EF (L-Cr & R-cu) 1%, Fl& F(Cr) b IEF| &
Flow) b/INEDro7=Z L ERLTWD,

V) FEFEADZALTRNRVTF—D

input lever length (IL £) 2B L CTlE, KA XOEEEZHEFRT 5729, IL Z HE(CW) T
o7 EAL / CW) Tl L7, FHMETHRT 5 &, IL/ CW EIE, AR EEROF X F
(R-Cr) 7% 6.65 = 0.27 %, ZEFZ AR DOF] & F (L-Cr) 25 5.80 £ 0.30 % T - 7= (Table 18),
L-Cr & R-Cr DtIE 5.80/ 6.65 =087 Th o7z, T72bb, [A L HIEOEKRRE Tl 5
&, ERZEORXF(L-Cr) ®IL £1F, HFIZD 87 % T, L-Cr A R-CrZH~<T 13 %0
ZEERLTWD, HEIO SN (fulerum) 7> 52 FRBEON & TH Z /S R, AF|X O F
X, ARlEICHB LT, RRIREGEE S 25,

AH=HNT KN F7— (IL/OL1) 1%, R-Cr(19 {E{K) TILFH 0.202 £ 0.007,
L-Cr(10 fE{A) TI% 0.182 = 0.010 T o7, MEDHELFHT 5L, L-Cr/R-Cr=1.11 &
ol ZTOZ X, S CH AW A, closer apodeme DFES|INFE L TH, £
& EEROF & F(R-Cr) DA, EREEEROF]E F(L-Cr) LY b, 11155808 B2
DOHZEERLTND,

v) FIEF(HFE, £FIE)EAREE (apodeme height) & DEAHK

PNZE L B/ HE 2 bl % &, AFIE OF & F (R-Cr) TiX 10.07 £ 0.55 %, Z£H& OF| &
F(L-Cr) T1E 8.70 = 0.35 % Td > 7= (Table 18), R-Cr ~ L-Cr = 1.157 £ 72V, [6 UHED
fE AR CHl 3 uE, AF]E OF]E& FR-Cr) D FH, LEFEOFEFQL-Cr) LY, 157 %N
EREDRENWZ EE2RLTND, NWERE L B FINTIELRGIEFRICH 5 (Fig. 14) Z &
b, AMEEEOFIEFOHR, EREOREFLY, ErFIRREVWEEZZ LN,

vi) ARZFLEFZOREFOHREE

EHR& & AR E T, F]& FEIH (crusher chela) D Kl o & A g DFRIREZE L2, a®
TEARIE, AHRIEEAR (R-Cr) & R & K (L-Cr) Z g L7356, AR EEIRO 50358 6 5N
BiFT, ERE TR oT, BT HRELTE, BIEEOED, BALEEMST0 O R E
K7edicd, BEIChRAIEB 2 6N, —J7, HE B OIRIE, AF]EEA (R-Cr) T
ALQ ) oMz O &L (1 ) 2R T L ONRB - T, AFEEER (L-Co) 1T 4 115 A5 AN
2T, 2 IICHERL S LD TR SR ST,

Cl ~ C13 £ TOfABEMETORI (L8R5, Table 14) TlX, EROKRBIORIRT Y I &
720, ALK (R X)) OF] & FR-Cr X 18, F#HBYRXOLERHE T L-Criz +HTH
ST, ZD®, BIZ7 Ty rry—b3EDIE, TRHQUN)IFORO Wiz, +A @ )ix1
BQUNIZR-s72b 0 L Bbiiz,
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2) A=—CNALRHRBTL-EGFZEGKEEFZEGEDE

FEEARE LIHET = (C1) %, VAL EERIFEE L, LTOEREIT o, AR & EEIE,
Cl Il #2889 LR LT,

FIRD 1) DEERIZE Y, RRT=TIE—MIT, AF & EEIC R LR E EEIEEE D
BENDMEVMEPNCH D Z ENHBA LT, 72720, RV =TIIshHHO BYOERERRHTH
0, SHHOEAER T SRR LEEAICB WY, EREEEo BEFEAMENE £/
DIN? LWV BN -T=, 22T, AUEEODL > T2 EMEEMEAEEZ VT, BE
B A ERTHZ LT, ZOFEMEBRE LT,

i) BEIRThE

R R & AR ZRIRICHONT, 7T a3z v BERER 4 10 [ (EBRO 9 H 30
H~@ 11 A 17 B) 17V, BRI OFIE & & OB 2 ~7-, K5 % Fig. 36A [T~ L
7o FEEREARI P I3KIEZ 24 CIZTERE L TWA, 10 H 22 HiX, H2s 7 71z k- G,
AR & X (r-autotomy) D KR A 25 ‘CIZ EH L7,

HElpksh=1L, EBROO A 30 H) TIE, AFIE 15%, L& 0% Tho7zhd, ERO
(11 H3 H)TiX, HFIE 30%, £FE10%, FEBROOQ1 A 17 B)IZIEEFIE 60 %, ZEF]
X38%ERY, H=DOEEELITRHEN BRI HHEANALNTZ, 2L, BEICk-
THAVIDRET 22 LT, b RE< 20, HER IR KREL ol tEZx bR
77

Z 2T, HERDRENEBAEC, WiEY A X 2B, EAORE FEMNERE T
DMMER—FTNDORT AT 4 v 7 ARSI &7 5T, ZORE, HFIEIZOWTHEZRME
JF (B RT 7[R, ZRE, p<0.001) 3G 5, Fl& FIZOWTHEZRENDHRT
SN2 (ZHRRE, p=0.009), & Oz HiE & HEIRDIROBERICET 20 27 > 7 Bl
WA, AFE &R EEMRIZS T T Fig. 36B (Z/Rk Lz, HERDIERZ oYy NEH LT
logit (r) & HbE (cw, mm) & OBEMRIE, BFIETIL logit(r) =-4.372 + 0. 052xCW, EF|ZT
[ logit(r) =-5.129 +0.052%CW T& - 7=,

LI EOIC, HIEOKRE SZ2HE LT LTYH, AR EMEx, LREEELL L, B
BIRIE N BN ERHNE 22572,

i) EYFAORRZAEKLEEFEZBEARTOLEK

FR &R & R & ER TR o v o T ha ki L=, £ 0#E%R % Fig. 27B IR~ 7,
B F X, AFIEEEROF]EF (R-Cr) 1378 32.5 £ 114N, JERIE F (L-cw) 1T 165 £
6.7N, ZEF|EEROF|E T (L-Cr) 1XF#) 29.6 = 127N, FHEF]E T R-cw) 1L 12.6 = 77N TH
D, LCrOEFNIE, RCrD 91 % Tholz, LUbnn, ARkl T, AFZIIE
YFIRGEL, HERENINS D EBZ b,

3) RHAMBEEKICEITSAFEZEEDOFEF RCr)IETENEZBAEOF =
F(L-Cr)IDREDE

A2 B Y%, 10 BILLERR LR & EIRTy, REIREANS 2HmBs o,
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Fo, EUFNCONT AR EERD G ME 2 7 STz, I:"‘/%)‘j I =DOKRE 2T
T <, BERIZIIE T ARHVMEMICH 572 ERUZEEIC O REIN LD, B F
NOERERHEIIR#ETH L LEX BN, &5, ,ﬁ&’%nﬁ%ﬁn‘*%& v F IO HIE R R
20T, ARlEERE EREEEOBRRNCESLZSTHZ LT LW EBZ N, £
2T, ERIEEARD HEBIRE IS D RIK Z, H#IHOTEREDOE D & LTz,

AR OF]E F (original R-Cr, HH|EFEEOF]EF) &, ZIRAIF|Z F (converted L-Cr, 77
FlEEEOF|EFICEH LT, UFOEBIZOWTHI LT,

[ ) $§ﬁ =

B, B=OKREZOREBLYERT 5720, FEICHIE(CW) 2 &> T L7z, A
il ’a° ﬂﬁlﬁmﬁﬁﬁﬂfﬂ (R-Cr) & 728 (L-cu),  Z2F| & EHAR DA B (R-cu) & 7281 (L-Cr) O HIE
i k4 Fig. 31C (R d, HIEIL, A E % 390 B (Day 390) @ C12 ~ Cl14 TiTo 7=,
/AL, R-Cr S L-Cr il EICKE Do 72 (df.= 11, t=2.260, p=0.0451), = D#EHE
%, Cl THEZBYIL, C27/C3 CHIEMAHEA L, 10EILLERELTYH, AR EFEED
FlEFIFAFEEREREDH VIR E T ROV EEZRLTND,

i) PIZBHE (closer apodeme) MK E &

WNZER DGR, A& EEFEMEE, SHICHEFRI Ty vy —) EHERETI v H
—), FICHERES S CHE L2, £ O % Fig. 32 128 Lz, HIERFOERIL CI2 ~ 14 T
oo, EEREE, AFIE S MEME(R S HEER, o 3K, ZAflx 6 k(R 3FEEK, 3 1HF
1K) THo7m, NERERIZR-Cr, L-Cr, L-cu, rR-cu DIEIZKE N LN ghotz, T4
bbb, FIEF, FMEFLHIZ, ARlEICHKRL, FREEEROFPERICRE»P-T, £
7z, @ @MEE) Lo (6 fEIR) AT 2 &, HEOLFPAEREICKREN ST,

iii) Input lever length (IL)

Input lever length (IL) Z A & B, R ZEROEHIZSOWTHRIE L7z, £ORRE
Fig. 33 (27”77, IL X, R-Cr 2’ L-CriZH#Z L TRWIZ &3 0o dz, S BE,
O fulerum 7> B EREECH A2 IR, IL ARWEE, HRIZBWNNMb 5, o
T, ILBEWAY PF IV R-Cr (BHIE ORI & F) DTG, L-Cr (EREoFExF) L0, [

WHER A DITAERITH D L& 2 b,

iv) AA=AHIL 7 ENAT— (IL/O0L21E, & IL/OL3 {H)

Fig. 38A |2, LAl EER L AR EEIROF]IEF (Ct) DA T=INVT RN T—T
Gumzﬁ)%,mﬁu FCHR LTz, Eh LA 2R E L, MEMOZAEERG Y
E LT, BT E T2 24, ZAEFMIAE TIE -7 (F=0.183, df=(1, 10) ,
p=0.678) 73, A LHEHERIIFAE Ch o7z (fifh : F=16.572, df=(1, 10), p<0.05 ; HEHE
F=28.173, df=(1, 10), p<0.05), Tukey-HSD |Z X 5 F& 1T o> =K%, K/NBHRTET
L, LT X 91272 -7-, original R-Cr > converted L-Cr, 2 female > o' male.

Fig. 38B (2, [AkEIZ, FAF|EEARDOF] X F (R-Cr) & AR ZEKRDOF] & F(L-Cr) DA B =h
T KRR 7— (ILIOL3 fEH) %X L7z, Ao IL/OL2 & K72 <, IZEFEEROEE I
bole, Tbb, R-Crif, L-Cr LV K&, 7o, MEIIHEL Y REWEHRAIZH -T2,

Table 19 /%, IL/OL3 [EDOVFHEZ L= bDOTHY, BB L TIXARIE 2 0.796 12
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X LT, ARIZ230.747 T, FHIFEIEZ107 % THhoT-, —J7, Mo IL/OL3 1%, AF]E R
0.854, LFIE230.796 THY, A/ /=108 % CTh o7, Ml FHT 5 L,
(R-Cr)/(L-Cr) = 107.5 % ToH YV, WREDZEG| A% LITNEL, R-Cr D553, HIZE< )
D3, 475 %R &R D,

HERE D SEE Tl 3% &, 9725, original R-Cr (%, L-cu &V % 107.5 % KZW, D
£V, WUSTRZEEAZZES L CHI FEE) 2PAC TH, R-Cr D AEITHT.S %ig 153
B LEZRLTVD, —F, RUES THNERZZET T, R-Cr O L 28 I3E<
25N, TOMEENH 2R BRIAFIE < L13B 212,

Fio, WA T 5 &, MDA REL, R-Cr TIER/= 107 %, L-Cr TlX{/a'=
106 %, Wi O35 TIIMERELE 1 106.5 % & 7e o7, T OFERIE, N AR CHCTELIT
AUX, MEOFHID T 3 HEX D +6.5 %R HITE< Z & Z2/RLTWWo, LaL, WNZER
1fifH (closer apodeme area) (T2, ML 0 HED K E < (Fig. 32), MAfEORIZHEDNT, v
YFNPHETRENEWTEILTE R, B T OMEEEDORFIL, 4%OBETH D,

V) REaDXRES LR (SARK)

Koo DRE ZINZHOWTIE, oE THEET % & R-Cr > L-Cr Td - 7= (Masunari et al.
2015), Fig. 371 Z/”: T &80, EHOEAWIR-Cr NRKE o7z, Rl a OIFR S AF] &
LR E & TR > TUZ, Fig. 39B GEANIE Fig. 28 & Fig. 29) 1[”" 9 X 912, AR @K
(R-Cr) & Zef) E {8 (L-Cr) Z bl L72355, Rk ald, AFIZEROTT 238 6028/ T,
FERE BRI -T2, SARKE o OFNENEES -0 1@< IR KRE WD, RCr
OHFBAENIZARTHD EBEZ BT,

vi) B8 8 DRARDELS

BRI O REY S (fixed finger) DIEFRIZ 8 2 At B OFRIL, HFI X EROF] X F (F B,
R-Cr) TIL T HIT, R EEROR & F e, L-Cr) Tix+HTho7z, AL, HE#<
B2, B OIIRB+H L 1RO &G 5 03FHNX, BRFRTIEAHTHS,

vi) F&H

D)~V IR Lz L 90T, EHim, WRERE, A=V T RAVT—VEOHH O
WEERARTFERDD, AR EEEICHR LT, AR ERIZEERE NS D WS-,
RIEREC, ZORKNH LI -T2, £, EFEEROF]E T (converted L-Cr) (X, FHF]
B DOF] & F (original R-Cr) (2L TIZW 5 28, FEREAIIC HAEREAVIC & 1300 B 2Nz -
HQAY N

4) RUSABARZRAVERBIEROFT LD

£ 6 D 2) OFER : BEIRBR AR X MEOSGR, RERDERFE NPT, Er
FHMERHRCTY, AREEEKOTBEFhNRENoT, Lnl, BERBRLETHO
E S, WENOEEDO LT v a RIS EL S LBbh, AFIE N ERE I
5 LIIWIE TRV, SIS, 0Ky A XOMES LEET S EEN DS, £,
BEACHAH TN, SEARF OMEREC & 5286 52 RICHET 5 Z LITTE AL,
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FEBR6 D 3) DFER : WREDTZIRITMEL LD BEIZEES DD, AD=TINT R
T — (MA ) 132 O BN D EBbn-, NZEES, ®IZMA @23 R-Cr > L-Cr & 72
HZ b, FRERECFHRHENEORGRICE L, HICE 21X, EZRERErF o
BRWFIK D 198, MAEA/NE L, EHICHEEORE & (HfE) N/ hSWZ gk b,

