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The Stock Assessment of Mantis-Shrimp (Oratosquilla oratoria)

in Osaka Bay

Kiyohide IsHiokA, Takeyuki Doir*, Yoshio HAYASHI**

The mantis-shrimp, Oratosquilla oratoria {Stomatopoda, Squillidae) is one of main target species of
the small sized trawlers in Osaka Bay of the Seto Inland Sea. The stock of the mantis-shrimp was
estimated based on the published informations on the life history and the data obtained through the
survey of the fisheries production by the Osaka Prefectural Fisheries Experimental Station.

The results obtained are as follows.

1. The mean growth curve of mantis-shrimp is estimated as the following formula (Fig. 5).

Lt= 19.57{] —@T0.0664 ( L—O.GGS)}

where Lt is the standard length at time t in centimeters. (the length is from base of the rostrum
to anterior edge of the median notch of the telson), and t is the age in months and starts
from June.

2. The survival rate on a yearly basis of the virgin stock ($=0.45) was estimated through the

mantis-shrimp production in 1967 at Okayama Prefecture, where the stock condition was consid-
ered not to be exploited fully. The natural mortality coefficient (M=0.799) was converted from
the above obtained survival rate (S) (Fig. 7).
On the other hand, the total mortality rate (Z=0.799) was calculated based on the age composition
estimated from standard length distributions of the mantis-shrimp obtained under the experimental
survey at Osaka Bay. The mortality coefficient before recruitment (M’-+M,) was estimated from
natural mortality coefficient and the fecundity of each age group, where it is assumed that the
stock is equilibrium level under stable fishery conditions.

3. The stock of this species was calculated from these estimated parameters and the catch data in
Osaka Bay, taking the life history and the fishery conditions (Fig. 6) in considerations (Table 4),

4. Through the theoretical model for the assessment of the stock conditions, it is judged that the
present fishing intensity for the mantis-shrimp stock in Osaka Bay is nearly in optimum level
(Fig. 12).
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Fig. 1 Percentage distributions of mantis-shrimp at different fishing ground
- in Tokyo Bay. (from Hara et al.)
QO : main mode of the distribution
x : speculated mode of the distribution
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Fig. 2 The growth curve of mantis-shrimp in Tokyo Bay estimated from size
distributions shown in Fig. 1.
O : open circle in Fig. 1.
@ : cross mark in Fig. 1.
solid line: mean growth curve in each age group
dashed line: speculated boundary line in each age group
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Fig. 4 Distributions of the standard length on the mantis-

shrimp in Osaka Bay from March to December, 1976.
The expression is the same as those in Fig. 3.
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Fig. 5 Estimated growth curves of mantis-shrimp in Osaka Bay.
Curves of Max. Mean and Min. were calculated from formulas
(1), (2) and (3) respectively.
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Table 1. The estimated growth and fecundity of mantis-shrimp in Osaka Bay.
(calculated from formulas (2), (7) and (8))

Numbers of egg

Age in years Calendar month Standard length (cm) Body weight (g) by a female (x 104)

June — —
0 September 2.8 0.3
December 5.8 2.6
March 8.3 7.6
June 10.3 14.5 6.2
I September 12.0 22.9
December 13.4 31.9
March 14.5 40.4
I June 15.4 48. 4 12.4
August 15.9 53.3
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Fig. 6 The life cycle model of mantis-shrimp and fishing conditions in Osaka Bay.
S$’, S, and S: survival rate for each stage S.L.: standard length
B.W.: body weight P, and P,: numbers of egg spawned by a female for each age
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Fig. 7 The relative biomass of the O-year-old mantis-shrimp (P,)
in the total stock in May and the survival rate (S) from
0-year-old to 1-year-old. (calculated from formula (11))
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Table 3.

Age in years 0

Calendar month

Changes of the stock in each age group. (calculated from formulas (14)—(18))
Number in parentheses represents the stock included in the discarded portion
because of the small size. =* represents the stock included in the natural death.
N, = 1,000,000 F = 0.0583/month M = 0.0666/month Wo = 99.38 K = 0.0664
te=0.665 t,=27

1 11 Total

Nov.—Mar. } Apr.—May Jun.—May Jun.—Aug.

Age in months 5—9 \ 10—11 12—23 24—26
Period in months 5 1 2 12 3
chgagnl’fl‘I‘)gt(lén‘ig 49-83 - 9.0—9.7 | 10.4—15.1 | 15.4—15.9
Condition of the Recruit and | I
fishery | Discards Exp101tatlonv7
g:zlrtrln%trssto&l& o 1, 000, 000 535, 529 417,154 93, 191
_humbers (Ns) .
ggg{,’eg‘ (Ne) (216, 803) 55, 254 151, 217 13,594 220, 065
Coich i weight (1,015. 8) 668. 1 4,167.1 708.4 5,543.6
Mean body weight of | N
e cah YaNe &) | AT 121 | 7 52.1 25,2
Elaﬁ’lfrilbe“r‘grg}g)y 247, 668 63, 121 172, 745 15,529 499, 063
Final stock (N) 535, 529 417,154 93, 191 %64, 069
- [ e — - - —
— 25 .08
+ /”’A>y‘;>“ el

Age of entry into exploitation in months
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Fig. 10 The yield isopleth diagram of the mantis-shrimp in Osaka Bay. (1)

The isopleth represents the magnitudes of yield in grams (Yw/R) in each
condition.

