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Summary

The purpose of this study is to reduce damage by the increase of
jellyfish in the sea area of Korea in summer. Six types of a jellyfish
separator system in trawl fishery were designed and manufactured, the
underwater shape of which were observed in the circulating water
channel(CWC). And a test on the sea was also carried out.

The GS and GST types of the separator system were tested in the
CWC. The shape changes of a guiding net and a separator net were
investigated at the flow speed of V=04, 0.6, 0.8, 1.0 and 1.2m/s. And
spherical sponges with the diameter of 40, 50, 100, 200 and 280mm were
used for analyzing separation and discharge of jellyfish and fishes in the
separator system.

To optimize an flap material of outlet, the shape changes of the several
materials were observed by applying to the outlet flap several materials
such as strand, webbing and canvas, just when the spherical sponge was
discharged from the outlet.

The test on the sea was performed on a bottom trawler, Tamgu
3(369ton) in July and September of both 2004 and 2005. The S, GS, SF,
GSF and GST types of the separator system were used and were
compared with GSgF type.

To investigate the discharge rates of jellyfish in the varying tilt angle of
the separator net, the S type was tested at the tilt angle of 10°, 15° and 20°
and the GS type was tested at the tilt angle of 20°, 30° and 40°.

To optimize a structure of the separator system, the discharge rates of

jellyfish in the S and GS types were analysed.
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To reduce the catch loss, the loss rates of the catch were investigated in
the SF and GSF types with the outlet flap and in the GST type with the
fish guiding tunnel. And the rates were compared with the GSgF type.

The cutting device was attached to the outlet of the S and GS types in
order to remove jellyfish discharged through the outlet.

The outcome of this study are summarized as follows:

1. Test in the Circulating Water Channel

1) Two kinds of the jellyfish separator system were designed. The GS
type was comprised of guiding net, separator net and outlet and the GST

type was of guiding net, separator net, fish guiding tunnel and outlet.

2) Given the prototype GS type jellyfish separator system consisting of
guiding net, separator net -and outlet, the guiding net appeared to be
convex curved type in the flow. As the flow speed got larger, the
curvature of the guiding net got smaller and tended to come closer to the
baiting. Also the highest point of the lower part of the guiding net was
lifted up to about 71% of the side panel at the flow speed of 1.2m/s. The
sinking force at the lower part of the guiding net was needed to reduce the
lift. And in the installation process the right and left side of the guiding
net completely attached to the side panel without any space from the belly

was needed to improve the function of guiding net.

3) The guiding net of the scaled-down GS type model of the improved
prototype jellyfish separator system has fallen down with the increase of
the flow speed. The highest point of the lower part of the guiding net at
the flow speed of 1.2m/s, which corresponded to 39% of the height of the

side panel showed the 329 improvement.
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4) The separator net of the prototype and scaled-down GS models
showed the convex curved type downwards and as the flow speed got

larger, the shape changes were not large and kept stable.

5) In scaled-down model of the GST type test, the guiding net was lifted
even with the lead insert rope at the lower part of the guiding net.
However, when a weight of 1kgf was put on the middle of the lower part
of the guiding net and 2 weights of 0.5kgf were put on the 1/4 position
and the 3/4 position of the length of the lower part of the guiding net, the
fish guiding tunnel was naturally spreaded following the vertical spread of

the guiding net.

6) For the fish guiding tunnel of the scaled-down model of the GST type
had a space of 0.34m between the lower part of the guiding net and the
lower part of the separator net, there was severe curve in the space.
Therefore enlarging the space between the guiding net and the separator

net may be of help for the natural spread of the fish guiding tunnel.

7) For the moving path of the jellyfish model, in case that the jellyfish
was larger than the mesh size of the guiding net, it was guided toward the
lower part of the separator net and moved to the cod-end due to the
selectivity of the separator net or discharged through the outlet. In case
that the jellyfish model was smaller than the mesh size of the guiding net,
some jellyfish which passed through the upper part of the guiding net were
discharged through the outlet and most of the jellyfish which passed
through the lower part of the guiding net moved to the cod-end passing

through the separator net.
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8) The scattering motion of the strand flap on the outlet may more
threaten fishes than webbing flap and canvas flap, which eventually will

more prevent fishes’ escape than the other flaps.

2. Test on the sea

1) Five types of the jellyfish separator system were designed: S, GS, SF,
GSF and GST type, and GSgF type was also tested for the verification of

the other separator systems.

2) The number of the caught species during the fieldwork were 104; 83
fishes, 8 crustacea, 7 mollusca and 1 echinodermata. The mainly caught
species were butterfish Psenopsis anomala, white croaker Nibea
argentatus, hair-tail Trichiurus lepturus and Korean pomfret Pampus

echinogaster.

3) The catch of fish in July 2004 was 224.5kg and the catch per unit
effort(CPUE) of 15kg accounted for 23.9% of the total catch including
jellyfish. The catch of fish in September 2004 was 1,685kg and the CPUE
of 93.6kg accounted for 12.7% of the total catch including jellyfish. The
catch of fish in July 2005 was 1,002.7kg and the CPUE of 52.8kg accounted
for 31.0% of the total catch including jellyfish. The catch of fish in
September 2005 was 1,095kg and the CPUE of 60.8kg accounted for 16.296
of the total catch including jellyfish.

