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Theoretical Growth during the Recruitment Period and
Estimation of Growth Parameters of the Japanese
Mantis Shrimp Oratosquilla oratoria
in Tokyo Bay
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Abstract

Growth after recruitment completion and life span of the Japanese mantis shrimp Oratosquilla
oratoria in Tokyo Bay have been already determined by the authors in the previous paper. For
the stock assessment of this species, however, growth parameters for its whole life cycle including
the recruitment period are indispensable. So we here tried to estimate those parameters by the
following two steps: First, we attempted to describe the growth on that period of O, oratoria

theoretically, using both laboratory data on the size increment at molting and the frequency of
molting and field data on bottom water temperature in Tokyo Bay. Secondly, we estimated
growth parameters from the mean body lengths of each instar and the frequency of molting
throughout whole life after settlement of this species. It was found that O, oratoria had 14 instars
during the recruitment period and reached 1054 cm in body length at the first molting after
recruitment completion in this bay. Growth of O. oratoria was expressed by the Pauly and
Gaschiitz equation. Estimated growth parameters were L.= 13.99, K =1.102 for female and [..=

15.68, K =0.898 for male.
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Units of L and K are cm and per year, respectively.
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KETABREREOLY S Lie, Bk aImiis
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BRAOERBOERBKEQREE B, 1 2 AEM
CEHERBKREY KD (Table 2),

(2 MASRTHRINKE
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Tablel. List of individuals reared in an
aquarium at 25°C water tempera-
ture (from original data of
HamanNno and MATSUURA,

1987b)

Individual code Instar at death

A 15
B 14
C 15
D 9
E 9

Table 2. Average bottom water temperature
in Tokyo Bay (30m depth)

Period

Temperature ("C)

15 Jan.-14 Feb. 12.69
15 Feb.-14 Mar. 11.13
15 Mar.-14 Apr. 10.84
15 Apr.-14 May 12.76
15 May-14 June 14.93
15 June-14 July 15.20
15 July-14 Aug. 17.34
15 Aug.-14 Sep. 18.51
15 Sep.-14 Oct. 18.56
15 Oct.-14 Nov. 19.71
15 Nov.-14 Dec. 18.84
15 Dec.-14 Jan. 15.75
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(VAKILY ef al., 1986) # A\ TR RO M Tidd %
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1) BEH,SMART £ TCOREERDOHE
T ERTHRMAEE TAER L 3Kk A~C (Table
1) ORERIOEE (L) EBEHDOER (Laa) &
OB, (1) R vERLR

A L71+1=1043Ln+4449 (7)
B: La+1=1.055L,+3.835 (8)
C: Lp+1=1.040L,+3.741 (9)

TEF LN TER, 5B, (7) 26 (11) RETOHK
EOBMIE mm Tdh b, HEGRE () 3, (1) X, 8)
# & 512 0.997, (9) R230.99% TH-7Te (T hbd
P<0.00D), FRDOIREOWTHGEOH 2T
Lo, ErrbPnbBRERRD LRI
o (P<0.05), £BOVF LEEXBIHELT,

Ly1=1.046L,+4.017 (10)

BER, “heBl (n) LEELOBRR ((2) X)
CEHBTLE,

L.=98.15(1.046)"—87.33 (11)
Lih, nk, EEBOAERE (L) C3EHEA~E

(Table DOFEHETH 5 15.34(mm) & B\ iz, (11)
RIpHELABPOEEY cm BAT Table 3 I

Table3. The mean body length in cm
of Oratosquilla oratoria (L)
at each instar (n)

n L, n L,
1 1.53 11 7.36
2 2.01 12 8.10
3 2.50 13 8.88
4 3.02 14 9.69
5 3.56 15 10.54
6 4.12 16 11.42
7 4.71 17 12.35
8 5.33 18 13.32
9 5.98 19 14.33
10 6.66 20 15.39
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Tabled iz, RFEBE> » 2 OMARTHROKER
(KE-EK, 1988) mbkedie% H oMM O E
RERT, MATTREOMAEL, #A110.09 cm, B
9.90cm TH Y, Table3 CiifE &b 144 L 158D
FREICALET 5, & T, FHRICITMRES b1 p i
BTMAZETRREDOBREER O KEIT 1054 cm
(Table3), xp X 1D 9 F (1=3) &&is, AL
THIORRIHHBETRERER L VEELTEMS
5. HAMANO and MATSUURA (19872) 1 & % 47k
&> v 2 DRI & DEHBIGRRIC, EEBTO
AEOENMTH B 4~8 B (K&, 1988) OFy
KB 15.75°C (Table 2 & » #E) #RA+3 &, 5P
WM 1»AEies, T, KB 2~28Crsits
ARBOFHEMEIL 1~2 » Aico© (HAMANO and

