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Summary

I. Title : Research on the Standardization of Fishing Effort and the Appropriate Scale of

Fishing Gear

Il. Purpose of the research and the importance

There are not any dominant catch species in Korea fisheries production. The existing
methods of fisheries management have limitation for applying and low efficiency because
there are various commercial species fished by various fishing gear. So it is necessary to
develop the methods of multi species management as soon as possible. To establish the
species management policy reflecting the national complex fishing structure, followings should
be done; first of all, consistent policies should be presented through standardizing the fishing
effort with complicated classification. According to these policies, the appropriate stock
assessments and the management of fishing effort input should be processed.

This study aims to analyze the fishing effort according to the kind of fisheries and fishing
gears based on theoretical grounds about the standardization of the fishing effort, and to
present basic data of scientific and efficient fisheries management through a unified standard

of the fishing effort.

I1l. Contents and range of the research

The total area of this study is divided into the study of the fishing effort standardization
method and the application of TAC resources management.

The subject of the first research is the concept of the fishing effort and the application
methods of TAC. We conducted studies on the comparison of theoretical concepts for fishing
efforts, the analysis of fishing powers for large purse seine fisheries, and the standardization
of fishing efforts by fisheries and by species for major fisheries resources. And we also
carried out studies on the methods of stock assessment for multi-species and multi-gears. The
main contents were the concept of fishing efforts, the necessity and the expected effect of
standardized fishing effort, the case study of other countries, the standardization methods of
fishing efforts by fisheries, and TAC-based fisheries management by using the standardization
of fishing efforts. And finally, we suggested the fisheries policy to manage effectively
fisheries resources through these studies.

The subject of the second research is the standardization of the fishing effort through the
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investigation, analysis and assessment of the fishing gears and methods, and standardization of
appropriate scale of fishing gears using. On the subject of the second research, the fishing
gears are divided into the passive and active fishing methods. Passive methods including stow
net, gill net, pot and long line fishing were studied and researched, and active methods
consisting of Large Otter Trawl (midwater trawl), Trawl Large (two boat, midwater), Eastern
Sea Trawl (midwater trawl), Large Purse Seine and Anchovy Drag Net were done.

For the purpose of achieving the aims of this study, members consisted of persons majored
at the academic world and research organization. Major field was organized into the fishing
gear and method and the fisheries resources so that it would be possible to study mutually
and systematically. Conferences with academic world, research organization and related

industry have been held several times.

IV. Results of the study and proposals for applying

In the first study, we suggested appropriate stock assessment methods for multi-species
catch by complicated fishing structure and applying program for TAC system of fishing effort
in Korean waters.

The concept of fishing effort was analyzed by explaining nominal fishing effort, real fishing
effort, the relationship between the nominal fishing effort and the real fishing effort, and the
relationship between the efficiency of fishing ability and the real fishing effort. The
standardization of catch per unit effort was carried out by considering factors of fishing gears,
efficiency of fishing ability, and species. We chose chub mackerel and large purse seines as
an example for the standardization. We estimated fishing power indices of each factor, such
as tonnage, horsepower, sonar, radar, fish finder, and vessel age, and standardized the
efficiency of fishing ability and CPUE. We estimated the maximum sustainable yield by
applying the standardized data to a surplus production model, and compared the estimates
with those by the unstandardized data. We suggested a method for the allocation of the TAC
(total allowable catch) quota by fishery from the economic analysis considering the fishery
cost and net profit. We finally estimated the ABC (acceptable biological catch) using the
standardized fishing effort.

The result of this study will be appropriate in the multi-species assessment by multi-gear,
and can be used for information for extending TAC target species in the future.

In the second study, with a viewpoint of the fishing effort standardization, the fishing effort
was presented on an absolute concept. CPUE, catch per unit effort, has a problem that doesn't

reflect the scale of fishing gear, because the passive fishing gears regards the number of
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fishing gear as the fishing effort and the active fishing gears regards the time or the
frequency as the one. In this study, the filtering volume, the range of the fishing gear's
movement in the water, is considered as the fishing effort. The fishing effort for the fishing
gear is calculated through a computer simulation according to the fishing condition and the
size of fishing gear. Because both the size of fishing gear and the fishing methods are
considered in calculating the filtering volume, the comparison of the fishing effort between
different kinds of fishing gear is possible. In conclusion, the physically calculated fishing
effort is high in Trawl Large (two boat), Large Otter Trawl (midwater trawl), Anchovy Drag
Net and Large Purse Seine in order.

The catching amounts for each boat is the highest in the Large Purse Seine, the next
highest is in the Large Otter Trawl, and the lowest is in the Trawl Large (two boat).
Moreover, catch per unit effort to the fisheries is the highest in the Large Purse Seine and
the next highest is in the Large Otter Trawl and the lowest is in the Trawl Large (two boat).
These mean that the fishing efficiency of the Large Purse Seine is higher than that of a
Large Otter Trawl and Trawl Large (two boat) in other words, the fish encountered the Large
Purse Seine have a high catch rate, but the fish did the Trawl Large (two boat) or Large
Otter Trawl have a low catch rate. Therefore, the comparison of the fishing effort between
fisheries should be conducted with considering the catching efficiency and methods. And the
study on the catch rate of main target fish to the fishing gear that is catching efficiency
should be continued in the future.

Establishment of the appropriate scale of the fishing gear should have considerations about
the relationship between the fishing effort and the resources, and fisheries business
synthetically. However, when considering the fishing effort of the fisheries, the resources state
and fishing intensity, the quantity of fishing gear should be reduced by up to 0~60% in the
passive fishing methods and the fishing effort should be reduced by up to 21~46% in the
active ones.

The fishing effort proposed in this study can be applied to the management of the fishing
activities of Korea, China, and Japan based on the fishing effort although the kinds or size of
the boat and the fishing gear are diverse and the fishing conditions are different. It can also
be applied to the fisheries management of various kinds of fish and fishing gears in a

specific fishing ground.
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i o1-2-1. dUN Y oEld sl gt

Table 1-2-1. Change of fishing power of Korean large purse seine fishery

T i 1983 1993 2002

P A B 113 122 127

Hit 2 npE 4 988 1,477 1,756

A A9 vy /E 9.85 13.08 13.86
T 1-2-2. st=2 A28 T HZ9 YY" o&gdl2 (1993~2002)

Table 1-2-2. Catch proportions of major species by fisheries in Korean
waters, 1993~ 2002

* = 2002 TAC t/dolE

. olg% ofF&F & (%)
e T f P NPES AT ATl AWyl 2T e
asolx 2 87.8 15 0.8 2.8 - 11 6.3
AL 3 - 34.7 0.5 1.2 45.7 0.5 174
2 A 5 6.5 17.7 30.7 23.8 74 0.9 23.0
gojgx 8 88.5 - - - - 0.1 21.4
A7l 10 727 3.0 0.2 3.3 - 0.2 20.6
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T 2-1-1. Ml EZ2H MAIX &5 Hl2

