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Development and practical use of sinker to octopus
drift line and gill net gear for environmental—friendly fishery
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SUMMARY

Development and practical use of sinker to octopus drift line

and gill net gear for environment-friendly fishery

For most of fishing gears, the lead has been used as the sinking material,
because the lead is neither fragile nor spoilable, and in addition,it is not only
easy to be formed into any shape as wanted, but also, its price is cheap.
However, for the marine life, the younger the fry is, the more susceptible to the
poison of lead it is, and the lead can be accumulated into human body through
the fish, as the fish may take in the lead from the sediment at the bottom or
the food chain in the ecosystem. In this sense, it is necessary that the use of

lead should be restricted in the fishery business.

The purpose of the research is to develop new sinker, which can replace the
lead one currently used as the accessory fishing equipment of fishing net gears
and angling gears, and put it into practical use, so that the newly developed
fishing sinker can be introduced to promote the environment-friendly fishery and

reduce the pollution in the ocean.
1. Current state of octopus drift line and gill net fishery.
A. Current state of octopus drift line fishery
The yearly total quantity of the octopus caught in Gangwon province during

the past 9 yearswas on an average in the range from 930tons to 1,692tons,

which was calculated to be 10.1 billion to 14.6 billion won. The octopuses
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caught in the East Sea of Korea are an important source of income for the

fishermen, as they bring higher profit in terms of price per weight.

The fishing gears are manufactured by the fishermen themselves, where they
use the lead as the sinker, and the fat of pork as bait for octopus. The fishing
equipments for octopus vary in the form, size and weight, according to the
region and fishermen. The number of the fishing equipment used for octopus in
the coastal regions of Gangwon province is usually in the range of 30ea to
50ea, and the weight of the fishing equipment is between 100g to 550g,
depending on the depth of the sea.The fishing hooks are composed of 4 pieces
of string, and stone or lead is used as the sinker of the fishing equipment. In
the fishing equipment, the longest gap of the 4 piece-string is 2.2cm to 3.8cm
and the length of shank is 14.7cm. The average numberof the fishing equipments
lost during in the fishing work comes to a few to more than 10ea a day. The
drift fishing line for octopus, used in the coastal regions of Gangwon province,
has been also used in the regions, such as, Gyeongbuk province, Island Ulreung,
Hokaido in Japan. The single fishing line equipment for octopus is used in the

Sacheon in Gyeongnam province.

The temperature of the bottom of the sea along the coast of Gangneung city
in the period from April to June is the average 3.2 to 12.4;E,which is
considered to be best for octopus to live in, but the sea-water temperature in the
period from July to August is 5.0 to 20.6;E, and the daily difference of
temperature is quite large, as 9.2{E at the maximum. The concentration of salt is
in quite stable range of 33.2~35.3%., which does not make any significant
difference to the habitation of octopus. In most of case, the octopuses are caught
in the period from May to July, and 76.7% (79 octopuses) of them weigh less

than 1kg, which is considered as small size. In the one-day fishing work with
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the drift line for octopus, it is considered efficient to fish in the sea water in

depth of less than 40m for about 6 hours or so.

It is necessary that the drift fishing gears should be standardized and the lead
used as the sinker should be replaced with the environment-friendly material, and
the bait for the equipment should be substituted with some artificial one.
Considering that 76% of the octopus caught through the fish trap and drift
fishing line equipment are the small and not fully-grown up octopus, it is
required to establish some systematic resources management policy of the fishing

industries.

B. Current state of the sinkers in the gill net fishery.

As the result of the survey on the lead sinker used in the areas of Goseong,
Gangneung and Samcheok, there are 13 types of the lead sinkers, depending on
the weight from 12g to 95g. In the case of Gangneung city, the typical fishing
equipment used by the ship (of 2.43tons) is the bottom gill net, which has 15
net width in the number of the fishing equipment, when it is thrown into the
sea for the fishery. The number of the lead sinker used for 1 net width is
approximately 400ea, and the types of the lead sinkers vary, depending on the
fishery seasons of the year, and roughly there are 4 types of the lead sinkers by
the weight, such as 18~20g, 24~30g, 33~38g, 45g. The depth of the sea
water for the winter fishery is about 55 to 60m, and the fishing work is made
in the area within the range of 4~5mile from the coast, and flatfish, Tukchi
fish and codfish are the main items for the catch. Most of the fishing gears lost
during the fishing activities can be collected using grapnel anchor, but it is hard

to collect those equipments lost, due to the natural disasters, such as typhoons or
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sea tides. The sinkers of the gill nets, most widely used all year round, weigh

19g each and 22mm long and 13.5mm high.

2. Influence of lead toxic characteristics

A. General toxicity of lead

As the lead indicates its toxicity a long time after it has been -accumulated
into human body, human being is poisoned with the lead, which may cause such
problems in the brain and nerve system as, mental problem, body paralysis,
anemia and vomiting. In the case of children, even if a small amount of the
lead is taken into the body and develops the related problem,it is known to be
fatal, because it can bring to the children the decrease of intelligent quotient and
disability of concentration, the problem with reading and learning ability, hearing
problem, abnormal sensitiveness, growth retardation and development of violent

character.

B. Influence of the lead in the fresh and sea water

In the case of the lead sinkers, which were lost in the Swedish rivers of the
Northern Europe, a considerable difference of weight was shown in the lead
sinkers, which had stayed in the rapid current of the river for a certain period
of time. Sometimes, it has been known that the lead sinkers exposed in the
semi-salty area of downstream in the river is corroded. In Canada, it is reported
that about 500 tons of the lead lost or thrown away in the fishing work, has
been accumulated in the nature.

In general, the lead products are non-soluble in the water of stream or lake,

which is neutral in pH degree, but when it sinks into the water with sand, it

_14__



corrodes and tiny amount of lead component, whichis discharged into the water.

In addition, the lead is easy to be dissolved into the acidic water.

C. Poisonous influence of lead affecting the fish

The lead affects the efficiency of the fish feed and the growth of the fish,
because the lead damages the gills of the fish exposed to the lead, and causes
the difficulty of bronchial respiration, decreasing the ratio of respiration. The
poisonous influence of the lead on the marine life largely depends on the
difference of the susceptibility to the marine life by the species or on the usage
of the lead for what purpose, it is known that the younger the fry the easier it
is harmfully affected. The lead affects the parameters of the bio-chemical,
morphology and behavioral characteristics ofthe fish. Besides, it is reported that
the organic lead compounds are 10 times to 100 times more poisonous for the

marine life than the non-organic lead compounds.

D. Laws and regulations limiting the use of lead product for fishing gears

Such countries as, the USA, the UK, Canada and Demark put some limit or

restriction on the sale of small size lead sinkers to protect the wild life.

E. Amount of the lead used by the fishery in Gangwon province

In the amount of the lead used in Gangwon province by the fishery, it is
distributed as 619.38tons for set net, 283.86tons for set net of the demarcated
fishery, 690.0tons for the gill net of coastal fishery, 7.15tons for the small
fishing ships, 2.67tons for coastal trawl net, and 29.45tons for other types of
fishery, and in all, it comes to the total of 1,632.51tons of lead. On the other

_15_



hand, in the yearly amount of the lead used for the octopus drift fishing line, it
is 83.7tons in Goseong, 20.2tons in Gangneung city, 51.7tons in Donghae city
and 45.3tons in Samcheok city, and in total, it comes to the 2000.9tons of lead.

3. Development of the material for the environment-friendly fishing sinkers

A. Development of the material for the octopus drift line

The new environment-friendlymaterial for fishing sinker was reinforced in the
viscosity and hardness using the cement leavening agents and special resin for
cement, and the fishing sinkers were manufactured by adding the powdered iron
and stone quantitatively to the hydration ceramic-group material, in order to give

it the same weight as the lead sinkers.

B. Development of the material for the sinkers of the gill net.

The lead sinkers for the gill net werecoated with the ceramic-contained paint.
The ceramic-contained paint was added with non-organic oxidization agents like
SiO2 and TiO2 to increase the anti-abrasion capacity. In order to facilitate the
hardening of the ceramic-contained paints, acryl urethane hardening agent was
mixed at the weight ratio of 6:1 and added to it. In order to form the coating
film on the lead sinkers, the dipping method was used, in which the material
was basically dipped for 2 minutes and then dried at the temperature of 1007,
and in this way, the 4 layers of coating were formed on the material through
the 4 times repeated process of dipping and drying. As the result of the test on
the coated lead sinkers, where they were put into the plastic container together
with sand, and placed under the rotating milling test for 48 hours, it was proved

thatit was excellent in the anti-abrasion characteristics.
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4. Manufacture of the sinkers for the fishing gears

A. Manufacture of the sinkers for octopus drift line

(1) Manufacture of the sinkers for the fishing hooks

In order to keep the advantages of the existing lead sinker and stone sinker
intact, the fish hook was designed to be included in the sinker at the time of
being manufactured, and the shape was made similar to the existing stone sinker,
designed to be varied in the weight usingsuch environment friendly material as
powdered stone, sericite, powdered iron and others instead of lead. In the
manufacturing process, first, the casting mould was made by the size, and the
mechanically-made fish hook was put in the mould. Then, the mould was filled
with the mixed material of paste. After they were dried sufficiently, they were
taken out of the mould. The Ist test products were big in size and their colors
were not considered. But the 2nd test products were manufactured in accordance
withthe user's demand, and considered in terms of the product sales value. The
products were made to increase in weight but decrease in size. For the
improvement of the quantity of the fish caught through the test fish work, the
3rd test products were made in bright color for octopus to find them more

easily.

(2) Standardization of fishing hook

The existing fishing hooks were different from region to region, or from
fisherman to fisherman. To improve this, as the material for fish hook, the steel

wire was selected, because it was most preferred by fishermen in terms of the
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material and size (1.6mm in diameter), where the total length of the wire for the
hook was 60cm. The selected wire was sharpened at the tip of the wire, and
bent it in the form of octopus hook, using the machine. The bent wire was put
in the mould of the sinker, and the fish hooks were completed at the same time

when the sinkers were finished being manufactured.

B. Manufacture of the sinker for the gill net

One of the mass production methods for the coated lead sinker was to dip the
lead sinkers, which were connected to the fixed frame by the wire, into the
ceramic-contained paint. After the wire was linked to the fixed frame, the lead
sinkers were fitted in the wire net, and the lower part of the wire was bent in
order to prevent the lead sinkers from falling off the wire. After the lead sinkers
were dipped in the ceramic-contained paint, they were taken out and dried in the
oven at the temperature of 100?. In the cost of the manufacture, the cost of the
ceramic-contained paint was calculated as 100won per one lead sinker with 19g
in weight, and in addition to it, other cost, such as, the fee for labor and
electricity and water, was estimated to be 200won, so the total manufacture cost
was assessed to be 300won per one coated lead sinker with 19g in weight. For
the test gill net, the low gill net was selected, as they were most used in the
regionsof Sacheon and Gangneung city, in order to catch the fish like flatfish.
The sinkers were mixed in the combination of general lead sinkers and coated

lead sinkers.

S. Characteristics of the fishing gears

A. Characteristics of the octopus drift line
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(1) Density of the environment friendly sinkers

The density of lead is 15.065, but that of the environment friendly sinkers was
not shown to befixed by the weight, as seen in the range between 2.871 to
6.637, which was 0.19-0.44 times heavier than that of the lead.

(2) Speed of the sinkers

In the confluent water tank,the improved sinker weighed 231g, which was
heavier than that of lead, but was moved in the slow current, the improved
sinker with 497g in weight was heavier 142g than 345g, that of the lead sinker,
but the minimum moving speed was the same. This facts can be assessed to
contribute to the reduction of the fishing time as the fishermen can move faster
in the sweeping area, when they fishes in the same fishing area with the

improved sinker.

B. Environment friendliness of the sinker

(1) Physiological verification

In the indoor water tank, the examination was made to check if there had
been moss growing in the sinker. There was some moss attached to the
environment friendly sinker, and also some moss to the wall of the water tank.
However, there was little change in the moss attached to the sinking lead. In
addition, even if the water tank with the lead sinker was located in the more
sunshine side of the room, but the growth of the moss was not better than that

of the water tank with the environment friendly sinker.

(2) Biological verification
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In order to verify the environment friendliness of the marine life to the
environment friendly sinker for octopus drift line and coated lead sinker for the
gill net, the test for poisonous influence ofthe sinking material was conducted
and assessed for the acute toxicity in the short-term and the chronic toxicity over
long-term period against the flatfish. The environment friendly sinker and coated
sinkers were estimated to be environment friendly, as the survival rate was
similar or equal to the same as that of control group, but on the other hand, in
the test group related directly to the lead, the survival rate was indicated to be
lower, due to the physically negative influence from the lead. In addition, in the
water tank with environment friendly sinker and the water tank of control group,
the amount of oxygen consumed until the end of the test was rated to be
higher, as the metabolic activities were very good, but on the contrary, in other
test group, the total quantity of the oxygen consumed during 28 test days was
indicated to be low, meaning that the metabolic activities became worse, as the
concentration of the lead and the time exposed to the lead increased. On the
other hand, it was known that, as the concentration of the lead and time of the
exposure to the lead increased, the daily growth rate and the growth of the body
length of the fish decreased, compared with that of the control group, and that
the growth rate in the test tank with the environment friendly material was
similar to that of the control group, and based on this result, it was assessed
that the sinkers made of the environment friendly material was environment

friendly product.

6. Research of the octopus drift line

A. Capacity of improved sinker
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In the case of Gangneung region in terms of the fishing work on the sea, the
number of the existing fishing gears and that of the improved fishing gears lifted
from the sea were 1,876ea and 1,546ea, and the total number of the fish caught
were 249 heads and 247 heads each, and in the number of the caught fish per
unit fishing gear, the improved fishing gear was indicated to be a little higher
than the existing one, as it was 0.17 fish for the existing fishing gear and 0.20
fish for improved fishing gear. In the case of Goseong region, the number of
the existing fishing gears and improved fishing gears lifted from the sea were
947ea and 768ea each and the number of the caught fish was 163 and 155 for
each case, and in the number of the fish per unit fishing gear, the improved
fishing gears showed a little better efficiency as it was 0.17 fish and 0.20 fish

for each case.

B. Effect of the colored sinker

(1) Reaction of the octopus to the colored sinker

In the water tank test, in which the red color artificial baits were combined
with the sinkers of such colors as, white, black, yellow and green, the octopuses
chose the white color in most cases, and the next was black and yellow in the

order, and in the case of green color, the octopus chose at the least.

(2) Quantity of the fish caught by the colored sinker

In the field test by the survey ship, Ilhoho, the number of the fish caught by
the color of the sinker showed that the white color sinker caught 37 octopuses
(50.7%), the largest number of octopuses and some of them were big octopuses,

and the black color caught 18 octopuses (24.7%), the yellow 11 octopuses
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(15.0%), and the green color caught the least number of octopuses, 7 octopuses
(9.6%). In the number of the caught fish by the colored sinker by the survey
ship, Jeongsongho, the black color stone caught 24 octopuses (40.0%), the
greatest number of them, and then, the white color 18 octopuses (30.0%) and the
yellow color 17 octopuses (28.3%), and the green color caught the least number
of octopuses, 1 octopus (1.7%). Based on thisresult, it can be estimated that the
color sinkers like black or white caught more octopuses than the yellow or green

sinkers.