4) The loss rates of the catch in July 2004 were 94% for horse mackerel

Trachurus japonicus, 91% for butterfish Psenopsis anomala, 89% for redlip

croaker Pseudosciaena manchurica, 85% for Korean pomfret Pampus
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echinogaster, 74% for hair-tail Trichiurus lepturus, 33% for cinnamon
flounder Pseudorhombus cinnamoneus and flounder Limanda herzensteini,
26% for five spots flounder Pseudorhombus pentophthalmus and 13% for
shrimp spp. The loss rates of the catch in September 2004 were 73% for
croaker Johnius belengerii, 71% for hair-tail Trichiurus lepturus, 67% for
butterfish Psenopsis anomala, 58% for common hairfin anchovy Setipinna
taty and horse mackerel Trachurus japonicus, 56% for white croaker Nibea
argentatus, 48% for Korean pomfret Pampus echinogaster, 17% for blue
crab Portunus trituberculatus, 16% for mantis crab Squilla oratoria and
27% for shrimp spp. The loss rates of the catch in July 2005 were 83% for
targetfish Zeus japonicus, 57% for Korean pomfret Pampus echinogaster,
49% for silver pomfret Pampus argenteus, 47% for hail-tail Trichiurus
lepturus, 42% for butterfish Psenopsis anomala, 36% for redlip croaker
Pseudosciaena manchurica, 28% for white croaker Nibea argentatus, 15%
for blackthroat seaperch Doderleinia berycoides and 3% for verticalstripded
cardinalfish Apogon lineatus. The loss rates of the catch in September
2005 were 83% for targetfish Zeus japonicus, 67% for horse mackerel
Trachurus japonicus, 48% for Korean pomfret Pampus echinogaster, 46%
for butterfish Psenopsis anomala, 419 for hail-tail Trichiurus lepturus and

22% for white croaker Nibea argentatus.

5) During the fieldwork, two species of jellyfish were appeared ;
Nemopilema nomurai and Cyanea nozakii. ‘The correlation between bell
diameter(D, cm) and wet weight(W, kg) of the mainly appeared

Nemopilema nomurai was W=0.5248¢"%™
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6) The correlation between loss ratio of fish(L;) and exclusion ratio of

jellyfish(R;) was Ly=0.5102R;+0.1331, which means the increase of Ly is

in proportion to that of R;.

7) It was revealed in the comparative study on the optimum tilt angle of
separator net: 1) for S type the discharge rates of jellyfish at the tilt angle,
10°, 15° and 20° were 619, 45% and 48% on average, respectively, and the
loss rates of fish in weight were 45%, 55% and 50% on average,
respectively, and the loss rates of fish in number were 53%, 56% and 59%
on average, respectively, 2) for GS type the discharge rates of jellyfish at
the tilt angle, 20°, 30° and 40° were 95%, 83% and 86% on average,
respectively, and the loss rates of fish in weight were 58%, 60% and 67%
on average, respectively, and the loss rates of fish in number were 60%,
57% and 67% on average, respectively.

According to above result, the optimum tilt angle of separator net was
inferred 20° that the discharge rate of jellyfish was higher than the other
tilt angle of separator net. But the more study was demanded for the

countermeasure to reduce loss of fish.

8) Two countermeasure to reduce loss of fish catch were applied;
installing the flap on the outlet and the fish guiding tunnel located between

the guiding net and the separator net.

9) The loss rates of fish in weight were about average 43% for GSF type,
30% for GST type, 28% for GSgF type and 49% for SF type. The loss
rates of fish in number were about average 37% for GSF type, 32% for
GST type, 28% for GSgF type and 36% for SF type.
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10) With respect to the catch loss rate of GST type showed the similar

performance to GSgF type, which confirms the higher utilization of GST

type.

11) With the discharge rate of jellyfish and the catch loss rate considered
GST type and GSF type are believed to be optimum in the trawl fisheries.

3. Jellyfish cutting device

1) The cutting device, which was including wire ropes with the diameter
of #1.0mm on the fixed frame, was attached to the outlet in order to cut
off jellyfish discharged through the outlet. The spatial interval of each wire

rope was 0.2m.

2) The jellyfish with bell diameter of 13~83cm(wet weight 0.9~14kg)
was selected for the jellyfish cutting test on ship. The cutting needed 0.8~
7.0kgf and the average force was 3.3kgf.

3) Installing the jellyfish cutting device in the vertical direction rather
than in the horizontal direction may give birth to more effective results.
The separator system which embodies the vertical direction should be

considered.
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2. sula|e] Yura =y

D el IsE F= 3t

Amrd o2 el FHi el odel S 3= e Fe =FadA
3| 3t 2] (Nemopilema nomurai), %3332 (Cyanea nozakii) 2 REDE3) 32

(Aurelia aurita)® AA Y& 4 93, 2 79 54L& o9t 2t (Photo 1 -1).

