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Relative growth of cheliped and abdomen in immature crabs of
Macrophthalmus japonicus and M. banzai

Atsushi MiNvo and Gyo ITANT

Abstract: Macrophthalmus japonicus and M. banzai were classified as mature and immature us-
ing the R package "sizeMat", and the relative growth of the male cheliped and female abdomen
was evaluated to characterize the secondary sex characteristics of the closely related crab spe-
cies. In males, mature M. japonicus appeared at a carapace width (CW) of 15.57 mm, while ma-
ture M. banzai appeared at a CW of 11.18 mm. In immature individuals before the onset of secon-
dary sex characteristics, the allometry coefficient of the male cheliped of M. banzai was higher
than that of M. japonicus. In females, mature M. japonicus appeared at a CW of 14.37 mm, while
mature M. banzai appeared at a CW of 9.69 mm. In immature individuals, the allometry coeffi-
cients of the female abdomens of M. banzai and M. japonicus were not significantly different.
However, the intercept was higher in M. banzai, suggesting that female M. banzai may repro-
duce soon after the onset of secondary sex characteristics.
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1. FC®IC
FH =R OY < b F Y= Macrophthalmus
Japonicus (&, WIRE»LIRETHEHOMMEIZL
WX UIZES L TAEET AR AR T, ZoHEA
) & HSOERER 25, AR L LTTE
ERERICKEREELL 2 Twb (OraN et dl.,
2010 ; TANAKA et al., 2017)c EAX < M4 H A=
M. banzai \¥, HED waving TSR 5 Z &
LY~ M= Li@h s (Wapa, 1978,
1984), MO 3HRHOMEOL M EDOIERET
BB SN LR TH S (Wapa and SAKAL
1989 ; KITAURA ef al., 2002), & A Y~ kM F 7
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SR KEGOMEEEDNBEETH L Z L s, H
ARV N AL (2012) &BEEEE (2017) TldiE
MRS, F 7 ABERFIC X - TR IR
il LCIRESNTWD (LR, 2014 ; = EI
2015 ; REALL 2019),

Y MG HEZRERE,r ST R, BXLU,
1S 20 & P EIR RIS A 3 5 D3t L
LAY MY ISR OMEEE, B
L OISR SR ELREER = & BT 5
(Wapa, 1991 ; 7t - B, 2018), S H 2o
H A RIERFEIC L > TRZDZ DD, Y~ M4
H A = IEHIEAS 30 mm &2 A HEAD WE DI
L, EX¥Y< b FHH =X 25 mm ZiE 2 51
i Py (Wapa, 1991)s 2F ), e XY < b
FHAHZEX < M AS A AR TR IS
oA R RO /NI TH B o BRRDH A
ABEAYT NS T ZDOFINEINZ EDHS
NTwb (Wapa, 1991).

71 =H D% O TSI OB IZ B W
THEHEZRARDO BN D, 2O OREIT Kk
BOMIBOHI A TR MR E Y — v 2RT
ZEAMSNTEY (HarTNOLL, 1974, 1978), 4
WCHETIE, AMEBTEERIC B A IR O BIIRASBE
BE 22 PRI E B LT B 2 E DS S0 2% 5
TWwb (WAIHO et al, 2017)o ¥ =8 Tl
PRBEDYRE % 50085 2 720 HED ST & D JE B D
EREFTE 7a X MY =@ b TE
(e.g. SIMONS, 1981) ¥~ b A Y H b AY <
MAHA=TIE, Wapa (1978) 12Xk 2FE—
WO — 5t &, Wapa (1991) T
13 X 0% DEREEZ BV - R AT b T
WA A%, HIE 10 mm Kl O/NUERIZ O W T
TR bR TW RV, ABFETIE, JFIC
RIEBEARIZ BT 2 WiHE O ZREEIEE OF %
W S2MCT 5720, HEOHME & MoOME O RER
WaEAT, AR DRI 217> 720

2. MRERE

TERORER, 201945 H19HE 5 20 HIC
HRUR X O % BT LA R (35° 32" 397 N,
139° 45 43" E), 2019 4F 6 H 19 HIZERIAEH

MY AR B S FE LA ©e 4 I I3 (32 © 58 34" N,
132°31' 28" E) ORE T CTHEM L7z, FRERNIC
MDY 2=y 774 ATV iR LIZES
5, ZENTIEYS N T =OADED LN
2% BNTREAXYS MAH T =0 E L Twiz
LODO, Y= MFH A= bBIEINI, FREIME
FIZTB IRV, BT 723G L CEREICH
Bl o7z