Table 2-1-1. Proportions of habitat overlap among three species

H & (%) Leo® £X Aol T& Hoj2s T8 F oF TF A
Lol 32.6 28.6 3.1 35.7 100.0

H & (%) L5 S5 Aot 22X Aot T8 F oF T% A
7ol 63.4 0.0 0.0 36.6 100.0

H & (%) 2eolg T8 dAolg T&5 Hoj2w £X F oF TF A
ol 389 0.0 8.2 52.9 100.0
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Fig. 3-1-1. Variations of catch of Korean large purse seine fishery.
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Fig. 3-1-2. Catch proportions by catch species in Korean large purse seine fishery,
1993 ~2002.
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T 3-1-1. tlgMdZYe 38 HEd 2
Table 3-1-1. Catch compositions by catch species in Korean large purse seine
fishery, 1993 ~2002

g asol W7ol AHoje 2A A 2 7o 71
1993 100 55.2 10.6 8.7 3.9 1.0 9.6 11.0
1994 100 63.6 11.3 11.4 1.4 1.6 4.9 5.8
1995 100 70.1 3.3 5.7 4.5 1.7 4.3 10.4
1996 100 85.3 2.4 3.5 0.4 0.8 4.3 3.2
1997 100 75.4 7.0 3.7 0.6 1.6 1.7 10.1
1998 100 72.6 7.5 2.8 3.2 1.5 1.8 10.8
1999 100 67.7 3.4 7.3 2.0 2.1 3.3 14.1
2000 100 60.6 7.9 1.2 2.7 5.9 11.5 10.1
2001 100 76.8 4.6 0.1 3.0 4.2 5.0 5.9
2002 100 69.6 10.4 0.0 3.8 1.6 9.1 5.5
AVG 100 69.7 6.8 4.4 2.6 2.2 5.6 8.7
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large purse seine

i 3-1-2. 2oy oo
Table 3-1-2. Status of fishing vessel by year in Korean
fishery
d = laa B BT B wgs
1993 48 122.28 1,476.63
1994 49 121.58 1,457.71
1995 47 123.72 1,513.26
1996 42 123.42 1,589.12
1997 42 123.42 1,589.12
1998 36 126.84 1,704.25
1999 36 126.74 1,736.75
2000 35 124.96 1,701.26
2001 31 126.52 1,747.23
2002 31 126.52 1,755.94
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2001 ¢l 370 A9, 200234l 167 A o] £F Aoz vEpgon, F Ao Ar
W olgwF 9 CPUEE i 3-1-5¢F 2t} wepx], st 5ot ol g8 A o] 159
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Fig. 3-1-4. Fishing power index (FPI) of Korean large purse seine fishery.
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i 3-1-4. GLME 0|88 HEds8 o8 =geto ot A FEXA

Table 3-1-4. Estimates and standardization of fishing effort by fishing

FH
M

powers using GLM

anj
=)
OO[‘E
P
—

94 95 96 97 9 99 00 01 02
0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1
AL BEHA  EF vEs weE/E Ay oj2wAs] deld AW F4A
1993 3,879 0.86 0.92 1.05 1.10 0.99 0.92 1.03 3,382
1994 11,084 0.86 0.91 1.04 1.10 0.99 0.91 1.04 11,076
1995 12,093  0.88 0.95 1.06 1.11 1.00 0.91 1.03 12,104
1996 10,078  0.89 0.99 1.10 1.13 1.02 0.93 0.96 3,648
1997 7,224 0.89 0.99 1.10 1.13 1.02 0.93 0.96 8,648
1998 7,421 0.92 1.07 1.14 1.17 1.05 0.96 0.92 7,432
1999 7,693 0.94 1.09 1.15 1.17 1.06 0.97 0.86 7,679
2000 7,655 0.95 1.06 1.13 1.17 1.10 1.00 0.81 7,657
2001 7,900 0.98 1.09 1.11 1.19 1.12 1.00 0.79 7,870
2002 7,379 0.98 1.10 1.12 1.19 1.12 1.00 0.77 7,410
g s 2
Ex  oax  od/E  ag oz gAs] @l Rk

1 0 0 0 0 0 0

0 1 0 0 0 0 0

0 0 1 0 0 0 0

0 0 0 1 0 0 0

0 0 0 0 1 0 0

0 0 0 0 0 1 0

0 0 0 0 0 0 1
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¥ 3-1-5. 250 & XY (area 1)t &3 XA (area 2)2 HlW

Table 3-1-5. Comparison of fishing area for chub mackerel and bycatch
area
o o5 (E) o191 (21%) %?;211;%
L TN pgqa TEUH pagg TEIR L a4q
2] 2] 2E

1993 63,226 68,691 2,346 6,536 26.95 10.51
1994 82,587 101,501 3,335 7,741 24.77 13.11
1995 80,133 64,780 4571 7,533 1753 8.60
1996 96,704 220,405 2,144 6,503 45.10 33.89
1997 49,485 64,073 2,149 6,499 23.03 9.86
1998 79,187 50,298 3,145 4,288 25.18 11.73
1999 88,576 34,844 3,102 4577 28.55 761
2000 44,689 45,047 3,260 4,397 13.71 10.24
2001 109,001 17,794 5,895 1,975 18.49 9.01
2002 64,303 33,828 2,371 5,039 27.12 6.71
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i 3-1-6. GIM 29 HE AtE H CPUE FEXA

Table 3-1-6. Fitting data to GLM model and estimate of CPUE

g
A= A4 U InU) n7 T
94 95 96 97 98 99 00 01 02 H9H92
1993 1 269 329 0 o0 O O O O 0O 0 O 0 3.22  25.00
1994 1 2477 321 1 o o0 o0 o0 o0 o0 0 O 0 3.29  26.77
1995 1 1753 28 0 1 o o0 o0 o0 o0 0 o0 0 290 1824
1996 1 4510 381 0 O 1 o o0 o0 0 0 o 0 4.06 58.08
1997 1 2303 314 0 O O 1 o 0 0 0 O 0 311 22.39
1998 1 2618 323 0 O O O 1 0o 0 0 O 0 3.24 2253
1999 1 285 33% 0O O O 0 O 1 0O 0 O 0 3.09 2190
2000 1 1371 262 0 O O 0 O O 1 0 0 0 2.87 17.60
2001 1 1849 292 0 O O O O O O 1 0 0 295 1917
2002 1 2712 330 0 O O O O O 0 O 1 0 3.00 20.04
1993 2 1051 23 0 O O O O O 0 o0 o0 1 243  11.33
1994 2 1311 257 1 o o o0 o 0 o0 0 0 1 250 1213
1995 2 860 215 O 1 o o0 o0 o0 0 0 o0 1 211 826
1996 2 338 352 0 O 1 o o0 o0 0 0 O 1 3.27 2632
1997 2 98 229 0 0 O 1 O 0 0 0 O 1 232  10.14
1998 2 1173 246 0 0 0 O 1 o 0 0 O 1 245 1157
1999 2 761 203 0 O O O O 1 0o 0 O 1 229 992
2000 2 1024 233 0 0O O O O O 1 0 0 1 208 798
2001 2 901 220 0 O O O O O O 1 0 1 216 8.69
2002 2 671 1% o O O O O O 0 o0 1 1 221 9.08
£ U 99w o] 8% (CPUE)
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T 3-1-7. ALY &3 0| o= ofegl=gak ¥ CPUE Bl
Table 3-1-7. Comparisons with fishing efforts and CPUE of before and

after standardization in between in Korean large purse seine
fishery, 1993 ~2002

0 e %23 o4 EF8 o)F

h gy wenEgegy  oPndd gy
1993 8,879 17.63 8,619 18.17
1994 11,084 17.84 10,167 19.45
1995 12,093 13.22 12,059 13.25
1996 10,078 31.47 7,515 42.20
1997 7,224 19.28 8,564 16.26
1998 7,421 20.06 8,026 18.55
1999 7,693 20.24 9,786 1591
2000 7,605 14.24 8,524 12.79
2001 7,900 22.52 12,773 13.93
2002 7,379 17.15 8,687 14.56
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i 3-1-8. 1509 HPE X0 & o2y 2