(3) Effects of the gray-white colored sinker

In the field test composed of the test fishing gear A (gray-white color sinker
+ squid bait) and test fishing gear B (red color sinker + pig fat-skin bait), in
the case of the survey ship, Gangwonho(G.W), the total of 131 octopuses were
caught with the test fishing gear A, where 2 to 15 octopuses were caught each
time, but the total of 146 octopuses were caught with the test fishing gear B
where up to 14 octopuses were caught each time. Based on this result, there was
actually no clear difference between the 2 test fishing gears (t-test). On the other
hand, in the case of the survey ship, Wonjinho, the test fishing gear A caught
the total of 97 octopuses where one to 18 octopuses were caught each time and
the test fishing gear B caught the total of 79 octopuses where up to 19
octopuses were taken each time. Based on this result, there was also no clear
difference between the 2 test fishing gears (t-test). It is estimated that this result
comes from the reduction of the color effects, due to the marine algae, as the

white part of the gray-white sinkers was gradually discolored.

(4) Collective comparison between the existing fishing gear and improved fishing

gear
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As the improved fishing gear well reacts with the current speed, it is
considered possible that the time period of fishing work can be shortened or the
number of the fishing gears thrown into the sea can be reduced. In the effect of
catching the fish, the improved fishing gear showed higher result than that of the
existing fishing gear and was better in terms of environment protection. And it
is excellent in the choice of the fish targeted and can change the color. In the
unit price, the existing fishing gear is cheaper (labor fee not included) than the
improved fishing gear, and the number of the fishing gears lost in the work is
considered to be same as that of the existing fishing gears even though it can
different depending on the type of fishing ship or the place of fishing work. In
the bait for the fish, the artificial bait (the lobster shape with pig fat-skin or
squid put in) is more efficient than the pig fat-skin and can be converted into
the noctilucent bait. And it can be used repeatedly again and again and is easier
to handle, compared with the existing fishing gear. Therefore, it can be said that
the improved fishing gear is better in the economy and efficiency of the fishing

work than the existing one.
7. Research of the gill net

A. Environment friendly sinker verified through the fishing work in the sea

The test fishing gear was the gill net manufactured in the size of 7 net widths
with the length of 75m per net width. The coated sinker was used only for one
net width among the 7 net widths, and was composed in the ratio of 2 lead
sinkers to 1 coated sinker. The fishery using the gill net had been conducted in
the various places with gravels, sand and stone in the sea. As the result of the

test fishery in the various depth of the under-sea water below 50m and places
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with diverse bottom conditions, no case of the coated layer in sinkers being
peeled off or broken has been reported and the result was considered good. In
addition, no fishing problems, due to the coated sinker have been found when

the nets are thrown into the sea or lifted from the sea.

8. Practical use of the fishing gear

A. Supply of the octopus drift line

(1) Advertisement for the improved octopus fishing gears

For the newly manufactured octopus drift line, the advertisementhas been made
in the regions related through visit, and in the workshop for the near-offshore
fishing fishermen, organized by Gangwon province. In relation to the octopus
drift line, the advertisement has been made for the institutions of fishery industry
and fishermen through the advertisement -catalogues published, so that the
research result can be utilized for the fishery on the sea. And also the fishing
gears collected in relation to the fishery of octopus and the sinker developed for
the gill net have been exhibited in the class room of fishery study department in

order to enhance the effect of the education.

(2) Supply of improved octopus drift line

The octopus drift line is selected as part of the supply and support project for
the fishermen in regions of Gangwon province and used actually in the fishing
workon the sea. However, considering that the weight of the sinkers by the use
is very different, depending on the fishing seasons, a considerable number (about

30-50 stones) of the sinker is required for a fishery and the number of the
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sinker now supplied for the ship is too small, in fact, the supply can not

respond to the demand by the fishermen.

As seen above, the research is aimed at the improving the fishing gears for
the environment friendly fishery, and the octopus drift lines have been now
supplied to the fishermen, but the supply cannot meet the demand by the
fishermen by far breadth and the regions interested in the improved fishing gear
are Island Jeju, Island Ulreung, Kyungbuk province and Gangwon province. In
addition, the practical use of the improved octopus drift line in the fishing work
on the sea has been planned, together with the artificial bait. But in the case of
artificial bait, some complementary works have to be done in terms of the size

and the material used.

On the other hand, thecoated sinker for gill net has been proved efficient
through the lab test and the test work in the sea, and can be used in the fishery
places sooner if the supply for fishermen is supported by the government or the
province. The coating technology appliedto the sinkers of the gill net can be
applied to the coating of other fishing gears made of lead throughout the
country, in addition to the sinking material for the gill net. This research project
is part of the government policies like the project for the supply of the
bio-degradable fishing gears now supported and distributed by the government,
and needs the same kinds of support from the Ministry of Maritime affairs and
Fishery, and the nation-wide supply of improved fishing gears can be expected,

based on such active supports.
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Table 2-1. Octopus catches and amounts in the Gangwon-do

Year Catch (tons) Amount (thousand won)
1998 1,692 11,654,649
1999 1,267 10,145,403
2000 1,300 11,794,079
2001 1,080 10,927,000
2002 930 11,129,150
2003 979 10,719,558
2004 1,117 12,194,080
2005 1,175 14,656,983
2006 1,124 14,579,137
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Fig. 2-3. Monthly and daily variation of water bottom temperature in the sea off
Gangneung.
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Fig. 2-4. Monthly variation of water bottom salinity in the sea off Gangneung.
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ol B ZAVZE B¢ oFE &£olY JAFE F 103viE i en, ofF
lkg "ske] AAFE 99 E 4% £o1(76.7%)7F tiF-Eol3len, 5-749
Bolog#HFe & 4Rt By gtk o9 T 4L T A9
A= ¥l A4S JERAET(An and Park, 2005), 6-7€l o] Fo] &%
on, o]8dE Fo F lkg "] £FEo7F 75.9% K-

Table 2-2. Monthly variations in CPUE of the octopus drift-line fishery in the coastal
waters of Gangneung from March to August 2003
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Month  Catch number Body Total Number of CPUE

o0 RSO VRS G Miheteed COMOPS (g/arie line
March 5(2) 0.34 - 1.6 3,590 35.5 25 50.6
April 6(2) 0.25 - 1.3 4,300 41.0 3.0 52.4
May 26(3) 0.30 - 5.0 25,960 37.7 8.7 229.7
June 21(2) 0.24 - 1.2 10,570 46.5 10.5 113.7
July 41(5) 0.18 - 3.0 34,700 30.4 8.2 228.3
August 4(3) 034 - 1.1 2,840 23.0 1.3 41.2
Total 103(17) 81,960

#H, 2ol TR fAdHEE 4& FFAEE g2H 20 EHWA
B MWNE 122 & B 1Ho] o 087 wAHE Zol Hof, EHWA
1008 o] thgk At FAEHE ofFFL “Ad L 2 Foldsodd EAEA
A=A 200397 2RE A BERYQIMEE 728%e FE3Hd 0.8x100
A X265.729 2 ¢ 21, 2687 FAEHE A2 FAHT F I EHWHAE

ol WAZE F7IER TE o7 AXE Foly vy Fol A& AF
A 2H4e T AL, 7HE WHAE GEA Este] {fAdHE A9 A
F4¥ o]F& GChost fishinge SR Fovt AFAF S FHSSAY B
ojdel Wart 2 & Uk

T B Eo19 oAgFL WA g Eole FA(g/drift line)= Fig.
2-59 et #0171 o 8"E 4L 16.0-5.0mEH . 4 20m HF
AN ogd Eolof Hl&L 471 %R, F4 0m AFAAE 17.7%7F 18
HAoh 22v F4A 30m o3 MFdME A AFHA o= F+E 3
Aok FAF Fojo] Y FHg/drift line)e] FAB/ARE 0.16 2 AT, WA=
FHol AL E ofgFFo] @2 FIFe Yehliddnh

FH, F4d wE £919 o8 JfAsE Fig 2-69 Yt Fig. 2-6
NA 4 20-30mel A o1gE HF JATE 9.2nElE FHE gl o FHY
I, F4 50-60mellAE B 2vtElrt o HIUET, olE ele feidel
VEFRTHPL0.05). THE o2 4] 30-40mol A HE 7.2vte]7t o = A

meta] EoEFERAAYGLE T4 40m ol el =HstE Aol B
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O seolgty AZEAn. a2y FEY F¢e 4 40m o] Fe] s HelA
o]g o] A Yelt(An and Park, 2005), &FF FojE U= 3l U
wAold e 2YTFHER T Fart 2 Aoz AZEY

600 p Y 10 (

= 500 § - 8F B
c [ p—
= a0 } o .
5 300 'g 2 °I
3 o o 25 4}
§ 200 p ® § % ‘
0 _n_an..J_..n.._' 0 . " 1. )
0 10 20 30 40 50 60 10~20 20~30 30~40 40~50 50~60
Depth (m) Depth (m)

Fig. 2-5. Relationship between Odeus wet Fig‘ 2-6. Number of octopuses per ﬁshjng
weight(g) per drift-line and depth. operation according to depth.

) AYE FAEIFA T EF

EoHAIY TR ZUE ABAA ALE FQA EHHASG 48 E= A
oA AHE T EHWHA 2 A AHY EFANE Vs ¢ UrHTable
2-3). oY EHL AAEe A £ Paroctopus dofleini & tFLE 3}
I Jeoen, FALe FAE 100-550g AEE F4lol utet FAE TdEA A
gt FAutES FE YiEoa RELS F EE EE Ho o, YA F
(gap)2 4719 & 713 70 Ao] 2.2-3.8cm ©]ar A(shank)e] Zo]E 14.7cme)
OFig. 2-1D. A ALY Aeoles FE Oclopus vulgariss W3L2 3}
o, WHAIY FAE 390g AEolx, |{AutEe 27t"eld, Art gl F&
3.0-4.0cme] A7t =G Al71¢F £l A7|ol waEt gE2A 3t ALIh
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Table 2-3. Regional situation on octopus angling gear

Shooting Lost . . . Fish-hook
Items rYueriliZ}* number per number per Smke:gg‘fe:ght m?altrelslligls __(em Bt
operation  operation Gap Shank
_ _ 250 - 300 pig
Goseong 380 50 - 70 2-3 450 - 500 lead 26 147 skin&fat
_ _ 100 - 200 pig
Gangneung 180 30 -50 2-3 250 - 300 lead 38 93 skin&fat

Donghae 142 30-40 3-5 300X stonelead 29 137  fish
Samcheok 160 25 - 30 2-3 500 - 550  stone, lead 2.2 107 pig

skin&fat
Géighegon 80 2 0.2 390 lead 3-4 0 e, crab
Japan - _ lead and . )
Hokkaidou 18 3,000 Gastes 77 101 luing bait
7hH A=
DAL

B EYFA L Hute ik 1-28o|1, A,E oF 3803y HAF 13 ¥
s2A7F oF 50-7070e1tk. HES FAE dAE 2FFHE Al o
250-300g =i 450-500gS A& T F2 o]&3E F4e 50molulst
60-80melt}h. 1¢ FAdHE AFFE AT BF 2-IMoy B Afde &
A A AeE YT, FAEELS A w2 @3th w7e HANAE A
£3k3 ot

(2) ZFA

FolEH WA S Mure digF 05-380|1, AFE oF 1803 oW AT 13
FexA7E 9 30-50/elth. REQ FAE HAR 2FFE Al @
150-200g =& 250-300ge AH&@Th FE o] &3= AL 0mojHiel 70m
AFolth. 1d FAHE AFFE AT BF 2-37°8 I o] A= 3
3, FAAEFES A w gtch v7Es AANAE AHEsta Utk

(3) S3HA

e A93 el £E9 ARE FE BL ALHT Yok WA= AY
% SolM D YHH7E FE AEHT Uk

BOEYHAL MuLe S5E uuolT, ASE o 12309 A% 13 £
£A7F o 30-407jolth BEe TAEL GAE 2FFE Al we
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300-400g =+ 400-600g AL&3t} FE o] &3t 42 20-30m, 40-60m,
60-90mo|t}. 1Y FAHE ol FFE AF BE 3-6/°H B Afde F
A A AT Y, BARES Ml wat Egtich

(4) A& A

A A & RES AL AT U7l HARAE AHEsa o
EolEdWAIE A H‘—i— g 58 HElo|la F2 2-38°lth AFE ¢oF 1603
ol H7} 13] BVt of 25-307/1E B AR 2YF4 § 2422
o] g AL Holth. &Y FAE F2 500-550gS AHEstH EAHEG
21T F2 o83t F£4L 60-80melth 19 FAEH<E o7 FT B
5 2-3el & Agde A AU BFE YL, FARYES Addd o
o} g5t

W) BAAg=
(1) AP A

Bl Y FAIE Aute g 12801, AFE oF 803y AW 13 A
o] Frt 2740tk eEd A U= YA %1%}“ ol olUx A
oyog Eol7l Qe AT FAHFE Fo AugZd 1744 FAE Y
H 298 BojYgSHAlolth ogEHe Eole %‘— FHEojola o9 =
718 1#Estd JAulE HolE 243t BEL YFE AFse 13}
e FA7F oF 390goln BE R B FojdAEH {FAEIT A
7NE AZolsh A AHE3IH AFoje A JAMFERC] I Hoxd REd &
=0 F2 o83t AL & 10-20melth. 19 FdEHE OHL F= A9 9l

=, 24F w5l 2E A= EA8le] M 5 s 3 Evlst
I Jov TE ZAd F4dE FEol 0 U= FE °?—ﬂ; 6- 9%
oy, BE ¥ =Hdte= = 29 I}F FLEYE F2 s, =

ARAE o] 8T 1580 Y3t

) 48 BIx FAEHWA

ol I EYY Avkd HAS H7Y FAE EY Zo] 0cmH =9
A, ﬁ—liiéﬂ EE Ao Zg2gA e Folg FoE FAHY Utk oW
< FdxoA dste oHHA FLsITh
J R AFig 2-7), A2l FA7} kge =2 713 B3, REREs 1%
Ak, FAutES Utde 2 #¥E& fA3] st gl UHEd AW
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W RES 1Y, AT, A AYoFHAA FUAF ALE, 13F4 FA
H2 37]& AT sty tHTable 2-4).

