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Estimation of Initial Stock Number based on Catch and Effort
Statistics of a Cohort, with an Example of Blue Crab in the

Etajima Bay, Hiroshima Prefecture

Kiyohide IsHIOKA and Yoshio INOko**

Three methods were examined to estimate the initial stock number of a cohort for which
the catch and effort statistics were made available for separated periods in a fishing season or
a year,

The blue crab fishery represents such an example to develop this study, because artificially
released crabs comprize almost all the available stock for the gill net fishery. The fishery co-
operatives have compiled number of crabs caught and number of boats operated on each day
during the autumn.

If natural mortality coefficient is known, it is possible to extend the DELURY’s method for
stocks with the appreciably high natural mortality rate (First Method of the present paper).
The blue crab data fit fairly well to the equation 8 of the first method.

For the constant natural mortality coefficient and the constant catchability coefficient, the
mean mortality coefficient, Z,,/ (r—1), or log(P,/P,)/ (t—1), is given by a linear regres-
sion equation on mean fishing effort, E(,,/ (+—1), for the r—th period of a fishing season or
a year, as in the equation 15 (Second Method). However, this equation does not explain the
data from the blue crab fishery.

The cohort analysis is solved with the survival rate from the initial period to the final period
of the fishing season (Third Method). This method is very usefull for application to the blue
crab fishery data. The model of this cohort analysis is displayed in Figure 13. The initial
stock number, N,, is given from the fellowing formula, when the final stock number, N,,
and the total mortality coefficient in the whole period, My, are known.

N, = N, exp(My) + Hm
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Hm is nearly equal to the HONMA’s minimum stock number (HoNMA 1978), and determined
with forward calculation of the cohort analysis without significant variation regardless value

of preliminary figure of the initial stock number.
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Fig. 1 Daily catch-per-unit-effort in the blue crub fishery in the Etajima Bay, 1-24 October 1975.
CPUE is given in average number of crabs per operated-boats. Asterisk on 1 October
denotes catch by the boats for trial operation.
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Table 1. Procedure of calculations with equation 8 for the First Method
. * *
bae | Cohin | Amountof | cpyp | | otural | amount of | log(Cu/f)
/ mortality effort + Mg
C: fr Ci/f+ M, E,
October 2 946 15 63 4.14 0. 0025 8 4.15
3 1036 17 61 4,11 0. 0075 24 4.12
4 811 15 54 3.99 0. 0125 40 4. 00
5 619 14 44 3.79 0.0175 54 3.81
6 336 10 34 3.51 0. 0225 66 3.54
7 256 8 32 3. 47 0. 0275 75 3. 49
8 244 7 35 3,55 0. 0325 83 3.58
9 221 9 25 3.20 0.0375 91 3.24
10 151 5 30 3.41 0. 0425 98 3. 45
11 169 6 28 3.34 Q. 0475 103 3.39
12 219 7 31 3. 44 0. 0525 110 3. 50
13 131 6 22 3.08 0.0575 116 3.14
14 124 5 25 3.21 0. 0625 122 3.27
15 20 1 20 3.00 0. 0675 125 3.06
Resultant equation 8 log (C/fe) + M, =4.26 —0.00888E,,,
Correlation coefficient (r) —0.945
Degree of freedom (d. f.) 12
Initial stock number (N,) 7950 crabs
Catchability coetfficient (g) 0.00888 per boat

Natural mortality coefficient, M, is assumed 0.005 per day.

* The value of last period is a half of either the natural mortality coefficient per day, M, or

amount of fishing effort, f;, in that period.
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Table 2. Ratio of real catch to estimated catch of blue crab, R;, 2—15 October 1975.

Catch in | Amount of Fishing Pstimated gict:il? toof real
Date number effort ::noglir’fti?:lil;x{t Igllltrlfalll) es:oglf( Catch in Naturaldeath| estimated
each day nurrlber in nuAmber catch R
C, fe F, ¢ Ci D, R =Ci/C:
October 2 946 15 0.133 7950 989 37 0. 96
3 1036 17 0.151 6924 968 32 1.07
4 811 15 0.133 5924 737 28 1. 10
5 619 14 0.124 5160 602 24 1.03
6 336 10 0. 089 4534 384 22 0.87
7 256 8 0.071 4128 282 20 0.91
8 244 7 0. 062 3826 230 19 1.06
9 221 9 0. 080 3578 274 17 0. 81
10 151 5 0. 044 3286 142 16 1.06
11 169 6 0. 053 3128 162 15 1.04
12 219 7 0. 062 2951 177 14 1.23
13 131 6 0. 053 2759 143 13 0.92
14 124 5 0. 044 2603 113 13 1.10
15 20 1 0. 009 2478 22 12 0.92
Total 5283 125 1.110 5244 282
Final 2444
Mean | 1.01