Table 3-1-8. Average catch and catch proportion of chub mackerel by each

fisheries

o ¢ Pl gZF (8) o] gH& (%)
EIE:RA 175,842 87.8
A% 5,978 3.0
N7 HA QG E o 5,570 2.8
AT 3,456 1.7
NHEES 3,080 15
=<3 &% 2,299 1.1
=3 1,516 0.8
A Q= 608 0.3
7] g 1,942 1.0
Z g% 200,289 100.0
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Table 3-1-9. Data for

offshore  gill net fishery,

the

purse seine fishery and

large
1993 ~2002

A &

.%)
= AF
o
.w..o.aﬂ
O~
o F
—
]——/')
oV1]
5 &
ax
W
aﬁﬁ_.
4 A
w
T
% 7
T o~
&
T K
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3

0.70

844 4,109,361

1,172

4,781,197

hE A

840,773 0.05

1,341

113,377 66

f <7 %

0.375

2,475,047

1,093

2,447,287

I

Ho

_86_



H 3-1-10. 230 A GM HEAZTL =8 D (CPUE) H{elgk F=H K
Table 3-1-10. Fitting data to GLM model and estimates of CPUE of chub

mackerel fisheries

ERRE
Az o7 U In(U) n( T
94 95 9% 97 98 99 00 01 02 °FG
1993 P 2695 329 0 0 0 0 0 0 0 0 0 0 331 2745
1994 P 2477 321 1 0 0 0 0 0 0 0 0 0 280 16.36
1995 P 1753 28 O 1 0 0 0 0 0 0 0 0 353 3398
1996 P 4510 381 O 0 1 0 0 0 0 0 0 0 349 3277
1997 P 2303 314 O 0 0 1 0 0 0 0 0 0 232 1021
1998 P 2518 323 0 0 0 0 1 0 0 0 0 0 3.87 4795
1999 P 2855 335 0 0 0 0 0 1 0 0 0 0 3.30 27.01
2000 P 1371 262 O 0 0 0 0 0 1 0 0 0 247 11.78
2001 P 1849 292 O 0 0 0 0 0 0 1 0 0 331 2725
2002 P 2712 330 O 0 0 0 0 0 0 0 1 0 3.34 28.30
1993 G 503 161 0 0 0 0 0 0 0 0 0 1 1.60 494
1994 G 194 066 1 0 0 0 0 0 0 0 0 1 1.08 294
1995 G 1184 247 O 1 0 0 0 0 0 0 0 1 1.81 6.11
1996 G 428 145 0 0 1 0 0 0 0 0 0 1 1.77 589
1997 G 081 -021 O 0 0 1 0 0 0 0 0 1 0.61 1.84
1998 G 1642 280 O 0 0 0 1 0 0 0 0 1 215 862
1999 G 459 152 0 0 0 0 0 1 0 0 0 1 158 4.86
2000 G 1.82 060 O 0 0 0 0 0 1 0 0 1 075 212
2001 G 722 198 0 0 0 0 0 0 0 1 0 1 1.59  4.90
2002 G 531 167 O 0 0 0 0 0 0 0 1 1 1.63  5.09
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@) AAEHRLF R JHAZAH YL F] F73
D HAASHAAZF (MSY)

aFole] HAQAEAHAANGFE 9 A 2DS ol &t FAHI AL A QDS ol #
A vRstel AWAE Toksl Askel 002 m, au wH P AP Y YATL
U7

Tahd, fzf, Y==",, ° #u, clde y7} MSYoliL, gk fysyelth ol el o3

2oy 4] 4 1 A 4L

ol A
ojejo 2 BE o]Pn| &S FASt FoldS FAH3AY
Q =P [Uooexp(—ff)-f]—CZ P[Uwexp(—ff)-ﬂ—aRf (24)

o474 @ Folol, pr ARWUNBI (Wke), Ck AU E, o N HEH 1 QY

G ulgelL R 7 ojgde] QoA mEele] AN golth ¢ A& sl vha w¥a)

of 0o% 1 oue] was FASAT 4714 FHH wdF Fb ol ME
]

= ofdiol o] AT & U

<

%? =0 zﬂ—%Umexp(—Jff)-f—i— Uooexp(—%f)]—aR (25)
In (fMEy) - 2( )fMEY 11’1( a:{;p ) (26>
MEY = P[ (U, exp(—%fMEy) * fueyl — ORfypy (27)

(mh) AAG A A& F3AE
1)z old e Fol9

P gold st SellAdoldel aso] o Fo Ry ofgiele g Aol sl o4
2 FAE HAASHA e Firdrte Fake] Atstdnh dgdgeld Pe u

Sol g gouyE Foloe V,o A& olgat,



/,
TB, = P, Y, ﬂ"z (28)

714 TB,= Peldlel Folo, P,z Polglel me] witgtulutrbelet el golg)
Gl tF Eolo] (TBYE 9 AelA Bulgs} (PYsh =alAols)
QA AA P
2) 7 o ol

ATl g FaATelgoRY olfHs ngole] #olode ojgelde] na
Aol A olghd wEelel ofgul g Aoz AL
2 Agaglon wgolel oo S uge 7 ofgelA

NP, = P,Y,—C,, NP, = P,Y,—C, (29)
A7NN C, Ci= F olgde EQHFol uhel 2a%E ojgulgola el g v
9 et

gaae I maARelde] ol RHoRRY T olle AL Fre
F457] slete] A olglel o @S FANAW TaxpTolsle] e 7t
A7 EE W PTGl o Nl Fe FarslE TaATel of fw
e FAA7E H4L Bae] mFold] W@ T olgle] ol FaoldIHon
el

) T olglel mFuld mE ool WE
4 @Del s AE mFole] ATALH YA (MSY=Y)e A @el oA F
Aol o FFe Y, Y,E Atk wmgHlel oa) Ul o HaFe A
stol  olgle] woloje] Axte] ALgHh mEhd o FFL wEsE /F 2 oiobu
o] WE F olge oo WMES Avmgrh
(2) ARAEH L ARZAH B2
b ARASHAEE (MSY) 2 MSYA A A= (fye)
3 3-1-10¢] &= &l arsolo] gk 1993~2002 9] E=std g of s
o H @A RS A ote] Fox mulel 84 A3k (g2 = 0643), 5% FolrFelA Fe

b
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3 FAAA (p < 0.005)E UEtHon, =48 MSYE 180,021%, MSYA o g2 %
fusys 9200 AT (17 3-1-6).
(W) FAAAGAAF (MEY) € MEYA 9823 F (fimy)

Seve e wsole ARl 2aA gl F ofglolo T e &
ax = RN ormRY FAE Aol of 1,8830—1% ojglem (29 3-1-7) ]

Folde AL F JdeE AANE (MEY)S 179806%, olufe] olgdwge fyv= 8819
A= Sith o]E F ool FAHE 1Tl HUAEH AT (MSY) o)A A A
AAEE (MEY)#} o] wje] o]8lw-dleke nlw EAsEw MEYE MSYQ 999%430 =2

 Zol7F A AL, fupye fusyd BI%TToE Ew Skt

U Z2Add9 34 A

g Aol A o Fu= AAAYE aGolel wHIIAR oy ofYelA] o FHr.
aF7t F2 dFdAgo el giFe] A ymA oS AFoR ofIHE
54% B e e geld (49.9%), tE 71 AAA gLl (16.7%), 1%
31 ﬂh‘ﬂz old (11.6%)% Al oldelA F2 oJd=m dFddeolq] (58%), AT
(3.9%), A7 (3.3%), el AF7IAY (3.2%), ArAFAY (1.5%) 5N o F=
o} (29 3-1-8, ¥ 3-1-11).