Table4. The mean body lengths in ¢cm of Orato-

squilla oratoria by sex in Tokyo Bay
calculated from growth equations after
recruitment completion (M, (OHTOMI
and SHIMIZU, 1988)

M;
Month i*

Female Male
June** 0 10.09 9.90
July 1 10.24 10.17
August 2 10.51 10.53
September 3 10.85 10.95
October 4 11.22 11.38
November 5 11.55 11.75
December 6 11.82 12.05
January 7 11.99 12.24
February 8 12.07 12.35
March 9 12.08 12.39
April 10 12.05 12.42
May 11 12.03 12.47
June 12 12.06 12.59
July 13 12.16 12.80
August 14 12.34 13.08
September 15 12.57 13.40
October 16 12.82 13.73
November 17 13.04 14.02
December 18 13.22 14.24
January 19 13.34 14.39

* Number of months after recruitment comple-
tion.
** Month of recruitment completion.

MATSUURS, 19872), KBOERYZET % L HE
THW2HIREELZTRNAD, 22T, ENHYE
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A2 ETERLLBEA~C, SIVIBT
SET L&D &£ E(Table D& 5 — 2 b, B
B (m) &BEER (Dn) & OB % Fig. 11057
L, ThHoBIfRIE,

Dn=14.346 exp (0.204 m) (12)

DIEBATRT Z EMnTEL (#=0920, P<0.001),
MAETHOGHOBEE 1ED 9 A LHEE I
B, BEBEZAOhKRETSE, HRBICRT 5 AE
DEBED HIASET BB OB % TR 365 B
LB, (12) ks X BB O EEKIE (Table 2) o
YABHLLBEIA 14 HETD 365 AROEEE
(T) % (6) RILMRALT Ty kD, ZEDOR K
Faegtili, 2L C, ERBSIORETERTOR
BoroBpMEe w0t FRB—HEER) &
L Table 5 KR LT, EERICERCHEREC
EEARMC B ERERAE <, EARECE B B
RS L OSMBiofEL S, Fig 2 KRTRES
PESRT,

Number of days between molts

[0} T T
5 10 15
Number of molts
Fig.1. Relationship of the number of molts to

number of days between molts of Orafo-
squilla ovatoria. Thin curves indicate
95% confidence limits of observations.
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HEEESY + 2 OMAETHOBBRRER L OHE 7 2 — 2 OHERE

Table 5. Estimated date of molting, number of
days between molts of Oratosquilia
oratoria in Tokyo Bay, that in the aquar-
ium (D,), and those difference

Number
Instar  Date of molt lg)gt\?v?; D, Difference
molts

1 15 September — — —
2 19 September 4 5 —- 1
3 24 September 5 7 -2
4 30 September 6 8 -2
5 8 October 8 10 -2
6 17 October 9 12 -3
7 29 October 12 15 -3
8 12 November 14 18 - 4
9 29 November 17 22 -5
10 24 December 25 27 - 2
11 30 January 37 33 + 4
12 24 March 53 41 +12
13 20 May 57 50 + 7
14 17 July 57 61 -4
15 16 September 61 75 —14

Total 365 384

-
o
T

Body length (cm)
o

0 1 1 1 1 1 i i i | 1 1 1
S ONDJFMAMUJ J AS
Month

Fig.2. Estimated growth in body length of
Oratosquilla orvatoria in Tokyo Bay dur-
ing the recruitment period.

(3) HEOHRERR/NTA—TDHE

MASETHD 15 #BE EreonT, xp ERABEOFE
TN FHNREEREYH#EE L, TOMRBR, i
T 1B 11 B 168, 280 9 B 178w, *
LT1RARISEICn EHEE I hic, BETHL, 1ED
11 Bz 16 iz, 3 B 17 8, 2 5% 9 A 18 i,
FLTC1 AR IO LRI NI, COBREY D
L, MERERNCBERT (¢) WL TR (L) 27 m y

161
a4 Female

124 .
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8 4

(cm)
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Body
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Fig.3. Growth curves of Oratosquilla oratoria by
sex in Tokyo Bay. Data points are the
mean body lengths at every molting esti-
mated in this study.