The point P represents the present condition. (calculated from formula (19))
M=0.0666/month W.,=99.38 K=0.0664 t,=0.665 t;=t,=5 t,=27



Tihbt, WEBGERES to WHIEMARS t« FRLCS ¥ BThb, HEn: ABEBEBAS tuw 27T, A
Ate 25ty EFTOMRABRTEHEEF b - TERREAT 55, BER EX3hiky,, Fig 10

A o
THa,

» MAMBAS tw 251E TRV, REDFOKER, RERAAHERYEXLLD

HEORBREIFAMBCTHE LT5ET 4, Tihbt, MAAS t 2357y AL L, HRERHB t. 2
FIRIBRAG tu L FING L LWl RMigYy, Fig 11 i, HBERIKDL 5D TH5,

_ “M(tg-ty) 3 gn_e—nk(ts—zo) ~(F+M+nK) + (tg—tg)
Yw/R=F-Worre = Mk boow
Fiobb, MARFANGEE TR Z TR L, OREMTRAT 5K TH %,
- zs.nzT ,1— ,',—2- »"V,,:i- 77}»,,,—-5;’»'5
- e -7 _,/" _""—:,"‘"—77:jr:""—_:
Il ] / ~ -7 T T ,,r""',/":z&
I Ve P - - - - . e e
s . . — =~
e
7 pd - —~ L - — p——
20.88 4 / / ;s . ~ — -7 — " 11
/ v Ve - -~ - /// - Pk
/ 7 s ’ .7 -~ - e o
il e e - - - _—

Age of entry into fishing in months (ts

Fig. 11

4 / . / / »
1SRt // / / v / ( :
VI -
\ ~ )
18.82 | N e e
( N - ——— e
1 ~ T
0.0583 N B

£.pa

B.B2 284 2 26 2.08 B.IE .12 B.14 B.1E B.18 .20
Fishing mortality coefficient by the month (F)

The isopleth diagram of the mantis-shrimp in Osaka Bay. (2)

The isopleth represents the magnitudes of yield in grams (Yw/R) of each F
and ty (=ty).

The point P represents the present condition. (calculated from formula (20))
M=0.0666/month W,;=99.38 K=0.0664 t;=0.665 t, =5 t,=27
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KERED > & 2 DEERNI 1972~ "TTEDEIT447~719 ton T - %", FHEE LT3, 558 ton Th 5,
Table 3 R4 & 512, MAEA 100 TROBE OWEERI 5,543.6 kg'TH B DT, 558 ton OWEMRS 2

BEOMAE,

1, 000, 000 x 298100 _ 144, 700, 0002
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Table 4. The estimation of mantis-shrimp stock in Osaka Bay.
N;=85.2 x 105, other parameters and symbols are the same as those in Table 3.
(units : 10° and ton)

r;ge in years o -01 7 I 11 Total
Calender month Nov.—Mar. Ab;.;May 1 Jun.—May | Jun.—Aug.
wCondition of fishery 7 Recruit and Discardsw o wExploitation i
N, B 100. 7 53.9 | 42.0 9.4
Ne Cew | 56, 152 14 2.2
Yw (102. 3)—_‘_ 67.3 \ 419.7 71.4 558. 4
Np 20 6.4 | 17.4 1.6 50. 3
Ng 0 42.0 | 9.4 *6.5

Lich, AR 2o Lefriny, Table 4 123, +7hbb, BE4T5rAEks11BinA+ 3B
{2100,700,000 B ThH H, BEOIHFTIZZD H HD21,800,000B 1 EINEEIRSL, 48 (410
7 ) «i253,900,000B 2 45T B FIF S h B RE D A2H222,200,000RTH 5o MARHD22.0% 4 F
HBEhTuws,
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PIERDS0~70% ORI H % OH EIE BRI CTH b, 70~100% T REEFR, 0% LT it
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RIONZIC X B ERDE > D Th B, (AL, BB 1 XL ate, GERETHE,

J— 5 _ “(FtM) e (te—tgd
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— 3 Qnee { ¢ nKY . (te t.;)}
=R~ Yoo ¥ -
Py=R-Weo ¥ S MTnK 3
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VD EB O R R LicfEx v e, ZOESLF =0 0OKRENKE, £FEEEEEN, 4
FIEEREREWE TR LH 100 & L x4 E L, Fig 12 2R Lk, CORLLHNTE L, BEOF
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Fig. 12 Theoretical diagrams for the assessment of stock condi-
tions. (calculated from formulas (21) — (25)) Parameters are

the same as those in Table 3.

N: mean annual population size in numbers

W : mean annual population size in weight

E: numbers of total egg spawned by the population

Yw: total fishing yield in weight (exclusive of discards) when
the number of the recruitment is ten thousands

F: fishing mortality coefficient by the year
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Table 6. Anual catch of mantis-shrimp in Osaka prefecture.

(ton)

Year Catch ‘ Year x Catch ! Year Catch

| 1960 399 1970 399

61 249 71 498

62 571 72 622

63 365 73 445

, 64 434 74 403

f 65 509 75 433

1956 397 | 66 559 76 402

57 337 67 675 77 502
58 445 68 201 ; 78
’59 308 ‘ 69 527 j 79
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