Fa&n (rTaEntR) 251 < S| JNINEEIEBEICHAIT 5 Z L2300 > TE D (Alexander 1969,

Govind and Blundon 1985), A EIOEERTE, WNZREESE L F ) L IRHAIBERICH > 72
(Fig. 14), ZF] & OMEKROF|E T (L-Cr) 1X, NEEN/NS W=D REZ251< T Hhngs<,
EDIWIAD=INT BT —=UI/NEWT=®, AU TREZESI LTYH, AFE X055
WHLPBRIZEDLLZRNWZ ERHEI ST, S HICKRE o DN OT, BIZEMT 5 mfEHs
REL RV, BAREESH 2D OIS BRHAREENEWZ Enboo T,

LLL, R EEEROFE F(L-C) i, BEFEND DT, HF]&E OfE A LX)
LT, BEREINE D Z LB bMNnE ol

BHITELIERFTHY, W7 v/ NERGEEOBERZUYRLGHEITAEETITS 2 &
MEHAL TS (Shoup 1968) . HH I MBI R & 78 B AR D0 b, (#7203 Bk
DEID FET DI, A TENH D REMEZ B TIIAE TE R0,

UL, Alalxtg s LT 5 H#E< J51E (crushing technique) T H 2 < BRI, Frx 23122
L72BRY T, AFIEEERS AR E RS, FRERICH & FRET CHA TH<ITEIZ /R L
Too BT, Y I THD D2 O R /N S 70 H 24 2 B2, A ST <
WTH S TR T H BRI Em W L BT,
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7 REF (R OFEME (B AEGHBICEZ SR
(RB& 1)

& FTH LA (R-Cr) DEAEIZ L 2 AEMEAERIC, HIMOERE R o, FH B,
i) SO E FATED ISR ET 5008 9 a, BEREE LT

1) AHHEECESAHEORE - EHEIDOEL (V5 v L v—ib)

i) RE o DHEEL (GHEBHOFEL, EHBOEL (Vv v—ib)]

Table 20 /%, FEBRXIZEBITSD CI0~Cll A ToOHOEEOBIEZE R4 R L T
%, Fig. 40121, AERTHONTAREHE, ARERB IR 7 7 v vy —RIOH K O
FEAZRLI,

v br—)VX O [ER) 1%, 2EE, HH &8 (normal laterality, R-Cr&L-cu) & 72 o7,
—7J5, AStHEBYIX (6 f8R) 1%, 2N, AF &R (reversed laterality, R-cu&L-Cr) & 72 -
7o T72bb, AEIL7Z R-Cr 8#4#% R-cu (T2 L, L-cu 28 L-CricZ&fb L7z, FEH,S5 T
MR STz, FlEFHEUNC X 2F) & FEIH OB R S L7z,

I 2 — E MRS L - A SEEEE X ClE, #BRX adhesion 1 & adhesion 2 % &>+ T
20 [ERZEH L, 2D 956 10 AR TIIAL OB OREBICELIZES, 2 hr—/L X
ERBRO AR & B (normal  laterality) DE £ Tho7-, LrL, &0 @ 10 EIKIE, WmsiHE 2>
Z v —H (R-Cr&L-Cr, double crushen) Ik L7z, O DEETIE, AN~ #
—L-cu) 12527 T v ¥ — (L-Cr) ~DOZAL R S22y, BB LRI 7 v v
¥ —R-C)DEETEL LR o7, THUSMI B RIBROLEZ 50 EALL LTI L7z
25, A R-cu (T2 T 5 Z & 1E—UELS, R TRCOEETHo7, £z, LAHEH
(reversed laterality) (3 < (HEL L 727> 72,

i) AEBDREEILL (AHBOAEL, EfHBMDZEL)

FEHIFESOAE B 2B L, AEB %, 18 (Type 1), +8(type +), Z ODfth (others) D
3D LT, T ORER% Table 21 IZ/R LT,

EALEX (9 fH1K) 1E, RTHRCBIRZ R L, A R-Co X 1 RT, S (L-cu) 13+
BCH -7, 18X original R-Cr &, + %43 original L-cu ! TH 5,

F B B (6 fEA) TlE, BEZFZRICASHMOANE LA, Zi0 O rR-cu) 1

4EAERTHEL), 782 2 EERIZ IR TH BT H RN ITZOM ) OFRUZZEL L Tz, ZE8
BT (L-Cr) 1x 2 ER D+ F F TR Lo T2,

FEfEEE X (10 HE) TlE, BERBRO & 2 AT 2EE T IR O F £ T2 L
STz, EHEE, 2 10EED 5 6, 6 FEIRIZZ{LH T original L-cu & [AERD +8ITh - 7=
23, 2 BRI T (original Cr BY) (ZZ81E L, 755 2 fEKIZE DAL (Others) 1228 L T\
7o

i) 25 (propodus height) DZE{L (EHEHEID L)

2y hr—/LX0=9) TiE, 2T, AHEHOEFENIRE <, ZA O R-Cr >
L-cu DRARTH o7z, HHIMBBIX (n=9) TIX, 6 KT X TTEHMARELS, EHD
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HHNE rR-cu < L-Cr otz CTH - 7=,

B E X Q0 EAR) D 5 B, AF] &8 (normal laterality, R-Cr&L-cu) T - 72 10 fEK
X, WIS AR E <, ZAOHBOBRERILZR-Cr > L-cu &2 o7, fHEE X
DHH, M7 7 vy~ (R-Cr&L-Cr, double crusher) & 72 > 72 10 fEARIZ I, AKX
UMEMAR,  ZE SIS R & UVMER, AN IRIE RSB R E, ka7 b OB R BT,

2) FIZFHERBRMEY v ov—RBEDHZF)

i) SHAOMRRBEEER MEFHERBRER

IO REBILE & & FHIERBRAIT o 1o/ R, 20 be— A KT, 2EENLF]E T
bhol-, AHMHBEIR T, Wca@EENLERE ThoTo, —J, AMEEX X, =2
Fa— L KRAHIBYIX TO L 572227 U7 =2 RI3E8 o, Ao/ T 2 8
Th o7, AHOEE DB S U TR S 72 W EE (Adhesion 1 Ti& C6, Adhesion 2 Tl
C3) 1%, ZSHHCHETTEIZ "L, TOBBLZEY KT S BICAMEZME S L S5/
RSN =, W7 T v v — Ko HERERGE RIS L QI TICiERIc T 5,

i) MYSyvy—BOMEF

W7 7w —(R-Cr & L-Co)EEO BEITTEN, ZARE, mghHEeEH, Hflx, Likx
THY, DOELADOHE YT BERRMERICH T2, B TIED 7208, TOFRTHLUTO
e m A3 i 5 A7z,

W77y —EETH-TH, EHmBRE WG O Z M3 2 Em N m@r-7, 3
bbb, EEIENA>SIEOFERITIRE o DRE ZICEFRR AR E T, EEiESA</LOfH
RITWICER & OBM BRI -T2, 72720, BFITIFEAEOMET, RfaDKE S LE
HimE X FERROBER, 2F 0, EHEARZIWVEEI T o b RS WEHAR H o 72,

3) FlstEBHh-ER (@K

FE B EEIRON, FISLEHIE L, T—2 06 L 1 EEROBIERE R 2 L TR
T, ZOFEEROSHMOTEEEIL, Ko A (cuB)) < (CrY), HEEEPA<ETHHoT=Z
EMD, —RT D L ERER (R-cu&L-Cr) & Ebiiz,

LvL, FE BIEAEFI A A%, original Cr ) T, SHHIETHOIRA < OF-(Cr BY) TH
Slc, ZOD, FM B NLHWTT S &, R-Cr &Sz,

W, Y JFEH AR C7REBNEE OB TH DA, T OERIZIKFE N TR A Bl
TLEEDOREBTHEL W, 25258, I TEHA LA TEEL TV,

T ER-CIENREBRZ 50 5 &, EHEBEINZDO- > CHEERERZ T L7722, Zo k)
PRI ORI o AN SWERIZZ0 L EIROATH Y, FISMERE HI L TTF— 2025
BrRAM L 7o, Amme LTI, —R3 2 &, A R-Cr 28 R-cu 2k L7z & b2y, B O
K23 17 (original R-Cr) Th o722 &b, R alIE KV /NS o2y, AHIEIZR-Cr &
Hr < 7z,
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) & R
i) BYILAEFHNIE, O [FcullZnzly (cu — Or [EFAIHIIZE(L)

Rt a @D cu—Cr, FHl B DO+ — I ~OEITHER SNy, WATIZIREE & Bz,
LLTIZZ OfRH#LZ 7R T,

P& 1X 2 (Adhesion 2) (23 TIE, C3 LR, WIEHIIAMEZ 2R T 72y, W27 T v
v — B (R-Cr&L-Cr) & 72 o> 7KL, Cl11 12725 T4 A (normal laterality, R-Cr &
L-cu) (IZITR ST, W17 7 v ¥ v —H(R-Cr&L-Cr) ZiffEfr L7z,

—77, &KX 1 (Adhesion 1) {22V T, C1~C5 £ TH:AE L CTHETZ AEHE L Tz
723, R-CriZR-cullZ2HF, CrOEEEAL L2 oTo, o v & — (L-cw) IZELD 720y
ST R BN T O A ZBIZ L2, AHIER-Cr OEETH -7, AFF 100 fEALL
AT OWTHBIAEE S ERZ1T o728, A Crid®IZ2 (ke T, CtoFEThoT,

UEND, By Z—(wlid7 T vy v — (R0 52508, 0 wMiTjtﬁfkéﬁ
RRMENREWEB 2 b, T72bbh, WTT 5720I21T(Cr 2 cu IZ72 5 720121%), CrvH
UILT, Bl HAETILE LW EE BT, RA[if)TH DRI F%@L’C %, AR
(EURFE AT RKEIEAE 2 0 I 97) (Haeckel) REfTHEALRR E BIFR L TWAH D d L2y,

B2 BY)3 % &, ‘regeneration load” L PRI D TR NF—We X A —T 5T D
(Mariappan et al. 2000), L2>L, N7V ATRXIAMNILELELLLOMEEZBYIL, B
B U 7= SN A 2E % /N BT (minor chela) (272 V), 5% o 7= SHIETAS K S (major chela) (272 %
(Yamaguchi 1977), SRIOFESERBRE NI Lo AR FQOBYIOFINLEZD &L, I =
LB ORI L - Tik, KEHM (crusher chela, major chela) 7> & /)NH A (cutter chela, minor
chela) Z{ET, BUNZ L o> TOHKEE B/ ZED Z L8 ATREE B 2 BTz,

i) Zou—ECr[CH2EH (ACrFEETTOD, Ecudlrik)

R-Cr DHYNZ L > T, L-cu 2 L-CriZZfbT25Z LIXZNETITIEH SN TV, AFIO
FEE S EROFE RN S, AHIMAFEE L T TH, L-cu 2 L-Cr (2281645 Z & 23
L7z,

Govind (1992) (Z1 7 A X —|ZBW T, T Cr OIFEN, £ culd CribT 5D &Ml LT
W5 EORERAESL T, AEIOFRERNG, THHHAFEEL TH, EFICHEEE LT,
Iy B =N Ty —lbZ L] PHB L, T IofitHEERBRcoOms 7 v

—HOWBLL, EOBRHAENET L & THIATE S, T72bb, EFICHEET S Cro
Fﬂ“#, OO T > 2 =30 T v v — (b T 2D&2MEilT5) LEZ LI,

i) RAKBTEI v vy—8A, RohiER

HARR Tl 2 7 v oy =B #m TlEE A CBE SN2, REIROTNV—27 T 7T,
15 EIRDONTE 7 7 > ¥ —HE 5 K (0.4 %) T, #DHTENTH 5 (Hamilton et al.
1976), BELL, BRATIE H27 7 vy —0FHET 50, HWELRWVIREE] &bz
EPBDTHTHLTEDTHA D,

iv) BREShi-5ER

AT TIE, BRI OB IEE 1T - 7208, Wi E % ORHFIRIE COBEE Y
HNEINIFRHTH D, AiltE2#E L TH, AFE8 (R-Cr&L-cu), 7 7 v v —
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(R-Cr&L-Cr) D 2 DD X A THRBNT=, £, M7 T v v —RTIE, #EHOKRXIIZ, A
BHIAS K, ZEASHANEITESE Ly, AN RO 3 BN A Uz, REOEELHEICL Y, 72
VKD AT = BET L0, TOFEKNESEBEAT HLER L S,
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8 BUYIZHDLEVHBOEIRVIBROZE (25 8)

1) sHHOEEBOBRER

FHHHOFREIR O 6 50 %itE (/T 25 %~ K 70 %) ZYlkR L7I-%E O
DICREDOE N Z G LTc, OO EIERTIX, BUITEZ 5o 7,

HIMOBRAZEMICBIE Lz e 25, WX (n=12) T, &THEAH &R

(R-Cr&L-cu, normal laterality) Toh o7, —7F, HEmUFRKX (0=12) TH, 11 KL
PHX & [6] CAFI| & B (R-Cr&L-cu, normal laterality) T -7z, %5 1 fEiKIL, HF] &8 (R-Cr
& L-cu) £ 27 7 v v —H (R-Cr & L-Cr) DFMHTH 7=, T78bH, RfadDRKES
2y, AHHHITEABX EFR U TH 72D, b9 —HOLEMMORE o 1, BUBXOL 7 Z
v % — (R-Cr) LW /NE WD, BAABEX DS v Z—(L-cu) LV b REL, WHEOFMOK
& X (L-Cr~L-cu) THHT-,

7B, TOWMTZ T vy —ThHoT- 1 EIRIZE L T, Cl TITo 7oA s O feE L
DUIFREIEITHRE T, UIBRORBRENTZ 7 v & v —MOHBUTRE L L1355 220,
FI8 B DIZEEDS 15 (original Cr i) 7>+ (original cu i) & H|HI3 5 Z ENEE Lo Tz
23, C4 TIE B 2SR5EM (Fig. 22) TH o727, ZHEHBIT DL ENTE R T2,

2) B

EHIEEL OEEEZER L COBRNPEENDD, AREBRTIIF & T OB (FTE)
i) Ot A 25 ~ 70 %UIBR L7223, £ D% DM THIE FORREOWEIIE Z 570>
Too AEIOFREREZER 7 THON TEFICHET 28 & F(Cn 23, FEFIEF (cw) @ Crik
EZIHIT D) EORBLEADETERT L L, BELMHEZDURINTYH, [IEFICHEE
5477 vy —RCt) BFELTVD ] LR L TWD720, FaEDMEKT, A
(L-cu) B Crib L7Zgnol= B2 b,
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1 AYSEFAFETEFL, GHHOBUICE>TEMEIZLS.