FeErd s vte = fElvE s A e A s el s, 5E A o™
NAECl Y7 Al ekl 2 AHA e8] EdEY. eue Aol 2
A= s F /b ud o2 550 solwe 45 A4l 719 Imel 2d)
W F5E 29T AAAI7E 5m ol AR A= HgAbabehd, 2004a). E

AR
sk A HOFA(ESE)7F 200kge] ©3dl7]1%E $th(Namikawa and Soyama,

2000). %% (tentacle)®] AZ(RIA Fgo] Qo A HEA AL 3puglo] Wy
a2l Bol AATIE FAS kel oldel 2 AslF YL Uiz ol

o,

A= R
A} 5 5% Phylum Cnidaria
33} 8] 7 Class Scyphozoa

7178 98] 5 Order Semaeostomeae
# 4 &) 92] 7 Family Cyaneidae

8832 Cyanea nozakii Kishinouye
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Nemopilema nomurai

Cyanea nozakii

Aurelia aurita

Photo I -1. Main species of jellyfish which caused damage to fishery.



olggt aldtElFe 4t EEH e AolAlelH, A4 Fb o FH
GAE AA st FAb7E fuk alatel o] de vstes dAEE aA L(Ege),
Z =2+ (Planula), Z ¥ (Polyp), Z~E&ZW &} (Strobila), o3& (Ephyra), ™ FA
(Medusa) = T3 Atk 7|4 Zebsdhs dgy g3 ZA7F FA= +4
o] Ay ol sAdE 7 S ek, o ZdkEel FAol FF Y[Ho FAs|A

HEE st @S Edolgt o E499 dAlAE o e F5E5 o &3

ot #E ol FFol YA olFoARt olHe FIElFe e UA
(Rhopalium)ol 2} &&= 21743229 2828 oJste] o] Foj (o Hitashd,
2004a).
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BF(EE), “Abrko] B (ki faa) ol = sl BFGiEfE), si2o (/A f), “=W a4l
= Tbe], FROKRD, “AAA (L) = FROR)E "Ed ol TEolF L
2 A7fska v, 2002; ©l, 2003).
aelal ok el Abdojre = st s s
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Ir

4
g a7letm glel AURE $3 A5 A9dE 48d Aow nTkT,

2002).

siztelet FARAC Qi AFPES Adolnel 2AR Aeolel BHE, AF
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EZolgw 2E8AS AREste] AFstrR o AV fFAAt & ¢ den,
olg1dt FAA= Al F FHolA oY ZEA Yol o8 1 FAol Eglel ¥
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= ° s Sas

gy o] 7] FAE AAH L
ofF ol dolth FxAYPL HE
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aga gtA JALE A Este] HeEe 4 BYPS e AFdth

A ztel slol BEgolge Avl= el A 2o do], F, do] §
of ol AAel H= H, Aol Ui 1/20~1/30 Bv B S4AE Agel=
X432 H(scale effect)7} AR 7] wjio] H&tx JThOEI £ 1982)
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AH B2 (Fig. M-8) AF1& 2t a&3 59 €459 d=s F, =97
v e B3 A Frwa 2w Alelo] 1hAe ofs) AAH

aeBE, @gAgel AST e BAFAE 4T A/E EBT 47

I8 2oy EAFe 183 4 (Fig. M-9)¢ HYstA 765(B)x46(H) = st}
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20°% 3&to], & Zolx SF3, GSFY, GSgF¥ <& 5.14meol L, GSTE S 5

,15,



3) shstel 7AF
Al g oPTsE Fol7] ikl 2PTPolA Al E AFIE WO
2 29 ES & b Al o@ were mas) ugh olgd ARdE 74
$ dARoRE gINE 2Y + AW
sEAont 9z AE ARANZD £+ 9ok 1993 AR E AL 5 3

© ke vhEste] dAH o djutelE A A I theel dEdE A

sistelzt og wAss 99 Fo) sz svty dHow e Axe] I
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% Awel @A B4 AR At 9FE F2 FAE AAL o] dstele
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1. Ex o wy
1 F&
A2 PGt Aujd #2538 3] F 4 Z(circulating water channel,

CWOONAM AAetsdnt. =22 71241 AFSS Table -1 Webidn. =2 &
Aol A7)+ 25.1(L)x4.5(B)x83(H)me] 1L, & &7 oF 280E=°lth. x99 #5%
7] 80(L)x2.8(B)x1.4D)melH, 49 7Fedh Ao #5232 30m/solvh. %0l

A

fr

Table II-1. Principal characteristics of the circulating water channel(CWC)

Items Specifications
Dimensions (m) 25.1(1)x4.5(B)*8.3(H)
Test section (m) 8.0(L)*x2.8(B)x1.4(D)
Water capacity (ton) 280
Maximum speed (m/s) 3.0
Impeller & motor 2 impellers(4 blades), AC 90kWx2
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side view

i
il
¥

T

Fig. II-1. Schematic drawing of the CWC.
@ impeller @ AC motor @ guide vane @ under observation panel

® side observation panel ® honeycomb

(a) side view (b) upper view

Photo II-1. The view of the CWC.
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2) sivteE EYFX AA

Ay EYAAE FEY(Guiding net), F2]"d(Separator net), AJFHFEEE
(Fish guiding tunnel), ¥1&F*(Outlet) Z FAEA AASI T F2ddo AHEH
dlute] HalgAE dEdor GSEI GSTY 2% o2, GSE =9, w4
MET2 FAE SEdAela, GSTES e, £, AFF=szs MET2
TR A ot

GSHollM = Ad==7] BedAe 2y EedAs AAsow(Fig. I-2~3),
GSTHAM = 2y Fa v dAs A HFig. I-4). +a4X9 7= A= GS
d(Fig. M-2)°] 317(L)x1.78(B)x1.0(H)me]i, X3& GSH(Fig. I-3)°] 2.59(L)x
1.0(B)x0.51(H)m, =3 GSTH (Fig. I-4)°] 2.97(L)x1.0(B)x0.51 (H)m®] t}.