FERE TIIEEBDOIREIHE - THR 2 Peg L,
MEIZ DWW TIXHIl o 54 % 5L & L 720 Wapa
(1978) B X 0UF Wapa and Sakar (1989) (Z# U H
g (CW: Wi olg), SR (PL: &
RO S SR & B o FiERE ToOR
&), MEDBFROUE (ASW: JEEEE 5 fiolE) % 5F
ML (Fig 1)o &5, ot oEliizow
THEHI 3 %720, $HMEHOME (CA: AE)E
DI E T, S SITHITE & BE O TR %
SR bEHINL7Z: (Fig. D. CW X, WHRE
723 ERFEMSET (OLYMPUS SZX7) TFV %
WV F A% HWT 0.0l mm A2 F CHEL .
PL, CA B XU ASW &, SEIRBMEIICHERE L 72
FYFNVH AT (NIKON D810) THes L 72 MWif%
2 WHEMATY 7 b Image] \CCTEHML 720 BHMER
DAMEIE 80% TF V7 Va2 — )V TIRAE L 726
FEIZ2WT, M 3 RHOMEDEREDH
X VXY TEBLZ L5 (Wapa and SAKAL
1989), BELZLZYS M AHF =, TEHH 2L
AX< bYA= L Lz MIZOWTIIRREED
RAZIEE LW oo, 53 RWORHE & hilio
FEEIZOWT, eAXY Y b H=2Yv~ bt
HoXDEBEENGVI L, BEORBIZOWT,
Y AT ZTIIEHLTWEDITH LT X
X< MY ZTIERRDICOAP->TNAEL T L
SN TS (Wapa and Sakar 1989) o AHF
72 CTlZ Wapa and Sakar (1989) #H3iz, JEHR
D R AR B2 S AN A - 72 WRL o i
DERIZOWT, HE3AMICEEL D% L, R
DI L T A kT Y~ b=, 6B
SHMCRENS , BEIRESL IR > T
LR EC A< AT A= Lz, oK
PEBASERD b WHEICE LTI, EmIC, %
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Fig. 1 Measured body dimensions for relative growth analysis of Macro-

phthalmus crabs. CW, carapace width; PL, cheliped propodus length;
PH, cheliped propodus height; DL, cheliped dactylus length; CA, chelip-
ed angle at propodus-pollex; A5W, abdomen width at the basis of the

fifth abdominal segment.

FE)RT T8 oMy~ b3 A=, 3)IETH
TEHOEKIIe AY < b A =& L,
ZEENIT TR TRE L7z = b4 7= 254
ek (E 126 4R, M 128 1K) &, FHIEmHF
BHTHRELe AV~ M Ay 4= 184 ik (i 81
e, M 103 fE4K) % AT ICH V72 (Table 1),
FHNMOTETIE, Y~ M= 17 ik (8
fEf, M9 AR bIRES D, Do 7o R
MY —fRATICIZED R h o 720 R E BAGA T
LA X PET B2, HETIECWITHT 5
PL, MfCIZI CW T35 AW OF — % b,
TORREJON- MAGALLANES (2020) 12X % R Ofiat
28— “sizeMat” @ B H classify-mature %
LR E RV EIL 72 2o,
MWBEM L7 =5 % LICERGHIICL Y =

DD TNV — T4 % T 5 (Corcos and FREIRE,
2006) o AFEHNTTIE, MEMEENENT, KEEAK S
KA AEO 7T A Y =3 logy=loga+b
log x Z#IEEYFICE DRD . HEICEAL Ty
& PL (mm), MTIEy iE ASW (mm) TH Y,
x 1 CW (mm) &35 200Kz MEXL 72
22T, aldWHIRERE bidx7a A M) —4R
e L, HWoEsHr ANCOVA 2w TR OF)
Wk ERH a (REMMIICBIT S y0iEy) &7
XN —4REDb (x DREIHED vy Ok E
DIEN) F LKL 72,

3. R
RESINIMERDOH B, HRBEEOHFIEF A X
&, V= bA YA = THE 2695 mm, #f 23.91 mm,
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Table 1.

Collected specimens of Macrophthalmus japonicus and M. banzai at two sampling sites. Size range of

crab carapace width are shown. Data of ovigerous females are in parenthesis.