Fem—xt O OFERFRMEE, +HE REEICB W TEEE TH 5D (Emmel 1907, Herrick
1909, Przibram 1931, Govind 1989, 1992, Palmer 2004, 2012) ., 2% < QBRI EE
(durophagous crabs) (ZBWT , 77 vy —3A#MEIZ, v & =3I HD > T
% (e.g. Lewis 1969, Hamilton et al. 1976, Vermeij 1977, Juanes and Hartwick 1990, Seed and
Hughes 1995, Pynn 1998, Schenk and Wainwright 2001, Ladle and Todd 2006, Juanes et al.
2008), A& (@ E ) & AR & B Qs EfR Dt =R 1T, MR O A X () 12
X o THEZ DRI & - 7= (Hamilton et al., 1976)

Abby-Kalio and Warner (1989) {Z & % &, European green crab (shore crab, Carcinus maenas)
DEAMERTIT 79 Y% AFIEH, 21%0NERERTH -7z, LT, EMEH(L-Cr &
R-cu) 3 A I (R-Cr) O BN G Z V15D Z &) /R LTz, velvet crab (Necora puber) @
F| & F D Wi#5 (reverse  handedness) & £72, KO BEUICL 2D EHZ X LN TWVD
(Norman and Jones 1991), 7 /v —2 7 7 (Callinectes sapidus) CHEHHIZ 7 7 v ¥ —§iiHI 2
FFOBRDEFIGIL, Filn (KA X) & & big, FEFIT/PEOMEARTIL 100 % ThH o727, K
RUERTIX 74 %o~ &L L7z (Hamilton et al. 1976),

el (1996) 12 X 2 & A X OB (C1 ~ CI3) Tix 99 % DfEEDS, KIRME A OK ik
TiIE, =8 12.5 ~ 25 cm) TIE 91 % OfERT, HEINCZ T v v — (R-Cr) ZFF> T
oo FENT99NIC K D &, K el Tl S 7o/ N X (2 HE 3.2 ~ 182 om, #EE C8
~ CI2 5, 748 fE{A) TI%, AF|ZH (R-Cr & L-cu) 7 83.2 %, FEf]& A (L-Cr & R-cu) 7% 1.3
%, Wi7 > 2 —H(R-cu&L-cu) 23 15.5 % T o7z, AW T, HHID Cl 2 EFER,
S O ITHEM]THIE 2kt L7HET =12V TIA L7oRER TIE, AFIEEERD 82 % T, &
FIEEIAD 18 % Td o7 (Table 1), i S L7 IR & BRF K2 & oE THRHA7ZF61 (K
300 &) TIE, 75 %A AEFER (R-Cr & L-cu) T, 25 %13 /EF] &M (L-Cr & R-cu) Tho7o
(Fig. 13), AF]ER (R-Cr&L-cw) [IATE) £ & AR & T, ERSRUIERE TH D Z L 2HEN
INd(EBR2), EORERNSG, BICLsTERSDL OO, —RICIE, T I 8H
At (K 7 ~ 10 F) OEEBERE THDH EFRE D Th b, AWFETITMhMHIRD T I %
FHA L TS, (19941282 &, T8 JIFEKRTITA O Y I TaHI 2 Rk
XTHY, HBRZEIHRE TSR E STV D,

SR (B35 1 R ER) 13 Z22 TR THIBL L (Fig. 15A), Z4 ECEAXMMTH D 5 2
55 7 (Fig. 15, Fig. 21A ), A o ~"#I(M) IZIXEBGE 12 b o 728 & 72 -7, M Cl
OO REIT A F & A (R-Cr&L-cu) Td - 7= (Fig. 15D, Fig. 20A-B, Fig. 21), MBIV =D
FlEFIELGIND Z <, EAEOMERT=nbEENT- AT rs e ClL THAHINT
N L& H %W (Fig. 24, Table 10), #HHOEE S AF] & Th -7z (Fig. 15, Table 11), =
X, AREE, TP IDPEENLTEFETHLZ L 2mRT 5, 2 &bATun
M) BAREIE, G B 9T 2 &, FlEFE, S A XD % > THHIE D & 72§t
~J¥iti5 4 % (Table 8, Table 12, Table 13, Table 15, Fig. 31B-C, Fig. 34B), “Fl|& Foififiz
(reverse handedness)” 13/2 77 v Z — (L-cu) PEHUIL THEZ 620 o7 (F—ZITRm LT
RN, 6o T, FIEF(Cr) OWERIE, FIEF(CoBNBEYLEZGAICOREZ D Lm0
v, #iZ, A R-Cr) © AU A EWVERITIETHERE TH Y, RHOF X FOW
RIIENBE~NEERZ D, AREEEROEIGIE, BRFICEONTIIRE L & bITENT 5 &
MM S5, AR EEIRIE, JoidAH & EAER2 A H (original  R-Cr) D HUIZ R 8R$ 5 2 &
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T, AL TV D EHEEROT b, £, AR B BIRICAER TR o T BEIRIX, #iic/eF]
EF &g o T LB (converted L-Cr) 2 HEI L 72 W R Y, EELAFIE B2 bV,

W I CHERB I NI AT a0 ERE (T8), #HEOEE) OREIL, IERYRIEFEER
DEIAHF=DA T MBI 1 EHESD = (C1) TIHER S LR -T2 &inb, T
DHRIEAD AT a X(M) BERE TH LD TldnweExoni, 5% b7 v/X, /Jax
VY, TN—0F 7k EMOBYEEERFEARLIMLERH LN, HEEOPTYH,
HH IO XD 7By 5 EFE (durophagous  crabs) ([ZRFE 72 MEE CTh 2 AlREMED B & R
i,

2 MEFR A X(BHR)BKRELT, EVFAMEL.

B2~ HBREETIE, 77 v ¥ % — (crusher chela) 1%, 7 % — (cutter chela) |ZFLHE
L, I THEZRTL IO DHREN L, A=A NT AT =V (MA fH) B RKE WD
(Elner and Campbell 1981, Warner et al. 1982, Blundon 1988, Schenk and Wainwright 2001), 7~
AV a7 AH — (Homarus americanus) (ZEBWTIL, #HZ B U 2 5 A O GEER) 723 2
720D 2 ENRIBIFLTUVD (Lang et al. 1977, Govind et al. 1981), L L7anob 7 —2 77
TIE, MfMEOREIT Y 7 v vy —& 1 Z TREITZ )57 (Govind and Blundon 1985).
B2, sHHZPAC 2RO EE =2 — R =2 — 1 OO A XRLBUTE L T
WX, ZEAEFERFRIIESIZ S TH 5 (Govind and Blundon 1985), Z iU, 77 v v —& b v
2 =D F DL, PO BrEfE) & A =NV T RN T =V OEICERT 5]
REMEZRL TS,

HIR O Y F 1%, HROWmH 0 IZAETDHET), HBGHOWmERS XA D=7
RN T —VOERIC L B8R TH D (Wamner and Jones 1976, Vermeij 1977, Elner and
Campbell 1981, Schenk and Wainwright 2001, Swanson et al. 2013),

AP INZBNTE, B FIFNRERICHT S (Fig. 14), T LT, HICEFHBK
W ORI FTh - 7= (Fig. 12, Fig. 27B), WY A X (HEE, HiE) & sy o
R, BB OWraRCA B & ERICE/R L TOWREMERE Y, £ LT, FEFIE, EA
o5 H, BErFARRENTOHNRESND EHERISHLD,

ATTE M) B EO EHET = (CDITH A X/ h S Wiz, o F iz msElES
LT EIETERN T, Lnl, MO REEZ AL THET 5 &, EfimiTaH oI5 237k
S X v K& < (Fig. 21A), PNZEHE (closer apodeme) & A5 $HtiHI A3 K & < (Fig. 20A-B, Fig.
21B), S DIZA I =HNT RN 7— (input lever length) & SN K& o772, ZDZ
EMBMRCLIZBWTY, BB FTAMBMOLRRE WAREERE W EE X bR
Do

kD X o0z, FlEFiE, S, RlemBlOE s F7 & BmEICBER L TV 5 (Fig.
11, Fig. 12, Fig. 13, Table 1, Table 2, Table 3, Table 4, Table 5, Table 9) ,

3 ENZEDHYSIIIRBINTF.
FlE R, HFCBYREBEICBVL UL, BVt boHE2REZY, BT 50120
FHR| LB Z 5D (Seed and Hughes 1995, 1997), W =DOAF|ED AV v ML, AEOEH%
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UIBA9 2 DIz L7zfER & LTI &N TV 5 (e.g., Ng and Tan 1985, Dietl and Hendricks
2006), A ARA U A A X = (Eriphia smithii) TIX, AF|EEKIT, FH%EH Planaxix sulcatus
DRBUER O DB AT D05, (EFIEEAE) K 0 KT & - 7= (Shigemiya 2003), L 72>
L, ZERIEE, BETESOETENCE VT, WA ET AT v FERWHTZ LN TE A
V (Ladle and Todd 2006) ,

T DORRE GO B BB 2 A7z B <, A8 & ERITA R &
iR & v & HEIZEAME L (Table 18), HEFIGE/ 113 > TW 2 (R 5), B F & AF
X 35570 o 72 (Table 18), ZEF & OfEMERIL, IOl CHEIO B2 5k L T\ 5 &
BEAbND, O, BIZAHHEABY UEAER, BEREN DRV, Ry 2 —
L-cu) 527 7 v % —(L-Cr) ~DBITIZ ETHY, 77 vy — (bR ARTRRID, B
FHREEL, TOFEE, BEINTFERARERE 2 6T,

T, HUME, MYNBOEEENEZ Lca e i, EB 6 T, Cl THETHZ B
BIL, K& CI3pitcETHE LT, EREiTo7, PV ITIE, ARG T, H
BRI E L EBIC LR/ L), WEZkmd s &, AR EETREERDENMEN -T2
(Fig. 36), C11 5 CI2 IZATHo 7= F hidBr<d, AREXEHINA X)) TE T 7
D907 (Fig. 27B), Z DO X HICCl THEMAZREIL, EMIfAE LI TH, BH
EIFRITERE MRS, B F NS ERE IR GG 7o, AR EERIZERIN TF
72D 2 DRFIIA ) ? ZRAT D720, BRRFRRHEZIT -7,

ZREPHIIC, FlE FHTR-Cr, L-Cr) H#g3 5 &, PNZEE (closer apodeme) O i fe | L /= F]
& OF| & F (L-Cr) DTN S 7o 72 (Fig. 32), WZEEREEIL, U FNBIOHEHEZHL S
T D AT 5 (Alexander 1969, Govind and Blundon 1985), S RIOEERTY, EHiENE
YFINTHIT D T & DR S A7z (Fig. 14), Z D72, EREfEROF & FL-Colx, A
FlEEEOFEFR-Cr) L0 b, WEEIERT OB NINEEZZ B,

5T, AB=HNT K7 —Y (MA; IL, IL/OL2, IL/OL3) % th#i4 % &, L-Cr i,
R-Cr £V MA B/ NEWT & 3R S 7z (Fig. 38), Z 7=, R U THZERZES L
ThH, RCrOFVBRNMebb B2 b0, RKODTN—T T 7%+ 5L, L-Cr
IZ R-Cr £V MA & (IL/OL1) 2/ S\ Z & 3 41TV % (Govind and Blundon 1985) 73,
A, Cl TH#EAZBEIL, KCI3 ETRMIAEF LTI ITH, FAKOHEDHRIN
77

SO I OHET, MA fE(IL/OL3) Tl T 5 &, HF& oo R-Cr 1% 0.854 T, xf
35 EF]&E (L-Cr) £ 0.793 TH Y, L-Cr/R-Cr = 93.0 % CTdH ->7-(Table 19), ©F V0, [FL
JITAHREEZFESILTYH, L-Cr(ZEf&OF & F) 1L, R-Cr(HHE R EF) It LT, 93
%D LB bRWnEZE X biL,

PLED XS5 IcE 2 MED 6 b, L-Cr (R & EEOF]E F) 1%, R-Cr(HF] & LD
FEF)ITHKT DL, BOHEHEZHSEND, HFoTniEFx b,

YA =IZKT 2T T hmRe, BA=ICKT 2 =27 O X5 el [Ey H Tl
HER=RIZE1 S - 7= (Fig. 36, Table 18) 7%, &%, KBTI EEbRIB Y =12k
27 YU TIERETH 27 > 7= (Table 18), HEA =IZBI L THFEERT, HEW = DHEZE/REE
Bt SNABR N FXEATA(KE 193 ICBALTYH, 77 A3 |k d 5 &%k o0
W, WU, EREOHTFITH-oThH, @FHOAEETIIRE AR FETEN L b,
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EFMZEDOFEF(L-Co) L, ARIZDOFIZF (original R-Cr) ICEITLVE A, R—T
[F7E0Y,

BRI E AR L AR EEIR T, Fl&E FRITRE o« OEZ KT 5 &, Seimilin 84 F & oF|
TFR-CDIFHATHY, LREOFEF(L-Co)lFroTo, RENFE L ThHiLE, R-Cr
DI BHENLEFE L 72 VBN 3o 5720, Bierx AR E#E 2 b,

PR DERADOHMM O M B Ey OELAMIMOTRED, EH (V7 T vy —L Ty Z—)
THIe D Z ENHE STV D (Torben et al. 2015) 23, FHZEH BB L TI%, BRI
TE BT 2 IO T E T AT TR0,

AlEl, HIHOFY B ABIZET 2L, RCIFTHTHY, L-CridEIC+RThHo7z, F
7o, AR EEER LX) O L-cu 3+ TH Y, R EEED R-cu (Z+8 & ZOMAT
bole, DF 0, TENIAHF X EEDOF] X F (original R-Cr) IZ[RE S 4172,

WRIT D S XD ORE o LEHHICEH LT, 7T vy =Wy X —aHEESNT
Tl Ebhs, AFEIORE, HpIZIE, 18, +8, ZofBio 3 SIChEL T, i
L7ce DFV, EROEZ Ty v —Ii%, Ria/HigB=Cr/CrBITHY, 7T vy
—X Cricul W25, DF Y, i (original R-Cr) (Z/3—7 = 7 b Cr (perfect crusher) T&
D, %% (converted L-Cr) (ZFEAMICATES 72 Cr (imperfect crusher) & W25, 72721, FHE
B DR OEN TR L +AD I L Tk, BENZED XS IT/EH L TWA MR TH D,

7B, BEENRDHY, FHIRKRORKIEARTIEL, L-Cr TH->ThH, RCriZHELWERD
TR STz, LovL, 1ZFEAEDOFERICENT, EREof & F(L-Cn)ix, BURERD
N AR X E IR OF| & T (original R-Cr) &, BALMNIHR D Z L2V LT,

4 ThHyBZ—(NHED NS T 5y v— (KEHED ~DEIL] (TR,
KEHEN Cr) (X, BUIEE< LT, /MBI (cu) 1T 7ELy,

lcutter (minor chela) — crusher (major chela) | [FARFIHIZAL S L <X, WfTIREE v HE
PES @IV, F7z, BIRRRTIE, BUEOHH L 0 /NSt A XOsicEDL 5 2 & b INEET,
WATTHTOIITEUNLETH DL AREEREWE B2 biLlc, UTNIZEDORILEZ R LT,

A BT AL, I=AFIEINPRVDODXA—VUREF)EZAI ZERDbNoTED,
"regeneration load (B{IIDFAEIZLE D VWA " & LTI H ATV % (Mariappan et al. 2000)
LINLBRG, "Iy A~RxFOlE, EH0ba0LARNWE, BENEREEE 72
v, WEEBYIT L EWF /NS REENC 2D, P IOBEE NS —RT DL X EEX
HiBFEEE S Z & T, HEOLELFIO— 7 53 KEFH (major  chela), 57 23 /NG T (minor
chela) |Z72 % (1L H 1981),