} L, PauLy and GascHUTZ (1979) OMERLHT
it oA, MELTHLTH

M- L,=13.99{1—exp[—1.102(¢+0.248)
—(0.827/ 27)sin2x (¢ —0.134)]}
HE . L,=15.68{1—exp[—0.898(¢+0.252)
—(0.566/ 27 )sin2x (¢ —0.114)1}

(13)

(14)

NESh (Fig. e = 2T, L, 3 kBT 544
E (em), t BEEBRORBRH (B3EE) TH5,
ks, ThThOFER (#*) 1k, (13) X550.989,
(14) FA10.996 TH - oo

4. & £
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BifR%, ##X((5) ) cFLr, @) Xy ED
RE R IT oD, B 235 5 KEHENT—F &
RAHBLERD B, KBTI, BEHED & - A HAMANO
and MATSUURA (1987b) = X % kiR 25°C TofESE
BRERLIRGOT, ZoORBMET 2BRIFGCER
Vo D BRI T, TEMPLEMAN (1936) 23R B o
Homarus  americanus D G 4 1= > \» T, KURATA
(1962) HBREMDO—FE, Cyprinotus sp. £ T i
O DOREBEKE T CORBPOBREERLYAELT
WBDT(Zh O KURATA (1962) IR E R TV 3),
IND2EBOF — 2l b LEEORE DI
TRELL,

(5) &z,

InDr=Ina+Bm (15)

EERNCERTE S, Homarus americanus 1%, £
BFEBROThh KB LT

19.2°C: InD»=0.421+0.528m (16)
16.6°C: InD»=0.858+0.506m (17)
13.7°C: InD»=1.520+0.367m (18)
9.4°C: InD»=2.256+0.396m (19)

BE i, MBIRE ()L, Eh 5 0.976 (P<0.01),
0.918 (P <0.05), 0.896 (P <0.05), 0.985 (P<0.01) T
BHol, TNbAROESESH W, HE B) ©ik
BEENIRL(P>0.05), 91K (o) 3EBENEDS
7 (P<0.00D), XHIHBOMEXLHIEL T 0.449
&, Cyprinotus sp. 1%, BB EBROEZ/BIH LT

31.3°C: InDn=—1.064+0.304m (20)
26.8C: InDr=—0.675+0.279m (21)
21.2°C: InDm=—0.24940.263m (22)
17.0°C: InD»=0.384+0.213m (23)
9.1°C: InD»=2.012+0.054m (24)

D8 BT AHBIRE ()i, L2 s, 0.943 (P<0.001),
0.927 (P<0.01), 0.928 (P<0.01), 0.909 (P<0.01),
0.881 (P<0.01)TH » fo IKBAYEL A DI EFLD(E
DBRELSRRD (24) K< (20)~(23) D40

OO TR, CROVEEZ ) KEEZTENLL
(P>0.05), 1/ (@) ORICHABENRD R (P<
0.00D, & BHI3tBOMHE L HITEL T 0.265 #1817,
KIBOAE T - T B DEIME S I B EFAD 5 5,
%%Kd%ﬁf%é@ﬁ@%@féch®i5ﬁc

& by b, Homarus americanus T i 9.4~19.2°C,
Cyprinotus sp. Ti¥ 17.0~31.3°C DT B 31—
LATRL, ARREEITBREDE SR TREL T
Wb,

REEBOKBEAKRE2~3 BR&KHEL, 10~11 A
PESEGD, 1 10°C & 200C ORAEE LT\ 5
(Table d), BRRBETIEESWIETISBITLS
LHRIRTORML, BREL b BV kE 25°C T
DEBEERTIXISBI 50384 AHET S &
SHER (Dr) B, ThiIATHREE LB
BHHRBFOMMEECHELCWBZ LKA X
N, BALERZLORRZEIBEEL TG-S0
Livigv, AHETIL, AEERICKSTAEEKED
HESHEZ BV 5 2 & B,

—EXKET CORERBRE R FIMBER BRI
BRTHDIZ, LT oroREXES, sl
HAMANO ef al. (1987) 1%, B3 2250 KkBFTcn
HRRE DD\ ERAREDHIZE LU & 5 EE0
LECENEEHA~AOEA YR AT, AR TR, AT
BECEMIPOGCREIBRRELAELGEFEEL
oo L LTaih, KBEOEEO#E I L v BT
BOGROBFRSET 2R D » (BH, 1960),
SRIORERT - 2 ERTOLNEND B, E1, &
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MUTHEER L ABREOCHEOABT YRR D = & H
g3 hx,

LEoEZF T, BEEBR 5) R B r—Fr
RO WHBEAYS 5, MEOHEEMFLHEREY AL
BITHERELTESFLRD, LhLidd, K
MAKREFORENRALBIE T, BbrER
RRT ~ 7 % b L KRB BT 52 EEORE &
T A — 2B HET Db OBFEE L LCIES
BRESHIE VX LD, ek, ZZTHESRLR
‘T A= 20E, MATETHEORER (M, L.=16.12,
K=0.395; H, L.=21.51, K=0.264) (K& - &EX,
1988) LIENT Lo 2VNE L, K BKEL oty I
AZETHROT — 2 DHES BT, REEOH
EMHoF -2 n8EETh T, -7, TORE
HBRIIERO T — 2 % b 2D TY LD B~
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