The values are based on the estimates of initial stock number, 7950 crabs and catchability
coefficient, 0.00888 in Table 1 and given natural mortality coefficient, 0.005 per day. The
values were computed by equations 9—12,
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Fig. 2 Regression line and its confidence interval at 95 percent of log (C:/f:) + M.

on cumulated fishing effort, E,>, for blue crab fishery, 2-15 October 1975.

Natural mortality coefficient, M, is assumed 0.005 per day.
See equation 8 and Table 1.
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Fig. 3 Relationship between given natural
mortality coefficient per day, M, and
initial stock number, N,, for blue
crab fishery, 2-15 October 1975.
See text and equation 8.
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Sze text and equation 8.

X —o09
£
3
.8
‘D
Q
(3
g —07
kS
® *
St
Q
&
—05 -
0.02 0.04 0.06

Natural mortality coefficient per day (M)

Fig. 5 Relationship of correlation coefficient, r,
between cumulated amount of fishing
effort, E ¢;), and log (C;/f:) +Mc:», on
natural mortality coeflicient per day, M,
for blue crab fishery, 2-15 October 1975.
See text and equation 8
* The correlation coefficient —0.532 or

less is statistically significant at the
probability of 5 percent. The estima-
tion is not applicable for stock with
higher natural mortality coefficient
than 0.069 corresponding M.
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Z, = —log(P, / P1) 19
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Table 3. Procedure of calculations with equation 15 for the Second Method.

Caich in | Amount of CPUE Sﬁﬂ:{ﬁ?d gg:il;fti?:li:gt Erlrllglu\.g?tg? Effort per
Date number |fishing effort tl:é)eﬂicwnt ) g:;r period effort period
Ct ft Pt:ct/ft (gpl/Pt) (Pl/Pt)/(t_l) E(t) Em/(t—l)
October 2 946 15 | 63 ‘
3 1036 17 | 61 0.034 0.034 | 16 16
4 811 15 54 0.154 0.077 | 32 16
5 619 14 44 0. 355 0.118 47 16
6 336 10 34 0. 630 0. 157 59 15
7 256 8 32 0. 679 0.136 68 14
8 244 7 35 0. 593 0. 099 75 13
9 221 9 25 0.943 0. 135 83 12
10 151 5 30 0.736 0.092 90 11
11 169 6 28 0. 806 0. 090 96 11
12 219 7 31 0,701 0. 070 102 10
13 131 6 22 . 1. 061 0. 096 108 10
14 124 5 25 Q. 933 0. 078 114 10
15 20 1 20 1. 149 0. 088 117 9
Total 5283 118 1149 | 118
Mean 45 0.088 9
Case I * Resultant equation 15 log (Py/P;)/(t—1)=0.0834+0.00116E(,,/ (t—1)
Date of 3—15 r=0091, 4.f.=11, M=00834, ¢=0001116, N,=56400
Case II* Resultant equation 15 log(Pi/P;)/(t—1)=0.00123+0.00911 E,/(t—1)
Date of 5-11 and 13-15 r=0.768, d.f.=8, M=0.00123, ¢=0.00911, » =7810

* Cases I and II are calculated with all data and with the data of 5-11 and 13-15 October, respectively.
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Fig. 6 Regression line and its confidence interval at 95 percent of a measure of mean overall
mortality coefficient, {log (P,/P,)}/(t—1), on a measure of mean fishing effort, E,,
/(t—1), for blue crab fishery, 3-15 October 1975. (Case I)
See text, equation 15 and Table 3. Marks denote date of fishing.
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Fig. 7 Regression line and its confidence interval at 95 percent of a measure of mean overall
mortality ceefficient, {log (Py/P;)}/({t—-1), on a measure of mean fishing effort, E¢,)
/({t—1), for blue crab fishery, 5-11 and 13-15 October 1975. (Case II)
See text, equation 15, and Teble 3. Marks denote date of fishing.
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Fig. 8 Relationships between initial stock number, N,, and survival rate, Sp, for five
values of natural mortality coefficient per day, M, of blue crab, 1-21 October
197s.