Table 20 & Table 21 |2/~ & 91, AHHOEAEBERTIE, Fl& F GHEHE) O R-Cr 2 £
A LATEE 2 AE kT 2 &, ALPE LT EROMEART, FERIE F () @ L-cu 7»& L-Cr ~
DELDR B>, —F, #3E Lz R-Cr i, 2T, ~AECr 0FF) Thotz, FHFIEF
L-cw) 37 7 v v —(L-COZZALT 575, FEFR-Co) DS Cr 005 cu(R-cu) IZZALT D
DN, BREBDLND, 728, FEFR-Cr) DAL L7272 E, FRed L 5T S
%

NI RV IIRFMETORGIE TV I OEERBROMERN S, =138 L0 /NS 7228
[l (cutter, minor chela) 7> & K & 72§ (crusher, major chela) ~DZALILXFIHETZ DS, A A[RZE
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IETHLAREMER B Z bivTe, BIG, TCr (R 225 cu ChETHD 21ED 121, WoTo A
B2 B LA LW E, WTIREE RrTRetEmn e B 2 b,

Cr (major chela) 72>% cu (minor chela) Z{E5121E, —H, FEEISHIZLO L DR A D
D5, BTN & KREFII~DOZEAIZ R A Th 5728, /NI RH A 1ED 72127 7 OHTIH
ZHUIL7TE WS Z LK TRHIATE D, b L, REANS/NHINEZ S22 ERTED
25 QFATRIRER D), U A~IXF DI oMM A YT 252 &<, ROPKIZE -
T, R ENEIEAZ S <UL XN T TH D, F72, T I Ot H#HE R (Adhesion 2)
TUX, 3 WHED = (C3) LABHEBERE 2T Do 72, W7 7 v oy —RIERIE, #EEo
R #% (CI2) 27> Th, M7 7 vy —HR-Cr & L-Cr) Tholz, W77 v+ —T
%, BYEMHEREICBT 2REMED A Y v "B ES 2o T LEI D, —FHBR v Z—IC
ROoTbHLEWETTHhs, b (77 v v —ZHULHAELRTNE, By Z—IZhi
RN TehEFERBILD,

5 ZEAFEXTHEOMEZERFOTHEB RRE GHHAERIEXFTFE G 51BFE).

NIV UFTRXORERLT AV a7 AX—PNAEBROBREER (B ERES Lo
TofRBRRC, A5 OO B 80) 12 K - TEAIERFRME (asymmetry) 2834 5 — 5T, TP T
AEBOBRBRERICEL ST, ATagiAMIC25 L, BRICELGIENREDRRET 5
LEZIBNT,

1) DY) : NO 2V IFTRTDE.

NG 'A< XX (Uca lactea) DIETIL, AR E &R XHEOLFIZIFIEEL W
(Yamaguchi 1977), L2 L, flio> > A~ xF41 (Calling Fiddler Crab (U. vocans) , Tetragonal
Fiddler Crab (U. tetragonon)) DHETIE, 1T & A ENERETH S (Barnwell 1982), 7 &
AT A XOMETIE, MY = (uvenile crab stage)F TIXAAEHIIMFRTH DN, LA L
H OO Z BRIZH Y U 7o BRI BEMEN B L, #E R AT KRB E AR (5 KRB & e/
FHIH & A KRB (F KRB & A /INHRED 23 ZIE R U R 72 5, YY) L 725 O 23 /Nl
W& 7z0, BEILRh o727 ORI KEFNIZ 722 2,

b LAEAME#HNERIRFET 50, FRFICEBY LIZGATEL, WK S L < I3/hef
JNZ 72 - 7= (Yamaguchi 1977), Z OFERIE, EH 00— FOMBMMNBYIT 25 2 & BN EAIE
Wa e 2 EERER (5] &4, trigger) &R DT AR LTS,

2) (BT 5) $HMOBER : 7AV A2 ATRE—.

7 AV a7 RS — (Homarus  americanus) Cl%, SO FHE 23 R E 7 5 5 L1 (the
critical period for chela differentiation) 1%, % 5 # (the fifth stage) Toh > 7z, SO IEXIFRIE~
DFEFEITIE, 5 BHLLE, %8k OREREVHE DO FENLE TH - 7= (Govind and Pearce
1989), BANILEAHME v X2 —ThH D2, IZULDICEVPESEALTHI S & LG
L<IFHNT) FTOHMR 7 Z > vx =2 b, ELAIFAH(T T vy —& N v Z—) L
Do ZOMWE LD WEHTEHET L, EAMEITH by X —DFEEThHoT
(Govind  1989), 7 7 v ¥ v —OREIT & > TEHEZRRH () 13, B=AICRESHLTY
L, FEEEOF| X 4 (trigger) 1%, TH#HOMEH] &9 B CTH 5 (Govind 1992),
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3 AHANRTHHAZFIZHESLSIICTEFNTL 5 GEGHICERER) . AH=.

AT NM) BEO 1 iHET = (C1) LRI E RIS L7223y, Y CId/atifo Ao %
R LAR<STH, AHr M), Cl KR CREIZARE R (R-Cr & L-cu) Th o7z, 72005,
AR 2T OO AU G E &2 > TWRenWZ LITHETH 5,

Flo, BT R —THEINTWDLEVEZRELS EWWH ZEIZELTIE, TFI04y
i7<z4)fﬂiﬁﬁﬂfﬂﬁg(%1H@Hﬂﬁﬁé)?%@ M LB DS &35~ T, <R (@)
B2, w2, M LRID Z4 ICBWTHINER T2 S Fie Z LITTE W), 5
&b\5%IJ%%%I%’€LLT“%N\&%K%>O F72, M ECLIZATERZE 25 EAHMTHE
DATENA & o 7o)d, FEAFETHE S TV DT ¥ 7 3, MEaXR—F, TLTIT7D )
— 7V 2G4, BEMED 252 TH HEIfTE % & %fm:oho MEAETIE, Zhbo
HERRAYER & 2 WA I TR AE X 1T > T 525, M, Cl J\Iﬁﬁ%’@xé&, B e
(R & F (e < HEI4TE) 2~ L 7= (Fig. 24A-B, Table 10),

EBI, ENEOMRNLAEENEZM & CLIZBWTY, IXIERENEFE (EVEFE2 A
TR ) TH o722 &, EBIZZED Cl OETHAFE A (R-Cr & L-cu) ThHh-o7=Z &
5, W IFBEEMICETHAEZMTAEEIN T D EEX DN, 1EL, 24 FTIdAER
HFRC, A& OMWE OBRE, 1TE) NEBRICEET 201 A T SM) LEx b,

6 HYIICHETLHHHOAERETHLENETROTESLET.
B L=EMEF (rR-ou) (X, TOIEFIEF (original L-cu) kY KE<
Y 55%.

RO A B a AL, Yo T7HE LN =OBEROSAETHY, £ LT, NEHEE
HANHBIERE © BIIZ 2 3 5 (Felder et al. 1985),

AW OLAF] & B L R E RO TE D% Fig. 34 (278 L7z, Fig. 34A 288 A
Gl L7e o 12354 (ALEX) OFHZ R LT\ 5, BV JIHOIERFREIL, 2 DOIREE
D AT Tk THET D (Fig. 34A), wAIDH 1 AT v 7 OF Y 22 ~ 74 OHIH (S1 ~
S2 HAT) £ T, SHFEIIIZEAXFRCTH S (Fig. 15A ~ C, Fig. 21A, Fig. 34A), H2 AT
v (S2~)DF N MnD, EAENHNET D,

AU ORI, B X (FiE) 7200 T < (Fig. 21), K o DJEHE (Fig.
15D, Fig. 20A+B) °HNZEE Y 1 X (Fig. 20, Fig. 21B) IC b IEHT D,

AU OIEIFRET, A OFEE S O MR ZEE D22 (Fig. 15D), S5 A X o0&
VY (Fig. 21A), WNZEELH A X D3E L (Fig. 20A B, Fig. 21B) ([ZB\W\ T, A H 278> TH)
DTCHERSINTZ, £z, HARAEOWEIL, MY =0F & RICEEINLR»-T,

Fig. 28 & Fig. 29 # [tk 9 5 &, AHIMBUIX TIX, Kl o DFREL V1 XL, R-CrDa
(FV PF I RCr D @) ISR, —F, EEHOFHE B (L-Cr D B)1%, (L-cu LFEL)+
BMOEEThoTc, TNHEETFREN FHE) 1L, BU#%, 1 FLLEG9% H)#RE L7
C12 ~ Cl4 fARIZEB W T b ERE S U7z (Table 14) ,

FEAEOTF I 2FBEIITN2E, 3FEICITN 1L TS EBbhd, HiticsE
RBLEZ T v v —(L-Cr) &7 o 2B O Btk 226 D TIR (el B) 1%, Bl shAdHi (CD 2
HUIBEZ > TH, AU PF /0 R-Cr OHPIRZEE (I RY) L [FE 23 baho e (FRITH -
72)  (Table 14, Fig. 28, Fig. 29),
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Fig. 34B |%, AF|E kO TE 2R EAHMOKRE I (EHiF) TRLTWD, B TrL
oM, Fig. 34A O/3%—2 ABEEX O, BY Lo 788) 2" LT
Do FEFE OfEMAIL, 4 #H (original R-Cr) © AU ZFRER L T\ 5, C1 THIEF[R-Cr) & H
LB aERLTEY, @, C2 2 C3 CTHMMNAEAT S, AU LA E T
(L-cw) 1X7 7 v ¥ v — (L-Co) ITTERERAL T 5 A%, MEAVER X (H DR ER O M A5 51 & {5 4) DF]
X F (original R-Cr) XV /&L 5, —77, BELEAMEIIS » & —0R-cu) 720, Vi
<&b Cl THULESGSIE, BEIOMNKEITH &, WA X (GF] X E{K) OIEH & F
(original L-cu) XV H K& <72 %,

Fig. 34C 1%, LR EEAEROLEAHICEI L C, v T 71 NZ%EIE (closer apodeme) A X
O Z R L TN D, pfR TR L2 BRI AL X (1) & ER) O plREfE 2~ LT 5,
42— B(Fig. 34B) L[AERIC, ZERI&E EIRDOF] & F (L-Co) 1T4F X EAROF| X F (original
R-Cr) LV, NEEYA AN ErFhb/haLl b, £, EflEOIERNZF (R-cu)
%, HFE EEOIEH & F (original  L-cu) Zi#iz 52 &3 <, NEEY A XL TN
I 4 25 (R-Cr & L-cu, L-Cr & r R-cu) Tl FLIZ D 2 HZRLTUW5D,

7 “EEICHEETIISVOY—" OFELN, REDHYE2—GEFEF)MN
2539 oy—itTHETIHT 5.

H7 AL —=TIE, Wy Z—H(R-cu & L-cu) »H1%1Z, —H, SHOLELAMENRE LT
%I, 177 vy v—DFERN, EOMHN 2 Z v o v —{bT 5D %M 5 (The presence
of a crusher on one side inhibits the other side from becoming a crusher.) | (Govind 1989,
1992), B 7 AKX —TlIkEx B Z1T-> T, M7 7 v vy —BIETERhotz, Fiz,
H=THRBIETITSElETIE, W27 7y vy —H[R-Cr & L-C)IEIFE A EH BN
(Hamilton et al. 1976), AH 2B\ TH, R-Cr BYIZICEZ 5, GO L-cu 7»5 L-Cr
~OEL(EBR 5L, ZOFRTHHTE,

LarL, AlEo3E 7 CH#o#ER ) Tk, R-Cr(G27 7 v v —) BMEET D5&MHT
BB 53, AN L-cu(h v % —) D L-Cr (7 7 v ¥ v —) 122k L 7= (Fig. 40, Fig.
41, Table 20), 3Bz 7 Ti%, 20 KT 10 fEED M7 7 > > v —A (R-Cr & L-Cr) (ZEfE L
T2o R-Cr(F7 7w i —) 38 SHIERIZHERE L 72 < Ze o 7272, Wi O EPIAl (L-cu) ~D
[ERKbiice B b, TORE, WOHMME L-cu) 2327 7 v v —(L-ClZZ&fb Lz &
RN C & 7=,

SR OL M ORERER (EBR 7)) OFRNG, ThH7 7y vy —DNHFEELTH, EFITHK
RELRNIE, ZEH v H =N Ty Y —IZ20 9552 &) AL, Govind (1989,
1992) Du 7 22 —\ZRT ok, ["EFICHKET D7 7 v v—" OFEDR, WOHA
77 yvvx—bTo0EMEITLH) LWET LI LT, SEOTF I ORE FOHEERBRD
MR (W7 7 vy —DOHBDICH LTS, BWHTLZLRTE,

FHHH O Je Bl brakiR (325k 8 ) TiE, Fl& F (R-Cr) O ATEfE D 2 Uik L7223, Fl&F
LR U722 o 72, 1RIEEFEIRN A F] &AL (R-Cr & L-cu, normal laterality) O F £ TZE{L L7
Mol DFV, FimUR S AZEHI (R-Co) 1E, “IEFIZHEET 2 C Sfirshizizo
L, MAST N TE T,

FET, FlxF CHEED) 5w (1/4 FRE) A KB LTS, TOMEFTT VU 2 fF
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BAEZBE LAY, Zopb Eiofiimaf L Tnb Wz 5,

8 EYBMaiEESE (durophagous crabs) DFESEIZ4ES BRI =MD IEHE.

) BYEHOEREICSITHRHEMEDODEEK.

FEFIE, BYET=IZBWT, BEWEER Oz &7, BT 58RI TH D
(Vermeij 1977, Brown et al. 1979, Govind and Blundon 1985, Seed and Hughes 1995, 1997,
Sneddon et al. 1997, Yamada and Boulding 1998, Scheck and Wainwright 2001), %A & OEYf
PHEEBFIZBWT, AFAEXMEIIESTH S (e.g., Lewis 1969, Vermeij 1977, Brown et al. 1979,
Abby-Kalio and Warner 1989, Seed and Hughes 1997, Schenk and Wainwright 2001) ,

HY BT, AR E AR IR <, RERTBIERT BN, ERRICAEZRN T
2 OV G O (RTEFEHY) OATH Y, FREFIIHEZZZTHHEITTho7z
(Fig. 6), W xIZ, EWHZM< 72DITIX, ZAAHHI A3 FR (i D385 FR, symmetry)
E0d, PLTORAFOE S FHRRNZ ENEEEZX LI, £OOIZIX, A
(asymmetry) D G RAF|EEZ BND, EAMHTH L%, LAHMORENIIFEETSH S
Wh, EFITAHME S &L S CHEESND, EAIFIMmETLZET, A e &
FEE 4 720, BEWHZRESBRICARIE B 2 6D, oY MR R C Rkt Z2 R~T
b, EEICHOBEZ DIZR T OMMOEEREWEEZ NS,

Flo, EAMHOERTA I =ANT R T =V E LSS, 77 vy —L0 b
B B —=DIFHR/INEo7= (Table 16), Z D Z L1, [ U TR (closer apodeme) %
WG E, Ay 2 —OhPRRWEETHEELHALL N TEDLZ AR LTS, #it
W TREZMET 50 EORRVENERER SN 5AI121E, HEITIIAR Th o7l v ¥ —
DHNT T vrx—&0b, ARERLAEENEZ OGNS,

2) AHZRORYBRMEREICETHFEFAEUIRD REFOHE.