Table 2-4. Specification of gill-net lead sinkers

FEFA(g) Z o] (mm) Z(mm) £(3.758)
12 19.5 10.5 3
17 24 12 4
18~20 22~255 11.5~13.5 4.8~53
17~23 22~265 13~14 45~6.1
21~26 24.5~26.5 13.5~15 5.6~6.9
24~30 25~27 14.5~15 6.4~8.0
33~38 27~30 15.5~16.5 8.8~10.1
39 29.5 17 11
45 29.5 17~18 12
48~51 28~29.5 18~19 12.8~13.6
60~61 28~30 19~20.5 16~16.2
72 32 23 20
95 34 23 26
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A 2 A go] WA 9%

1. de] I3l 54

¢ B AEARd 95, F& A Fol EAsE S8 Ao,
SYEERE BaHo BA¢ =EHYL W 1 S40] oA YTk
z

=
ol XNPHoltk FF=o] A Het AAAFTA (AL 2,
J o), AAuie], 18, FEJ} dojvs F4E BRIt ojdole] B9
= HE 2FLAGE AsAT B Fog A3}, ¢j719 vjg-7] Aol AR
o, HIASAR] FARF, BAF AP, AF2d T& 2 & o AW
ZAog 4#HA AkMichael, 2006).

3 AdAANA mid AEFol FUhEY, RIEEE F UM @ol AeH
R AAFe=Z oF 9005 E2| do] mid AEIT = AAHD U]
ol el AgFe AA AMFRG R @tiZenz,1999. ¢ & E
A2 WIHAY ZL gy=Ho] £2EHA gor $8 FH9 gAY o
W AR NG F& FUEHIL JI ol AT ARFNE APRAE
ofe] 8% RAEAI Hol $HEHE 9 2003). et gyt FaAe
B 8% FFS 44x15g/dolATHEZE £ 2003). 238U FAA A=
A AR NA ZAYG3teE ZEAY BFE 8F S 2000 38.2+8.6ug/dl,
20013 32.0£7.6pg/dloE Avt A9l < 8] & AoE UEIHTHAR
3F & 79, 2002).

aEv fEuEts gdEEd o F4lo] @ #olw, ojo] oid A
I A, IS, AAEQle] ved dFolth. FR:FTAT HFFE 19999
“Hitre]l go@” o st HIIES AE £ TS A Hol oF
350kmell 1379 FF7)F & Aolgta FAHIAUA, HFFY AA4HE A
EAdoA A540 dANE 8733 .

e Aol FAs0] oA Alzke] A¢ F I SHo| YehinE, s
X
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2. | gAA dol| P& I

PE 71U vZ7|A Y BHIFZAAAEA, F 4989 dol At
Yo ZHHT & ALE dgAHE uFE7ANYG M4 dte REIZF)N
He g $EE &3t I AR £ ¢ FHFS AFAAAS BHA
Me AR A7 9%E A &= o2 Aol AR 20029RH %
AHE FAANAIL AT THUAR).

IFEZNA o9 & FEE AR AHARA, o] ETAY F
FEE FEAY3 A AAT Imgkg(R 2 FANDET k3L, FAOM A A A|
3 2.5-3.0mg/kg(BZFADE T+ EJTH( Seixas F, 2002).

Aol AFAFAE ZAFAA 027 mgkg(RL FA), vith o FollA
HZ gel 57 0.0lmgkg(Re AN A2 UeERFTHMaff, 1988).

Jacks et alROODE 294 ZoA f4AE & TE2FE YEHE dol i3t
o BRuRed, fEol mE X UAd F dES AT Aol AAHW
433 FAAIE YERRITE dul 2 ¥ JEAHA A3l =ed ¢EL
HEAE3 ATk A

gutzio 2 pH7t FA4A 7Agoly TFoA FAsSAEFLE 8404 =
A7 e Aol JAHJE v dol FAHI E&o vFY dA o] W
FHTh =3 AU Eedle dol 8357 dkMichael, 2006).

AUkl Ade oF 50089 FAEHAY ¥l o888 37 uid AQAEAH
AAH 1 9otx 3cHScheuhammer, et al 2003).

&719F Zo] do] BHE FolA Hiu A Hol AeE AEC F3
o, A= Izte] Fl 32 4 Jvh(Barwick and Maher, 2003). ¥A71A]
FAAFAIGRIL oFE FH AF=H, HE AFA F §FEo] UA
Eol7td F5 JAHE 4o F glon, BF 2d Fo dol A4 AA
o] nlEZ virFEY, fFAFHY FFo Y gFE uXA 2 Aot

3. go] oFl mX= FF

g oF9 ASEL FFE A=, 150ug/l olFe T 6570 |
o =&AZ 99 AREELS FY3HA #4291 (FY 49, 2002), 201ug/L
9] gl 12¢ o} EAZ FAANES R A(Oncorhynchus mykiss)® 735
(Burden et al, 1998), 500ug/L o]49 ¥& ¥ F=d =AU AEEA
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(Pimephales promelas)® 73$-=(Web et al, 1991) AR & &o] 743 ATh
A G2 ofFY Ao FFEL v A=, 150ug/ll o4 FZol 637
ol =A dXe AAELE fosA ZaFATAEY 49, 2002),
20lug/lLe] & FZo 29Y ol =FAX XL Aol X9
(Oncorhynchus mykis9)®) 73-$-Burden et al., 1998)o) A&A-go] ZFA3H ).
EF gl =28 AFE obvbr] A &40 E TF TS oA B F
& 7+4a2l Yglo] AtkSippel et al, 1983). olX A RS Fo &A1 7}
Al(Cherax destructons AtaivlLo] ZAFFHEH ol o 93 o}rin
Al P27} E4E7]) dZolZ 3 tHAhern and Morris, 1999). YukzE o
2 Xz Aold niste deodd o ugsign <d#iA doh(ittle et al.,

[N
s
oo
oX
o
(o
of¥
2
Lo
ot
iy
<)y
ox,
o
N
o
2
{u
hY)
lo
rh
ol
ol
N
2
e
2
2

4. A g AFEAF) B HEMichael, 2006)
<F=>

I 1987d FE 2R FaY e AR Qs o]F ol (.06-28.35¢
FEAES FAEYT. Kelly and Kelly(2000)E o143 B2 AlEo] Yo
HFEE7F B3 2L 34U /4 == BHE FAET 93 AR Fo
7ta Qoka B sl

<dla}=>

2001, Wivime @2 dol §RE 4F +4& FAsIS 20023 12¢
o|F dintz oA WA ETF & AHEL 3= A .

Sy

Auche 19979 ZE S HIYH YA EA G 50g7 2cm vigte] F3F¢
$EE AMES FAEAY.

<A, FYZAD

2000d 19 19 WZMHE 359 AR do] 1AAQ@54emu] Ty F3 F
2 122028350 E AIEES X3 A WA U HYG 2 F He
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ZslEo] 20059 1€ 19 Z3 /&2 Foixa 20069 1€ 1€ F AA=R
FEEF] o BvE EYLE A

<Hl=r, =D

1999 zre 3(14.17g wH A E FA AT

<vl=, mu|&ED

nul & FAAE F HAETY ASAS AHeA FUAAT, I FAE
AFHo T HITAH.

<=, 78

2004, 5€7Y 14.17g HTHe] WAFZE e LvjE BT 5 Jo.

<ol wjApSAl 2>

2000 6¥€1Y 4k H oA ETS EAJ(oFHD] FoI AXANA =3
718 Ested EE EF9 AHEe SASAT

H2E FYIUE FANE FARANA GFoA FAFE aAE S
o g BAET azZg 18 T gk

5. ZA4=9 odE F A8F

ool W GAEHFLS ofFe EA uet ALl b2t EF oF
= Mol w2} ALS-Fo] 2o meta o FHE g AR FLE ot e
9} Zro] o] FRAERE ANEIST AFES T3 AESAT dFTE o
THE 200608 FUx sS4y dZds7tad A8E TAE SHA
o ol GAEFS AXNEY A$ 61938, FXA Fojd 283.86F,
A A 690.08, 2F AW 7.158, ALAAH 2.67E, 7El 2045802 A
F 1632518 oty a8y o] FAE ojFY FAFE 1HIF}A ¥R 1
9] AANHLE & AEFE AT Ee FoARANATF T& ISIA W3k
t}.

THeF o ERAE AT A GAEFE FZAEHWANY Aee oS
2ol FZ8 < Ytk EAEHHAY ofFoA_AE 72U A=A
wEl Aleko] Bt "Wl 2PASFE AEEY VAER F& AT “At
B g Roldsoldd BRAXAATEAL 200337 o y&e F=x3dto 260Y
2 3td.

TAF Yo A o FAEHLS Table 2-3232E ddojH4 274E 7}
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Fsta AFAATFE 260x2=520711Th. 4L FFAEST 607HE LB}
H AF A AME o FE 580707 "tk AT A Y A HAEEL
3803 x 5807 x 380g= 83.7€°|t}.

A A AFALFLE dUREL VIE JHHEE fAdolTFE
260x2=52070o]tk. YUY FFALESF 40708 TBsA HFF AL AR oFF
£ 5607171 "ok ZSAAGY] A FAHSFE 1803 X 5607 < 200g= 20.2
=olt.

SaAY AL AFAEFL dIATFRAL AR M FAFrE
260x3=78071°1ct. ¥Y HAALTE 30/E td AF AL AL o F
FE 8l07elth. FMAAHY AL FAEFL 1423 x8107) X450g= 51.7&
ol th.

AHA Y AL ATFALFE dLAFRAL 22 MRS FAATrE
260x 2=52070°tt. YYHAAHES 2570F S AW AL AR o
5457 o1tk AHA NG Azt FAEFL 1603 x5457) X 520g= 45.3F°]

8o

wetx ZEE BEHWRAEY A GAMSFL 2009 Eolth

Table 2-5. Lead amount used by Gangwon-do coastal offshore fisheries.

Y| gz | BT | g asseae | S ok
e | wewe | BEED | wa | Femge
A4 N, 1211286 R

2 S &7k 954 $Tak17] 283.86 ’ﬁ_;%{}
dAAT | A% 21022 637.0 N
3| swa | sad sd 530 600 | 2% 1RTwE
AyA A7t 4 7152 7.5 GR 600m71%
5 | AgAew 37t 107 2673 2,67 R 50m7] =
%01%2%‘6#/4 frol A7 ek
61 7= A 045 | B4 | Sagon 2y ge
EolF7.0
A 1,63251
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HUE oldd FASF e 27D

LA
KBI1E 1 Set &40l 220M x 2+1.515 = 290 K>

- 290K x g207H x 225gr(60%) = 1,305,000 gr = 1.305 &
- 1.3058(1 Set) X 2% 1Set) = 2.610 &

Jo 261080 A B3 AER) x 1113 =289.71 &

{FEF 1 Set EE40]:500 m=+1.515 = 330K

- 330K x 3107] x 450gr(120=) = 1,485,000gr = 1.485&

- 14858 Set) x 2(HAF& 1 Set) = 297 &€
2978013 WA x 1111 = 32967 &

ZA: 619.38 &

Y AAY 7YY
<FI1E 1 Set #&40] 100M x 2 +1.515 = 132K >

- 132 K x 32070 x 225gr(60&) = 594,000gr = 0.594 &
- 0.594E(1 Set) x 2 K& 1 Set) = L188E

o L188E( B3 AR x 957 = 112.86F

<FET 1 SetdE40]:200 K>

- 200K x 107§ x 450gr = 900,000gr =09 &
- 0.9E1 Set) x 2 FE 1Set) = 18 &

SO L8E( M W AR x 957 =171.0 &
Z7: 283.86 €

o.A¢AT

<1 Z40] 75M F>EE40]:83M~+1.515=55K
- 55K x 578 x 20gr = 5,500gr = 5.5kg
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- o] (& 4;153%) 15 x5.5kg =82.5 kg

o f8: 40Z x 5.5 kg = 220 kg

-17 7 AL 825 + 220 = 302.5 kg — 0.303 &
o7 2,1027 x 0.3338 = 637 E

2.2 AT

<1 F4o] 75M 7rF¢E40]—-83M +1.515 =55K>

-55K x & 67] x 20gr = 660gr = 6.6 kg

-] T (E4:15FAHE) 15 x 6.6kg = 99.0kg

4G EA0Z X 6,6 kg =264 kg

-17 37F A8 :99+264 = 363 kg — 0.363 E
.3 7F 1454 x 0.363 & = 52.635 kg = 53.0=

ol 3 A
CREZo] 600M =+ 1515 = 396 K>
- 396K x FE127) x 188gr(50=) = 893,376 gr = 0.894 &
- 0.894E(17A AHEH) x AHE 17]) = L788E
C.8)7F 470 x LT88E = 7.152E

HE A AU
<EE4do] 50M + 1515 = 33K>
- 33K x 1270 x 225 gr = 89,100 gr = 0.0891&
-0.0891 (1A A% x AARFE2/) = 0.267E
. 871 107 x 0.2678 =2.673&

]

Ab7)EF

) BolEURA
M 2QAE AL
A 2QMutS x BFEREFFN x 2IAAEER = FRAlgr
DE >
I 3803 x 380gr/7l x 607 = 8,664,000gr = 8.664%
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ZEA 1803 x 200gr/7f x 4071 = 1,440,000gr = - 1440

Fa Al 1423 x 450gr/7f x 3570 = 2,236,000gr = 2.236€

A A 1603 x 520gr/70 x 2870 = 2,329,600gr = 2.329&
S 2P AL 14.669 &

p) ALY ARE
EYUAHEEAE 50%>
.. 14.669 x 50%= 7.335&
3HA|: A+B= 22.008

2) 7}ARHFHA
5, %8,43:1003 x 100gr x 3071
71 ek : 503 x 100gr x 3074

180,000gr = 0.30E
150,000gr = 0.15%
A 0.45%

=
2,538,43:508 x 200gr x 5007 Rf/3

&% 9Fkok:103 x 200gr x 5007 E-//3
AT

S i
ri
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HM 3 & dletd oj7eds M=

1L ZoEHTAE A=A

7L 1@ RE ARY AT

D ZowAlE 84 ZE A5 HEe a4

A BoRAlE & BES AL e, oo wet A FFE L
A3 F4 2B o7 el 2% nnede] Azt =R FUFHoR
ge AHEE TrASE AV1d | 2= diAt a7ET

2) FOIRA BEE §8°] 7Hed FIEA AgY A A

TOIHA & BREE 380 7hestH, #EF d& Y3 gMHA #F=
FEEA A AR AL, olF T3 JIVRAH RE=2 80 VT
A gdstan.

Ao g ZIYUEE ANME 3 4 T FIAAE H7tste S8k 9
S AN AEE ARE dE] ALHIL e ARoY. EF FAYEE F

2 HEA 3 Tl FAAAY, BEEA o] HA TS| wEol
A BEE ARE ARl 7 A2 AgEn. old weEk Abgel F
FEA ATy ARE Axstr] As) AMES} AFA 5 AWES
AE AHEE HE3 H3E FAANA EARA RES 184 A=

of

m Jm ot Mo Az
N A 2
(m Ay
i 35

rlr N =

SAANZIA, B §4E Fostaz AHEsth AHMES S
A AE A5t B¢ AFHOE FAs EFE 9 /454
A3l AHE-3SHATH

€ 55 FAE F71F w2 A=Y AsE £/ 9 ¥
SANA 7|2 ©E F=9 FA FaE HE 4 AN Fig 3-19
Bhd AAYH FA FFE ST wE B He FA &9 ¥t |l
Aoz Uehgi, FAE €29 §F vl 1-2%E 71t Aol AARAE A
E #AHA.
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Fig. 3-1. Variation of the H20 content according to addition special resin for cement.