2y EYAAs BAm R oa RPor 4 A TAeE A5 & I(scale
effect) 9k 23 A& Al GAPH AN A st AARE FeH7] olEle H & el

of g A gAwe mestel AW Fastgh B3 RegAY A/E TPS

e HRFRAA BE L Aol 5@ A 2/t HES B
600 iz Agetgon, B gAE Pk AR AL 18D A7E A
RS FAHA At 18R By PPt NGO 2t
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Fig. II-2. Schematic shape and technical drawing of the prototype GS type

jellyfish separator system used in the CWC experiment.
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Fig. II-3. Schematic shape and technical drawing of the model GS type jellyfish

separator system used in the CWC experiment.
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Fig. II-6. Positions of the measured points of the (a) prototype(upper) and (b)
model(lower) jellyfish separator system used in the CWC experiment.

Note : H; means the height of the end part of guiding net above the

lower lacing rope and Hz; means the height of jellyfish

separator system in central part.
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Fig. I-7. The shape variations of the prototype guiding net(filled circle) and
separator net(open square) by the various water flow velocity in the
CWC experiment.
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Fig. II-9. Variations of the height of the prototype jellyfish separator system
and tunnel under the guiding net and the rate of Hi/H: according to

the various water flow velocity in the CWC experiment.
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Fig. II-10. The shape variations of the model guiding net(filled circle) and
separator net(open square) by the various water flow velocity in

the CWC experiment.
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Fig. I -12. Height variation of the model jellyfish separator system and tunnel
under the guiding net and the rate of Hy/H: according to the

various water flow velocity in the CWC experiment.
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(a) Nylon webbing flap

(b) Nylon canvas flap

(c) Nylon strand flap

Photo II-3. The flap shape on discharging process through the outlet using the
jellyfish model made of sponge.

(Left) before discharging (Right) on discharging

,43,



=33

5 &

BN
=

=271 w53

vl Zo]l 100mm)E .t 2 #200mmet B3280mm

7H A

=3

} 3 tH(Photo II-4).

S

Sy

)

Faol 47

il
A

_—

ol

of
ﬁo

)
—_

il

n-
Hu

2}

o aE el 7137t

i

=

'
el
B3

ﬂ”

ol

e
B

o] Aol 100mm)Eth ZHe B40mmet @50mm

)

)

o

o
o

W
iy
B

ooldl AR e

o A4 o F

E

o o
=T

= AA s

A
=

Aperel
B §A832 gl &

o]z} #E th(Photo II-5).

1
T

AAgo

= dels S

3|

=
=

Ll

=
=

o

o

o

g

,44,



h L &

Photo II-4. The view of the separating process experiment using the various

size sponge models for the prototype jellyfish separator system in

the CWC.

Photo II-5. The outlet shape of the prototype jellyfish separator system in the

experiment of separating process .
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Fig. TM-1. Schematic shape and technical drawing of the S type jellyfish

separator system.
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Fig. IM-3. Schematic shape and technical drawing of the SF type jellyfish

separator system.
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Fig. IM-4. Schematic shape and technical drawing of the GSF type jellyfish

separator system.
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Fig. IM-5. Schematic shape and technical drawing of the GST type jellyfish

separator system.
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Fig. IM-6. Schematic shape and technical drawing of the GSgF type jellyfish

separator system.
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Jellyfish Jellyfish
76.1% 87.3%

(a) 2004

Jellyfish Jellyfish
69.0% 83.8%

(b) 2005

( July ) ( September )

Fig. M-12. Distribution rates of CPUE(fish and jellyfish in weight) in July and
September from (a) 2004 to (b) 2005.
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Fig. IM-13. Relationship between loss ratio of fish(in weight, L;) and exclusion

ratio of jellyfish(in weight, R;) in the jellyfish separator system.
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Fig. II-14. Relationship between bell diameter(D, cm) and wet

weight(W, kg) of Nemopilema nomurai.
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Fig. IM-15. Variations of jellyfish catch(kg) and surface temperatrue(C)

during the experiment.
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AFaEoA st E el wEsty] skl AAHE FeUe 2T 4F%
of JAsY, AFIE PHeN TRHEZHORE AFIAE HES Fato] PAA A 5o
Slth. o] AAz sste]e] wiEEd e BAVE slenw A HAGS b
7

Aol %8st

e

(D) S8 )& 2ol Az s

(7h sigte] wieE 2 olfEdE

S@el wEg AAE 10° 15° 20° ATl A sake] viEE
T 61%, 15°014 Bt 45%, 20°°1 4 Bt 48% = ZAtZol wres dvte] wEE
& SV e ®ola gloy, S AAARL st wEES Fit 9% W

e THTable M-3 2 Fig. M-16).
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Table IM-3. Exclusion ratio of jellyfish(weight, kg) by the gradient of separator
net in July 2004