Arrows denote estimates of initial stock number for survival rate of 0.032
and 0.209 and natural mortality coefficient of 0.005 per day. See text and
Table 4.
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Table 4. Procedure of calculations with forward cohort analysis of the Third Method for blue
crab fishery, 1—21 October 1975, with initial stock number, N,, 3000 and natural
mortality coefficient, M, 0.02 per day.

Catch i A ; Estimated
Date m:‘xt'gbe;n eﬂg;(:unt ° Flslégl%i::rilg;:ahty IS&%’éesrtoocfk Natural death Catchability
per day each day in number coefficient
G fr I F, ! N D, q:(x107%)
1 1120 26 ! 0. 152 8000 147 5.9
2 946 15 0.153 6733 124 10.2
3 1036 17 0. 204 5663 101 12.0
4 811 15 0. 200 4526 81 13.3
5 619 14 0. 189 3634 66 13.5
6 336 10 0,122 2949 55 12.2
7 256 8 0.107 2558 48 13.3
8 244 7 0.116 2254 42 16.5
9 221 9 0. 120 1968 37 13.4
10 151 5 0. 093 1710 32 18.7
11 169 6 0.119 1527 29 19.8
12 219 7 0. 182 1329 24 26.0
13 131 6 0. 130 1086 20 21.7
14 124 5 0.144 935 17 28.8
15 20 1 0. 026 794 16 25.8
16 10 1 0.013 758 15 13.4
17 16 2 0. 022 733 14 11.1
18 30 2 0. 044 703 14 22.0
19 28 2 0.044 659 13 21.9
20 10 1 0.017 619 12 16.5
21 18 2 0.031 596 12 15.5
Total 6515 161 2.227 6515 13.8
Final 567

Total mortality coefficient, Z5=2.647

Final stock number, N, =567

Survival rate, Sy =N,./N,=0.0709

Estimated HoNMA’s minimum stock, Am=7137
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WL bz LT, F, N, 2 TR®D5B, Zh%, 0OH1HE»L218FCory s BECHML
tzo Table 4 TiX, M=0.02, N,=8,000 &\ BB OHERELRT, R N,=5,000~
500,000 B D248, M= 0~0.07DOR D 15MHDH ARV TEHE L7,

Table 4 ¢, £HiChlic> THET L EREY Fr=2 F, ARKECTHEY My=21M, &
BFRERE Zr=Fr+ My, H£BKRHE Sr=exp(—Zp)=N,/N, L35, N. QREHIDBRERKTH
Bo M=0, 0.005, 0.02, 0.05 DEEHD N, & Sy OBFE* Fig. 8 mrt, BEDOF— 204
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Fig. 9 Isometric contours of initial stock number, N,, of blue crab for given survival rate,
Sy, or mortality coefficient, Z,, during the main fishing season and given natural
mortality coefficient per day, M. Probable estimates of initial stock number on 1
October 1975 lies inside the rectangle for natural mortality coefficient per day of
0-0.01, and survival rate of 0.032-0.209. Numerals inside the figure denote initial stock
number in 1000 crabs. See text and Table 4.

R Sy OWTEL, 1081 Hiiricbh ol BEFEOR O CPUE, 43&, FHAPGI K- EEL L
h 31082180 CPUE, 94 L#TE L1

$r=9/43=0.209

ZZT, M=0.005 £+%&, Fig. 8 ,n b, N,=8,700 »kdbhsb, RepEFEeRi+s CPUE
%, 102 HA55 BEDFTHICHRTEVOT, 20 Sy it, BABEETHLEELT IV,
—~J, RDHEESER, 10 2 B CPUE, 63 £24H® CPUE, 2556 8,=0.032 &2, =D
D> N, OHEEEL, Fig.8 /57,000 & RD BN 5B,

HARFECHREM L, 2PROLER S, cx+ 2R EE N, % Fig.9 WRd, £EED Sr it
Ao X 512, 0.03~0.210/ICH D EEL TRV, TLMITKE (1938) OB, bR ol
0.0050 25X 03IV EEZDBRD, ID2OD%&tEHIT N, DHEEEY Fig.9 DETF®D
BRABTHR LI, 2F), N, OHEEEE 75 7 bk & b &, 6,700~9,200B1K7 5%, 2T