3 EAHAE F EE9 FAY FEE BAY ¢ IEE Ay EE A
o HEDES AAF HUistd dE A
o]

7+ o} 79 ko] R L EGnken S ATE otHFFOLE AAMAY
Z=E 24 37 9

o A& He AAAER, § XEH TUI FAS
a3t FEHEA Ay Agd d BLe AFHoE HUbsld JVAAL BHE
< NEs

oA Az FHEA AHY ARE o83 =3 FFHoE T4
T, BARAE F BEE AZE AT EEd ol Fo] & ARFL AIHAA
BodA APAE 29 RES AT 1Y Az FE9 A5
A AEHIL e F BE2Y FAS Z=d A vE} FH4E HERIS.
old Aty REQ FFES AEE FIAANI] s F ETE HUMsA
o a2 2% F 2ge I3F AT B L9H H¥ R A=V AsHE &
A& JeiAx, YA FFY 50-60%E HU/IIAE o & EEY FAS
2= FAE 54E YEG.

nEtA Aty RE9 FFSY A=E FIAAINV] Asko Fig 3-29 Zo
FEA Ay Azd F E2E A FF 25-75%7HA MBAE FU&
o, XE] FA ¥Hte 2 T FF 7t w2t A AFHeE FUse
A& FAT & AAS 28y F L FFE 60% o3 AN EE9 FA
7HNZ F AR ed, Edo]l AFL HFPo] F o|FAANA o} ZFET}
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Moulding weight(g)
w £
3 3
>
\
\\

o

./ LT
D/ —o— Ceramic + Fe(25%)

-2 Ceramic + Fe(50%)
—a— Ceramic + Fe(75%)

N

[~

o
T

120 160 200
Mould size(mm)

Fig. 3-2. Variation of the sinker weight according to iron powder content.

TEEA AR d FLe IV 2 F TEY EHE 7EE +F IN

ou H £2Y 7HA0] Eoh, AFY & &E tnl A4t & @Al
WA ST olo AT HAAL B35ty Ao FHgolE ELE 3
AZ A A3, Fig. 3-37 Zo] A EdET ozt ¢ B o] Eojrt

d 2o

A FoARAE REE F8°] 7Ied EAe BT =T %
Hla] AP HAME dE7F w0k, @ & REE UYAY F e
HAIE JEH RES A= & Ao

500

Chl

~w

_—

S 300+

£

= o —o— Ceramic +Fe(50%)

§ 200} ~o-- Ceramic + Fe(75%)
..... 4 Cerandc + Fenite(sﬂ‘%))
—o— Ceraniic + Ferrite(75%0)

100 ' :
120 160 200

Mould size(nm)

Fig. 3-3. Variation of sinker weight according to ferrite and iron powder contents.
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4) FoHAE X% «l H3A F3EA Az 24 2 A=

BoluA g 287 300g A AFAE ARY A, AWES ¥
gl Es Z}7t % :ﬁ" -»l 40-50%, 50-60%=% 7|E 95 =g A3 T,
BAAE 718 Ao 05248 skl $3EA A AnE T

FAE Yo BL25-35%2 AU, AHNES EF A= B 3T 1%
& AUien. €38 <2EE 71E AVIA ¥5F B Reth 71E5}
BN BE7}t G, qBAFORE FX] EIoz Fodleol ) A
oA ¢ 10A7F A= HIAZ T EEAA €33 F E HoA 1FIAE
FEHA7IH 4 54L& e BolWAE I8 RESL AxT + Utk

2. A%E& &= A AL

7t FEEA AZE ARE ol 8%ty AWolT EE AL

Ao 78 TELS FIEA AHY ARE ol&sted, EWHAE RE
o Ax WHoE AT Y Az APolTE TEL A AHE
Hi e " LEY A= FA F4& dASA Xdte EA4E UE
o ol= Algtgo] ke MM R HFl 3 £F AT YEE 8]
oJEl & ALE e

. ARl BEA) Mg aE 2Yste g

AT BEe) F7] ERE IYSHE A0E, B AFIL Yt § BE
A= E TS PYoS sk

1) 1% A

g BB PAANN AZF Al ST T BT OF FhE
£ %7 22% s 48N W A48 JARIA AzsstFg
3-0. Gl d A AFAZ F SR Gl 9T §3 HEES @ A
Agol Ed AoR FANYOY, Wokuy HAENA ER9 TFo| WAL
E @yl ST ARFY APLEL JTFE THSHAEg. 35 AP
2Q¥ A%, Q¥ VEY T FEo] WAAE o] ANTHFg. 3-6). ©|
o o8 RUY 4 At W ATk ¥ Ao PuA,






2) 2z 7

7h Agol7E& e ¢ 1€ 4% MY FH=E A= =270 ¥¥

(D Aol F+& FEE M A= A L AT A B

Aol g HEE FOHAE EEY Ax YYHOE F3EA Ay A
B2 Az A, A ALHT e G =Y A= FA E4& dA
32 E3he EAE UG ol&e Agtde] ks 7 vlFo] o3 A&
Y Ao 7E EZ o] AL ASE YERT. E=3 AFA]TE
e AR EsE IR AEs] Y F dEo Aol gFuy
7] 222 tF i3 EF ) E85F FHIY ARE A F9 4L oA
staral AzEP) olol sigolA FAF AFEAZ F BT die 93 83
H2EE 3 A AMgo] 7Med o2 IRIHUSY, UntEA HXEdqA =
B9 I BIAAE dAo] EAHoE AT
ety g HEe IEue Urluds dXe Awtd F UkR Ao &7
HEg, od ¢ &Ee IHILS MEUITRERANA 7 43ES HAME
Aete FH=8E 07, AgE $rEse Iz o %/‘5‘% ﬂgs}“ﬂ
A, ZEEE 43s FAY AsE 53 A7) EAH T N4

1

2) AFolTE F LEY ¢ ZHE AT Ay THEE A=

Azte SHEsE @EHRAY 48 $d98 =53, 50emE AHE-SHA
<, A8AE AHgste AL A FREBAA AAY Fol] H& A
+ I Az ool Jon, ¥o] BE AF B (dipping)e] A7}t F
AT F Q71 W&ot

o2 A de =859 AFAE 61 THHE T {7 =ERE

—?—EﬂE‘r Ay e} wigtsle] A 2H3te ZH HF 20 & 2ARIAS (F
11, FARWt%) g=AaL (@ FA 80 wt% + Seg Al 20 wt% (FA
800 ml + A1 200 m), (b) FA 70 wt% + $#AE Al 30 wt% (FA 700
ml + A 300 ml), (© FA 60 wt% + g AlY 40 wt% (FA 600 ml +
Ald 400 ml), (@ FA 50 wt% + $-#EE A 50 wt% (FA 500 ml + A
500 mD)oltt. @, FAE Ay HeE =59 AIAE 612 ETIT Ay
FHESE T

g e ZEYE N7 A3k OB dippingH 22 s, A
FFxdE 5 Aty FR=89 FAH WHEE FoA I-YRY FA 2H
< & Ut o weA A7) AY $EE 259 AHAE EFE FU1 =
B olzd Y AYE 30-40% FFHZ HU8td, & EFRHES g2
g £71d ¥olA UPmiling)7]1 & ol &3t €A AEL JHAAG.
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A5 A )7 54

1L EAEHFAATY &4

7t AFARE HF

EEY HFEHLE FTANEVIRA FF7VNFIANE 7L 3o
ZAAT. ARE EE9 AVt £AYY BAEZ AFFAEY 150g,
200g, 250g, 280g, 300g, 350g, 400g, 450g2] 8% ¢ 1F otk AF&#A L
2 2EE 21-22C, BUESEE 47-49%9. 1 AFAE de] B FL 15.065
o] RAT, B e HF L 2871-6.637 AR FAYE I AFS
YEFRA] ekgken, weol oF 0.19-0.44M12 Y3kt

Table 5-1. Specific gravity according to the sinker weight

Sinker

weight(g) 150 200 250 280 300 350 400 450

Specific
gravity 2871 | 4784 | 6637 | 4646 | 4918 | 4953 | 5.021 | 5376

U 2E9 &=

D £E9 HA o|FHEARD

EEo] gFolE HaHEE ZAHS] Yt FFe@EAY I
7):120L x 30W x 30H cm)E o] &3t HthFig. 5-1). A3 BEQ FF/He FA
o] A AN 6FLE, NFEE 4F, A V& GEE 15, HAANY &
BE 1Tl BFL MFRE, 3 S SE8HE HE d=KFig. 5-2).

3 Fze HEe olAYFAR Ho Y3 F4L Adcmelth. FES A

ol53t7] AsNA EEO o] Beme] FE FolE WBYTH AL FHE
& szgo) BFOE SmE 1E o WE EEo] oF3E SEo|Th
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SAREL L

DA E

AFAE Y e A TF ZHEANA FEHE AQA T AEsE9
LR FUMEI JE AEIFE Us) QAL L¥o] €2 JI&siEHL
At olF LEELLE XHUFE Y S AHANA <& A H H
oldHE B3I AT AWAAZAA FHEHO o7 71A A E FEANUG
(Hickey and Anderson, 1968).

FAYHAZ € F35Y 49 9FE Fr71saA st 77 B
o] Y JAT, A dig ©|FEH BATogE o7 J}A AT}
At I olfE td¥d EFo] §EHY e FEY A} EHo] A%
o] ollm olE EZY £ wE HF52E FHE AH3oF 37 HE
ol

AEARAHE APAES o83ty A9 Auddd A=& #HI7Ms s
o2 BAAAQ HE oFdte 47 L¥9EE £ L9EZY EF
g EAY HAAY 2 AAPE 2A¥E dHo Fo% JEE 3w A
2 54 9% YEOILELS BA, LEEANY H35FAE, UE AE T
o NIZZ vu, LEEHY ANFHA BE 2AH, AEY U Y4 H
7t AAES] 34 L kA AF, A3 A HY MA, B8 B4 HH, A
3128 32 #Ee BEE&A HUE T ol&H
HAEAARAN AL FEZE, MAEAARH, 2/, FAFFE,
ol ol277HA wl§ sty ASFBEY AE L AR IFE 7
74 alo2E AA Hel, &, 9%, §&44ATF E 2949 F&
Qom EF, 24 HEELS AEA, Z7], EFA O A= Fol
27 &, AEEE =2, 223N, HF3NE, B8 A5y A4
o] gyt

LHER e TS H, 78 T8 2L AA W EgdcE JAT

, T R IEES 2L SATEERE Yo olF HEES AA WA
&g FalF8-E LA 7IA doilee et al, 200D).

FPb)2 G FAHY A4F oF ¢ uiowA 5 EE ZFEE T
AHEEA g ol gl sl= #Hdo] ofd wHE AT LR #He

4 rlr S
X 9

ot £ qfn
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B3 k. oA E do] ZYA ARHE olfrE #ol AUAE HFo| Eol,
o] 7§ HEE AE37] ) I EFO)7] W oIt AT T AAH B
LdE fFaste 4 F YUY AARE F LEoE A% FHAHE ol F
O dAE g ©E gtk Ayt EAEAC AAF o F84 2 A
olgte HE I F& Fdol 3t olfre EHIITL

durg o= Aoje Aol HIsl ¢ el © ®zHstr] wj& el (Holcombe
et al, 1976, Little et al,1993), & gl i3 =7] AAAZ dIdd =4
AFo] &go] Fx QHHodson et al.,1984). =3, AFA FAAHA Xojes
‘gojoll Hls] thAREo]l Eof dell © Wx3H A AP HE3Ia 4
t}(Sorenson, 1981)

WA, BFLEE FEsE 4F AT ASEE EE dASdIA AR
Mg FAERTAE 183 BE, AT 369 HES U4 E 873 4 3
ook HE N3RS AZF37) Y8t FrvAm|(Pleuronectes herzenstein) Ao

E doz @zt AW FASAE R AU 2R WAEEAH %S ¥
7}5}%1‘3}.

2) A5 2 PH

7h Al F

A7V A vl (Pleuronectes herzenstein)= 7YAH B 7FAbu|fHoll &3 A A o]
FE nidgo] 2y e AZH Byt EFE A X AAsH Fof 7+
7hE AU R o)Fdte 69Fd e HAE FL XA FAd 2™, 9¥ o]
F Qe o7 olF3Ed, F£4 150m ojuiol AastE AMA ojFo=,
gy FalitdAe At oNEY A5 2 ZAT, Ao s o
AgE AdHow F23 oF9 shjolch

APE ofules U= AUdolA A g3 Axd A F AL SUH
o2 BRI ARSI, £ALE JAF A% FUiAnE A8 A83HA
om ojnE ASAE gutsle FRPFZCton)dl F5402 A HA E
#H3 oulE g E ER qtulyoz Y © P FAHLE £F
3 39 2SS £AHeY 5~6Yo A JF TAGA P 3 Fo
T Holg I AFZE FriAv] A& g o= & oHFig. 5-19).
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W 438 U

A7 AE Ao E o2 SASH4LY
sttt dird o2 g4 SALAEL LEEH uid A EA
Bt "o FE o)L, AU 2L@Hde
LCso) Bt #xl YA &A%t I3z EX ¥ A
¥ AE HAE FFE FH FHAANFEULE o3| E o
o}X] A5 =(Sublethal concentration)dll4] F&29 A& =& A HIE =
AtetE Aol FA4 LEdd Ui Ro d4AAHRI HEE /U £ ok =
g oA FRAA FEFEY FA AT 93HE FEY A4, tA ¢
2l Foll 9L v v(Thurberg et al, 1973; Gentile et al, 1982; Toudal
and Riisgaard, 1987), %2 T/ 48 A FTIHd o A D&l
AA-E Busta o} (Gaudy et al, 1991).
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dnt
oX,
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o
-
o Fiu‘.
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i1t
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4t
ox
o

o

FHEHLES £ F 5647 WY @ UBFFVAE AR

2 E e 1TEE 11 f8 "olAd lOOUPﬂ’&] 4%tk
7o) AP ANSHPOM F HPgFE 1
54 olojo] e 2 T FFe

o _l}i e

Aoz Brad Z
o A A4 7 oHEig. 5-20).
U FE WA B AR Al F §2 B} ol &

& g3t

APTE & FTECENONY HE: ou APS wgos 80, 160,
240, 480ug/ | AN HAFGOR EF o}F AE FrIAA Fe HET
o} 8 RE, TR TE, YW L S0g1 Yo APTE Ao F
X B4 4P 12+05CE FAHE FLANA BAUY) S AN EY
on] 12A7kekth MAG AANE BRSHAT

i

il
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(2 DHEHLH

NAEAAELE Z7HA0 Aolg gL ikl AZEA, AF), 9
ol dFH WS, 4tAAH] Wstel e olXAMY AHFgE 4 AFPFEE FH3A
o A4ELE dFol F58 VAN A E AR 12+205CE FAHE
4% PVC 1201 (83 : 801) e84 Fxo 2 dPTE= 500m2]4
2o g 8 F AVNA FA dHe A SAQ] 28~304 TR 4~7H T
Ao 2 ZFA3H hFig. 5-2D.