Gradient of Weight of jellyfish(kg) . .
No. of haul Exclusion ratio
separator net Cod-end Cover—net
10° 1 4.5 195 0.81
2 12.4 4.0 0.24
3 15 55 0.79
4 0 8.3 1.00
5 135 12.3 0.48
Subtotal 31.9 49.6 0.61
15° 1 105 135 0.56
2 4.0 3.0 0.43
3 16.5 75 0.31
4 115 0 0.00
5 4.1 135 0.77
Subtotal 46.6 37.5 0.45
20° 1 83.0 1255 0.60
2 38.0 39.0 0.51
3 49.0 52.5 0.52
4 62.0 12.0 0.16
5 535 34.5 0.39
Subtotal 285.5 263.5 0.48
Total 364.0 350.6 0.49
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Fig. I-16. Exclusion ratio of jellyfish(weight) by the gradient of separator net
in July 2004.
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Fig. M-17. Loss ratio(weight) of fish by the gradient of separator net in July

2004.
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Fig. M-18. Loss ratio(number) of fish by the gradient of separator net in July
2004.
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Fig. M-19. Size distributions of yellow goosefish, Lophius litulon, retained in the
cod-end and the cover—net by the gradient of separator net in July

2004.
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(2) GS¥ el gA oo Az wat

GSE o & B 200, 30° 40° Al@elM = SE i AAR Al A
et EA3S 74 mekstel At S AF IR FYEHE ogdEo] &
g JHE5ET FES Eol7] fste] odEs FEwe ofd FREoRE fFEdte
e Y dFd A Aoy, ada 2 aEa A7 AAM =
ol Aol efute] el wEHo] "ol s Hekstr] fste] Eelwel AMgdt=
aE3e aEF A7]1E 640mmel Al 400mm oA A&t HERE oS EHE
< Fol7] 1% Wtz gy wET9 FolE ImolA 03mE FoXA AFESEA

el AR 200, 30° 40° Algel Al sistE] wiEE-S AARZE 2000014 b 95%
2 A BE st MEHE 4 o, Az 30°0 A= Bt 83%, 7
AVZE 40°el M= Bt 86% 2, GSE Y AAHS sute]l wMEES Fit 6%E E
el tH(Table M-5, Fig. M-20). ¢ 22 SE R &vlg] wjEEo] oF 37% wor
2, PEgezyt F45H SY BYAAEYG fFrgo]l AAH GSE ®AX 7} &g

g BeAAEA ARFS & 5 oAk EW, PP AAZe dny wEgol
96%3 7b ¥A Uehd 20°7F AAsithn Az Ak 2@ AR, 4AzE 200004 of
gEU8e olF Tk olul W 58%, olF w5 oyl P (0% Fob o FEA

£

& 29U i Uk vhdel Bastth o AAelA e oY
H| 2= Az 30%0 A1 St 60%, 40°¢lA Bt 67%= ERS o™ (Fig. M-21),
o3 v s FA 30014 Wit 579, 40714 Wit 67%% LhEbEThFig,
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Table M-5. Exclusion ratio of jellyfish(weight, kg) by the gradient of

separator net in September 2004

Gradient of Weight of jellyfish(kg) . )
No. of haul Exclusion ratio
Separator net Cod-end Cover—net
20° 1 - 305 1.00
2 — — —
3 71 1,122 0.94
4 32 534 0.94
5 20 108 0.84
6 1 261 1.00
Subtotal 124 2,330 0.95
30° 1 364 2,444 0.87
2 75 416 0.85
3 11 260 0.96
4 416 1,604 0.79
5 114 159 0.58
6 156 700 0.82
Subtotal 1,136 5,583 0.83
40° 1 90 180 0.67
2 70 436 0.86
3 50 595 0.92
4 90 728 0.89
5 30 130 0.81
6 3 20 0.87
Subtotal 333 2,089 0.86
Total 1,593 10,002 0.86
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Fig. M-20. Exclusion ratio of jellyfish(weight) by the gradient of separator net
in September 2004.
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Fig. IM-21. Loss ratio of fish(weight) by the gradient of separator net
in September 2004.
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Fig. IM-22. Loss ratio of fish(number) by the gradient of separator net
in September 2004.

,94,



Fo ogFe Fuw AAAEE AIEdES AR AAZE 200004 izt
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=318 B3 50~70% wWAUE Aom FAE QU €A v A
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(Table M-6).

BAAMZE 300041 AE2 64%9 P EAES Bon, Z4A 60%, WA 42%, Y
O 32%9] 018 EAES BTk EA Afols 14%9] oA ES Heol FAZ
20°1 M Hu} 16%9] o1& S7F a7k Stk

Az Al e AEC 69%¢] ol REAES nylom, BA 720, Yol 52%,
WA 66%, BTA 48%2] o YA ES HATh EA9] A$olE 16%E A 30°
o] g E=AEI FAE G oW AAZ 2008 T 14%¢] o

GSE O Bl AAZ A F A= MEo] F o] ETo|glom, Azt wWE o

5L HAALZ ugt & Zol7t glo] 60% WeE olE =d &+ 9= "ot
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(W) F oAgdF9 AFxA

T8 ogFe AT HaBdAe AFREES e FArZel weE Fig.
M-23~2501 e ATt

AME o] AGEE(Fig. M-23)= 7Fgol A% 9.7~19.6cm(F 1 13.8cm)Z T2 A
ol 12~17cm¥= = 1~2d48 9] AFo] wol o=t 18 al A7ge] 13cm ©],