T ooldel i oY FE3 2 AL 2R a5 tEdolde dF 59
A&t ZAAlde ATt gt F FE5 R o8 dF el B FH2 9
Al 7EA o d el Faitd o d, s IAAAI oY, HHEEY S HEeR T
A

1) #4=2d 4 &A=
7 & AT 249 AdH7t =4
asol ol el E4stw Rl 2o o,
S A W, A UGG 3 oGS WL
) 493=
ol g o= Fe FHUFAEAAR B FHFAIE A 1988~1997d A A
J

28 Atk AAY B4 B8 ¥ ARE E 3-1-129% 2k,

GLM =HS 014‘16}04 7| AAAGE LG WPEEAAYGY =HF G5 <3
ol wHH vz FF3EY (% 3-1-13). E+383t] 49 o P o
IRt s Hﬂ?j o] 0.690% 1L, P71 AAJAGELEIPo]l 023, HWHEZYo
0.09%3 T}
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Fox 2 &

MSY : 180,021 mt
fusy : 9,200 haul

MSY -

R2=0.643, p < 0.005

—

o8 3-1-6. Fox (1970)2Y & 0|&st 150 MY P 26 AH2H0] 9|
Fig. 3-1-6. Equilibrium vyield curve for chub mackerel in Korean large purse

seine and offshore gill net fisheries using the Fox (1970)

model.
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25

MEY MSY
A A
20 L TBc
— ——
\
. NPc
ol 15
5 Fox @&
Q MEY : 179,863 &
~ f : 8,819 @12t
T 10 MEY T
no
5
TC
0
25 50 75 100
Of&] =3 & (x100 o1 =p)

TBc: XS0 £0|2,NPc: =0/, TC: EHIE

a8 3-1-7. 2509 F0l2 (TBc)2 =0/ (NPc) ¥ FH|IE (TC)e 2HA.
Fig. 3-1-7. Relationship among total benefit (TBc), net profit (NPc) and

total cost (TC) for chub mackerel in Korean waters.
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Fig. 3-1-8. Variations in catches and catch proportions of hairtail in Korean

waters. Numbers denote catch proportion in 2002.
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E 3-1-11. 279 oy YR EY Y o8

Table 3-1-11. Average catch and catch proportions of hairtail by each

fisheries

o 4 PadolgF (8) o gH & (%)
ret el e gcy 41,580 49.9
o3 7] A 1R E o 13,390 16.7
NPEE 9,687 116
o) & X% 4,804 5.8
A 3,252 3.9
A A 7 2,750 3.3
=3 A7) 2,636 3.2
dctAF 1,291 15
2P 685 0.8
X 599 0.7
=3 A 584 0.7
714 A A G F ol 248 0.3
At Fg 189 0.2
AT 122 0.1
71 b 974 1.2
Z g 83,291 100.0
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= ol ¢H& 2 Al

dMd EMA=, 1988~1997
Table 3-1-12. Data for the economic analysis

oL U dMALHE0HY H O

of hairtail in

g

=

EEZN

1K

9|

the offshore
stow net, the large pair trawl and the large trawl fisheries,
1988 ~ 1997
ol P& AY=HF Fuidrt 1993 v &
o 9 o o ) ST T ARF A
(d9/4) (AE5/4) (9/kg) (8/2%35)
gy A4 4,781,197 1,172 844 4,109,361 0.70
bk I AR 113,377 66 1,341 840,773 0.05
9 o 2,447 287 - 1,093 2,475,047 0.375
* TR

I

. 1988~1997. ol 978 @ AR L, F4b= 9 &
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(2) ANAEH 4 ANAAN B F
b HAAEHPEZF MSY) B MSYA A= F (fysp) S F3
® 3-1-129) 3= 23] Zel oidk 1993~1997 3¢ FFstE Fdd o
18| P25 S Ag3te] Fox mdle]l HgA7 A3k (g2 = 0853), 5% FrolsFolA §
g BAEA (o < 00055 HERHoH, 48 MSY= 146615, MSYAl o 9
fusyE 1471181 F45A0k (29 3-1-9).
(Wb HAAAARRLEZF (MEY) 2 MEYA o= (fypy)
Svtel el ZAe aekdgeld, d¥ABo I AAAYelY L PYEE Y

F o9 olol3} o @Bel Aawd mERANoRYY F4H Ao woloe o 5l
o dolglom (17 3+10>, of wolele AL A AMF (MEY)S 103367%,
olule] o Sy 557300 YA o] F F oM AW Ao HAvjA

=
A Aabsr (MSY) 2 HoiAdA4 Aarsk (MEY)3 oluje] o] d w2 as nwsjrd
MEY: MSY9 705%, fupys FusyS 37.9%FFo 2 wf$- vk} o= Zx|ojgjo] @

< oSS T des & Uk
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i 3-1-13. &4

Table 3-1-13. Fitting data to GLM model and estimate of CPUE of hairtail

oo GIM HEAREL Sy d =gt =X

fisheries
o 1]
AE o3 U In(U) ng
94 95 96 97 98 99 00 01 02 °J70S oFLP

1988 OS 148 27 0O O O O O O O 0 O 0 0 2.4 11.3
1989 OS &7.7 45 1 0 0 0 0 O 0 0 O 0 0 35 345
1990 OS 988 46 0 1 O O O O O 0 O 0 0 3.6 35.7
1999 OS 933 45 0 O 1 O O O O 0 o0 0 0 4.1 62.5
1992 OS 9%7 46 0 O O 1 O O O 0 O 0 0 4.3 76.6
1993 OS 652 42 o 0 o0 o0 1 0 o0 0 0 0 0 4.0 55.0
1994 OS 1027 46 0 O O O O 1 O O O 0 0 4.8 124.1
1995 0OS 663 4.2 o 0 0 o0 o O0O 1 0 0 0 0 49 1279
1996 OS 395 37 0 O O O O O O 1 o0 0 0 4.4 81.0
1997 OS 341 341 O O O O O 0 O o0 1 0 0 46  104.1
1988 LP 234 32 0 O O O O O O O O 0 1 1.9 6.4

1989 LP 224 3.1 1 0 0 0 O 0O O 0 O 0 1 3.0 194
1990 LP 243 32 o 1 0 0O O O O 0 O 0 1 3.0 20.1
1991 Lp 241 32 0 O 1 O O O O O O 0 1 3.6 35.1
1992 Lp 237 32 0 O O 1 O O O 0 O 0 1 3.8 43.0
1993 LP 191 30 O O O O 1 O O 0 O 0 1 3.4 30.9
1994 1P 506 39 0 O O O O 1 O 0 O 0 1 4.2 69.8
199 L 9 43 0 O O O O O 1 0 O 0 1 4.3 71.9
196 LP 388 37 0 0O O O O O O 1 O 0 1 3.8 45.6
1997 LP 1057 47 O O O O O O O O 1 0 1 4.1 58.5
1988 LT 24 69 0 0 O O O O O 0 O 1 0 2.5 11.7
1989 LT 121 25 1 0 0 0 O 0 O 0 O 1 0 3.6 35.7
1990 LT 303 34 0 1 O O O 0 O 0 O 1 0 3.6 36.9
1991 LT 629 41 o 0 1 0 0o O O 0 0 1 0 4.2 64.6
1992 LT 1158 48 0 O O 1 O O O 0 O 1 0 4.4 79.1
1993 LT 777 44 0 O O O 1 O O 0 O 1 0 4.0 56.9
19949 LT 2148 54 O O O O O 1 O 0 O 1 0 49 1283
1995 LT 2432 55 O O O O O O 1 0 O 1 0 4.9 132.2
1996 LT 2008 53 O O O O O O O 1 O 1 0 44 83.8
1997 LT 1808 5.2 O 0 0 O 0 0 0 0 1 1 0 4.7 107.6