AFFE AR o9 AE E S dolry] $3te A A d=2HE 4
~7¢ oz #AFEI{FHow AL 10vEd MEsty WEEI7]
(Mitutoyo, PJ-A3000, Japam)E A& 0.00lmm S7HR] SAHsIHoH, AF
AL A7) 10vtelE AR 539 AF3sdd &4 ¢F 543
¢ A HEES HWENT Ys FHRTE YT FH E3FAR7] (SANYO,
MOV-212F, Japam& ©]8-3t 60C oA 24Xt 52 A= T SR AY

=S AETE HoldH H 4tAAv WHslE 4 AFFEE AP E F
A2 FE39 AHRs 7 S0 AR A00n)o 83 F, 2447 Ft
o] HoldH AEH AL LvFLE LEEFALFHY] (YO 52 A3, 4
AFe AzA AFssiF o, AA 1vgld g3t A3 Find./day) 2 4bA
ZH]#(mg Oofind./day) .2 JehRATH

APTE F=7F 200 E 400pg/ 1 1 E3HE Pb(NOs);, th2+, J8H 2
=(10kg/801), ¥whgd(10kg/801)& Y& AJFE HAIILH ASFE
Table 5-2¢14 R0l AQ7|t 5 dAEA =3 FIoH dJ{FF F
Hol| = rotifer, Brachionus plicatilisg F33Row Fxutgdd e FAH
ol¢t NAZIE AANE F 1Y 23] FF3t FJUh

Table 5-2. The chemical components of seawater and experiment condition
used in the lead exposure experiments, Values indicate mean=+S.E.

Paramenter Values
Temperature(C) 12 £ 05T
pH 76 £ 23
salinity (%o) 327 + 0.64
Dissolved oxyzen 73 £ 0.51
Nitrite (ug/ 2) 1.37 + 0.28

Pb (ug/ ) N.D
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3 da o 33

7hH SASAAE

96AIZES Z AP FAH=A ZAIAE Table 5-3 9 Fig. 5-22¢] el
At F7EAH Aol R4 96AIE FRF 76.3%0] AEEE HoH
A8 BE 50g/ 1 AF T+ 77.5%, ZREE 50g/ 1 4@+ 76.7%% BEE
2 velsta, dRbd 50g/ 1 dd 7 I8 RE Y Z”REE AP A
3 4% A= @& 72.5%9 ASEE et

g SEY A dzTo B Ziaste Aol FHSH vEsen,
9 BdE 5 80ug/ 1 AAE 84MZE, F X 400ug/ 1 oA E 364 ©lF
FE Zasy] Adste] 49 F3A &7 B A7 34% 2 74%7F 4
&3t

g 3gE 80/l & FUT A TAME AT TG BT 385% BE
&S BYeom 240ug/ | FYTE 14.5%, 480ug/ 1 AAF< 18%E ¢ 3
£ $57F got AFE AEL0] WA e AT

wetA, A8 BE 9 ZRLTEL dx279 =AY v AEEs B
o FAFZAQ o7 ¥ HAYHOZ Fo] AHHA AP T Hol
o7t A H A ToE Asf AEEo]l WA JERT

Table 5-3. Concentration of Pleuronecties herzensteini reared at various
exposed Pb concentration and 96hour

Time
0 12 A4 36 48 60 72 84 9%
Concentration

Control 100 948120 958438 9B5£l6 91.8+24 85858 840156 820i54 763449

873 B2 50g/ 4| 100 B3 +29 %529 0865 898417 868459 84557 800452 775:50
FEHRE B0g/ 4 | 100 95239 93.0:35 R20:44 %00:52 86559 833155 814154 767446
gube 50g/ £ 100 95337 905+43 89562 858:58 825:55 80352 78050 725445
Pb(NOy), 80ug/ £ | 100  973t19 865t59 845:57 808453 755:48 713#43 507437 385:33

Pb(NOs) 160ug/ £ | 100  958+68 8§75:23 8L8+45 743+42 633:35 483131 383120 195:62

Po(NOs), 240ug/ £ | 100 938:26 835:49 798136 68325 49321 313137 183410 145447

Pb(NOs), 480ug/ £ | 100 89822 86334 75058 69319 382:37 198162 82:45 1812
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100 r

80 |

—e—Control
60 F —B8-H2ty & 509/
—A— 3 Y e 500/4
— 2l ke 50g/4

40 F
—8—Pb(NO3)2 804/

Percentage Survival (%)

—o—Pb(NO3)2 160uxg/£

20 r —A—Pb(NO3)2 24049/ £

—6—Pb(NO3)2 4804/

0 'l A A
0 12 24 36 48 60 72 84 96

Time(hour)

Fig. 5-22. Percentage survival of the Pleuronecties herzensteini reared at
various exposed Pb concentration.

) BASHIY

D) &=L

A G2 ASFRAA FIEAA] Zojr] 4FH28Y)Y 74 AFFE A
EEL AYEY UET+ 43.6%2 AEEE HAon AfFgxd 3874 2
E 10kg/801 ¥ AFFE dETF vxd AFo=E B AddA 7V =
& 44.9%e] HELE Bon dukd 10kg/80 | AP TE 36.2%, & HPE
Pb(NOy), 200pg/ 1 ABTE 12.3%, 400pg/ 1 AYTE 3.7%=2 et Table
5-4, Fig. 5-23).

melA, 87 BE AT A4 FEA dEZ79 b£d AFE 1Y
oSy dubgd AgTeE A 204ARE I8 EE 2 OixF ATl v
3 AEgol Ta3d] AFE A FEA AEE0] 7-8% A=,
Fig. 5-249} o] A4 &9 dyojg)= AlZto] A3t wet B4 o] ¢
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U W 4Bl £% HUAY AL WAolz EeHe] FHE Fole o
JHA B ZETU T AYHOE A EHe oA AR B2 A
o2 Agdd.

Table 5-4. Percentage survival of the Pleuronecties herzensteini exposed to
sub - lethal lead for 4weeks

Time
Concentration
- Control 1000 778 728 655 578 S8 486 436

ARZRE 10kg/80¢ | 1000 785 710 660 539 535 473 49
Pubd 10kg/80 £ 100 753 695 645 538 495 433 362
Pb(NOs)> 20018/ £ 1000 688 655 538 413 293 243 123

PH(NOy), 4008/ £ 1000 708 643 520 423 232 154 37

100 r

=4 Control
0 | A A2t RS 10kg/802
—o— 28 10kg/802

Percentage Survival(%.

20 I ~B-~Pb(NO3)2 20048/¢
~0—Pb(NO3)2 400u8/¢

0 A L i I 2 I — I

1 4 8 12 16 20 24 28
Day after hatching

Fig. 5-23. Percentage survival of the Pleuronecties herzensteini reared at
various exposed Pb concentration.
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ol
P

(2) 4urEgl A%
GHES 5 Hol o] ARG BB By 28Y7 7 APTE A A%
AE(AZF) 4742 Fig 5-250 LERIITh
10 Gitd
8 y=272%‘m"
8 =092
4
2
0 am :
Or MpRIsE0ga HEBISE 10080 ‘
° 0BI —0 0o0a T
6 il F=09717
4-
2 [ele0°4 4

0 [elees]
Or euehxgay QuB[
Eg
>E o 0B}
g6 £
omnc Rl oot
c 4 @
g 3
2 g Qe
0
0
PR gt
8
6 y=2am
=0y
4
2
0
0
PN, 442
8
vz - Qe
6 R=0%5
! Qs }
2
0 ' oy

00D

14
Dy efter hetdting

Fig. 5-25. Relationships between body length and dry weight of

Pleuronectes
concentration.

herzensteini reared
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Zy Ay FE AR AL AHRY, 2T A¥Te d3EF A5 ¥
FARAL 256+0.33mmP o™ 28¢ A} F FF AFL 7.95+0.52mm= A
Aste] Y7 AL 0.1925mmE vheERgtow BL=2.7257¢*** (R?<0.9721)¢]
AAAN o2 LA F7HE RYoy dvbd 10kg/801 & B4 A8 T=
ANZA HFAAL 256+0.25mmPew 289 AP} F HF AFS
7.82+0.52mm=  AAse Y AFAEL  0.1878mm=E  YElRor
BL=2.6366e"™* (R?<0.9815)2] BAIX oz A4AQ 27185 BRATHFig. 5-25).

=3, 2874 EE 10kg/801 FYPT9 43t AL 0.1917TmmE =
9} HlxF AUAAEE F AP vlE =A vl den, Pb(NOs):
200pg/ 1 APTFE 0.1696mm, Pb(NO3), 400pg/ | AFTE 0.1632mm=E ¢ =
2 5: 2 g =F Ao FUESE YAZEE A3 HUH

Zr A3 7E ARRAZRANczRE AR 85ImmE FFA 4£87170E
A BY Control & 28¥0] AeFon &4 RE 10kg/80 | 7+ 2811
Y, dubgd 10kg/801 AP TE  28.81Y, Pb(NO3)» 200pe/1 7+ 31.2¢,
Pb(NOs3), 400pg/ | 7= 31.36¥¢ 42 ¥ cHTable. 5-5).

Autd oz AL WAL ST F8% FF gholH, oFo A
of & oo th3 u]¢ U3 Fxo FIFE =EA AR A A
o] UtHWoltering, 1984).

473 ZA7MAm AAE dae Fo 54 o AolH, o] AIAE= AR
L9 ZAAE 1 9UL e ¢ o =3, AFAES AREEY #A
b A% oo A#E Jehfo] Holgol AR WHT #AE MY A
< ¢ F7 Aok

gEtA], xFol ¥& F =% 55 2 § =& Azl FESFE A3
ARAE D AF AR Asrl 41 Ui S & F7F Ao 1A
BE APTE dR2T9 A9 vt AFE B ASE Rol &334
AEQ Re g FAdHAT).

N

- 108 -



Table 5-5. Growth in body length of the larvae of Pleuronectes herzensteini
reared at various exposed Pb concentration

Time| Body length(mm) Daily BL 8.59mm
Concentration vl Firal growth(mm) /day
0.041x
Conirol 256033 795:052 01925 %['{7235073721) 28

_] - 7:] <= 26538e0.0118x
FEAEE 10kg/804 (256026 793043 01917 R=09715) 28.11

0.041x
dubg 10kg/80 4 (2562025 7824033 01878  29%%€ 28.81

(R=0.9815)
0.0387x

O, 200ug/ £ 2541021 729+057 01696 202 312
®=09907)
0.0401x

O, 400ug/ £ |2574026 714+041 01632 2451 31.36
(RE=0.9835)

28979 4+ A¥FE AF@AFTDH BAAE AHEH, AF AFAY AA
I AL 0.00083ge1Y e AP FaA dR2TE 00074202 A%
3t U7k AAE-S 0.00023gE DW=0.0009e*%%(R?=0.9632)2] #A o2 Z|
FROE Z7EP Qubgd 10kg/801 & FUT APFE 0.00699gE AR
3o Uz AFLL 0.00022g2 JERESo™  DW=0.0009e%5™(R?=0.9662)2]
AN E AFAHQ F7ME HE Y HFig. 5-25).

=3, 1873 XS 10kg/801 AP T I AEL 000022802 PR
o Hlx3 P FES EHHow, Pb(NO3, 200mg/1 AP+ 0.0002g,
Pb(NO3); 400pg/ 1 A EF= 0.00019g2 @ =& ¥= 2 & =& A3to] &7}
TFE TSN A €3 3 oS € 77 AT

Zt APTE AF BAXNOZEE 000852 A 207 AHEA
ExT= 2890] &8 HSoH 37 EE 10kg/80 1 4P+ 28.11Y, it
Y 10kg/80 1 AH T 29.28Y, Pb(NO3): 200pg/ 1 AP TE 29.75¢, Pb(NOs);
4001/ 1 AP FE 31599 AL B THTable. 5-6).
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Table 5-6. Growth in dry weight of the larvae of Pleuronectes herzensteini
reared at various exposed Pb concentration

i Time hj;liy We}ghtp(ial gr?aﬂ};g) DW 8.59mm/ day
Control 00000 000t 0000 %0933‘52308;? 3
Wgior | ooms omms 002 @ogy o wn
du kg/e | 0000 SO0 gm R s
Pb(NOs)2 20018/ £ ig:% ig:m 0.0002 ?Roggeg"g"z’; 29.75
PHNOY, 00¢/ ¢ | 000, SN 000019 ?R(’?ggzg 3159

(3) AtAAw] M3}

2t APFE A AN (ngOyfind./day)d Fe AHEA o} FAE FYstA &
& gzFAAE B F5 T AL 19AE AAY TFOF 0.0025mg Oy
1497 0.0046mg Oy 28¥YAE= 0.0073mg 0.8 AHISIAoH HF Zv}o)
e ITFELE 00=0.0025e"""R?*=0.9384)2] #HA 2oz UEE F7t Jdge
W AE AA2(Fig. 5-257 kA48 &(Fig. 5-26) #AA S E FE 28YU7te
AT o3 dF 0.0073ge 2 AAFE 7R AT 2.4564mg0r0] 4FA
E 213 tHFig. 5-26).

Ak 10kg/80 1 A FoAE G &5 F AS 1A= NMAT E§2
2 0.0023mg Oy, 28YA = 0.0066mg 0,5 AW|EF o AF F7lo] & &
F&e 0C=0.0022e"R%*<0.9412)8] BAACZ Ugtd F7F e AE
AagA ) AaLNg JANSE HE 2847 A5 0.0071ge.2 AT w7t
A MAF 2.4515mg0,8] AAE 4AH]| 8 HTable 5-7).