Z 144 olg HE AFS YaBAAsL BATAA no 2 AAEe] gol RE
S Age wolw k. osh 2 AP AEol AHHOZ AN FE Holw

ak

atar lol aate] ofefel Wol Eof A7) wiiel sfutelrt wiEorE wEE o §
¥ e Hol 3t gl ExFe aseA ofgHe A AGE
E= Ao AR WE AFS Bola AR ®Eg AR 2004 = HIaaEelA
F7F AT AT 9o YA HaEz wAYstE )
A7F ok, FArze]l AAFE sl odus MAY £xe HA wotbAA
BARZE A0l A= EATe] A FES Ao fARg EXEF Shal Tk
Yol 7FolAld 83~282cm(H 1t 13.8cm)e] A E(Fig. M-23)& HolH,
F2 Aol 10~18cmE+= 1WA A=7F ol gy, a8 & AAM
20°01 A= Aol 1demeld, AARZE 30° 9 40°0 A= A o] 15cm o] i H
HETE W7t AR BobA Wikelx  MAEC] Bol o fHE A
FE wolm, 1 olgt A G e EAFAA oFE= MAFTE A eI
ohomdk ZE AAGe] wE EAFer YaBdae] AGRE W= A 20°
ANAE Qs AGEErt EAF2 AGEERT 9o X sHAIRE H ALz
A%l wek A% 15cmeolst MA= ExFolA e AFEEL7E daEoA o] AL
X el Aske] AArzte] AAFE EAFAA o FHE v Eo] =A dEua

s

jacs

S1T. A% 15emol 4 AAE o [s B Ae] o8 W&ol Eou} AAzte]
ol whel 1 vl &2 70%(20°), 63%(30°), 57%(40°) 2 SrolA = AEgFS HATh 1
dom Aaz W we AZEEE Ase] A9 wol AAze] AAFE 2

ApFo A P == AEFgo] AFE & F ATt
Zx1o] AFW(Fig. M-24)= dEF 83~285ecm(F T 17.3cm)E Holw, F=&2
Firdo] 12~24cm == 1~2d489] A7 Wol o= At g AARE 20°0
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Fig. M-23. Size distributions of butterfish(Psenopsis anomala, left) and Korean

pomfret(Pampus echinogaster, right) retained in the cod-end and

the cover—net by the gradient of separator net in september 2004.
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Fig. TM-24. Size distributions of hairtail(Trichiurus lepturus, left) and common

hairfin anchovy(Setipinna taty, right) retained in the cod-end and

the cover—net by the gradient of separator net in September 2004.
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2004.
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Fig. MM-26. Loss ratio(weight) of fish by the types of jellyfish separator system
in 2005.

GSTE 2 Ao ol FEHE(TH tiu))o] 30%= vlae]5Ql GSgFA e ol g
EAE 8% FAE AE Hola 3tk o] FHe] A= @S A
A ke, ofEHEC] TF tH 30%E WA HEhd AL ol FiEEEIE A

AdS ot Aoz ddyn, duy wME e GUlE AATE Bl FgELE

1€ MEREE B gl g Apels By FEA nyAd HA 1w
aFEAQ HA Hg =2 ALE AFoME o EyAsE

St A UEhgo AAH o s 84 Abge golAE Al Aol 1S AgdE
il o] BWg o] wowrz ALES 7|Fate] ghrh A ALE o

Al 2EAS ASE ve) BePAG} 03
A B Tote R4S Mg Bast Jor, oF s Ry pRus
AR ARE TPER GAR vy 2o PA} GSgFHelt o GSgFY el

AANAE 28%9 A HEUEET DS wel o FE Reldve THA e

st

- 105 -



T+l
oldel siute] FelFA GElelM mlarol Rl GSgFE& Alelstal, GSTEel 7t

e oFEAEE0%)S Bolw gon, Begel nPA TR B GSgFY
o ol HEu B8N A vdte] suty ReFAEA A HEHS FA
F Al

>
o
o

A H£AES W Aotk MRS i o} Fea
AT, AMA, AT 5 daFE 4718 o F% ik
o]

2ol Aol o3 A2F oF TA TheAol Anm

pud

A A AsAT
GSF@2 it oYL EOUNAS diH)o] 37%= ZAbso] 2 FEo] W7t
1S wW(60%, Fig. M-22)8th oF 23% 7H4aH9
GSTEL Bt 32%0HA5 du)e] Y0 ES ne] e Fuo BegAn
o o HEAES Wt o Fuje BEFAeE ©AS AHEEA gk,
AELEC] 9 dEhd AL oF TR A 98s ¢ Aow Holw, &fdt
olRELELS U Yold Aoz oA

H o] 19l GSgF¥-& At 28%9 AYEAECIAF tu)E B g5 Fe
Aol $48kAl e

olFe] slwtel BelgA HejolA GSgFES Asn GSTH 713 we oy
EAEGER0S RYon Hegol ngA LEr ® GSgFR(28%) 2 Aol B

- 106 -



0.70

A
0.60 |
o
0.50 | >
o | 0] -
5 040 | = +
[72]