1 CPUE FAAx [/ ©9:2go] &2 (CPUE)
* OS 1 el Toldd, LP @ dig 7| xlegEoelols, LT @ ¥ EZY
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Fox 2 &

MSY : 146,615 =

fusy : 1,471,181 Q13+
R?=0.853, p < 0.0001
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a8 3-1-9. Fox (1970)2€S 0|28
HB0I0jY L HHEBO Y &

[

oM
JH

i}

08
o
0z

o

Fig. 3-1-9. Equilibrium vyield curve for chub mackerel in the Korean large

purse seine and offshore gill net

fisheries using the Fox
(1970) model.
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3 10 Fox 2&
il MEY : 103,367 £

/ fuey © 557,300 24
5 L
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0
500 1000 1500 2000

TBc: 22Xl &S0/, NPc: =0|2, TC: EH|E
o8 3-1-10. ZX9 &0/ (TBy2 &0l (NP EUHIE (TC)el 2HA.

Fig. 3-1-10. Relationship among total benefit (TBy), net profit (NPy) and

total cost (TC) for chub mackerel in Korean waters.
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Iy 3-2-1. EESE o8- UN FRSEN 2 of b

Graham-Schaefer 22 2| A &,

Jo

Y AE

i

0| &

roi

Fig. 3-2-1. Fitting data to Graham-Schaefer model using standardized
fishing effort (SFE) and non-standardized fishing effort
(NSFE).
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O 3-2-2. &8l Og = #ESHEHA 22 He =g
Fox 2499 HE,
Fig. 3-2-2. Fitting data to Fox model using standardized fishing effort
(SFE) and non-standardized fishing effort (NSFE).
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42 LYY KB FHA U@

Table 3-2-1. Comparison of estimate between standardized fishing effort

and non-standardized fishing effort

- 2 FA A Schaefer &2 4€ Fox 24
MSY 176,970 & 164,396 =
EEsE o gy fusy 8,636 174 9,842 Q1%
(SFE) R? 0.227 0.263
p < 0.05 < 0.05
MSY 175,326 & 169,230 &
Eii}i; ;‘f% fusy 10,185 <14 11,957 Q1%
(NSFE) R’ 0.167 0.228
p < 0.05 < 0.05
3 ol MSY 99.1 102.9

(% : NSFE/SFE) fusy 117.9 1215
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(1) Beverton and Holt W
shue] Ag ool &Y A Na= 19 FHole= N,-S (=782 7+

w, Jd A NE
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rob
i)
o

— 1 1 : N(1—e %)
N= [ Nat= [ N Tar= " (30)
7b Bk E 197 = A AAGE NA = N(1—9) = Ny(1—e Doz aaArg
_ N(Q—e ” -
gho &g A A= F_|jl_4M “Ny(l—e ) =M ( Ze ) = MNo) 11 o] A}y

MAGF= ¢ = FNZ YERT
~_ FNy z _ _
J714, C=FN=—,"(1-e )= =3|] Baranov? ©]&w#24olg} &t} Baranov

of oA F= of (o71A, g olH5EoIW, f= wwE tidelo] thAl 2,
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rr
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_ Cu .z,
A Ae BA ART A% ek a1 dE geid, Ve T T T o7 g

o
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Cul af i . Zyl (1—e Y o L
Ci+1,t+1/£]f,'+1,¢+1 ZHLHI/(I_@*Z‘H,M)

Cit/fz't )+ ln( (qu‘;‘l'M)(l—e —(llf,+1.t+1+M)) J

M =1 —
i ! Civrerr/ fivrie (@f i1, 01T M)(1—e ("fﬁM))
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(CHH === (f) ARZFEH F3517] fste] vbE2 whH (iterative procedure) S AF-&
g 7 Ak g9 pe HEAH AFS % Hx2ge AT FF A,

C,lf _
(G ) = Mt ae 4 e maa.

(2) Paloheimo ®
Paloheimo (1961)% k9] Beverton and Holt HH¥ ol 93] FAsl= v A2 S A8 3}

4 bsd PES AASA 9 4 () $H T AAGE 7

z |z
1—e %) _ [2(1_21+31 )j__z
ln( 7 )— In 7 = 5 (34)
-z
2 el ¢ AW, FAREAA 947t wawn ged, n(1TF )= -z

HgED 28 Lol QubE oz Abgats W99l 001<Z<100E Agetel thA

Cit/fit

Ci+1,t+1/fi+1,t+l

In ) = M+ q(0.53f 4 +0.477 ;41,141

o|a, o= Y= g+bX(a=M, b=q) BHE Ao HE=R AMINAANA yI E
FAY. F @S F,= ¢ 7Y 78 F Ak
(3) AAAT, AT £ =HF o] &HH

Beverton and Holt®] =AM AG (2)E T3t W 5 4345 (K, L), 7F4A
(1), BEAT (ps AHgete BRHoRRE 8 wide Zg F4A9 mide] =9

B ARE Agstel 2RRAARAS ADS A ASE AF (9B FAsHs Pl

T =M+, (36)

olm® Ans AAIANA Mt = FAHATT
(4) Zhang "9
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AL & F Bk o FALS AFFFHA AFHFeR AYRE A4 o
e3b o] & F 9}

dC _ _ _
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Fig. 3-2-3. Variations in CPUE by month of Penshell in the coastal of

Yellow Sea.
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F 3-2-2. Lesile 29 % DelLury 220 st Mol et FITIHS AH=Z Qb Al AttA
Table 3-2-2. Fitting data and calculation process to Lesile and Delury
models of Penshell in the coastal of Yellow Sea

(@) Leslie 24!

t Ci Cv2 K, fu Ci

1 1,317,696 658,348 658,348 424 3,108
2 1,160,167 580,084 1,897,730 294 3,946
3 619,094 309,547 2,187,410 303 2,043
4 937,117 468,559 3,065,516 327 2,866
5) 502,275 251,138 4,285,212 224 2,242
6 534,010 267,005 4,803,354 238 2,244
7 110,536 55,268 5,125,627 66 1,675
3 55,589 27,7195 9,208,690 41 1,356

(b) DelLury 24

t Cy fi E, Cv/fy In(Cy/fy)
1 1,317,696 424 212 3,108 8.042
2 1,160,167 294 o7l 3,946 8.280
3 619,094 303 870 2,043 7.622
4 937,117 327 1,185 2,366 7.961
5) 502,275 224 1,460 2,242 7715
6 534,010 238 1,691 2,244 7.716
7 110,536 66 1,843 1,675 7.423
3 55,589 41 1,897 1,356 1212
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A& F ° AASet o #Fg w¥Fg Aavs JHAA A ol&E F e REE
Ao o] oy 7Hx] HEgd mdSo] AlS JdE At (Pella and Tomlinson,
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Fig. 3-2-4. Concept of surplus production model.
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H 3-2-4. NUHAIHEE ABC FHAN2H
Table 3-2-4. System to determine ABC for demersal stocks