A h—22 77 (Menippe mercenaria)°7 )\V—7 7 7 THERET-IIHER STV D (FIE T
HU%ICE = % TR|& Foififiz) (Simonson 1985, Govind and Blundon 1985) 23, 4 X % A4
WERIE FO RO (328 5) THMER Iz, I 61T, RERTIE, 1 Y =(C1) TH
I Z B EIt%, RETH 14 T =(Cl4) £ TEMMEAT L CHHE FERLREITRE S 20
Sl NG, IFIDHFEMEZETH L, AJE BEMICH, TEINICL) ERETHD
EEz b,

AHIZENTH, —EULEOKRE SO, HOERNER (X = MOBER) 2 v 7ilBi T
%, AW TGl LI HERTE L oE gl s, 72721, [T R ZEREERIC
HZTH, T LbZOREHTE2TLHEITRLRoTc, ZOHETHERWTZSGEX, F
TFRICL > THRARD & 5 Al Rett %, BRFA CTIERETE R, LaL, HH T
REBRBEHOALZFBIRWICERDDIT Tl <, MICbEkx 7268 (ffE, 79 U%ED MK
H, Z2FE, HEBEH LELEE2LND, b L, TFIDEETHEME PERICH
FlITHIUE, ZEFEERZ, O THAZITR D T EZIERTT S IZITAH & b b,
THFIZBNWT, ARIEOFFENERELIIZSORNVETH, KBRS WNWEBZ 55,

Ml FRUZO TR FoMiE) OWEEZF - -BYRERETIX, £IET5 LT, A7)
T LAERETIFERE RENRE N, —H, EFE (L-Cr & R-cu)lZRo72%1%, HF
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%mCr&Lmﬁ’E%@m&%i%hé FRIZIZHLED LD L EREOEEE T HN
FRIThHHH, BYEMEEEBEICIEMNNE T2 BAU%IC TR X T O Hfis (reverse
handedness) | 23C Z HFEFAN LN & ,EE'\Zbihéo

£, e, 7T vy X =R o eI (L-Cr) &2, B v Z— (L-cw) IZRTIZIE, ICr 1%
HEMELS LT, cu I[NV PERLTWAAREM L EZ NS, 22T, A7y I v
Yy L LI ES N (L-Cr) | 22 CHYLT, A7 7 vy v—R-Cn) 2EESEHI1FIER
FEDOAY v MIENDOTHA I,

NFAHY AN (ERZHBERB) ICHTHFEFEURD TEFEADERT O
HE%

SR 2 Ff o 7= HIE HaE 1T, DTS 20N AEF 8 (L-Cr & R-cu) OFENFIET
Do AHY RO VENRED THDH, T4 0-Y KAV (Coenobita rugosus) (X8 F, FED2%E
HIZA>TWD (1ZE A EOERIIAEE TH D), Al REWEmE, HitoH AR
PLET DHEREHZ K7 (F97) ORRICEAC 5 Z 212k - T, FMOR ALK EZBE L T
HEBEZLND,

FTXAAY KB VOKE Cr AT DL, WROFAOMEL T K (C) AHAEL, T
DR E RN )T L7z (Table 22), 2O Z &b, FlEFAHUNC K HH & F O fmE
(reverse handedness) Z 7272 & B2 bz, b L, FlEFRHHEE LA KRR (R-Cr & L-cu)
(WA AUE, AR WA cu ChERD & 720, BUITH| 23A D 5133 O H 2
RELRY, REBATEVPET DL EBbND, 2%, FXRALY LY TIAEMNEH
(R-cu&L-Cr) N EEIZAFI TH 5728, FlEFOWLEEMEEZ -, FIEFLHULT
b, ARERIERT 5 EHERI ST,

b Z &b, YN, EMESRTRIANEMR-Cr & L-cw) THLZLDAY v
RO LTSI TE RN, TXRADY R UREMERTHDL Z LIZEORE (T FA
YT W EE X b,

4) AT FLEEEFEN?

HEZERLT7 AV a7 24— (FUH=TH) OFEFIL, BRWIKREDDR, HF]
& LEERIE OFEIGIXIZEFAETH 72 (Herrick  1909), & L, AFIEBEBMICHERITHI
X, £iflE& R-Cr & L-cw) REZWTTTH 5,

@#@ﬁ‘@@@%iﬁ(@%TE) IZBWT, AR 7y vy —ThoHZ L1x, EAIEHR
DEWEHZ W T2OIIZARITH Y, HEE LHEE 0Lz O VT, FBST LD
(Abbay-Kalio and Warner 1989, Seed and Hughes 1995), L72»L, ZO#&ETIE, £REH5
R & ~DOF] & FOW L4 (reverse  handedness) (2%} L C_ETF < §iB 23 T X 722\ (Ahmed
1987, Govind et al. 1988)

AY I, HOBREORE SOERZRIRIZENDL DT TIERY, AR THF IR
AL TS HT, JEEICEREBNERT, L&A AFThOEHE, AiHoOBY)
BT AAF] & (R-cu & L-Co) IZHHA L T, FAELIAHTE (R-cu) 3 dH HFRE R E <
RO TeRERTTC, AF]E& R-Cr & L-cw) IZERT 23T T D, AHAZ BB LTV I3,
ED%, FMEOEET-LEEDHEN) Z E1F, HFIE R-Cr & L-cu) & AF]E R-cu &
L-Cr) CREMN-DEZEZ LD,

AROFRER G, AR (TH), HEHOER) I I DAEENY o T2 BBAY R FE S
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2 BTz,

DJRBITHPAENRY 2 TRICHEBL LT & B 2 b1 H (Brosing  2008), Dk, AN A
DB F Dt H7 = (durophagous fossil crab) Megaxantho zoque D #HINE, Bl 6 T HF] &
4 (R-Cr & L-cu) Toh o 7= (Vega et al. 2001, Dietl and Vega 2008), FLEFEDOILAFLEIE, *
D% DT AERGERT O LB A d OVER(R (the Barly Eocene) | £ TIZIX, 1 & A E O3RN H
Bl L 7= (Brosing 2008), M. zoque (XA AFAL DMK D ITHEPK L 7= (Vega et al. 2001) 73,
Y RERAOZEMET, PARBEAEND, FritfisEr O (the Early Eocene) (2
HEMTTRES L= (Oji et al. 2003, Schweitzer and Feldmann 2010) ,

BAF$ % B et 0 4 2 8 (durophagous crabs) (3, 1E & A K OFEAAF] & A (R-Cr & L-cu)
Th D, HF]E DOFVE (right handedness) (ZRY) BEMEOFEIHOHICEFEZ B, £ D%,
fEbZ R TEARIL L, 4 BBER L TW D AR E RO 2 Ff>2 T oORMMEEREIZI &
RN TND LB Z BT,
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¥

EMZARVERETE - 205 7 0 ¥ = 27 & (NPO {EN) O ZRGATIH 12T, ABFTEO BG4 975>
SAGRILDOMY £ LOICELET, ZLOEREZIHY £ Lz, MILKFERZ R A KRR
Jekt (B A AR & M BIR AR 51X, AR SCHELANFEEICH T2 D % < O /21
FEEZY £ Lo, MILRFRERE B AR AN TER B A 2R O KB b Y
(R HREMEBIR D S IIAGR SRS H T2 0 BEHRMEEEEZE Y £ Lz, KENTE- ZEHK
i BAEXOKEERTFERT & AR 618, WET —Z OFFSCHEHEITICBE T 22 < 0
HIEEZHY £ LT,

IKBEWTTE - ZUE RS WU NHEDOKBEDTIERT MERE AT HEB I JE > 7 — W L —7

HfE L, FUKENIFERT MR EIREE 2 v —7 AL BRI, Y GhiE
MEAT =) Rt L CIHE £ U, MIILEOKERBG SO A — K 61%, H9 I HET=)
LRl CIHEE L,

] LR R AROK EE RS & 1 > & — K EERFZEFT O TRTAT R O ILEF H e Rl +, SR RARTTR
OKERRE), #rsalpTk, B MRIFTRICIE, AOEOZTICH o> THiAx O ZEE %
THEE L7z, WHIEEERICE, MERBRICEL TERREEE LHEEHE L L, %
EERBTR LA RIERIRICIE, TV I (OAE-HT = - BT =) 2Rt L TIHE £ Lz, FlE
FORFBIMRRERL, SARIEFRROEHEMRHINLY FTE £ L, MAEZRIZIEE
J AN = (A M =) 22l L CTHE £ Lic, AAREK, NRILFHK, FRAIKE
T, BES I THAOZTEE E LT,

ESZAFIERISEIE N BB AT IERT BRETE IR AITE R o Z — DK gkttt Gofi 1R AR
KEREE > Z )T, KSERIZHTZD 7 FAA A&TAE £ Lo, KEALKIZIE3K
PEWFZERT (H7RH]) TOE T I 2 THE £ Lz, IHPEFR N »6iE, BFIENT
KF, JEHEZRT RS AZTHE L £ L7,

AMFFECB U TS Ll 2 T S o 1o ERRITIS, D bESEHLAZR L BT ET,

RRIZ, ROAZRTOILKEF & 5 i@k 2 i F s OREEY L &) 12 2>, FlEF
B L CRMCZ AT L T e U, Dbtz L BT £,
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Left cutter Right crusher A

Propodes u - & 2
Crushe Cutter
(R-Cr) (Fixed finger) (L-cu)

Dactyl

o height

o tooth

Fig. 1. Measurement of chela and carapace width.

(A) Dorsal view of the whole body. (B) Frontal view of right and left chela. Left: Right crusher chela
(R-Cr). Right: Left cutter chela (L-cu). (C) Maximal and minimal propodus height : Propodus height
(max.) includes the spine, while Propodus height (min.) excludes it. (D) « height.

(E) Double-headed arrows indicate closer apodeme height.
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Right crusher Left cutter
Dactyl (movable finger)

Fig. 2. Photographs of right crusher and left cutter chela showing ‘Alpha (a)
tooth’ of dactyl and ‘beta (B) tooth’ of propodus in a female of C13.

Alpha (a) tooth is the major tooth located at the base of dactyl (movable finger). Beta (B) tooth is

the tooth located at the base of propodus (fixed finger). No experience of autotomy.
—Fig. 7 (Appendix).
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——

Fig. 3. The chela opening and closing systems in the right crusher chela (R-Cr).
(right side view)

o.a.: opener apodeme. Solid and dotted arrows indicate the movement of closer (F1) and opener
apodeme (F2) and the dactyl movement caused by F1 and F2. Mechanical advantage (MA) of the
chela was calculated by the following formula: MA = Input lever length (IL) / Output lever length
(OL1).

Closer
apodeme

Fig. 4. Left side view of an isolated right dactyl of a swimming crab showing
input lever (IL) and output lever length (OL1, OL2).

(left side view).

The measurement was done from the inside. Mechanical advantage (MA) of the chela was
calculated by the following formula: MA= IL/ OL.
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fulcrum

Fig. 5. Photographs of a left crusher (L-Cr) of a swimming crab showing
output lever length 3 (OL3).

(A) The chela grasping an artificial tubular shell.
(B) Inside view of a dactyl showing the base of a tooth. Red arrow indicate the OL3 point

(the black point).
(C) Side view of a dactyl showing output lever length 3 (OL3) between the fulcrum
(yellow spot) and the OL3 point (black line extrapolated into vertical direction from the

base of a tooth.
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/-

crushing-with.the-right-chela crushing with the |eft chela

Right-hand crab Left-handed crab

Fig. 6. The basic pattern of "shellfish-crushing behavior” in a right-handed and
a left-handed swimming crab.

R: right chela, L: left chela.

The crab picks up the shellfish to the mouth by either right or left chela. The crab bites the
shellfish, and if judges it is hard, it starts to perform 'the shellfish-crushing behavior'.

The behavior consists of the following processes. The crab holds the right chela (dominant chela)
in front and the left chela on the far side, then tries to crush the shellfish with the base (a tooth) of
the right chela by moving the right dactyl (movable finger) several times. If the process were
observed, we judged the chela used in the shellfish-crushing behavior as the dominant chela.
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™

SGP

Fig. 7. Apparatus to estimate pinch force of the chela.
TM: Tension meter (drag checker). SGP: Steal gripping plates. PEL: Polyethylene line.
Pinch force was measured at the middle (1/2) or 2/3 point of the chela
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Left handed

Right handed

Fig. 8. Ventral view of left-handed crab and right-handed crab.
Handedness was judged by the shell-crushing experiment. R: right chela. L: left chela. Note that
in the left-handed crab, a tooth (yellow arrow) and propodus height (black arrows) are larger
in the left chela and the opposite is observed in the right-handed crab.

Closer apodeme

Right -handed crabsm

Fig. 9. Comparison of closer apodeme size between right- and left-handed crabs.

R: right dactyl (movable finger). L: left dactyl (movable finger). Closer apodeme size of the left
handed crabs is greater in the left chela. The opposite is observed in the right-handed crabs.
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Fig. 10. Difference of closer apodeme height between right- and left-handed crabs.
All crabs were females collected in the field. Right handed crabs (n=23). Left handede crabs (n=12).
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Fig. 11. Difference of mechanical advantage between right and left chelae
in the right- and left- handed crabs.

The mechanical advantage (MA) was calculated by the following formula: MA= Input lever length
(IL)/Out put lever length (OL1). Open circle, right-handed crabs; cross, left-handed crabs. All crabs
were females collected in the field.
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Fig. 12. Comparison of the pinch force between right and left chela in right- and
left-handed crabs. (Difference of pinch force between right and left chelae in the
crabs with right larger chela and those with left larger chela.)

A left-handed crabs. O: right-handed crabs. The dashed line indicates equal closing force (N) for
right and left chelae. The pinch force of eight individuals (right-handed crabs) exceeded the
maximum level (150 N) of measurement (shown on the right edge of the figure). All crabs were
collected from the field, but note that the proportion of handedness is not reflective of that in the
field. Left-handed crabs: 12, Right-handed-crab: 19. All crabs were females collected in the field.

150F

Left chela(N)

Right chela (N)

Fig. 13. Difference of pinch force between right and left chelae in the crabs with right
larger chela and those with left larger chela.

(A) Pinch force [N: newton] of right and left chela in individuals with right larger chela (open circles).
(B) Pinch force [N] of right and left chela in individuals with left larger chela (open triangles).

The dashed line indicates equal pinch force for right and left chelae. Crabs collected from the field or
raised in the laboratory were used. Wild and bred crabs.
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Fig. 14. Relationship between the pinch force and the apodeme height
in the swimming crab.