87 HEE 10kglB01 AP 7+ U7 vt AFo=z 28Uzt
2.4562mg0,2] AtAE AWIEFYIL Pb(NOs): 200ug/ 1 APTE 24428 mgO;,
Pb(NO;); 400pg/ 1 AE T+ 2.4176mg0,2] A4 E Au3tY o

E dFoNA tAES GEE A FoAA tizTe vlE) o 10%9 Ta
g Bgod olfy ZFNBE T4 I} B ANAF, oltnlE o] FolA
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Rom opyiulzt E4do] HE SFANE FAS A Hed, gl =&F o
T obtH] AR &R IFITE oA TFE a9 9o Y
(Sippel et al., 1983). Spicer and Weber (199D FF&d =2A171 A9 A
oA ZFY Wile TEHLE QS ofrivle] MEEHQ E&4gol, o]
g EAL ot A9 zZ ol FHYA DL, olrtu] ZF A9 FZ e}
TFEFEAY F3to] Folxltka Rt

A, 27 JFRRE 487 43 F85A 7HX UAEFo] 44
3] Abaav| o) ggkd ‘%‘l%°ﬂ e A7 T =2 s 5 2 9 =
& AZtol FIHEFE AR Fo] AdtE o] 28Ut F A AH|Fo] WA
YERAL AT

Table 5-7. Cumulative oxygen consumption rate of Pleuronectes herzensteini
reared at various exposed Pb concentration

ot AEF EE Q¥ PONO)  PH(NOY:
Day
after i ugO/ mg0s
hadmg nght md/da W]glgi‘t md/da W]glgi‘t ind./da W[e)l%t md/da weight /ind./d
® y y ©® y y ® ay
1 0.0008 0.0025 0.0008 0.0023 0.0008 0.0024 0.0008 0.0023 0.0008 0.0018
7 0.0016 0.0035 0.0017 0.0033 0.0018 0.0032 0.0016 0.0032 0.0017 0.0029
14 0.0038 0.0046 0.0038 0.0042 0.0034 0.0039 0.0035 0.0039 0.0033 0.0037
il 0.0054 0.0063 0.0052 0.0054 0.0051 0.0053 0.0047 0.0049 0.0050 0.0047
2B 0.0073 0.0075 0.0071 0.0071 0.0071 0.0066 0.0067 0.0063 0.0065 0.0061
mgOz/md/28day 24564 24562 24515 24428 24176
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Fig. 5-26. Oxygen consumption rate of Pleuronectes herzensteini reared at
various exposed Pb concentration.
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@) AH=F us

Zt Ad9E 73§ 2897 FUMAE Ao dziAde] BAFE AHHEWA
HzTAAE 33 F5 3 ASY47E 7l whel Rotifer HolFe A+
Aoz ZFU13te 1d4A AT 2.68viE], 26dA= 17.21ulE]l & 4] o)sld
DW=0.6739e**#(R?=0.8841)2] #AX o2 Uetd § 7} ddew A} AE
#A A (Fig. 5-253 Aol&Fig. 5-2NFA Nz By HEFIo] 23] 28¥Y
7t Rotifer 26.3478ugS Aol3tgtt. &7 EE 10kg/801 A¥FE J43IF
T 3 19A AT B 252018 & Mol oy, A&l FUgel wet A
& 26¥A = 22.360E] 2 Aot DW=0.6934e"°(R%=0.8953)e] #A Ao =
Uehd § 71 e 2897k Rotifer 27.4979ugS A ol3t4 k. PbINOs); 400
pe/ 1 28T+ 1894 Fd 2780kl & Holslgerd, 4%l F71gd wet
264 E MAT B 1964718 S Aolste] DW=0.6566e**(R%=0.8928)2] &
Adeg Jebd F71 e AF AR (Fig. 5-25)7% 4ol&Fig. 5-2N%
AXoE BE HEFIo] o3 28Y3E Rotifer 25.817g-& AHol3tst. &}
A, 1873 BEg 437 = d =9} Rotifer A o] vl gL Bl
Hol| F3E FYFe gl A% AgF A= As] FrbAin Aole Hol AH
of 4F%& F ALE AsHEY.

[ PbNOS), 4004/

y = 0.65666%"4:5%
RZ = 0.8928

8 T Control

5 3

4} y = 0.6739¢%0%8% .

s b R? = 0.8841

2 L

L S

g . .
o= Ml2te) 2E 10kg/80¢
£ES 5T
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Fig. 5-27. Ingestion rate in relation to days after hatching of Pleuronectes
herzensteini reared at various exposed Pb concentration.
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H 6 &H ZolEE Al deh A+

LAF XE A%

7h. @807k el g E v
A AHE FU F E=EF "HANANAE F

B8 o EYHA T
Wé%% AFHNZE THE o7 MBIYE 55

ste] A -g-3lel] 7jofsta

il
5

D AR R B

AAANA g T ABRAE ALHY Mt olo F ojF A
717} obd #AIE 20049 11€-2005F 3€¥ Aol AY & & Utk wat
A 4-T8 BEANS 18T A% duittelA 2dd ZAE FRIFAT.
ZAARL BE2AYe] A$ Fig 6-13 23x aAAYe] A9+ Fig 6-29
%H:]’ AFol7E AdE TAREA 7IRE7E ©]&3tRAL 7S TE ¢

Eoll HANAE ol & A-9-olthFig. 6-3).

l%&jﬁ#% FEAN9 A% £A4356.08)9 ALl 225)(F1g 6-4), X%
(LO0E), Z+35(1.058)9 4Xolm IATY AS, FHIQI12E), BES
2.118), 9332.38), HF3108), AL3(0.99), 751 SQ268), WAZ
2.158)9] 7Ho|n, ZAFE TN ¢ 64309, 1T AF= 33
3ot}

ZAPHE NEo T} MNFATFE FAA FF53tH, 139 30-6071F A
39t 2gAYe] AL F2 20molWl9t 20-60me] AE A
20-50me] HAAL AFelH. EEL FA= ATA AYede &
100-200g, 4 A Hel= oF 250-280ge AH-&-3kHTh.

_....4
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2 A% 9 3%

AN At A 7jEo T AFTE Y7 Eol9 AFEEE Fig 6-59 &
o AEXGAA o]FH Fole AFol 10kg oltE 496niei o, F47
z} ¢t 3R 1vtEl= oA E3F dx ASth AFd nElsE AF

vtz 1-2kge] A% Z1EAF7F AMFFRTG ot gkout 2kg ol
91 B MFAF7E 71EFRT I B2 AFS UEse, ole )
FolF7t Bth & Eol& AF3tes ojgAdga e 7uE & AS ez A
Zrh T,

Z+ Aed Folo] g ZF(Table 6-1)& ZF5AYe A, 71EFY MNFo
7ol FEolFE7E Az 1908719 1586701 wiste] o3 T 298.7kg,
366.4kg oG ow, ©HolFF oFFL 156.6g7 231.0g oF JMFA 1T}
k7t U IR G A, JEAFY AFATFY FsAFFI 47
9477/M <} 76870l skl o] FL 287.3kg, 297.0kg olfoH, dHAFT
o] 8 & 303.4g 7 386.7gC2 MFol 7} 7t UL

120
OExisting gear EImproved gear

i I

<1 2~3 3~4 4~5 5~6 6~7 T7~8 8~9
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(=]

<
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o (=]
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(-]

Fig. 6-5. Distribution of octopuses weight caught on exiting gear and improved gear
in the costal waters of Gangneung.

7} A ol ¥ v S(Table 6-D& AFAG] A4, 72T AFel P
of Gl T4l 27 1908719 1586700l thate] o gulsE 24902, 247
e Qov, Beol 7R ol 0.13nhe g 016ntel 2 Ao Tt ok
9tk DALY RS, 2ol FG AFATY FHol T4t A2 U
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o} 76870l thated ol Fm 163utE], 1550tE]AoH, B A FE o] En|
g 01772 ¢ 0.20mH ) = A Fol77b 3t E3hh

Zt AdE ol FF4Ad#(Table 6-3)2 ZF5AFY A, 71&8AT MFo
T Bgol 47t Zhzb 1,96270¢F 1,61870 ¢l thidte] ol Ff-4o] 9171, 7270
qom, ofF FALEL 46719 4442 AFAFIE 4 @it DAY
o A%, 71EATE AFolTY FFoAFE7E 42 98071k 80371 thst
o ofFF4do] 33, AT, AF FAEL 344G ANE AFolF
7b % =T

Table 6-1. Catch of octopus caught on existing gear and improved gear in the
coastal waters of Gangneung and Goseong

Area Item Existing gear Improved gear
Number of hauling gears 1,908 1586
Gangneung Total catch (kg) 2087 3664
CPU(g/gear) 1566 2310
Number of hauling gears A7 768
Goseong Total catch (kg) 2873 2970
CPU(g/gear) 3034 386.7

Table 6-2. Number of octopuses caught on existing gear and improved gear in the
coastal waters of Gangneung and Goseong

Area Item Existing gear Improved gear
Number of hauling gears 1,908 1586
Gangneung  Catch in number 249 257
CPU(N/gear) 013 0.16
Number of hauling gears A7 768
Goseong  Catch in number 163 155

CPU(N/gear) 017 0.20
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Table 6-3. Lost Number of exiting gear and improved gear per each regional in
the coastal waters of Gangneung and Goseong

Area Item Existing gear Improved gear
Number of shooting gears 2,002 1658
Gangneung  Number of lost gears A 72
Lost rate of gear(%) 46 43
Number of shooting gears 90 803
Goseong Number of lost gears 3B b
Lost rate of gear(%) 34 44

2. 42 B&

7t AZARE U £olg w3 (F24Ad)

TRETEL Ao gE&siA AFdte AdH s8] B(E200D), ofF
of i3 thidole] HIolu 3us AlZpely HZe o&ste A9t B
Hold] i HTL T4 FE E3T Eot A= 11X AZE
zkal ITGEL, 1978) °© EAFE Al daiAe doFe AAE7 A
3 AUEOBER(REZ, 1979, AE7tA AFEREH B59 A AXE 4
Jde= Aoz A FH k. (Messenger ef al, 1973; Messenger, 1977; Roffe, 1975)

AzZtel= A A Zo] ed, EolfFe 3 w o] MAFHI WS
3t AE B3 gytzgoez Azkg 7iA3 & AolFa =i YUk MK
F@00DE AME oE wiAN gk 019 241X A M™olA wiA4H
A#Go] AF ML Folstd. 23U FolRFe AMZd tiFsideE ¥
PFHAYEE FSFAAT Azt {FFo Ui ZEL dA K3 HCarter,
1948). =3 wete] zHgA A9l ERGOl| 93t Purkinje shift§ =AM A3 7t
BALTE 1FFY BAR FEFe AL 78 X3t 4™ o)A HHamasaki,
1968, Munz and Johnson,1978) Ajz}o] <kgt ZozE U#A  UtHRoffe,
1975)). 28 AR, tEojol tsiA BE3 Mqgolgtn ZAY fla HAF
ZEZHLAE 93 FEHE Aoz FAAY. JIN 52001 AAREILFE
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5% Bolo] AZumeld BAR FAE 422 AT Y= FE YL A
olga stgith.
geb] B QFAE Eolo] B Az U@ wee AT

ol AR ABEs FTA gl g7 £01(400-1,060g)01H, o]
Y AHAEFERAA 20d o) HSA te AP A&IATH
7

2) A 2 Iy

FAE H&A717] Hste 279 &84 AdYAFE2(6195%70cm, ¢
150x70cm)>E AH&silew, AR E st si¥Zr], S.T.meter(YS],
30), #&A(Tektronix, DTM 9200 A83t9 2, 9% & =430
APF21T0LX60W X 70H cme FA o2 @ PVCE AZA=HAL AT
o} AFole Y 5L mHEY YIFFR(H195%X70cm)ol] P APF=zo
Ao F& TES] Eo] ¢IHEEF IYom, F22 82-102TC, dE
32.8-33.6PPT, 42 60cm FASAT AdFRE tr|Re dPRE Ho
A, trFddes APz F EREA 77 40Lx 60Wx
70Hcm)€ TEL 2 NHo 2 FAolmadRo g A o] Fo] 319
A7t AFEo] APRE UL F JEE FAUHFg 6-5). APFe=
FE27} glen, o] Fo2RE 100cm EolX o] Zo] 30cm , Eo
60cm 2 H HA otz @R tolE Sz Ho|ggoz PR s 279
2E UERY. AEEE FHolmdde VA Egoz urEo] Agoist
Z9 FYLE 25F 3YoH, FERE9 FUANAHLY & 20cmelth
2 FAAAANA F2L oA Al SbemAEolth APE BE
T2 & Fz Yo 42 AXSAT. B2 42 A, AH, 34,
Aol 4712 Molw(Fig. 6-5), 22 EEo WMo IFH7E FFAH
. e Zeta =g o)(Lucky-silicone Co., Ltd)el 315(8143), 305(44), 350
), BUAZNE o] 39 e
B 2 9 170cmel] FZ577 IUWE AAo =2 F=E 4
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Table 6-4. Comparison of catch between experimental fishing gears according to
the fishing boat.

(Unit: individual)

Fishing boat: A Fishing boat: B
Sinker. color and Sinker color and
Investigat bait inserting to artificial bait bait inserting to artificial bait
ion date | Light gray and | Red and pig—fat | Light gray and | Red and pig—fat

squid skin squid skin
5 Jun 10 12 6 4
6 Jun 3 6 5 1
7 Jun 6 4 1 0
8 Jun 2 4 7 2
10 Jun 2 0 4 4
11 Jun 11 12 6 5
12 Jun 14 13 6 5
13 Jun 1 6 3 1
14 Jun 15 7 3 3
16 Jun 12 10 2 0
18 Jun 11 13 18 19
19 Jun 4 14 5 4
20 Jun 2 3 6 5
21 Jun 8 10 2 0
22 Jun 5 2 6 6
23 Jun 6 8 5 8
24 Jun 10 10 7 4
25 Jun 4 6 2 5
26 Jun 3 0 1 1
27 Jun 2 6 2 2
Total 131 146 97 79
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Table 6-4. Comparison of octopus weight between experimental fishing gears
according to the fishing boat.

(Unit: kg)
Fishing boat: A Fishing boat: B
Sinker color and Sinker color and
Investigat bait inserting to artificial bait bait inserting to artificial bait
ion date | Light gray and | Red and pig-fat | Light gray and | Red and pig—fat

squid skin squid skin
5 Jun 9.59 11.37 4.72 4.82
6 Jun 2.72 4.16 4.00 1.28
7 Jun 7.32 5.68 1.16 0
8 Jun 1.40 4.48 8.33 4.32
10 Jun 1.38 0 4.10 4.06
11 Jun 8.84 9.70 7.44 5.54
12 Jun 9.96 11.82 7.52 6.62
13 Jun 1.34 5.40 2.52 1.50
14 Jun 15.14 6.14 2.44 3.28
16 Jun 9.38 9.94 1.76 0
18 Jun 9.24 12.14 14.94 19.20
19 Jun 4.06 19.98 8.08 5.18
20 Jun 2.20 2.40 5.46 7.06
21 Jun 7.84 8.78 1.48 0
22 Jun 5.84 2.08 6.10 6.04
23 Jun 5.64 8.00 3.12 5.84
24 Jun 10.62 9.48 9.96 7.64
25 Jun 3.50 7.54 2.06 6.40
26 Jun 1.72 0 2.64 0.92
27 Jun 2.62 4.82 1.62 1.84
Total 120.35 143.91 99.45 91.54
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= WA T7E 71EFED ¥ 51 FHZHAME AF|F7 S

T AHHYHE Fom 4BUHE At o TRrtE 7| E0 T} Zi%
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Agol b
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Table 6-6. Evaluation of the improved gear.
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Ag, A% FEOE F JFLY vpEE AAY HE3ta Yt
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g 73‘r‘ WAS FAVE 3kgo® 7P FHI, REFEE /P AT W
AutE e tHe s #38& FA%7] Hste e g4 AR e
o F& 7.7cm ol e Zo)E 10.1cme)w, 30cme WG e Aol
EAo|t}, o]l 2.5kg WTke] BolE AEIHA FE & EOE do=z I}
e A #do] e A2 yzdn.