# 19 BRFFE 0 A% B9 F, Busy, Fusy, Fxo, M
la) AH47dE @ B/Busy >1
Fapc < Fusy
1b) AH7dEl + a<B/Busy < 1
Fapc < Fusy*(B/Busy-a)/(1-a)
lc) A4 E @ B/Busy <ai Fapc = 0

x 204 AHSFFE 0 AT WX B, By, Fxo, M
2a) AFA3E  B/Basos > 1
Fape < Fasos
2b) AFLAAFE] ¢ a< B/Bxes < 1
Fape < Fsos x (B/Baes-a)/(1-a)
2c) A3 H ¢ B/Baes <ai Fase = 0

« 3T ARGE A2 WE B, Fo, M
<

FABC

&

.1

x At ARG 0 A Yo f(CPUE)
4a) AF4E] ¢ CPUE/CPUEysy >1
ABC < MSY
4b) AF44H ¢ a< CPUE/CPUEysy < 1
ABC < MSY x (CPUE/CPUEusy -a)/(1-a)
4c) A4 © CPUE/CPUEMsy < a ; ABC = 0
* 5EHA ARG E Al Y
ABC < p x Yam(HA7IZt o] g3 2t&dvtA)

M

1) 194 ~ 32tA41e] ABC AlLk2
BF AB — (M+ F p0)
ABC = m(l— )
B o7 oS AdE, M =AAANA
Fape : AEFTH 2Add el wet 24 5= =310
2) 1, 2, 49441 a = 005
3) 5EHAI9] pE o P FAE 1 st 05~1.08 A A= A
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i 3-2-5. FHAHE ABC FEA LY

Table 3-2-5. System to determine ABC for pelagic stocks

 19A ARTFE D AEE A% B9 F, Busy, Fusy, Fxe, M, 3RS
la) ZAH73H © B/Busy >1
Fasc < Fusy
1b) AL E + a<B/Busy < 1
Fasc < Fusy*(B/Busy-a)/(1-a)
lc) AHA3HE @ B/Busy <a @ Fapc = 0

* 20 ARSE L T dE A9 B, Bxy, Fxe,, M, 37425
2a) AHA73E 0 B/Baoes >1
Fasc < Fao
2b) A4 E] - a< B/Bays < 1
Fase < Faoos x (B/Baoes—a)/(1-a)
2c) AHA3H  B/Baes <a @ Fasc = 0

* 3THA ARFE D HPAE AEE B Foy, M, 3H4A15
Fapc < Foi

« 407 AREFE 0 Axd Yeb f(CPUE)
4a) AF94E : CPUE/CPUEwsy >1
ABC = MSY
4b) A48 : o< CPUE/CPUEysy < 1
ABC < MSY x (CPUE/CPUEusy -a)/(1-a)
4b) A+ © CPUE/CPUEwsy < a @ ABC = 0

«* 5P ARFE  AEE Y
3

ABC < p x Yam(HA7|3t oA 87 b=t A])

D 1A ~3941¢] ABC ALt -
5

B,F -
ABC = ABC,+ 3 i (1—e M)

_ RF, _ —(M+F) o
ABC, = M+F7(1 e ), R = f(SB,E)
B iAlE U Ad"E, M«

Fapc 2 Fr @ RT3 2973

o
2) WHeF 1A RH 3RAAA S ARobed BAARA G A AoiAY A g

31,2 44A2 a = 005
4) 52AS] p= o FF FAIE E o] 05~-1.0% NN A=
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I 3-2-6. 13S0 & &X2e ABC =EA
Table 3-2-6. ABC estimates of chub mackerel and hairtail

T = a5 o] z A
ole R EE R EEET I
CPUE (< d%) 14.56 mt/haul (2002) 0.27 mt/tow (1997)
MSY 180,021 mt 146,615 mt
famsy 9,200 haul 1,471,181 tow
=MSY/fusy = MSY/fusy
CPUEwmsy =180,021 mt / 9,200 haul =146,615 mt / 1,471,181 tow
=19.57 mt/haul =0.1 mt/tow
CPUE/CPUEumsy 0.745 2.710
A1 7 El 4b) 4a)
ABC 131,527 mt 146,615 mt
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Fig. 3-2-5. Net profit isopleths of Korean large purse seine (LPS) and
offshore gill net (OGN) fisheries: X represents the optimum

fishing effort in two fisheries.
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Fig. 3-2-6. Net profit isopleths of Korean offshore stow net, large pair

trawl and large trawl fisheries l: the case for increasing

fishing effort in offshore stow net.
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Table 3-1-7 Standard level of catch division by optimum fishing level
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Fig. 1-3-13. Operating schematic diagram of bottom gill net.
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Fig. 1-3-27. Operating schematic diagram of fish pot fishery.
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Fig. 1-3-37. Operating schematic diagram of sea eel pot.
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Fig. 1-3-41. The number of used vessels according to the number of hooks.
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Fig. 1-3-42. The number of used vessels according to operating days.
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Fig. 1-3-43. The number of used vessels according to the distance of hook.
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Fig. 1-3-47. The number of used vessels according to operating days.
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Fig. 1-3-48. The number of used vessels according to vessel scale.
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Fig. 1-4-1. Catch according to mesh size.
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Fig. 1-4-2. Catch according to the area of one net panel.
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Fig. 1-4-3. Catch according to the number of used panels.
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Fig. 1-4-4. Catch according to the time of immersion.
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Fig. 1-4-12. Catch according to the total area of used gill net.
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Fig. 1-4-13. Catch according to of vessel’s power.
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Fig. 1-4-14. Catch according to of vessel’s tonnage.
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Fig. 1-4-15. Catch according to mesh size.
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Fig. 1-4-16. Catch according to the area of one net panel.
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Fig. 1-4-18. Catch according to the time of immersion.
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Fig. 1-4-20. Catch according to of vessel’s power.
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Fig. 1-4-23. Catch by the distance of fish pot.
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Fig. 1-4-30. Catch according to the distance of hook.

- 205 -



400

350 + . .

300

250

200 .

012l 25/2 (kg)

150 * .
100 +

50 | *

L 24

0 20 40 60 80 100 120 140

A
T

=

~

ue

J8 1-4-31. A5 =Ll WE o5t

Fig. 1-4-31. The catch according to operating days in a year.
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Fig. 1-4-32. Catch according to of vessel’s power.
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Fig. 1-4-37. Catch according to vessel’s power.
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Fig. 1-4-38. Catch according to vessel’s tonnage.
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Fig. 3-2-2. The reasonable scale of king crab gill net fishery.
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Table 3-2-5. The catch of pot, and sea eel pot fishery

) o101 Sur M ARFM/T) Dol = AARREM/T)
e A = 7H0f Al S 70)
19984 19,760 2816 60,980 3209
199944 22559 2,654 50,882 2842
200014 22751 2413 43.792 1832
2001 21714 2,693 40,124 1,659

10576 9,542
w 86.784 195,778
(12.29%) (4.87%)