B[ - HT

it Ex bRt Sp b N, #HETAH, 75 75AV0% Sr k52T, N, RO 5H
Aut, BEOETIET, Sravhddiul, MoBfhid, N, ofElckE<EE Lo, T,
My Sp OB X s N, OBEBOEITDI v, LHEED TV : OFF, M, Sri
B XCOT N, OHEEM BN VEBMck3I T2 -EFE2L b5, ok, Fig9 IM,
Sr, Ny, OBIfERTRT 75 7T, D550 2 DDRKDEI b IIIMO - DDOERENHEE TE
BT ERRLTV 5,

L= AT, —§4iz cohort analysis (GULLAND 1965, [@1977, PoPE 1972, HngE1978, f:@E1980)
T, BEHORBRECHRE F. 2 EoMBERE LT N, ofEX T S ®EBEI,-AVHR T
5o F, B3 b ERD L, OXMBRT, BRPOEFERE N, v’ - Tnwb 2 L LFE%T
H%5, Table 4 THRH LW T HERFWEFRRE N, 2T, M=0, 0.005 0.02, 0.05, 0.07
DPHFOWT, N, wwd5 N, #7m 5 b L, Fig. 10 IR L7e, N, & N, ORI, X
TRINBERE L5,

N,=N, exp(Mz)+ Hm 22

My 13, B4 8 LEHRECHEE, - 2 T32IMchy, Hm ¥, N.=0 252 59H8E

(x10*)
M=0.005
Ne= (No—H: —M
e= (No—Hm) exp(—Mr) M—0.0
154
Z
-
Q
e}
£
=3
= 10-
—
]
9
n M=10.05
=
R
2
54 M=0.07
oz —c—_  _ _ @@ ———————————————
5 10 15 20 25 (x10°)

Initial stock number (No)
Fig. 10 Initial stock number, N,, against final stock number, N., of blue crab for given
natural mortality coefficient per day, M, and catch data of each day 1-21 October
1975. See text and Table 4.
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Fig. 11 Isometric contours of initial stock number, N,, of blue crabs for given natural
mortality coefficient per day, M, and final stock number, N,. Numerals inside
the figure denote initial stock number in 1000 crabs. See text and Table 4.
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Table 5. Relationship between preliminary initial
stock number, N,, final stock number,
N., and estimation of Hm for given catch

number, C, of 300, and natural mortality £

coefficient, M, of 0.3 per period, at a 'FE

unit period in the forward calculation of Eo'b

cohort analysis. :

Preliminary | Resulted ggﬁ‘;ﬁ; Fishing _§

initial ~ |final stock N.exp(M) stock mortality [

stock number| number Hm=N, - coefficient 2

No N. Neexp(M)| F %

350 17 23 327 | 2.7% 3
400 50 67 333 1.787
450 84 114 336 1.373
500 120 162 338 1.126
600 192 260 340 0. 837
700 266 358 342 0. 669
800 339 458 342 0. 559
900 413 557 343 0. 480
1000 486 656 344 0. 421
2000 1226 1654 346 0.190
5000 3447 4653 347 0.072
10000 7151 9653 347 0.035
20000 14559 19653 347 0.018
100000 73825 99653 347 0. 003

(N,—Hm) exp(—M)=N, exp(M) exp(—M)=N,

PopE (1972) iz, ), WXL h, KX&E\ 72,

(F+ M) —exp{—F})~

N,=N, exp(M) + F(l—exp(— {F+M})

2T, RO FEBEROME LT,

_ (F+M)(1—exp{—F})
f(F, M) = F(l—exp(—{F+M})

ER< L, Hm 38R L 705,

Hm=1{(F, M) C

(No)

z,C

Neexp (M) Ne

Fig. 12 Presentation of components of initial

stock number, N,, against final stock
number, N,, catch in number, C, and
natural mortality coefficient, M, dur-
ing a unit period.

Straight and dotted lines denote process
of decrease of stock either due to total
mortality, Z, and natural mortality,
M, respectively. Numerals are plotted
in logarithm. See text and Table 5.
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69

M<0.3, F<1.278, f(F, M) (2 exp(M/2) THTE, FOBRZZAGUTFTHDZ LEF]
H LT, PorE @Iz & %5 cohort analysis (T Tu-% (Pore 1972, *H1980), B

CORPMERRATS L, R LD,
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Fig. 13 Presentation of components of initial stock number, N,, and HoNMA’s minimum
stock number, Hm, against natural mortality coefficient, M, catch in number, C;,
total mortality coefficient, Z;, at i-th unit period and final stock number, N., in
the cohort analysis.

Straight and dotted lines denote process of stock either due to total mortality,
Z;, and natural mortality, M, respetively. Numerals are plotted in logarithm.
See text.
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