FolFAl g ojAdE diREE & E o5 aFojdoz 19 =¢de ok
oJMHFE FUEY AT AHel wheh oF 142-380F ] glow, A A
&= oF 80F¢] 23t Utk A A ol FFE FHEY A o 25-707)
olal A AHHE 27, Y8 FixoAe 18/elth 2Hddre AEE AW
N7 ARE F43E 180¥E FAHHAT {279 &0l AY AAY
AR A EHEIL ¥ e R XA =t AEE AYe
A ol FFE BE 2Y 7 2-57 AXol=E < 360-900717F Rt
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Table 8-1. Regional situation on octopus angling gear

Shooting  Lost Fish-hook
Ttems Vessel number number Sinker weight Sinker (cm) Bait
number  per per (g) materials
operation operation Gap Shank
Goseong 380 50-70 2-3 20730 jeaq 26 147  PE
Gangnewng 180 30-50 2-3 0720 jead 38 93 PE

Donghze 142 30-40 3-5 300 2299 stone, lead 29 137  fish

Samcheock 160 25-30 2-3 500 - 550 stone, lead 2.2 10.7 pig

skin&fat
Gyeongnam gy 0.2 390 lead 3-4 0 eel crab
Japan _ _ lead and luring
Hokkaidou 18 3,000 plastics 77 101 bait
2) o1& 7

T EHFA Y ZFAAR] AT Al Aol AF dd F2¥st= Fig.
8-49} 2}t 20039 = 1-3¥9 1Y AF FL2L2 38-82TCZ UAFoE ¥1
F227F A ok T2y 493 6920 A $ 3.2-124TC oo, &3
£ HdY 8CE t& ol7} U, 7-8€99 F2HYgE 5.0-206CE A=}
FolA L, F#&3= A1 9.2CE & Ho|th 22 Fol9 AH< #HP
}7F8A F <9 As(Hartwick, 1983), AAW4HRees and Lumby, 1954;
Hernandez-Garcia, et al., 2002) o)A &3] W@ AL=E <48A Yot &
e oFHd ZE FAHLE ojFdtty dt(Mangold, 1983), Eoje 4bgh
ABo| A 5-79] WAt T FrKHartwick, 1983). Hartwick et al.(1981)
& 71 dutd o R 2 7-15C 9 AU s d@dTa 39

£t e

WehA, Fig. 8-49) 4-699) Feo] IutHoz oY= Feusld &3
Ao Wusn, & A7 FojEWEAHAn and Park, 2005)14 Fol7}
ot FE FANA AYHTIt JEHE AIBAA A 2 F4
AA AFHE Aoz 2AYAEH, o 2L BHL ABAY & Few
9 £t FFE U= Ao HZEn

i, 284 A oA AR -89 d¥ Wsh: Fig 8-59% 2tk
2 1-6¥9 33.2-33.8%% THAE A Ho| AT 7T-8€ A= 34.2-35.3%
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E 6¥ oJAET ngola AR BT EoE 20%ET ¥& dREe
873 ALE 4¥A 9Ja(Newman, 1963), GEL2 oo Xof Y& 9
g AT giA HHartwick, 1983). Hartwick et al.(1984)& 19-27%
o GEHHAA FARLH FA FFBAI A, 17%0]5 A o7t A
BEA He AR Rudty JoHHartwick, 1983). 13y, B AT ¢
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Fig. 8-4. Monthly and daily variation of water bottom temperature in the sea off
Gangneung.
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Fig. 8-5. Monthly variation of water bottom salinity in the sea off Gangneung

3 € g

EHFA e 9F Fojo] €¥ o Table 20] eIt Table 29
A 20033 3-8¥71A] wfjE 2-53] AlFgEPs A, AF 0.18-5.0kge] &
5-41vtE]l & o &3ste] F 173] P4 103vte] & o1g3ftt. €4d F oY
gl 3¢ 5uiE], 4€ 6rtElden, olF lkg wRHe] Foje 3¢9 4vid
(80%), 42 3utFGOBWEAX F2 294 HTHe AFE7T o HUG
(Hartwick, 1983; Choe et al., 2000). 5-7€ol= W€ 2-53] ZJolA o=
Folo MAFE 21410 2, ol ntEglge thE g HE) A eE &
o1} 1kg olA9 AT 2-10712](9.5-26.9%) 20t 8= 33 el
A ogE lkgol e MAFE F 49y F 19HE25.0% AT 29T B
o8 JMAIFE 3¢, 49 L 8¢ 25T 3vg o], 5-7Ted+ 8-11vt&]
Z Aoz gt =3 HA F ol8" o AT 34, 49 ¥ 84
o] 41.2-52.4golal, 5-7€0°] 113.7-229.7gC. & H|w & Z3t.

o]l B A7z ¢ o1gd Eo9 AAFE F 103utE e, oF
lkg vge] AASFE 19utElE &% Fol(76.7%)7F tiFEollen, 5-7949
FojojgFe 08 Yut vuy BT ol e FA4S TLe A5
A= ¥£E AL JeERAEd(An and Park, 2005), 6-7€] o]&FFo] =
e, ogH &9 F lkg vt &FE7} 75.9% AT

Table 8-2. Monthly variations in CPUE of the octopus drift-line fishery in the
coastal waters of Gangneung from March to August 2003
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CPUE
Month Catch number Body Total Number of

(2003) (Number of weight weight average drift

oper.) (kg) (2) line used (Nurn.)/oper. (g/drift line)

March 5(2) 0.34 - 1.6 3,590 35.5 2.5 50.6
April 6(2) 0.25 - 1.3 4,300 41.0 3.0 52.4
May 26(3) 0.30 - 5.0 25,960 37.7 8.7 229.7
June 21(2) 0.24 - 1.2 10,570 46.5 10.5 113.7
July 41(5) 0.18 - 3.0 34,700 30.4 8.2 228.3
August 4(3) 034 - 1.1 2,840 23.0 1.3 41.2
Total 103(17) 81,960

Ao e Bole olgFe WAle] i Bole) FA(g/dift line)= Fig.
8-6o] LFEFIATE Eoi7} ol¥® 4l 160-550m2dTh. 4 20m AF

N oFE Fojeo] ul&L 471 %R, 4 30m AFAAE 17.7%7 18
HA 2HY F4A 30m ol Mol e A oA FE BF=E U
At FAF Eojol G FHg/drft line)o] FABARE 0.16 2 AT, A=
TAlo] HEFE o8 Fo] Y2 AFES YT,

A, A wE Fol9 o AAsE Fig 8-79 Ui Fig. 8-790
A 4 20-30mell A 18 H HE AATE 9.2rEE T Bol o=,
T4 50-60mell A= Ht 2utE|7} Y HIAEH, ol E tdE FlHel vE
HTHPL0.05). THE2 2 4 30-40mell A H 7.2vutEl7 o FEHJATH
wEtA B EHWA YL 74 40m o] dHolN st Aol B
EeFolgta Yzt 22y $2Y Be= F4 0m 039 A o
gFo] ®A et (An and Park, 2005), FF Zo & HFLRE 3t FLd
WAl 2ATFHAEA S Favt 2 Aoz A4En.
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Fig. 8-6. Relationship between octopus wet Fig. 8-7. Number of octopuses per
weight(g) per drift-line and depth. fishing operation according to depth.

5 ZHAIE o F

o] o] ZAAZte] wE Folo of ¥ HF(g/drift line)> Fig. 8-8% ATh &
ol FTHHAY FPATE 3.25-6.25A 01l eH, o] heH M wWeol o ¥
B YA 4.6747H489g/drift line)ol ATk Eoi9] ojFFL =YAZtH
A#BARANA 0432 AT, dAZ 2PAZEe] Aol wet F71ste
A& YERAITH

3, 2PAIZH e EIHA 1230-500F B+ o8 niEle= Fig. 8-9
3 2o o vEsEs 2GARL B Ve AFE BoH, 2UA
7t 360-4208-o1A 14vi| 2 7} Bkl 180-2408CllA 1whe], 240-300+&
oA 2vlE]9HE PL0.05 FEA fFol 7 2ol E HERAIUT.

wetA, Eojojg e siME EFHAY =AMl oF 643F0] HFIEHA
ok, ol A$E FAAZEe] 6-7d0]l AZH A2 veht, =HdEH 9
3 AR 2AAT == AAANLY Aoyt A dEdEE & F o B
244 wet o] 79 -rr’é.x- o A7t EHWAY %—?—EU} % 3L(An
and Park, 2005, 918 A= WA Y A DdAFE oY3e A,
e 37% <) tHAn and Park, 2004).
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Fig. 8-9. Number of octopuses per
fishing operation according to operation
time.

Fig. 8-8. Relationship between octopus wet
weight(g) per drift-line and operation time.

£ A3, H7lE A HAE FE o|&%T. FUEY AtA AE
33l e WAY FAE FE 100-550g0]W ALg ol FEE BRE 30-507) ]
. A AV FAY 4-6¥ AFFLLE EoUt AAEy] gge 3.2-12.
AT o) Rt 7-8€ o] 28 50-20.6CE dY 23+ ) 9.2CE & Hol
ATH GRS Foj9 AMAd & IS vXA g 33.2-353%F UiAE ¢
BHo|tt, Bolo ojFHFe nmA 5-7¥l Bk, 76.7%(79utE))7t lkg wl
el 4F AT EAEEHAAGLE 4 40m oW YA 6A1A
T ZYg3le o) EgAolgdy YL

o FHWANOTFE TESSI EE A FA 2 I3 AR
A s, v71e AFu 712 AT BeAdol vt =3 FojF¢An and
Park, 2053 E-WAl] o]gd Folo oF 76%7F lkg wvte] A% &0l
AL o2 AAZ LAY BRAFS AAS Uttt EFHFAIY ]
A 40m ool A, FEroide 40m o]dlA oFFFo] HUE AL F ¢
F9) vhEE £ol7] % A= A JE AEE F8F F A& ALE
AZrE ).

- 145 -



2. B0l FPAoITY REH WAAF

7h A&

BolzPFA gL ety E3eRNe U5} AR, 225 A
A BadAL ok oTE HAE HT EFC ey Fe XE(GF)e
150-550g¢) Fo= Hoj low v7e HAUAE FA & AHEsa 9
I, ZE=AY oF 860Hc] =dsta ATl - ®, 2006).2HL AT
30-50709] HHE Fold HAE ofFE AESe, FAFAGH ZFo] ofF
7b &3 vpgel o8] itk o vt £o AAAE AUrtE e W
A9l A Holg T st ERA Ha Fole AASHA HEER o
AL AYEFe dA Aot T™-E BAAHAI BE ohibo] e R
2 29 Fo FAHE Zo] €Y AT 2-3/0lE2 A3t 3-10E°] °|EA

o}

gdol oFol uxe JFLARZEF] AREES ZAKim et al 2002
Burden et al. 1998; Ahern andMorris, 1999)9} & & Z@Sippel et al. 1983)0]
Aom, HojrokE ofdAZ|o] o & Ao Z(Little et al. 199322 A
ATt

7= S AEARE, SANAE FUL F
B@H3tn RoRAE HEte AMES w7
3= 5 MAFI BWH3Th

T 2712 A @Al
ol oA dubo] B3] of

A
o

8, HZAQALIZE ASTHeT e AT Y=g F s, Ry
o]FE EolL ERoIFT ojFslr], oo 47 o|FRAI | HisT=
BAA5Z ojde U #AFH A77F AWt AATE JA@FA ool i
A+ #3l4d 2EZHAndrady et al. 1993)9]el ¥z A& ot
A B dFdAE A F LE9=EH o7 F L9 €017 4

st A AIRE T YE E EEL 18 EEE dATgH A FAY
A7 = 4ASA 1 v7)=E HAHEANA AFu7E A A SR Y-

U BRI ARE

EAZEHAY AFL dEE ojdUel A AFSEE HA9 A7|9 =
ol t2H, ¥& 5o AF}EE F g & o] tFig. 8-10).
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3. ®o] EHWAIE Adv7] A

7F A8

Fole= digs| AFrt €3 97188 A E A Ao H(Fiorito and Gherardi,
1999). #AFE B3 FF] AT dEs ALE ALste AdEAA
(Mather, 1993)3} FAlol FZbol] <3 Ao (Mather, 1991; Ambrose,
1980)& A&ttt £ol9] dEd Al Mo|&Fo A ME, 224 i
290, EX M7 23L& o|FAY ALl 2 HEoE A& &
AH-&-3cH(Forsythe and Hanlon, 1997).

TEo] Al AFT FFY HolE 1 HFHoE IAE HAH37
Ao YA YF& KA TE(foraging behavior)el2t 3th(Sawara, 1987). &
oA ool KEHITEIS Hold ¥ Eo 9% A3V (pounce; Yarnall,
1969), ©l & ~|(groping; Forsythe and Hanlon, 1997) 52 3o} =3 HREHIE
B BT olE ol 2% A I ¥y dst, ¥ ATt 28%F =
Aoz <A uHForsythe and Hanlon, 1997).