4. A% AF o7 F2 L Y=gy
CEECIEE L

A% o T oFT2E WRE FAMEel 94 U v WA B AFS
FRL WS ot dalel 2d w7 FE Aelth webd AzolgelA o =
Wel ofwdd pae @ 4 A Aomt WAuEe] 2], WAl Apele 14, w
79 3 &3t ol Utk o Fo WY Y5 AAR A% ol T o HYS] Fa
@ que s Aol Aotk et Buel A s VAR o} Fm Y BrhoA w7
o F& AolATE AL AEHOE oPm 1 BA EF otk EF, FUY 17
e w79 Zah Fase 2719 AY AATBAE B2y R ARHe AT
ot goa AZET st odAEe oW AAS Baie] o8 Fist Wolx
A g WANA AN (A b A ASREE bsgel Atk BE o7l
A% Bwolglst AR F5719 SRSt FAmEelA o gEe Wolym o TE
et AYSES gorste] Bad WA 1AS ReAAe A% REAW, o F A
29108 WAl HFe AR At Hokw U Aol

AFodE A%, BEAH AN BAe]l RE 2P ST AFo|Eol
T Pt thA FFHE Fol Ael AFFA FaAA Ark 2ATRA W A ks
o AslelE Aol YAW WY olFo] b F olfHE AYF Av|% RFS RFm
gomz Asolgeld] Walse] 2718 ABHA gl @ Aotk ek, gl
of W oFol & oFHE WA N FuE Aeste] gt Aol FAR Uolm,
B olgla gl dApEe] avlel mek o g5 oo At S Bl k7]
Bol FEAO] WolAE Fe 3/E oYY 22 JFsHE A AF|PlHE A
Fol 4 gl @elt)



F2A

3

17478 10

L7F 9lvh 1% 1-4-32, 1-4-330] 4 9} 3Fo] o}Ale]

AJol7h W= givk

6% ©

=

shul, ool 7]

i
=

1

kel
=

bol A2ts

s

KeX
=

S
R4

_"

o]

L
T

HAA L 4~5m

8

o]
o) AEl, w7e] Fjol el of

1|
o
T

+

.

of ute}

3|

o
1=

o 73

|

o

o]
H

Ry

A

I

A

)

o

o 2@ 1-4-299F o] WAl A}

-

R

]_

o]

°

AL

=

=

s 5o BE 3,000~7,0007)

S

G WA

48

24 o]

-
.

& o] @l 7}

ez
H

{o

=

A&k

o)t}

=

=

T v
& g

T

&

3]
2l

12

S

o e} ol

s} of

1

k<]
hEA

ﬁo

—_
o

el

)

el

FAle A Am, FAS) FAL 155.(40x14mm),

A% 500070 ol & A A

5,00071 7}

3
T

1o},

[

ol
{o
0

i
i

—_
fite)

o H¥ RHE.

Fig. 3-2-6. The reasonable scale of puffer long line fishery.

.I

(=]

12 AFE2F 5,000M
o

40mm

Ao
B!

(2) &4

o

RS

S

]

o]

AN
=

L
a

k

2% AMuto
[e]

[e)

-
R

o] @718} w

=

T} oj Mol =Z7]

o]}, W Alu}

al

7

- 231 -

SAEA AL

4m = A



e

o
o ¥

>
=

= BAS) 1120008 AHgshed 9 2 AR & e 2
o

Al Ao

[e3

ofo
ol
lo
fu
rl
o v >
o
E
A
2
r2
ofy !
2
2
1o
o,
=y
ofy
rx
[-‘O
o
o
N
ol
.
jin)
rlI
ol
N
2

kA, 22 dseldel AA ol e WA A dm, WA A e 178
o

(40x18mm), 3F F - 5 F = WA= 10,0007 o] WHE A A BFa A Sh)

12 AFZ2F 10,0000
40mm 175 =

|
—18mm—,

a8 3-2-7. ZX As0YUY HE HA72.

Fig. 3-2-7. The reasonable scale of hairtail long line fishery.

cfAs P A== MSY 7IFAE(FHFA4er e, 2000~2002d A =)E o]
FE] 60%F AMFIL PH Woom ¥ £EA 4% AYD
S

o]
Ao BHT 5 Atk FAW o] AREF ErlZ Hol A% Al A3E AL B
Fetrh. ks, ® 3-2-6l 49 o] Axolgl AA AT FoA BHo7h A

Hl &2 <dQko] 0.35%, 37 2.77%= wj$ 7] wFo|t} ¥, Holx ofzx TAC 4

U7 wjZel ABCOl thdt A57F §lo] oA AF3d MSY %k% VEo 7 oF

S AT Futel] §lth HolAle} o] Ho] o
e}

= Azl %oﬁoi?j«l T 9F 46%7F AAaHAY BYe e ﬁ%%ﬂfﬂ
£

k=l
il
2
o\
[-'0
A
2
10
2
ot
s
|
i
ol
rfy
2
)
rlr
Y,
s
d
2
%i
[e]

JE o

mo oY

(@]

O

é?

_9_

2

rol

k)

=

S

AV

wekA, Wd 2 F£F MSY #S 7o o]g
= AT}

- 232 -



#* 3-2-6. AS0HY L 50 HSOHY ol
Table 3-2-6. The catch of long line, and puffer long line fishery

0101 015 M ARE(M/T) Dol ol MAREM/T)

T A = 0f Al = 0f
19984 21,858 150 12,464 377
199944 21,955 75 11,806 550
200014 25374 65 12,202 306
20014 16,963 7 15,180 201
297 1,434

H 85,450 51,652

(0.35%) (2.77%)
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Table 3-2-7. The catch of long line, and hairtail long line fishery

) 0101 015 M ARE(M/T) Dol ol MAREM/T)

e Al 2t 7] Al 2]
19984 21858 55 12.464 3939
199944 21,955 54 11,806 3,591
200014 25374 10 12,202 5.991
2001 A 16,963 5 15,180 8,833
134 22354

w 85.450 51,652

(0.16%) (43%)
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Fig. 1-3-1. Operating drawing of pair trawl.

— T i

Jd 1-3-2. tlg 4E0 JHMAT oM.

Fig. 1-3-2. Fishing vessel of the large size pair trawl.
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Fig. 1-3-16. Purse seiner and net stacked on deck.
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Fig. 1-3-19. Schematic operation diagram of the anchovy drag net.
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Fig. 1-3-20. Fleet of the anchovy drag net.

- 260 -



d 363 = - o
B % g;/ PE +Mylon $58:2  1.80 N
B =0 I
|| A1 | I
L] = L |
=
- T - H =
i q] | ] 2
s 1.80 o 2
H FH———— H =
] (171 ] e
raa|| M
I g__ s 11 =1
=
f] E | —
=
H = 111,00 H
I or L] o
1y 3 - 0
9 & =) R
] = _ L |
o
— = e —] —]
i E 1 A I |
e = 10667
PP$21, 640,00 — :@ e -
n = |
L] _ L =1 |
=
aH — Ho—+ —
i B € A
= — = H =
L 1= |- =
o= T -
______________ d 363 = ] =
PE+Nylon 4 262 1, 2m ‘]Di 2808 = |2 1o |
___________ . = n_‘_
PE +Mylon ¢4 22 1, 050mm | 152 202 ﬁ'} L |as
PE+MNyon ¢4 252 ®om ENEEEEE G T
PE+Nylon $4 2+ §00m [1e2 3= 0] |
PE+Mylon¢a ¥=Safoqm ¢ [1a2 3283 J ] |
a0
e e (5 37 __g 1622
=2 S
3 3 3 b
I = LE t
-t u [T
Mylon Td210 B=8EFAF 140& Bl
————
g 1-3-21. J|dAALS MAH T

Fig. 1-3-21. Net design plan for the anchovy drag net.