Red marks : right-handed crabs (R-Cr & L-cu). Blue marks: left-handed crabs (L-Cr & R-cu).
Female crabs corrected from the field were used.
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Right Left

the 15t pereiopod
rudiments
(claw rudiments)

the megalopa
claws

C1 (TCW 5mm) Ridge lines

the crab
claws

C13 (TCW 13.6cm)

Fig. 15. Development of the right crusher (R-Cr) and the left cutter (L-cu) in the
swimming crab.

Exterior views of the claws are shown.

(A) The 2nd zoeal stage: Z2. (B) The 3rd zoeal stage: Z3. (C) The 4th zoeal stage: Z4.

(D) Megalopa stage: M.

(E) The 1st crab stage: C1. (F) The 5th crab stage: C5. (G) The 13th crab stage: C13. Female.
a: o teeth. Red arrow: a canine (a tooth) on the right dactyl (movable finger).

-96 -



Fig. 16. Ventral view of pereiopods anlage of Zoea (Z3).
The 1st pereiopod anlage is the anlage of chela.

Fig. 17. Lateral view of Z4 of the swimming crab.
Photograph of the last day of Z4 stage. Arrow indicates the 1st pereiopod anlage.

Fig. 18. The 1st pereiopod anlage (the claw anlage) of Z4 stage of the swimming crab.
L: left. R: right.
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Fig. 19. The 1st pereiopods anlage (the claw anlage) of Z4.
Upper: the early days of Z4.

Lower: the final day of Z4 (the day before molting to M).

R: right. L: left.
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Fig. 20. Closer apodeme of the megalopa (M) and the juvenile crab (C1).

(A) Dactyl and apodeme of megalopa (inside view).

(B) Dactyl and apodeme of megalopa shell (outside view).

(C) Dactyl and apodeme of C1 (inside view).

(D) Left and right chela of C1 (inside view). R: Right chela. L: Left chela. Double-headed arrows
indicate apodeme height. Red arrow indicates a canine (a, tooth) of the right dactyl. The apodeme is
not found in Z4.
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Fig. 21.

(A) Relationship between right and left chela size. Chela size is represented by propodus height.
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4041

Z4, zoea; M, megalopae; C1, first crab stage. The dashed line indicates equal height in the right and
left chelae. Number of individuals used for each experiment: Z4=10, M=10 and C1=11.
(B) Chela size is represented by apodeme height. The apodeme is not found in Z4. Number of
individuals used for each experiment: M=10 and C1=10.
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Phase 3.

Phase 2.

Fig. 22. Development of the molar (3 teeth) on the right (R-Cr) and left (L-cu) chela
(lower teeth), in control group (no experience of chela autotomy).

L: left propodus (fixed finger). R: right propodus (fixed finger). T1: the larger tooth at the 1st one
from the base of the fixed finger. T2: the larger tooth at the 2nd one from the base of fixed finger.
See Fig. 2. Control group (no experience of autotomy). (A), (B) and (C): vertical view. B: molar, the
tooth on the base of the propodus (fixed finger). M: megalopa. C1-5: the 1% ~5" crab stage.
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Phase 1.
(or Phase 2)

Phase 2. Phase 3.

Fig. 23. Development of the molar (3 tooth) on the regenerated right chela (rR-cu) in
R-autotomy group.

Right: right propodus (fixed finger). vertical view. T1: the larger tooth at the 1st one from the base
of the fixed finger. T2: the larger tooth at the 2nd one from the base of fixed finger. See Fig. 2.

Original right crusher chela (R-Cr) was autotomized at C1, and then the right chela (rR-cu) was
regenerated at C3 stage.
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PFA tube bait A

Crushing with
the right chela

Fig. 24. The shellfish crushing behavior of the megalopa (A), the 1° stage crab (B),
the 12" stage crab (C).

The crabs crushed the hard baits with the right chela (dominant chela). They set up the right chela
in front, and tried to crush the hard bait* with the right chela. Left chela was used only for grasping
the bait.

*Hard bait used for the test was " the PFA tube bait " (outer diameter 0.3 mm, inner diameter 0.1
mm) for early stage crabs (the megalopa, the 1st stage crab).
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Fig. 25. Spines of propodus.
L: left chela. R: right chela.

Fig. 26. Left handedness after regeneration of the original right chela.

1st crab stage (C1). rR: regenerated right chela. L: original left chela. TCW: 0.5 cm. ventral view.
Original right crusher chela (R-Cr) was autotomized on M (the 1st day of M). And then, small right
chela (rR) was regenerated on C1 (Experiment 3, Table 8).
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Fig. 27. Difference of pinch force between the right and left chela in crabs with and
without autotomy.

Tested crabs were in the C10 - C11 stages with TCW (CW) of 89 (66) - 111 (87) mm. Control:
without chela autotomy. Right handed. R-autotomy: original right chela (R-Cr) was autotomized at
C1 stage. Left handed. rR-cu: regenerated right chela.

(A) Pinch force in right-handed (control) and left-handed crabs (R-autotomy). Filled circles, control

group; open squares, R-autotomy group. The dashed line indicates equal pinch force in the right

and left chelae.

(B) Comparison of the pinch force between right and left chela in right-handed (control) and

left-handed crabs (R-autotomy). Values are shown as meanzts.d.
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original original
Right crusher (R-Cr) Left cutter (L-cu)

_05cm

Right - Cr/ | Left-cu/ +
Normal laterality

Fig. 28. Dentition on the dactyl and propodus of a C13 female crab
in the control group (without autotomy).

Top panels: dentition of the right (original R-Cr) and left (original L-cu) chelae of a mature crab.
(frontal view). The chela consists of dactyl (upper, movable finger) and propodus (lower, fixed finger).
We have focused on the teeth at the bases of the dactyl and propodus (shown by the square). a
with downward arrow shows the tooth on the dactyl, and 8 with upward arrow shows the teeth on the
propodus. (frontal view).

Middle panels: tooth shape on the right dactyl (R-a), and that of the left dactyl (L-a). A sketch of
each tooth is shown to the right or left of the photograph. (vertical view).

Bottom panels: teeth shape on the right propodus (R-B), and that of the left propodus (L-B). A
sketch of each tooth is shown at the right or left of the photograph. There was a longitudinal groove
on R-B (type 1), and longitudinal and cross grooves on L-B (type +).

A longitudinal groove: Dotted line is a shallow groove. (vertical view).
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0.5cm

Right - cu / + Left - Cr/ +
Reversed laterality

£

-

Fig. 29. Morphological changes in chela dentition after loss of the right chela
in a C13 (Day 390) female of R-autotomy group.

Original right crusher chela was autotomized at C1.

Top panels: dentition of the regenerated right chela (regenerated R-cu) and the original left chela
(converted L-Cr). The right chela was autotomized at C1, and then dentition was inspected at crab
stage C13. a: the tooth on the dactyl; B: the teeth of the propodus. (frontal view).

Middle panels: the shape of the dactyle tooth (o) in the regenerated right cutter (R-a) and the
newly-converted left crusher (L-a).

Bottom panels: the shape of the teeth () on the propodus.

R-B: regenerated right cutter;  L-B: converted left crusher.
A longitudinal groove: Doted line is a shallow groove.
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Fig. 30. The comparison of the base of fixed finger between crusher and cutter in C13
females.

The base of propodus was < shaped and larger in the left crusher in the R-autotomy group (A), while
it was < shaped and larger in the right crusher in the crabs without autotomy (normal laterality,
Control group) (B).
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Fig. 31. Chela size asymmetry with growth is altered by autotomy.

(A) Growth of chela size (propodus height) in crabs without autotomy (control group). R-Cr: chela
on the right (original right crusher). L-cu: chela on the left (original left cutter). Z, M, and C indicate
zoea, megalopa and crab, respectively. Data were obtained from one individual.

(B) Alteration of chela size relation after autotomy at C1 (r-autotomy group). Yellow squares with
line indicate growth of the left chela. Note that function of the left chela changes from cutter (L-cu) to
crusher (L-Cr) after autotomy of the right chela (original right crusher). Green asterisks with line
indicate growth of the right chela before (R-Cr) and after (rR-cu) autotomy. Data show the mean
values of two individuals.

(C) Relationship between propodus height and carapace width, with (R-autotomy group) or without
autotomy (control group). Red circles (R-Cr) and blue crosses (L-cu) indicate growth of the right
crusher and left cutter without autotomy (control group). Green asterisks (rR-cu) and yellow squares
(L-Cr) indicate growth of the right cutter and left crusher after loss of the right chela (r-autotomy
group). Measurements were made on crabs (Tables 12, 13 and 15) on Day 390 (C12—-C14).

a, the slope of each regression line; R?, coefficient of correlation. Data were obtained from
measurement of 8 (control) and 6 (r-autotomy) individuals. See Table 1 (Appendix).

- 109 -



y =0.0587x - 4.1752 y =0.0587x - 3.9195
3 A y =0.0587x - 4.3222 E y =0.0587x - 4.0664

E
~ O - ‘F
3 0 S
© O e - - i e -
2, . - t.;_' ] To-7T LPTT y=0.0424x-2.4665
9] P JPte
3 A -7T y=00424x-2.7293 - 4 y =0.0424x - 2.6396
a - - _ )
£ et y = 0.0424x - 2.9025 oRC
+ L-cu
A B OL-Cr
+rR-cu
1 T T T T
100 110 120 100 110 120
Carapace width (mm) Carapace width (mm)

Fig. 32. Comparison of the closer apodeme area between right-handed or
left- handed female (A) and male (B) crabs.

The measurement was performed on Day 390. The crabs were between C12 and C14 stage.

Red and blue marks indicate right-handed (control) and left-handed (r-autotomy) crabs, respectively.

Apodeme area was greater in the following order: R-Cr, L-Cr, L-cu, rR-cu. It was greater in males
than females.
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Fig. 33. Comparison of input lever length (IL) between Control and R-autotomy
group.

The measurement was performed on Day 390. The crabs were between C12 and C14 stage.

Red and blue marks indicate right-handed (Control) and left-handed (R-autotomy) crabs, respectively.
(see Table 12, Table 13 and Table 15.)

IL was greater in the following order: R-Cr, L-Cr, rR-cu, L-cu.
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A Pattern A (A) Control group: No experience

of chela autotomy.

R-Cr: original right crusher.
L-cu: original left cutter.

Relative chela size

a: a tooth (Fig. 15D).
R-B: B tooth on R-Cr (Fig. 22B).
L-B: B tooth on L-cu (Fig. 22D).

(B,C) R-autotomy group: Original
R-Cr was autotomized at C1.

B: Pattern B

~Propodus length ?
-Propodus height
+Input lever length (IL)

L-Cr : left crusher.
rR-cu: regenerated right cutter.

Relative chela size

au, -~
-Cr_x"

R >
./32& -
S1 .cuU i

VO

Z1 22 Z3 Z4 M C1 C2 C3 C4 C5 =rwwvvennns C9 C10 C11 C12C13 ---

C: pattern C e
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-Pinch force .
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Crab growth stage

Fig. 34. Development of chela asymmetry and alteration of handedness
before and after loss of the original right crusher chela (R-Cr).

(A) Ontogeny and enlargement of chela asymmetry. A crab with no history of autotomy. R-Cr and
L-cu indicate the right crusher and the left cutter, respectively. Chela rudiment (the 1st pereiopod
rudiment) first appears as a symmetrical structure (S1) at the second zoeal stage (Z2). Asymmetry
appears at the megalopa(S2). Tooth morphology, tiny @ appear in the megalopa for the right
dactyl. The growth curve is generally step-like due to molting, but is drawn as a straight curve here
for clarity.

(B) Alteration of chela size after the loss of the original right crusher chela (R-Cr): the case where
the right chela is lost at stage C1 and the right chela (rR-cu) is regenerated at stage C3. The point of
autotomy(au) is indicated. Chela regeneration(re) is shown by black arrow. The dashed curves
indicate growth in the case where the right chela is not autotomized. Note that the propodus height
of the regenerated right chela (rR-cu) overruns (becomes larger than) that of the original left cutter
(L-cu, lower dashed curve).

(C) Alteration of apodeme size after the loss of the right chela (R-Cr). Note that the closer apodeme
area and the pinch force of the regenerated right chela (rR-cu) is smaller than that of the original left
cutter (L-cu, lower dashed curve). The closer apodeme in not found in Z4.

See Fig. 21, Fig. 31, Fig. 32, Table 15, Table 17, Fig. 4(Appendix) and Table 1 (Appendix).
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Fig. 35. Comparison of PH (propodus height) of the right- and the left- handed

wild female crabs.

The crabs were corrected from the field. Red and blue marks indicate right-handed (control) and
left-handed (r-autotomy) crabs, respectively.

- 113 -



80
< —e—Right-handed A c . —e—Right-handed B
< 60 Left-handed QO ggl —E—Left-handed
Ke) %’ ’
g &
S 4ot S 0.4}
®
» )
) o]
Q Q
8 20 S o0.2f
] [7p]
bl 0.0
30 5 6 8 9 22 3 9 12 17
Sep. October November
Date of experiment Carapace width (mm)

Fig. 36. Analysis of shellfish-crushing success between the right and left crusher
chelae with growth of crabs.

(A) Original data. Number of crabs used for measurement each day: 21-27 for the Right-handed
crabs (control), and 13-15 for the Left-handed crabs (r-autotomy). Each data point is the mean of
these crabs. Measurements were made of crabs shown in Table 12, Table 13. Water temperature
was adjusted to 24°C.

(B) Normalization of the original data for statistical treatment.

Right-handed: logit (r) = - 4.37 + 0.052xCW.
Left-handed : logit (r) = - 5.13 + 0.052xCW.
r: Success proportion, CW: Carapace width.

114 -



Fig. 37. Measurement of the output lever 2 (OL2) length.
Draw the tangent from the fulcrum to the top of atooth. The length from the fulcrum to the contact
point is OL2. This picture was taken from the outside, but the measurement of OL was done from

the inside of propodus.

A B
N e}
a J (N} J
3 oo 3 09 o
2 ° o
n n
& ° ° ° 5 S
s £ [}
E 0 o Qfemale o © E o PY °
é 08 o $female| B °
s o g o 0] E 08 1 e 2 female L
g d'male ] [
Q O ] e}
g $ o 2 female
= d'male = d'male o o
Jd'male
0.7 07
original R-Cr L-Cr original R-Cr L-Cr
Right-handed crabs Left-handed crabs Right-handed crabs Left-handed crabs

Fig. 38. Differences of mechanical advantage between original R-Cr and converted
L-Cr.

Mechanical advantage was calculated for IL/OL2 (A) and IL/OL3 (B). Both were greater in original
R-Cr than converted L-Cr and also greater in females than males.
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Fig. 39. Comparison of the converted left crusher (L-Cr) and the original right
crusher (original R-Cr).

Female crabs of the 13th crab stage (C13) were used.

original R-Cr: Crusher chela of right-handed crab (no experience of autotomy: control group).

L-Cr: Crusher chela of left-handed crab (R-Cr was autotomized at C1 stage: r-autotomy group).

(A) side view of dactyl and propodus, (B) vertical view of dactyl, (C) vertical view of propodus.
Original R-Cr has type I (B tooth) while L-Cr has type + (B tooth).
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R-Cr -

€ ‘Double=crushers

o L

Fig. 40. Frontal view of crabs with normal laterality (A), reversed laterality (B) and
double-crushers (C).