Tol& X3t ofFY H7IEE A2AANA o]l&F F+ Ae ESF, A
57, AE T3t ¢F 50FFIF He Ao=E dEl” 9i(Ambrose, 1982,
1984), I FAAE Eort 7M1 AEdte= Holes BAFE FRANA W
3 H o (Ambrose, 1982; Boletzky and Hanlon, 1983; Smale and Buchan, 1981).
AE Sitojdel Eo ojg ¢ w7l= HH, A, 5F, FX, 15, 7],
15 5 A AHgE tiTakeuchi, 1981). 23y Ui =
o] EEHAY H72 o8 71A A w7 E AE ASE Jdoy H7)
H&, AF4Y 4 T2 25 R AHARNAE AHESHL e 438
olty, ole} Zo] HAHAE AU 47, 71E 2 BRELE B3,
Aztel Hojd Fol8 F74E Fddte A o= AR AFY EAS
AU g a8y X EA u7]E& Fo] THHAEL U712 AgsE7] 9
A YT F A3S ZVE FEA] IFIY B, A8S u7E
A AH83L7] 3t gl Ao At BR@s)of 3t T Awd BN
Edsith. HARAE EEo 72T F AF oA FSIAL W FHA &
2 J1EWE P, = EoUt HAHIAE HL A 1 oA E Usty
FHo] LA =Hed, ol BEHILS Folv W JAFU/E dASe
Aolt}. RIFH| 7l ditg o2 fojHAle] Bo] AMREY S} AFv|7|=
odol7t Foldte AAv7et Az, F2F, wAFoE u&3al g aHe
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2) #2449

FRAF AEF AFPole BEE o3 AF 440-1,800ge] Fo
Paroctopus dofleini 55°}8] & AH8-3tAEH, )& FRANA 15¢ o4 &S
H 5o Age] AEFHIATE AP 20043 7-1129) 469700 BHA A
ST A7 FT AP Feqch

APs=Fig. 8-160 PVC A4 A +=(2200cm, 2,089 1)o]H, 4
60cmE FA3IATH dE = U9 fdFo s B0 EHHAY oHE 18
o "7 F3EF ZAAE AF] AASHA, HFds 709 F=
o3 A2 9t PVC AZE(EC] HEF, 30x30x40cm<& HX) st
"7 &3 RAA(Fig. 8-16)v @ZNA FAZE f&ol s o] F3EE, o
€ 13t Zo] 60cm 7tEHU S 4F o EE EAWAE Wiger 43
| "7E #Hto FFsR o, FiT Frle 333/EAH

APE M7l &R HARA, AFE 7 FF LANE ¥ AFH
AFr 7)o HAAHAE B B¢, dFU7A dF LA E B2 AH}
FH| 710 A& ¥ A AfolH, FHe AA @ FAE SGTH

AY €A o3 Zo 1 SIAAE AFAAT 2. ASFR As
£ 1ntel & A3t ¥z FE5 ¥t &, £oe & 174 9
el FY7 Eo9 ARE FAGH 4 AT AAE FNE FEFE F
ZHEAN )AL, o7t HE HolE 3L W AHAAZT 5. Eoj7t nj7d
Z A= AZEE 608 3% F 49e TRIT 4¥3se 49
ZZAEE 203 HEAEE P

7o) gk oo FFS EFFstr] 91 CCD 71 2HSHC-72INH)= <
%4 130cme) AXetq w77t e Fe FIAEF 3L, F2F9E I 7
E3 848 =314 (Kodicom, Diginet-44216NK-L)2 3§ 3} 3 ot

FAFAE A%t 84 AAFAE HEAFLH, 45 € AS
T Y47E o839 12+1CTE FAAY. 2 WY +F Wie ¢
ZZEZAMinolta T-10WL)E Z2A3g e, u77F AX8HEs blgozHE
19cm A1) A 10.5-13.5 x H T

YR

2 o r
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A& uste HAHA, B35 2o 2 %9 JHANE AAAD. olEel d¥
FARAE AL(119-12.23)0) A=Y SRA 2R FA HAA, F5L2H
2 B 77t | e2(35x285x335cm, 101)o] W1 9T AAF Fo AA
9tk A FEL HFBAFA duk FEA £, FE(YS, Model 8),
pH(ORION, 9204), DO(YSL, Model 85), 83t2 448 7%COD), ¥ F&(T-N), F <
(T-Pg T7HAGT. By 383 dxa7%FY A €284 Pz sy,
F A2 A9 FALATEANGEY A9 FREEY, F A9 AreE 7EL
AFAAEHY olxzFEAAAAH o R Pt AAMAE BRAA T THY
ANgo g Agste AT vl Z7]oH, FAE o H0golith Az ¥& o
B3 3% 2499 FAE & 10golich WE 240% ofFd td FAHIEA
E 24719 EAFE 1Estd de ool o 5S W 4z 579 AdFH7]
Wa Fzo 4N AH F A EASET A" HAuAE 2dEEANA
AR SANAE AF0 Hd F o BEdie A& 1t ds & 493
7] A7A oW FUF FHOE FL £FLE M F M@ X 2ISHA
o719 AN AA 2HYALE 18ste 7o 9 F AR R

% 2 3
) 243

7h dF Hd

o7 thd 2ol dF HHL Forsythe and Hanlon(1997)3} Zo] th&9 4714
2 B39 7H) EXPouncinge ¢ E w7 E 3t LEG@NY BeE
n7& e ASolx, W) A3 HZ(Groping> w71& I3ty HH3] trirtA
(1A olAHEM "7E WA FE A$olx, o) ARGCitting)e 39 w7 30E
ol A& A ol e Aol Eh) o] F(moving)e dHte] w7l 308w kot
A7t e m7E FAY olg A ddE Aol

m7le) i Fojo FF Fig 8-189 Zo] ol AFH 79 HAMAY =A
A EFdE AL AFse A4 0% 2 vlwd g%, w7l 08 o) ¢
ol & ALt 0%E 08T FA e AE 20%ET BTk AFH7 A BF
9A0IE W A HAHAE 9 BFAMe vzl EXCE HIsE B4t
508% 2 93 Bekx, e AFde B9Ut 3N5%E BReH, ofFste A4e
125%2 AQR A3 A9E At dFu7el ¥E 2AoE ¥ A A%
S ¥e ALdME BRI A9 AR B9 vind g%, AIeke B

$-9} o] F3leE A= 16.7%°13 2 AUt
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A.b. : Pig-fat skin

— —

JIENENENES

A.bA+squid : Luretpig-fat skin

ot ] _

Frequency (%)

Ab.+squid : Luret+belled fish paste

ZZ;H.F"I |

Pouncing Groping Sitting Moving

Behaviour patttern

Fig. 8-18. Percentage of frequency of four behavioral types while foraging
related to bait conditions.
* Ab.: Artificial bait

ol

W) m7e WE2E Az W

m78 o7l MFE2E A7 Fig 8-199F Zo] JAFH7|9% HAuA Y 274
HAAuANAE 251% EFHF w wa, AFHA637%)04 AUk AFH 7
s 230 Be AR HANAE ¥e Afdde ¥F 2A0E ¥ A
48.8%)7F HAHIAE ¥& ZA9B6.9%8Th A3k =¥ UFw7d WFeAAE
Y A oEE ¥ APdME dF 270l(44.6%)9] 57t A5 2L2%)e 73+
2ot dglow, Agtdoeg AgFu7)e] b f-rsta AEH7lel ¥ 2F0E
g 7é‘—r7} Hoy g0t

8

N 2 >

l

ZAAb. OPigfat skin . . ]
BAb.+Squid OAbPigfetskin BAb.+Squid BAb+Boiled fish paste

8

Percentage of time
- -]

-3
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Fig. 8-19. Percentage of sitting time related to bait.
*A.b.: Artificial bait

ol7e] WFE ¥EE Fg 8-203 Zo] AFm7e HAUA W7o 2Z0A AF
n7 e AFse AHEF 1737 HANA L FH(E33)Rch 5uf ol BtEE, 1
Z 608 o4 A% 132 /M B, o2 10-2089 Z-+63)ft AF v
79 3% 248 ¥ G GAuAE ¥ AdAs dFH7d ¥F 270
E W& A ARSE AHF 1837 AAHAY AHF 63)EG 36y Hte
H, I % 60% olde Z97t 032 71 B, &2 0-1089] 4+UshA.
AdFu7e] ¥ LAE ¥ AF 5L ¥ AvdAe dFH7 ¥F &%
g Qe Ao AR AHE 1737 A5 AHF 73R 28 oY Bk
o, 60& ol A7t 63 AL, therd 10-2089 AB-+(43)A.

2 ®Ab, + squid LAk, + Pig-fat skin
10 | .
N
; ;
N
2 | N
N
o . e 1 ES N
2 r HAb.  OPigfat skin
21
c 8
S e
o
o 4
o2l N
[ § % L A M . | e S
12 S Ab. + squid C1Ab. + boiled fish paste
10
8
]
4
2
1]

0~10 10~20 20~30 30~40 40~50 5O~60 > 60
Sitting time interval (min.)

Fig. 8-20. Frequency distribution of the sitting time on bait in relation to
combination of baits.
*A.b.: Artificial bait

- 156 -



2) AR4Ad

ARAGAA Eole AojAdA F 93mte], BojddlA F 14578 E ¥
Ao Eole AFL =F kg olstdH, 2kg o)ste] EolE AojAdolA
94.6%, BoJAellA 95.2%2 WiFE 43 Foldth HI7¥E o8 wlu(Fg
8-2DAlA = F ojd EF AFHZE ol &3 A7t AHAHARG o Y F
Ao E}EEI(E0.05 ), Aol o] B¢ A RIACA 37uke] o FstH oy
AFZH 7oA 56mtE]lE A& eI, Bl B HAHANA 50utE] o F
st oy AEH 7oA 95utE]E o &St

5O [ Artificial balttimproved sinker
O Pig-Fat skintlmproved sinker
40 ¢
0
@
@
2 2
3
£ w0}
0 g!
us R i PR o IS
; - N Artificial bait* Lead sinker
2 N DPig-fat skint Lead sinker
E vl
z _ [N
LN
\
N
L
§
|

Weight interval (kg)

Fig. 8-21. Number of octopuses caught by different fishing gear in each
weight interval.

3 AFH 7 &l B w7 A 2

FAZA 717 ¢ £ 3.0-7.0C EYE AFF gles dgton 4
AN Fer 2AE §34aE 4A¥ A 7.19-893mg/ll, 4¥ F
5.20-8.7TmgILY T, ¥ 259 FFo B/ ek IW, ARE Y
A 30.5-32.6%, A& F 32.0-32.8%= 2 W3y}t fQoH, $4012%=(pH)
= 439 A 7.27-8.01, A F 7.55-7.772 yEhgh

384 4422 FHCOD)E BF 270.57mg/g)7t 718 &1, ©]E(0.18mglg),
HAuA0.10mglg) €22 Bgth FAXT-NE CODY 79 2 =AuA
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(0.006mg/g)7} 7+3 =3 ©15(0.005mglg), ¥F L4 01(0.002mg/gxolRet. 2l
(T-P)& COD9 799k o] W¥F 2A0.02mg/7t M3 =3, oAF
(0.012mg/g), =}A] ulA(0.006mg/g) <] HTable 8-3).

wetA A Az W& COD, T-N, T-PY HE2EE, AZu|7|o Y&
o) E7 Ao ARG HAMAZ sFFd nX= Pl At &
T fith Iy AR ﬂséé F2o] gxa =HAuAL] A9 AHE
T &g Hola, ojFY Aee oY AR EF 713 A2 RYIY
27t =¥ 749_§ CEARZA= ] '6&35, 2Aols AEFAZE o|¥a, 4%
22 o7 AAFHEE gl AFHE TSI JeBE EAHA
¥=th

Table 8-3. Comparison of water quality by three different baits inserting
to artificial bait

Items COD(mg/g) T-N(mg/g) T-P(mg/g)
Pig fat-skin 0.10 0.006 0.006
Boiled fish paste 0.18 0.005 0.012
Squid 0.57 0.002 0.019
g 1 Z

7€ &3 A7 B2, olAX o7 FH

Aol HstA ¥-gste EFAdE A o83t

o8 AAE EFo|7l ¥ AHolcKinoue, 1978). JAFH|71E °l&3te HEH

UEE FoRgAlde EelFgAIe HAAFAZE I3, gL 2s 2

w719k WA Fol Ao AFEZE Hole RYgE AusH U‘:”%Pk‘ %

B BFRGE & THE FoAA Yol Bege 4T3 HIANIE By
2

FAC G HE 2l
N7 ol R} Aol

mlo

= SltkInoue, 1978). AFwW 719 =719k 2] SEE 4R wHg
F83H dFS vA =, Ogura(1975)+ JAFu71& HH3] 2AARE 73-1-
=71 o7 Aolge] ¥ By ot & A7 EHHAE

dolA wl71e] 2ol of EIo] FosHA mAE ALE PZE E
FEAPAAE FstEEe £F 3334 AHH £ Fo HAE 37
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= BN A gz A&t @ujstal AT 7HF o] v o] A
= ¢ F vk dut3 oz QFv7e AGEARTNE THIPAT, B AF
qAs vAFH F4E FAd 8 F JAEE AFH7] ol A9 A
& H71E ¥& F A=EE s Fig. 8-10).

u718] 27l o8 E&F olF MHAHd FUd ¥F (Lokkeborg and
Bjordal, 1992). L®kkeborg and Bjordal(1995)< v]|X|&= HOoZ 4EA dorm
2 oA AgAE A7) A5t FA Bx] Seay EAE B
sted w77 AZHH o2 FA BHol=E 3 TE Hughes(1980)&= 3§ o Folj A
Hol Z7|7F AANYE EAAe AZE A 3% 3, Vincent et al.(1988)
= Hol7} 39 & Eoirt olgHT 3t AdYUE A Yo wE BEe
77 222 dAe AFu|7|(Fig. 8-1007F FUlF oz Fr] wj&o ¢
E JA3m7E 873t Yk 2 dAle vEEARZ AFSr] @A
AFUA Y =79 B tdst 5L doz9 AAZRT AT A
Syl As o9 AAUERITE A4 300g HIHY AFEolo st
AP L AP Y, olE EHRHOE FFIEE I WYPOE oy
AMA AFHE AFv71e A71E o] &3d YA S Y F A& AL
2 AZEn. 23U 07E A" 18 ARE AFse Ao] 4oz
A g Az,

oj7je] gk Folo] siEo #:3dle] Forsythe and Hanlon(1997)+= v Azt
of ¢ 28%2 Mol&FE dl=d, ol 2AF = 230 47 W AT
md 8 oA Aqdtia 3 ch Mather(1988)= Mol&Fo H|go] ¥
Al Zbell oF 24% A, 713 E5 A1 AlZboiE 0800-10008x 3tk £
AT FZAHAJANAME Ho)FF ARAE E53A GqAT, EFLF
ANXE Mg EF3td A 1A A YFstd 713 Mo|&Fo] &gt Al
o] AL, BE oJgle] Moj&F Ade 2JdTFS ¢ F YA
Forsythe and Hanlon(1997)= @A A &£ol9 Ajo|dF HAFAAN EZAE
Hd A== g E IA A3 d3ESE £43% A4, 1 dEE uE
oJ7lHA HH3] HEEE HIZdE AT, ol EF J|7HAT A A
£ ol v FYITI Ak B AN E & F AMAT ==
A Y(Fig. 8-13)9 A= Forsythe and Hanlon(1997)2] Eo]¢] Mol T3} FA}
¢ PFE AT

YRt o8 FAEC] SA4TERY i, HAHY] 4 ASE 4HA 3
otk AFH7] e ¥ ¥F Ao} sslF A e FEFol M E3heEd,
ol ol B3| £t s FolA €24 SHAVARY wWEA =]
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ERAFAY 72 ALHI JE HAHAE AT F s A &
Fu71E AFsIAT AFHZY AR S dRde gy mE

AU F JEF 93, gutu)z)e] WAE Fstr] 93k gAY 79
< B AFu7e g Q1] fste AFHAAY Fo AFHE
I FA A2 Eo] oJFF FAE AASFAL AF¥ 7 el A4S w7l
3 FARAE P3A
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