Locality Sampling Date  Spesies Sex n Range (Ovigerous females)
(mm) n  Range (mm)
Tamagawa River, Tokyo =~ May 19-20,2019 M. japonicus Male 126 5.14-26.95
Female 128 6.68-23.91 (23) (16.06-23.91)
Kikukawa River, Ehime June 19,2019 M. japonicus Male 8 9.74-18.41
Female 4 14.79-20.78 (2) (17.77-20.78)
M. banzai Male 81 6.54-16.99
Female 109 7.50-17.10 (57) (9.69-17.10)
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Fig. 2 Relationships between log PL (mm) and log CW (mm) of
Macrophthalmus japonicus (M mature, O: immature) and M.
banzai ([J: mature, X: immature). Mature and immature indi-
viduals of each crab species were determined using the R pack-
age “sizeMat” (TORREJON-MAGALLANES, 2020). Regression equa-

tions are shown in Table 2.

LAY < bYA= THE 1699 mm, M 17.10 mm
ThHY, ML BICY < ME T =DFIL AY
R MEHA L) KRB TH T Y MY =
TIEMED 18 %25, e A Y~ bFH =3
52% IR LCTHB Y, JaINE o e/ MEAR O HlE
A X%, Y~ b AH=T1606 mm, B AY <k
G H =T 969 mm Tdh-7 (Table 1)

D CW 2% 5 PL @ B % “sizeMat” |2
Ko TR L RIEA B LU RR, Y~ bty
A=IECW 1557 mm 226, XYY MAHH=
¥ CW 11.18 mm 2 5 VAR 2B 72 (Fig. 2,
Table 2), BHMEATIIY~ b AF I H by
T MAHHT=oTa X M) —FRE b Oftii 2.313
L2377 THY, HEAREIDOON o7 (B
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Fig. 3 Relationships between

CA (°) and CW (mm) of Macro-

phthalmus japonicus (M: mature, O: immature) and M. banzai ((J:

mature, X:immature).

Table 2. Constants for the regression equations (log PL = log a + b log CW) for male Macrophthalmus japo-
nicus and M. banzai. Mature and immature stages of each crab were determined using the R package “size-
Mat” (TORREJON-MAGALLANES, 2020). The results of ANCOVA between species were also shown.

ANCOVA
Stage Species n  range of CW log a b R? o .
slope intecept
mature M]aponz?us 54 15.57-26.95 -1.936 2313 0.947 p=05978  p<0.0001
M. banzai 36 11.18-16.99  -1.774 2377 0.918
immature M]apom;us 74 5.14-16.35 -0.436  1.026 0.954 p=0.0009 p<0.000]
M. banzai 45 6.54-11.19 -0.634  1.278  0.871

= 0.5978)c R TIZT T A MY —42% Db
Oftiix 1.026 £ 1278 TH Y, e A¥ < M A4
SOHBEICEWMEE 2572 (p=00009), KD
oz, Y~ b+¥H=Tld CWI8 mm Rifk
POBEAIERT2OICHL, XY A A
=& CW 13 mm Hifg2 5 28B4 Mm%
w7 (Fig. 3)o

D CW 123 %5 ASW @ 4% % “sizeMat” 12
Lo THEE E RSB L7/ H, v~ b4
HZIZCW 1437 mm A6, LAY A=

X CW 9.69 mm 2 & B #EAR S H N 72 (Fig. 4,
Table 3)o BHMEAETIIY~ PF Y=Ly
< MEHAH=oT7Ta X M) =R DbIE 1376 &
1119 TH Y, Y~ M H o0 X A ZEITE
oz (p=00010). REHEATIZ2HOT 1
A MY —1RE b OfIX 1.876 &£ 1.749 TH 0, FE
BCHEICBWTHREENRDOON 72
=0.6392) #%, MEIEEHEKEZ AT allBw
T, LAY M A TG BICEHNMER & 57
(p < 0.0001)
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Fig. 4 Relationships between log ASW (mm) and log CW (mm)
of Macrophthalmus japonicus (M: mature, O: immature) and M.

banzai ([: mature, X: immature). Mature and immature indi-

viduals of each crab species were determined using the R pack-
age “sizeMat” (TORREJON-MAGALLANES, 2020). Regression equa-

tions are shown in Table 3.

Table 3. Constants for the regression equations (log ASW = log a + b log CW) for female Macrophthalmus

Japonicus and M. banzai. Mature and immature stages of each crab were determined using the R package

“sizeMat” (TORREJON-MAGALLANES, 2020). The results of ANCOVA between species were also shown.