_l -
020 | X " A
X 9

0.10 | 0
i o
0.00
SF GSF GST GSgF

Type of jellyfish separator system

Fig. MM-27. Loss ratio(number) of fish by the type of jellyfish separator system
in 2005.
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AEL A% 1dem vlvre] AgH Aol A% 10ecmoll A, A% 14cm ©]
el AR el E A 16ecmol A AR ghs Yebdit, =3 o] 5 Z1FolA e A
FRILE ZAFAM7 daBrg ZE AFAFAAN =4 g =2 4S5
e wiETE wWAuUrte AWAFTE A dEtEth AT s SREE YA S
AEd, 2aRFoAE AFEA7E 73~309em(F T 139cm)ol AF 10cme}
16cmell Al HARIghs Hola o, Yasdixs AGHA7E 68~24em(E
14.1em)o] i A% 10emek 16cmol A HWgks 2

MEe A o] Aol 10~21.8cm(Ht 145ecm)HE Loy, 2 A%
11~18me] 7AA7F A=), AGEEE B ZE AGH AN EXFo A7}
Qoo AEt =4 ety MiEE wAurtes AASE A YEdth A5

T FRdE A%E4de v E4geAdE AEsst 10~218cm(F

b

145cm)el il A7 15ecmol Al HRWIFES Holil low HaEdA= AGHL7E 10.
8~19.7cm(F 1 14.6cm)ol it EAFFo A e} o] A% 15emell Al HARIghS B
A78ole o gel MAY Aol Aol 6.2~245cm(H 1 11.8cm)H A A&
W, T2 10~16cm AZR-E el AMAZE AFH AT AFEEE BH s A9
oAA Qe A7t gaFolA Bth =A dehd wETR wxusts A B
S Ve vk AF0E FHEE AZRAS ARy, EAFAE G
7} 62~245em(B T 125cm)ol L A 1demol A HW kS Holx glon, Y
e AAE Y7 8~202cm(FH+F 11.5cm)el 2 A 12cmolA AWFS B
Hkx) o] o) G A g (7hareo]l AW E 106~17.8cm(H+ 13.3cm)ol i, BE A4
Aol A BEAFNN7E QaBeld wvot 274 vehy wiEFE wAd ks A 2
A detdt AFaE FHREE AZRAAES AHEd, ExFdAE AFHLt
10.6~17.8cm(H ¥ 13.2cm)o]l 2 A& 13cmelA
= AFEH7F 11~165ecm(H T 13.3cm)ol 2 A 14demollA HWHS BHA

ZAAe o8 AFEFEEHAE 95~26cm((F A 19.1ecm)el L, FE A 17~

|

e

e Hola glew, HaselA
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24cme A7 B E AL AF B¥E
oA Bo =A el Y AFIa2E F

= TRHEE AZEAES A9Ed, 2450

A= AL 7E 105~26em(F wF 19.4em)ol a2 A7 20cmel A &

Q9o

Hgke Heola 9l
ow, daZolxe A7 95~24cm(FB 7t 185cm)o] il ExpFo A ef zEo] A
& 20cmell A HWgs ®A
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Number of individuals Number of individuals

Number of individuals

Fig.

300 120
250 100 Doderleinia berycoides
200 80
150 60
100 40
50 20
0 —0 0

13 17 21 25 29 6 10 14 18 22 26 30

Total length (cm) Total length (cm)

120 120
100 100 x Trachurus japonicus
80 80 | n=299
60 60 |
40 40 | X x-‘
20 20 | /: 2
0 0 i

10 12 14 16 18 20 22 6 10 14 18 22 26

Fork length (cm)) Fork length (cm))
50 35
a0 | Setipinna taty 30 | Trichiurus lepturus
n=330 25 | n=195
30 20 |
20 15 L
10 | 10 [
. 5 L

0 B hald-e 0 ledmg

11 12 13 14 15 16 17 18 9 11 13 15 17 19 21 23 25

Fork length (cm)

---%--- Cover-net —e— Cod-end

Anal length (cm)

---%--- Cover-net —e— Cod-end

IM-30. Size distributions of main species retained in the cod-end and the

cover-net of GST type jellyfish separator system in 2005.
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(2}) GSgF3

GSgF3 Ao ojge P& T 2 AAFE YaEodA 25% 74170
A, BAFA A 42F 206670 A 7F o] g o] MAHoRE= F 46F 2807/HA 7 o1 F
T tH(Table M-7). o]% F83 oJF= 2597/HA= AA WAFY 925%E A
kil Qlal, fAARE IRANAR 47%F AA Aok 71EF AAFIE TINAR
oAF7F THARZ 02%E kA 8ka Utk

FEoF T F oYFL HyAgen BaEE mAadYstE oIEHNELS 16%
2 9 depgeh 71E o i AqF8EHES AAVE 4%, ME 39%, wEvt
12% 2 et F8o)F dA dig AT EHES 27% AT

AAFY AGols T AFFo] AR 37%°] oJHEHES HoH dF
T AAH R 34%9] ol EENES HA

W77 ASolE ASHF AIEAEL 17%Q1, BAFe & oINS 4%
yil

ol Pejo] T FA A o3 F o]FFo| Ul o] EHELS 28%(Fig. I
2N E A e

Fo oFFo] et AT YaBdA Y] AP EEE Fig. M-31°] e
At

RPAE 7 B AAF7E F3 F ojgFor ZaFAA 70871 A, € 1Ee
A 1307HAI7E o] F o] F 83870 A 7F ol H ik o gE A= 185~
29cm(H 1t 222cm)E AR, F2 AF 20~25cm AT Fo] o] F AT *
AEEE AR, BE AGUSAA 27 AG FE7F s NAF 2
o E=A UEY o8 EAES WA dETh A RaE SREE AdEds 2