- 261 -



A 24 o7 AR

2 T4 gov, #

=
o

&7

Nfo

ol
50

)

il

Al A-&A1 71

1}

ol &

S
L

2] o] wfE(knot)> Mo = ¥h(bar)

ol
B
<
)
o
B/
o

—

NV
il

2
<

b

)

44

A o, @A

TH

o

—_
fi%e)

r
Mo

N
W
;OD
o

ol
Nd

;OL
&y

N

ofy
gl

_~
=0

\mwo

il

ol

ofe] FRel olFsh 1 T

[e)
e

]

o

e = (™ 2-1-2).

=0
==

bol 4%

o

i
o]

&H
el

= o= 7h9]

Ao

U =

Wl wobA

gozm Al 23

o
=

W A

S
=

= BA dA L] AE

=
=

- 262 -



YR %

A pda

o

-/ =2 oOo.

Fig. 2-1-1. Modeling for a fishing net.
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Fig. 2-1-2. Modeling for factors with large mesh or rope.
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Fig. 2-1-3. Modeling for netting with small mesh.
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Fig. 2-3-16. Shape of net mouth with the towing speed of 3.bknot.
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Fig. 2-3-20. Shape of net mouth with the towing speed of 3.5knot.
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Fig. 2-3-21. Developed area of net mouth according to the towing speeds.
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Fig. 2-3-25. Encircling area of float line according to the elapse time.
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Fig. 2-3-29. Shape of net mouth with the towing speed of Tknot.
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ig. 2-3-30. Developed area of net mouth according to the towing speeds.
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Fig. 2-3-31. Shape of net mouth with the distance between the vessels of 550m.
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Fig. 2-3-32. Developed area of net mouth according to distance between vessels.
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Fig. 3-2-1. Shape of net mouth of large size trawl gear with a towing speed of
3.5knot.
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Fig. 3-2-2. Shape of net mouth of large size pair trawl with a towing speed of

3.5knot.
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Fig. 3-2-3. Developed area of net mouth of the large size trawl net.
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Fig. 3-2-4. Developed area of net mouth of large size pair trawl net.
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Fig. 3-2-7. Net mouth area of the bottom trawl gear.
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Table 3-2-3. Yearly fishing effort by type of fishery per each vessel
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Fig. 3-3-10. Yearly fishing effort by type of fishery per each vessel.
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Fig. 1-1-1. Norwegian Zones and international waters (I) and catching areas for mackerel.
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O 1-1-2. A =290 oM.
(@QMASKSAS), MUY, MPESEH, (DESH

Fig. 1-1-2. Typical Norwegian fishing vessels.

(a)Demersal longliner (Autoline), (b)Purse Seiner, (c)Shrimp trawler, (d)Factory fish
trawler
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ad 1-1-3. EEQ OglE.

Fig. 1-1-3. Nordm@re sorting grid to avoid capture of fish when targeting shrimp.

O 1-1-4. ES0| MEE= 22 E.

Fig. 1-1-4. Size selector grid used in fish trawls.
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Fig. 1-1-5. Square mesh codend used to improve size selectivity in fish trawls.
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E 1-1-1. 22909 o=y SH (1999-2002)
Table 1. Landing statistics - Norwegian catches 1999-2002

Catches landed from Norwegian vessels in Norway and abroad

Catch Value

Fish species 1999"”  2000*"  2001*"  2002™ 1999" 2000*" 2001*" 2002™"
Capelin 91813 373986 482800 531600 190 881 368 473 535 200 649 700
Norway pout * 51124 52912 27100 28000 27922 31311 18 700 23 000
Blue whiting 2 534 570 553478 573700 558100 288 870 323803 400 900 551 500
Sandeel 187589 119015 187500 176 000 103 339 72972 147 162 600
Atlantic horse mackerel 46 657 2084 8000 36700{ 106723 4 859 45 400 97 600
Atlantic mackerel 161046 174226 180800 184 200| 865 529 984 924 1338800 1361200
Herring 820007 799946 581300 569800 1202500 1435641 2246100 2027800
Sprat 22214 6425 12500 2600 32 300 20725 23 600 11 900
Other pelagic species 2971 - - - 1333 - - -

Total of capelin,mackerel,herring etc. 1 926 991 2082072 2053 700 2085000 2819397 3242709 4755700 4 885300
Atlantic cod™ 256 554 219193 208900 227600 3324833 2931910 2904800 2863100
Haddock® 53 243 45935 51 600 54 900 591 078 533722 616 500 553 700
Saithe 198 387 169748 169500 202300/ 1012460 739 507 822 100 931 300
Tusk 23274 21915 18800 18100, 191 344 178 309 178 100 154 200
Ling/ Blue ling 19 761 17733 14 600 16 100 228 231 224 469 233 800 209 500
European hake/Pollack/Whiting 3680 4224 3800 4100 37499 41417 39 500 37 800
Total of cod etc. 554 899 478747 467200 523100/ 5385445 4649333 4794900 4749 600
Greenland halibut 19 704 13019 15 200 11 500 284 852 239 862 272 500 172 900
Other flatfishes 3274 3579 4 200 4 100 66 277 86 427 89 000 75 400
Atlantic redfishes 30856 25632 28700 16300, 201066 175 831 201 800 109 600
Argentines 7823 6 107 14 700 7 200 24 040 18 448 62 300 23 900
Other demersal species 12 143 14356 24 900 15100f 135353 182 914 241 400 147 400
Total of flatfishes and demarsal 73 801 62693 87700 54200 711588 703 482 867 000 529 200
Various deep-sea species 2375 2855 2 900 1 800 14 091 16 163 17 600 11 000
Other species n.e.i. 4 341 4320 3 807 3 400 41 796 19 891 27 300 19 300
Edible crab 2836 2 890 3500 4 350 20 046 20 901 27 300 34 200
King crab * 202 211 430 410 9704 22 803 33800 31 200
European lobster 59 52 40 40 9 490 9 287 7 900 8 100
Norway lobster 383 346 280 270 23971 22 411 19 500 18 800
Northern prawn 63538 66 501 65800 666000 902867 1031342 875 600 791 700
Scallops 445 639 740 700, 8484 11 607 13 900 12 900
Other molluscs 118 5 2 0 676 59 22 i
Total of crustaceans etc. 67 582 70 644 70 792 72 370 975238 1118 409 978 122 896 901
Total 2629989 2701331 2686099 2739870 9947 555 9 749 987 11440 622 11 091 301
Kelp and wrack 178542 192426 175200 182 600 28423 35788 32 500 33 400
Total(incl. Kelp and wrack) 2808531 2893757 2861299 2922470 9975978 9785775 11473122 11124701
;&;rsii)minary figures (Some value-figures for 2002 are estimates. Joint venture is not included in the figures for

" The figures includes Norwegian catches for scientific purposes where the catch is sold. Greenland halibut for 1999 includes
catches for

scientific purposes made by a Norwegian vessel on Russian commission.
2) Price agreement art. (i.e.the catch is registered as the species which represent at least 50 % of the delivery to reduction.)

% Norwegian catches on quotas purchased from Russia are included in the figures.
’ Commercial catches of king crab from 2002, in 1991 - 2001 catches only for scientific purposes.
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Hokkaiodo Trawl’s fishing area and catching rate.

Fig. 2-2-1.
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Fig. 3-2-4. An escaping device of the purse seine for small fish.
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od 3-2-
Fig. 3-2-5. A sorting device for shrimp and fish in the shrimp trawl fishery.
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