(C) Double crushered crab was obtained by right chela adhesion experiment. C11.
(A) Normal laterality: R-Cr & L-cu. Control group (no experience of chela autotomy). C11.
(B) Reversed laterality: rR-cu & L-Cr. R-autotomy group.
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original R-Cr converted L-Cr

al/p:
R-Cr/l & L-Cr/1

a: R-Cr & L-Cr

crusher crusher

B: typel & typel

Fig. 41. The left crusher induced by immobilization of the right chela.

Crab with double crushers (original R-Cr & converter L-Cr). Adhesion 2 (experiment 7).

Inspection at C12 stage. male.

Top panel: a male crab with crusher chelae on both sides (frontal view).

Middle panels: tooth (canine) on each dactyl. R-a, a canine on the right dactyl; L-a, a canine on
the newly formed left crusher (L-Cr). A sketch of each tooth is shown.

Bottom panels: contrast of tooth (8,molar) shape between the original right crusher (R-B: type I)
and newly formed left crusher (L-B: type [). See Table 21.
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Table 1. Summary of the shell-crushing experiments.

2010

2011

Ex.D

Experiment

Ex.2 Ex®

Ex@ Ex® Ex®

Crab age* D98*

D109 D119

D476 D483 D525

Aug. 22

Sept. 2 Sept. 12

Sept.4 Sept.11 Oct.23

Individual TCW Handedness

TCW Handedness

TCW Handedness

No (mm) 1st _ 2nd
Al 4
A2 4
A3
A4
A5
A6
A7
A8
A9

A10
Al1l
A12
A13
Al4
A15
A16
A17
A18
A19
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A31
A32
A33
A34
A35
A36
A37
A38 4
Average 67 72
Min. 54 56
Max. 85 85

9>>1 6>4

1o 1o [0 1o {0 40 90 Ho jo|do 4o {o 1o 1o 4o

Q Q

1o o

EYREVIEVREVECY

1o 4o 1o o
B

2nd (mm) 1st 2nd

TCW Handedness Handedness Handednes
(mm)

ROR
90 RITRI

98l L L

158
149

178 R

157
161

180
165

Iﬂl II

170 0K

161
176
153

166 [RINN

154
181

88
78
108

165
142
187

Total[21 17

*Crab age: DO, 1st day of C1.

Handedness: which chela was used for crushing a shellfish (right or left chela).

R: right chela. L: left chela.

Ex. @, Right handed crabs : Left handed crabs : Unclear = 29 :7 : 2 = 76 % : 18% : 5%.

= Almost right handed : Left handed = 31 :7
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Table 2. Relationship between handedness (behavior) and chela size.

Sept. 2 in 2010

Handedness Morphology
TCW .
Individual (Behavior)* Propodus a height
No. (mm) Ist  2nd height

Al 715 R R R>L R>L

A2 73 R R R>L R>L

A3 82 R R R>L R>L

A4 78 R R R>L R>L

A5 85 R R R>L R>L

A6 70 RL RL R>L R>L

A7 73 R R R>L R>L

A8 76 R R R>L R>L

A9 73 L R<L R<L = small
Al0f 83 R R R>L R>L
Al1l 69 R R R>L R>L
Al12 79 R R R>L R>L
A13 65 R R R=L R=L =small
Al4 63 R R R>L R>L
Al15 68 R R R>L R>L
Al16 68 R R R>L R>L
A17 77 R R R>L R>L
A18 56 R . R>L R>L
A19 56 R R R>L R>L
A20 L R<L R<L = small
A21 64 R R R>L R>L
A22( 81 L R<L R<L
A23 69 RL H& R=L R=L = tiny
A24 69 R R R>L R>L
A25[ 82 [R R R>L R>L
A26 65 L R<L R<L
A27 69 L R<L R<L = small
A28 85 L R<L R<L
A29 75 R R R>L R>L
A30 65 R R R>L R>L
A31 65 R R R>L R>L
A32 73 R R R>L R>L
A33 65 R R R>L R>L
A34 80 R R R>L R>L
A35 80 R R R>L R>L
A36 61 L R<L R<L = small
A37 69 R R R>L R>L
A38 67 R R R>L R=L = tiny

* . Handedness (behavior) was judged by shell-crushing experiments.
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Table 3. Relationship between size and handedness (behavior) of chela
in young crab.

Form of chelae Handedness (shell crushing behavior)  TCW

Group Total

Propodus height & height Right handed uncleare Left handed (mm)
R>L R>L 28 97% 4%
R>L R=L 1 100%
A R=L R=L 2 50% 50%
R<L R<L 7 100%
Total 38 76% 5% 18% 56-85
R>L R>L 26 100%
B R=L R=L 2 100%
R<L R<L 7 100%
Total 35 80% 0% 20% 62-95
R>L R>L 26 100%
R=L R=L 0
C R=L R=L 1 100%
R<L R<L 8 100%
Total 35 74% 0% 26% 58-89
R>L R>L 80 99% 1%
R>L R=L 1 100%
Total R=L R=L 4 75% 25%
R=L R=L 1 100%
R<L R<L 22 100%
Total 108 T17% 2% 21% 56-95
Average T17% 2% 21%

Handedness was judged by shellfish-crushing experiments. R: right chela. L: left chela.
TCW: total carapace width. Ex.2) in Table 1.

Table 4. Relationship between chela size and handedness (behavior) of chela
in maternal female.

Form (size) of the paired chelae Handedness (behavior)
propodus height a height Shell crushing experiment Total
R>L R<L R>L R<L (Which chela was used for crushing ?)
19 0 19 0 Right chela 19
0 12 0 12 Left chela 12

R: right chela. L: left chela.

Table 5. Correlation between behavior, chela size and pinch force of crab claws.

Handedness Behavior Form of chela (chela size) Function
(dominant chela) Shell crushing Propodus « size Apodeme Mechanical Pinch force
behavior height (height) size* advantage of chela
(or IL**)
Right-handed crabs R chela R>L R>L R>L R>L R>L
Left-handed crabs L chela R<L R<L R<L R<L R<L

*Apodeme size: closer apodeme height (mm) or area (mm?).
**[L: Input lever length. See Fig. 3, Fig. 4.
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Table 6. Handedness of the megalopa (M) and 1st juvenile crabs (C1).

Crab Handedness (behavior) Total
stage Right handed Left-handed  unclear
(N) 31 0 2 33
(%] 94 0 6 100
c1 N 27 1™ 2 30
[%] 90 3 7 100

Handedness was judged by shellfish crushing experiment.
*: normal laterality, R-Cr&L-cu.

Table 7. Development of chela in early crab stages.

Function Morphology Laterality
Crab Presence of - Shape of Hardness Spine of propodus*1 A Ridge Apodem  propodus
stages claws chela o claw outside _inside _tooth 1% jines*2 *3  height
embryos (egg)
21 - . . . . .
ZoeaZ2 claw rudiment pestle, bud soft - - - - - - R=1L
Z3  claw rudiment mitten soft - - - - - - R=L
Z4  claw rudimeni twin leaves soft - — — — - R=1L
Megalop: claw Megalopa claw semi-Hard + - - A+ - + R>L
Crab C1 claw Crab claw hard + —~t - + + + + R>L
C2 claw Crab claw hard + +7? - + + + + R>L
C3 claw Crab claw hard + +? - + + + + R>L
C4 claw Crab claw hard + + - + + + + R>L
C5 claw Crab claw hard + + - + + + + R>L
Cc6 claw Crab claw hard + + —~+ + + + + R>L
Cc7 claw Crab claw hard + + + + + + + R>L
C8~ claw Crab claw hard + + + + + + + R>L

+: Presence. —: Absence.
*1: Spines of propodus (Outside, Inside): Fig. 25.
*2: Ridge lines of propodus: Fig. 15E.
*3: Closer apodeme of dactyl. +: Presence. —: Absence.
*4: Asymmetry of pereiopod rudiment was not observed.

Table 8. Effects of autotomy of the right cheliped in the megalopa stage.

Normal Reversed
laterality laterality
Experiment M C1 C4
(Treatment) 1cheliped 2 chelipeds _ _ _ _
(Left only) (Right&Lefy R Cr&beu  L-Or&R-cu
21% 0 16
R-Autotomy 38+
17 0 17
Control 18 0 11 5 0

*: Small right chela was regenerated at C1 (Fig. 26). M: megalopa. C1: 1st crab stage.
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Table 9. Judgement of handedness (form and behavior) in maternal females.

Form of the paired chelae Behavior
Handedness Propodus height Size of a* Shell-crushing experiment**  Total
(dominant chela) R>L R<L R>L R<L Rightchela Leftchela (N)
Right-handed 19 0 19 0 19 0 19
Left-handed 0 12 0 12 0 12 12

*: Tooth height. **: Which chela was used for crushing ?
R: Right chela. L: Left chela.

Table 10. Handedness (behavior) of the megalopa (M) and the juvenile crabs (C1)
born from maternal females with different handedness.

Aquarium Maternal female Megalopa (M) The first crab (C1)
Number Handedness Right-handed Left-handed unclear Right-handed Left-handed unclear
tank 1 1 Right 24 0 2 7 0 1
tank 2 2 Right 23 0 0 12 0 0
tank 3 2 Right 28 0 0 —* —* —*
tank 4 2 Right —* —* —* 10 0 0
7 total 75 0 2 29 0 1
tank 5 1 Left 28 0 2 9 0 0
tank 6 2 Left 36 0 0 18 0 0
tank 7 2 Left 22 0 0 15 0 0
5 total 86 0 2 42 0 0
12 Total 161 0 4 71 0 1

—*: Not inspected.

Handedness of maternal female was judged by both the form (Table 4) and the behavior (Table 9).
Handedness of M and C1 were judged by "shellfish-crushing experiment (behavior)" (Fig. 6, Fig. 24).

Table 11. Chela laterality (form) of 1st juvenile crabs (C1) born from maternal females
with different laterality.

Maternal female 1st crab stage (C1)
Aquarium Normal laterality Reversed laterality Normal laterality Reversed laterality
R-Cr&L-cu L-Cr&R-cu R-Cr&L-cu L-Cr&R-cu

tank 1 1 0 22 0
tank 2 2 0 20 0
tank 3 2 0 20 0
tank 4 2 0 22 0
tank 5 0 1 20 0
tank 6 0 2 21 0
tank 7 0 2 20 0
Total 7 5 145 0

R-Cr&L-cu: Right crusher& Left cutter. L-Cr&R-cu: Left crusher&Right cutter.
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Table 12. Shell crushing experiment to examine whether right-handedness (behavior)
reappears after autotomy.

Experiment ® @ ® @ ®
Days after autotomy Day 0 Day 23-25 Day 140-142 Day 344-346 Day 382-383
(Date) (22 Jun., 2012)  (15-17 Jul.) (9-12 Nov.)  (1-3Jun., 2013)  (10-11 Jul.)
Handedness (behavior) R L no R L no R L no R L no R L no
Control (N) 36 0 O 36 0 O 21 0 1 15 0 O 10 0 O
R-autotomy (N)* 36 0 0 0 36 0 1 13 0 0 9 0 0 6 0
Crab stage C1 C5-C6 C11-C12 C11-C13 C12-C14
Total carapace width [cm] 0.5 1.8-3.2 8.3-13.3 10.6-14.1 11.0-15.6
Carapace width [cm] 0.3 1.3-2.3 6.4-10.2 8.1-10.8 8.5-12.2
no: no response to the snail. **: The left crusher chela was lost at ecdysis on Day 47 (C8).
Control: no experience of autotomy.
*: R-autotomy: right chela was autotomized at C1 (Day0).
Table 13. Laterality (form of « tooth) of right and left chela after autotomy.
Days after autotomy Day 0 Day 29 Day 390
(Date) (22 June, 2012) (21 July) (18 July, 2013)
normal  reversed normal  reversed normal  reversed
Laterality (morphology) R-Cr&L-cuR-cu&L-Cr R-Cr&L-cuR-cu&L-Cr R-Cr&L-cuR-cu&L-C
Control (N) 36 0 36 0 10 0
R-autotomy (N)* 36 0 0 36 0 6
Crab stage C1 approx. C6 C12-C14
Total carapace width [cm] 0.5 24-33 11.0-15.6
Carapace width [cm] 0.3 8.5-12.2

*: Right chela was autotomized on Day 0.
(R-Cr: right crusher. L-cu: left cutter.): Normal laterality.
(R-cu: right cutter. L-Cr: left crusher.): Reversed laterality.

R-autotomy: - - .
Left handed ¥ Re;ersegcll IiteCrahty
-cu -Cr

Normal laterality
R-Cr & L-cu
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Table 14. Dentition (B) of control and r-autotomy group (on Day 390).

_ Right chela: R-B Left chela: L-p Number of crabs
Experiment .
Type1 Type +  Others Type1 Type +  Others inspected
Control 9 0 0 0 9 0 9
R-autotomy 0 4 2 0 6 0 6

R-B, molar on the right propodus; L-B, molar on the left propodus. Dentition (B) was inspected on
Day 390 (C12-C14). Type I, Type+: see Fig. 28 and Fig. 29.

Table 15. Growth (propodus height) of the left chela and conversion to the crusher
chela following autotomy of the original right crusher chela.

E . Propodus height Crab growth stage
xperiment -
Ratio M C1 c2 C3 C4 C5 €Ce Cc7r €8 C9 cCc10 Cc11 cC12
R-Cr(mm) 049 073 098 146 197 272 380 500 67 80 99 127 16.2
Control L-cu(mm) 047 0.67 0.88 129 1.78 228 344 444 57 69 85 112 145
Cr/cu 1.05 110 111 114 111 119 110 113 117 116 116 113 1.12
R-cu (mm) Au. Abs. 093 166 234 332 460 58 73 88 109 146
R-autotomy  L-Cr (mm) 0.67 088 131 192 266 3.76 501 63 81 96 119 156
Cr/cu . . 141 116 114 113 1.09 1.09 1.11 1.09 1.09 1.07

Au.: The right chela was autotomized at stage C1 (the first crab). Abs.: Absence of the right chela. *: A small chela regenerated at
the right. Note that in the same age, the crusher chela (Cr) was a little larger in the control group than in the r-autotomy group.

Control: data were obtained from one individual. R-autotomy: data show the mean values of two
individuals. See Fig. 31, Fig. 34A-B and Table 1 (Appendix).

Table 16. Morphological measurements (meantSD) of paired crusher and cutter chela.
Comparison with data of the blue crab.