AN A
Stage Species n range of CW  loga b R’ COV_
slope intecept
mature M]apom.cus 59 14.37-2391 -0.643 1.376 0.854 p=00010  p<0.0001
M. banzai 89 9.69-17.10  -0.307 1.119 0.912
immature M.]apom.cus 73 6.68-14.58 -1.295  1.876  0.925 p=0.6392  p<0.000l
M. banzai 20 7.50-9.98 -1.052  1.749  0.699
4. BE TIRVEBBIAET O RRAERIC BT, e XYY

Wapa (1978, 1991) =° Henmr (1989) THREIZH]
ST EINTVEEY, AFET XY~ M A
BHZ@FEY < b AT =L 0/NEITH Y, MRS
I TREBBRIGY A AR~ M A A=K D
L, I OEET S #EHIZSINTE %
ZEAUREEE Tz,

RKFFETHD THL NI -7z & & LTI,

A AT =OMOHHO T T X N —RESY <
MFHHTZXDENZETH D, ZDD, KK
PAEAR O] U R ORI Z i L7283, e XY
R AATZOMWEY< bYA= X ) RAEIT
BB EHRINTz ORI ORI IS HE R
B DRI S 12HE ) AL TR 5 b D L
BENDH, 4k, Mo ZFIZ BT 5 urizh
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DI IE D SRS 2 L EA D Ho REFFET
&, RAEAROHEO T T 2 ) — R iR &
2324 THY, 2HTHEVPEDLN LD
720 Wapa (1991) Tix¥v~ M+ 4 =T 1.6~2
6, EAXY NI A =TL7-23THY, MK
MOZERDRKEND, RIFET2HDOEN L
o lzZ LIIBROREMED B 5. HEDHTE O
B FEOBHIE A T BICEEBNRIPETH S
A (HiZ B - G, 2018), & <ICe XY= Mt
HZIZBWTARITTEET S LiE, ABIETHY
DTHBR TSI ENTE 2, TOREORREN 7
RRRIZOWTIE, SHROMESHIfFE NS,

WD AR BT B DM RIS 57
a2 M) =R, 2HCTHEREIIED NG
Motz YRICHBLRZEDND Y, KUIETHRDS
Nz XX < b+ YA =M R/MEAE (FiE
750 mm) T TIZ, Y~ b+ HA=X 0 HIEER
OWEDHR N KR E NS LV SN o2,
XY FW RO LR % kafE % v
72WEge i, NI S. olivacea OMEIZ KFIFE D
S. paramamosain OWEE LI LT, BEH A XH
NS, REBEAROBEEIEDO 7 1 X b ) —4RE
MR ENEHINPFED 5N TS (OVERTON and
MACINTOSH, 2002) e D & 12, Iz HB W T
THAN) —REEZURPELD, REIAHE
RIZ B 5 PEERIEAS, KR X b & /I BV
TREL G HEADVHEZ 5o 4 HITHIE 5 mm
KiHOHEBEZOBRICBNT, §TICL AT
FHHZPX < bE T2 L ) RELELEAL
TWBONEI D, Fhtd, HEROEIRIEX
M TEWIE R, BRERORERICT T X
V) —AREAE R B D2, BEEROFEM 22 KA
VETH 5,

TRV OB 4 RICHIBRE R H B T &
ATk menTBY (Hines, 1989), v
< MEH =LA A= CHEAKRED
IR D DD LN TWS (Wapa, 1991),
C XYY N A = O L BRI AR
WO EREN LW TEL>TEBY (Henw
1993; Aokr et al, 2012), AWFZEOFAM T %%
RELClE, ZoAEGERIIINEEWE FEHINS

LOD, ZOFIIAHTH 5, SHOWIETI,
xR O FRNT & AR B RE O F A A [F] — MR AT
TPV, RVEBL O BAIGH S B3 2 RIS
X500, MEORERLKEREBIZLSL0H
EWHLNITAHIEIEL ST, X DFEMARANER
WEOERs RO, WSS,

Kovama and Inut (2024) 12X % &, Hikifihz
LIZE B TERY PANOEEL LT, EHHED
Y M40 L, mEEOe 2A¥v < b
A=A B REE D TR S T B,
WEHETHI LAY MAHH =2 Tldh
, Y= My H=ofifkiFEd HbEi-T=%")
YD B9 2T, AR OTREEHI ORI,
BHICBTL2HMORMEIC EIDEEZLN
5o

HEE

AWRFEZATH)NZH72Y, REHHEITIZ ST
2 HURSE D YIR A - EC & <7 IR A RIS R <
T %o MASHBERLT 7 2 ) B — F I
Ak, DITHEER O 4 o TR L TN
CHIFLH L BT %,
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