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Theoretical study on fisheries management for three size classes of fishing

boats engaged in scoop net fishery for ayu in Lake Biwa

YING LIU, KAzuMI SAKURAMOTO,* TAKERU KITAHARA AND NAOKI SUZUKI

Department of Fisheries Resource Management, Tokyo University of Fisheries, Minato, Tokyo 108-8477, Japan

We studied the scoop net fishery for ayu in Lake Biwa. We investigated the fishery management problem when
the engine power of fishing boats is classified into three classes. The equilibrium net profit was obtained as the so-
lution of a non-cooperative dynamic game. We investigated the behavior of the solution using simulations. When

the initial population size was lower, the lowest class was profitable. However, the highest classes became profita-

ble, as the initial population size increased. The total net profit for middle class fishermen over ten years, calculat-
ed based on estimated initial population sizes, was the most profitable. The total net profit decreased as the num-

ber of fishermen in the higher class increased.
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Fig. 1 Relationship between price and accumulative
landing of ayu in Lake Biwa in 1988. The line shows
the regression line fitted to the data.

Table 1 Parameters employed in this study

M=0.099 month~!
W..=5.08x10"3kg
x=0.24 month~!

to= —4.49 month !
p1=3.6x10-5 boat—day !

a,=821.67 yen+kg!
a,=166.819 x 108 yenekg~!
b=10-65kg!

a=6.24 yenekg~1
B=1799 yen<boat-day !
d=5314 yen+boat-day !

The parameters a;, a; and b were estimated in this study and the
others were referred to Suzuki and Kitahara.*)
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Table 2 Scenarios of simulations and their conditions

Number of fishermen

b b, by Condition

scenario 1 170 0 0

scenario 2 106 64 0

scenario 3 63 64 43

scenario 4 63 107k, ks 1, =1,
=11,
IL,=1I;

scenario 5 63 107-k; ks N=N_,,

k1, by and k3 indicate the number of fishermen in class 1, 2 and 3,
respectively. N, indicates the average of the estimated 1nitial popu-
lation size.
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Fig. 2 Equilibrium landing in weight (a) and equilibrium
net profit per fisherman (b) to the initial population
size when all the fishermen belong to class 1, that is, %,
= 170, kz =0 and k3 =(0.
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Fig. 3 Equilibrium landing in weight (a) and equilibrium
net profit per fisherman (b) to the initial population
size when all the fishermen belong to classes 1 and 2,
that is, £, =106, k=64 and k3=0. Solid and dotted
lines indicate 1 and 2 classes, respectively.
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Fig. 4 Equilibrium landing in weight (a) and equilibrium
net profit per fisherman (b) to the initial population
size when the fishermen belong to three classes, that
is, k1 =63, by =64 and k;=43. Solid, dotted and dash-
dotted lines indicate classes 1, 2 and 3, respectively.
Allows indicate the switching initial population size
when the net profit of the higher class exceeds that of
the lower one.
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Fig. 5 Number of fishermen of class 3 against the initial
population size when the net profit of each fishermen
in class 1 equals that of class 2 (dash-dotted), the net
profit of fishermen in class 1 equals that of class 3
(solid) and the net profit of fishermen in class 2 equals
that of class 3 (dotted), respectively. Allows show the
initial population size that gives the net profit between
the fishermen in class 1 and 2, class 1 and 3, and class
2 and 3 when the number of fishermen in class 3 is 43,
respectively.
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Fig. 6 Relation of net profit of each class and total net
profit to number of fishermen in class 3. Solid, dotted
and broken lines indicate the net profit of fishermen in
class 1, 2, and 3, respectively. The upper line (dash-
dotted) indicates the total net profit of all 170 fisher-
men.

BHROAEE L, HEESIWATHERBERIC YT 54
BRI OMFIZE A& L, Table 3iZ/RL 7=, Table 3
BB L, MIERER /NI 1980 4, 1981 4,
1984 /£ 3 FERNIREB 1 OMFIE, WHEREH S
KEWIT9F, 1987 4 D 2 F [ 1L FE @ 3 O #iFl 25
B, FNLANO 5 FHEIEEE 2 OMFIES D - &K
EL ol T/, 10EMOBMFIZ GTELZEE
OMFIEOEFT) #RA L, BB 1, E2 s IUHE
31 Fh#h 143.11 5, 155.38 535 LUF 143.91 5
My, BMAKTATOIREE2 L > L AFFIT
BB LiEwmI NI,

BRETAF RQ)BWT, BROBBEE N L BE
2R L OBIRE R T NEFES 0.6 THAL /oo T OfED
BRCBIFTEECOVWTRET AN 2T R %
Table 4 iZ77 ¢, Table 4 [Z N EFEH 045508 % T
0.1 A TEI /AL E, BB 2 OMFIZENNMERE 1
OMFIE L F L %5 WPERRBE, BB 3 oMFlz
DIER 1 OMAR LFE L k2R RELR, EE3
OMFIE DB 2 OMFIZE LS L R 2R RERE
ZAXNZIRL T b, NEFEN 0.4 ORFIZIE, TDk
SIEMBHOZA v F /7RI RV, NEFEN0.6
DB/ b L 3B TAA v F VUV IRBBID, N&
FOMMBLICHEDUTY, I0/PSVIEERRBHT
AA v FVIHRIALHT LRI 5,

% £

AR TREERCET 27 211 < WilBREC RS
NA XS IEMBEBICHEBE A S 28812 >0 T, B

EEE
HE

W7 1L OWFEER 755

Table 3 Equilibrium net profit calculated for class 1, class
2 and class 3 in 1978-1987 when the estimated initial
population size are used

Estimated initial Net profit (yen)

Year  population size
(108) class 1 class 2 class 3

1978 2.778 163,500 181,930 173,000
1979 3.150 190,860 218,190 220,410
1980 1.967 88,480 82,580 56,560
1981 2.119 103,640 102,550 77,190
1982 2.823 166,770 185,260 175,850
1983 2.637 151,990 166,670 153,130
1984 1.542 43,890 29,120 9,240
1985 2.590 147,990 161,350 146,300
1986 2.833 167,570 187,320 180,050
1987 3.414 206,390 238,790 247,320
Total 1,431,080 1,553,760 1,439,050

Table 4 Initial population size when the net profits of
higher-class fishermen exceed that of lower ones for
power value=0.4 to 0.8

Power value Class1and 2 Class1and 3 Class 2 and 3

0.4 — — —

0.5 — — 3.12x 108

0.6 2.15x 108 2.62x108 3.07 x108

0.7 1.48 x 108 1.72 x 108 1.98 x 108
1.09x 108 1.22x 108

0.8

1.03 x 108
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