Control*2 experience R-Autotomy*2

Study report Right-handed crabs*2 of Left-handed crabs*2 experience
(species) Normal laterality*1-2 autotomy Reversed laterality*1-2 o autotomy

R-Cr L-cu (stage) L-Cr rR-cu (stage)

Blue crab™  (10.273:0.012° (30.253:0.010° Nothing?  (20.263:0.006° @0.252:0.012° %

Propodus height T = : R S (unknown)

I Chela length qyimming crab*2 §0.272¢0.00°  @0.251:0.005° Nothing  (0.270:0.003° (30.258+0.000° (Fé'fr
Blue crab / Swim'crab ~ 100.4% 100.8% 97.4% 97.7%

. R-Cr onl
Mechanical Buecrab  (10.216:0.012° @0.A710.016° Nothing?  (0.188:0.011° (30.176:0.011 (unrk;’gvyvﬁ)
advantage
(IL/OL1) Swimming crab*2(1)0.19920.005° @)0.173£0.005° Nothing (20.19740.004* (3)0.175£0.005° (F(;Cr

Blue crab / Swim' crab 108.5% 98.8% 95.4% 100.6%
*1: Govind and Blundon (1985): Callinectes sapidus. wild crabs. body weight: 150-260g. female.
*2: Masunari . Portunus trituberculatus. bred crabs. body weight.:153-216g. female.

crab stage: C12 - C14.

R-autotomy, Left-handed crab: original right chela (R-Cr) was autotomized at C1, and right chela
(rR-cu) was regenerated at C2 or C3.

@: 1st, @: 2nd, @: 3rd, @: 4th. @ =@

Means with at least one superscript letter in common are not statistically different (p <0.05, Welch's t-test ).
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Table 18. Comparison of shellfish crushing-success between the right- and
left- handed female crabs corrected from the field.

Rigth—handed crabs Left-handed crabs Shell length
R Crusher L cutter L Crusher R cutter of bivalves
Number of crabs 23 12
Carapace width [mm] 169.2+12.2 168.4+9.0
Propoduth height / CW [%] 1)17.7+0.6 316.0+0.7 @216.8+04 @152+1.4
Apodem height / CW [%] 10.07%+0.55 8.70+0.35
IL/CW [%] 6.65+0.27 5.80+0.30
Mechanical advantage (IL/OL1) 0.202=0.007 0.182+0.010
. (Dmore thanx Q) ® @
Pinch force [newton] 300 199 6254157 10524240 58.1+19.8
Succes Japanese littleneck 23 12 40.9%+2.0
crabs Bloody clam 22 11 31.7x£26
[N] Hard clam 8 1 446+23
Success Japanese littleneck 100% 100%
rate [%6] Bloody clam 96% 92%
Hard clam 35% 8%

Apodeme height: closer apodeme height. IL: input lever length. OL1: output lever 1 length.
The crabs were collected from the field. $ Wild female crabs .

Japanese littleneck (Ruditapes philippinarum). Bloody clam (Scapharca kagoshimensis). Hard clam
(Meretrix pethechialis).

* . The pinch force of the 8 crabs exceeded maximum value of the apparatus (152 newton).

Table 19. Comparison of mechanical advantage (the IL / OL3 value) of crusher chela
between right- and left-handed crabs kept in the aquarium.

the IL / OL3 value

original R-Cr converted L-Cr L/R (%) R /L (%)
right-handed crabs left-handed crabs

o' male 0.796 0.747 93.9% 107%

% : female 0.854 0.793 93.0% 108%
average 0.825 0.770 93.5% 107.5%
I8 93% 94%

/S 107% 106%

Reared crabs from C1 to C13 stage.

Right-handed crabs: no experience of autotomy.

Left-handed crabs: original R-Cr was autotomized at C1.

- Mechanical advantage (the IL / OL3 value) : original R-Cr > converted L-Cr.
: female > male.
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Table 20. Effect of immobilization in the right crusher chela. (forms of a teeth).

Morphology of the paired right and left chela

Experiment Normal laterality ~Reversed laterality Double crushers No. of crabs
R-Cr & L-cu R-cu & L-Cr R-Cr & L-Cr

Control 9 0 0 9

R-autotomy 0 6 0

Adhesion 1 6 0 7 13

Adhesion 2 4 0 3

Ad. total 10 0 10 20

R-Cr, right crusher; R-cu, right cutter; L-Cr, left crusher; L-cu, left cutter.

a tooth was inspected at C10-C11 stage.

Adhesion 1: Use of the right chela was immobilized using a quick-drying adhesive (cyanoacrylate)
applied at the each stage (C1 - C5 crab stages).

Adhesion 2: Use of the right chela was immobilized using adhesive at the first (C1) and second
(C2) crab stages.

Note: the right crusher (R-Cr) was never converted to a cutter (R-cu) in Adhesion 1 and 2.
Normal laterality, Reversed laterality and Double-crushers (Fig. 40).

Table 21. Dentition (B tooth) of crabs with a crusher chela on both sides (R-Cr&L-Cr)
(adhesion 1 and 2). (forms of 8 teeth)

, Right chela: R-p Left chela: L-p Number of crabs
Experiment .
Type1 Type +  Others Type1 Type +  Others inspected

Control 9 0 0 0 9 0 9
R-autotomy 0 4 2 0 6 0 6
Adhesion 1 7 0 0 1 4 2 7
Adhesion 2 3 0 0 1 2 0 3
Ad. total 10 0 0 2 6 2 10

R-B, molar on the right propodus; L-, molar on the left propodus.
B tooth was inspected at C11-C13 stage.

Control : R-Cr&L-cu.
R-autotomy : R-cu&L-Cr.
Adhesion 1 and 2 : Inspected only the crab has double crushers (R-Cr & L-Cr).
See Fig. 40.

Forms of B: type 1 : original R-Cr type (Fig. 28, Fig. 41).
type+ : original L-cu type (Fig. 28, Fig. 29).
Others : other type.
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Table 22. Results of removal of the left major chela in terrestrial hermit crab
(Coenobita rugosus).

Before autotomy After molting
Group Normal Reversed Normal Reversed
laterality laterality lateralit lateralit
(left handed) (right handed) (left handed) (right handed
Control 8 0 8 0
L-autotomy* 8 0 8* 0

*L-autotomy: Left major chela was autotomized.
**Left major chela was regenerated at the next 1st molt.

Normal laterality : R-minor chela & L-major chela : Left- handedness.
Reversed laterality : R-major chela & L-major chela : Right- handedness.
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HW X Portunus trituberculatus (Miers 1876) 1%, +HE-BETH -V U F= BRI
DH=To>bD, FII3ENHV, L trituberculatus DA E 72 o>7- (= 1998), Y Eod
FEH 72L& & Fig. 3 (Appendix) (278 L7z,

+HEOADEED, (@@élﬁﬁ)/ﬁ\%lozﬁ@ﬂfﬂ%%o TW5b, £D 96, 1IFRITOIxf

<

FA RIS S TEY, B TR D (Fig. 1 (Appendix))
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TAETITHEE D DM O F - @EE - E - B8 oMm L, KES~30mD - BHEE
2% <, NI XUINEBELIZAERELTHWD (ZF 1998), /US| & 0l L i s,
FE¥ L, EERI=Chs (Y IFMEEENIES 1997), U & U 7= (swimming crab) D%
FIDOERY, kS ZENEFELS, BICHLEEICED,
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WEMENTRNE SNTEY, 2FIE0.7~10 conD RKRH=DFHNEWE LT, BEGR k
N2 A, THY, AvuaiA%), ZEME BHEEECEE, 7OVRNE, HOIE,
A v H=, Y, 2oy a®), EONEHE, 2 XI3F, I LA PR
TS (BAFHIEH 1986),

N
ap

KI5 (1938) 13, BSR4, B SMEERITRm3FOFHFm TH 508, —HBITEITL1,2
FEART D EHEEL T D, IR (1996) X, KERY ORES =D Famid2sE, WY =0 FFam1E3
FET, —EIIEHICI~2FAGFT D EHRLTWD, E612, AI1(1993) 12 LiuE, Mot
I3 ~44, BEXRE P 2~3F L HEE S, WNIICI4~CISIZET D L ESnsn, £
FEDORED C14~15IZET 200, TNLENIFECT I ARHTH 5,

R A KT 2ME 1T < 20Ds, A1(1993) OFE TIE, HK TEFIEIME T266
mm, HET256 mmOENH 5,

MEDHRE EHAIDHETT) © Fig. 2 (Appendix)

T I OHET Y =T (Z2)4~5ln, A Fa3(M) 1288 T/ N RE C o 2 55 LilimE T =
(C) ~EET 5 (KE 1938, J\& 1957), L&, 1EIREZ T 54I2C2, C3, C4--- L E LT
W<,

X4 =7 (Z4) BB T D EMIZ/ B (T I FEE APEMIE S 1997), Z5% %5 5
Bl TH D O\FE1957, HY I AFENFSEE1997)

EEAOMESTI, BN, Z1 (> =7), 72, 73, 74, (Z5), M(AHmsX), Cl(1EHET =), C
2, C3--- DX D,

KEERELTOEEN

RE O T I HH O R ITITH2,600~4,200 ~ > OFFHICH D, JRESFEITHIZ5~55(H
Lo TS, 2D HH, WAL, £ OiEMERED1,200~2,500 k>, HEIEGFRITRI22~32
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Fig. 1 (Appendix). Dorsal view male and female swimming crabs (Portunus
trituberuculatus).

Crabs were collected from the field.
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Fig. 2 (Appendix). Developmental stages of the swimming crab (Portunus
trituberculatus).

Embryos hatch to zoea (Z) which molts 4 times to become megalopa (M) then the first stage crab(C1).
Z1- Z4, left-side view. M and C1: dorsal view.
Body size: Z1: RDL* 1,375 m, Z2: RDL 1,813 . m, Z3: RDL 2,600 x m, Z4: RDL 4,000 x m,
C1: TCW 4.75mm.
* RDL: Rostro - Dorsal Length, as the distance between the tips of the dorsal and rostral spines (Philip
2017, 79 I FE O &EESAN 1983).

- 134 -



Phylum Arthropoda &i2E1¥F
Subphylum Crustacea EA %% 3PS
Class Malacostraca EX R #f
Order Decapoda + k1 B
Suborder Pleocyemata B[ B

Infraorder Anomura £2ETH
Superfamily Paguroidea &> ¥ K H U LR
Family Coenobitidae 4% ¥ K4 U £}
Genus Coenobita 71°% K71V &
* Coenobita rugosus (747 K1)
Family Paguridae x> ¥ KU
» Pagurus samuelis (Blueband hermit crab)

Superfamily Lithodoidea
Family Lithodidae % 7 /34 =F}
« Lopholithodes foraminatus (Brown box crab)
* Paralithodes brevipes (/7% 77 =)

Infraorder Astacidea 1) H=TFH )
- Homarus americanus (77 A U 71 1 7 X2 —)
* Procambarus clarkii (7 AV 31U =)

Infraorder Brachyura 5ETFH
Superfamily Calappoidea 77 7 v /N L}
* Calappa granulata (Shamefaced crab)
* Calappa tortugae

Superfamily ~Cancroidea 1 7 = 7 7 = I F}
» Cancer productus (Red rock crab)

Superfamily ~Grapsoidea 1 ¥V % = EF} o
* Eriocheir japonica (6 7 X7 =)
« Chiromantes haematocheir (7 717 77 =)

Superfamily Eriphioidea
* Menippe mercenaria (Florida stone crab)

Superfamily Ocypodoidea A4 = FF} .
- Uca lactea (/N7 &2 T F~ 3 %F)

Superfamily Portunoidea /% X /U %V 77 = [ F}
Family Portunidae Z4 X /U % U I =F}
Subfamily Polybiinae
* Liocarcinus depurator (Harbour crab)
Subfamily Portuninae 77 ¥ X #if}
Genus Callinectes 7 77 % I )& i i
« Callinectes sapidus (Blue crab, 7 /L — 27 7 7)
Genus Portunus 779 )& i
* Portunus argentatus (& A A R HY )
* Portunus pelagicus (% A D L ¥ ) )
* Portunus trituberculatus (Swimming crab, 7% )
Genus Scylla / =XV AV IR .
* Seylla serrata (7 XA/ ax VY TH )
Genus Ovalipes
* Ovalipes catharus (Paddle crab)
Subfamily Thalamitinae
Genus Charybdis A ¥ 7 =&
* Charybdis bimaculata (7 % 7R3 A 277 =)
» Charybdis japonica (A 37 =)
Genus  Thalamita ~~="Y /7 /] =&
« Thalamita sima (7 % /3= /r 7] =)

Superfamily Potamoidea ‘
* Geothelphusa dehaani (7 77 =)

Fig. 3 (Appendix). Systematic position of Swimming crab (Portunus trituberculatus).
modified from JAMSTEC, Taxonomic tree (http://www.godac.jamstec.go.jp/bismall/j/taxontree) (2017).
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Fig. 4 (Appendix). The paired crusher and cutter chela of the swimming crab.
At the crab stage C13. on Day 390 (Table 12, Table 13 and Table 17).
(A) £Female. R-autotomy group (original R-Cr was autotomized at C1). : Reversed laterality.
Control group (no experience of autotomy). : Normal laterality.
(B) «"Male.

R-autotomy
N
N

-

Control

Control

-«

R-autotomy group: Left-handed. Control group: Right-handed.




Treatment : Control (without autotomy) R-autotomy (R-Cr was autotomized at C1)
Behavior : Right handed Left handed
Form Normal laterality Reversed laterality

original original converted regenerated

Left cutter Right crusher Left crusher Right cutter

B type : + I + +

a type : cu Cr Cr cu
Fig. 5 (Appendix). Comparison of the fixed finger (the lower teeth, ) between
right-handed crab (R-Cr&L-cu) and left-handed crab (L-Cr&rR-cu).

Control (without autotomy) R-autotomy
Normal laterality Reversed laterality

R-Cr L-cu rR-cu L-Cr

- -

.

.
&
v

a type : Cr cu cu Cr
Fig. 6 (Appendix?. Comparison of the movable finger (the upper teeth, o) between
right-handed crab (R-Cr&L-cu) and left-handed crab (L-Cr&rR-cu).
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2013 RSR 6R 259

1R, N, <13 (%)

e, Tew [62.%em
Cw 125 Mew

Fig. 7 (Appendix). Morphology of the chelae in a crab that has been kept in the
laboratory from C1 to C13 stage (no experience of autotomy).

TCW: 162 mm, CW: 126 mm. & Female. C13 stage.

Control group (experiment 5, Table 12 and Table 13).
This crab has been kept in the laboratory from C1 (Day 0) to C13 (Day 390).
No experience of chela autotomy at least from megalopa (M) to C13 stage.
See Fig. 2 for chela dentition.
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Table 1 (Appendix). Comparison of Cr/cu ratio between control and r-autotomy group.

Cr /cu ratio * developmental
Group sex - number of samples
Average min. _~ max. stages
Control ' male 1.112 1.086 ~ 1.127 C13 3
2 female 1.118 1.104 ~ 1.139 C13 5
average 1.115
total 1.086 ~ 1.139 C13 5

R-autotomy o' male 1.061 1.053 ~ 1.069 C13~C14 3(C13%x2,C14x%x1)
? female  1.066 1.055 ~ 1.083 C12~C13 3(C12x1,C13x%x2)

average 1.063
total 1.053 ~ 1.083 C12~C14 6

Cr: crusher chela. cu: cutter chela.
*Cr / cu ratio = (propodus height of Cr) / (propodous height of cu).
Control :R-Cr & L-cu.
R-autotomy: L-Cr & rR-cu.
See Fig. 31 and Fig. 34A-B.
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