H
HEWH EAFME AAHA7E 185~255cm(B 1 22cm)ol i A 22cmol A F

)

Hgks Bola glom, dagdAaes AHE27F 19.8~29cm(FH i 22.6cm)e] L A7
23cmoll Al HHghs BT

229 o8 AA(FENEYAE 12~26cm(H 7 19.1cm)ol L, FE AH 16~
22cme MAZE AFHAY, AF BxE BT} HaZolA A FAE ExE

wola glol, WE APUANAM Ao FAF &R ATITL wAttm Yok
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AF0E FHEZ AFRAS AR, EXFAME AFH 7 12~247cm(F 1
189cm)el i A7 18cmell Al FHWgts Hola glom QaEoxe AdHS7 13
~26cm(FH 1 194cm)ol i AT A9k 2ol A 18cmell Al W gk Bt
AEe] oA (el A H 9= 10.1~252cm(HF  14.9cm)H 9 eH,
Ad 14~17cm®] AAZF o] AFdHAnt AGEEE B BE AGHELAA &
Aol AASF FE7F QaEe] A BExRY A JEda gt ARaE F
FEE AFzds AHE, ERFdME AGEA7E 101~252em(B W 14.9cm)
olal A 15cmolAl HWIgS Rola glow Yakdas AFHZE 105~
22cm(B i 15cm)el L BA-Fol| ek o] A 15emeol A HHl ke w i
T2 AFAF(AHHAE 66~298cm(HF 135ecmHE g en, F&2 ojgd
|4S AF 1demS 7102 F 2F0F YFolAa g o] F aFNAY A
FEELE 2AFAY MAGF BE7F Do MAS BEEG =4 UEyg
ET2 wAdYrte AAGFE Fong offEdge] v Rt AFaE &
H

2 AFxAs ARy, EFodE AAHEY7 6.6~29.8cm (¥ 13.2cm) o]

N

Hi-r

3 A 10cmet 16cmol A H¥I g Holx glon, YaLo e A3 H7F 83~
23.8cm(F i 15.1cm)e] 2 A 10ecmet 18cmoll A H Wl ghs Bt
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100
80
60
40
20

Number of individuals

140
120
100
80
60
40
20

Number of individuals

Nibea argentatus 35 |
n=460 30 | n=276

20 22 24 26 28
Total length (cm)

90
Psenopsis anomala 80

n=459 70
60
50
40
30
20
10

0

Fork length (cm)

---%--- Cover-net —e— Cod-end

Trichiurus lepturus

12 14 16 18 20 22 24 26
Anal length (cm)

Doderleinia berycoides

n=300

X

. ‘. .
| LNl N | |

u

6 10 14 18 22 26 30
Total length (cm)

V3

---%--- Cover-net —e— Cod-end

Fig. IM-31. Size distributions of main species retained in the cod-end and the

cover-net of GSgF type jellyfish
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4) e EIZA 45

sivtel FedAe Fxe sue] wiEEol Hit 86%= WEhd GSEol HA s
an, olu el FAAEAMA S sfvte] wiEEol JHE = A WERd( 95%) 20°5 A
gekdith 2”AR GSPelM = dlde] MEES wou ofFgEdol A yEhy

1= d}o o] .égg}oﬂq_

o
-

GSF#@ o] H3t 43% 22]al SFR o] Bt 49%= 7Hd =4 Yetsoh
& /MAlG divl AHELES o]l GSgFdel Bt 28%=2 7Hd w2
= 1P A

EAES Boom, tFo® GSTHol Ht 32%, GSFHe] At 37%

A E TF R A Wil AFEHES T =20, o] A ==
Hoj e vl el GSgFd el B 28%= o8 FE o sy 2HFA F M
S wrebst e 22X R A e 2P =R] Adgols ofddEe] ddel Abgst
715 7196t AAola, FAAE AzE GSTHS AfELdEL it 30~32%=
GSgF@ 3 & ztel7b gl7] wiZell GSTRE2 sfute] EedA=2A 243 et A
gty 2elal GSFR 2 ol EAEC] it 37~43%% tha =4 dehdAw 1

sivtel EelgA FEd AlFelA o= TR (Fig. M-26)3 7HAI(Fig. I

& Ayl met siuty] ZeEARA P AT FEH=

GSgF¥®, GSTH®, GSFE o= uetston GSgFd 2 EelWe] A 2= o

o] @AM ojgdlEel #e H HAFe|7F wHste] AHgErE VY@ v A
< add 0 GSTE % GSFEeo] AA7 sae] £odA Izt & 5+ Ao
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V. 3siztg] FA%A

1. &% 3 ¢y

EEE vy ZFA AR sl E w4l AR ¢ e BHeR vt

AN AR A 20059 98 A1
Y A7 BEY duvel Wad v ZARAL. on AsE dvg Ae
O10mm stelo] 2XE ALGstgor], Auele Zgolt 10kgs el

% gt

W BERES dgow wE Adg gojofd 7]

Aol EAEHE HAd L el Ao Hed dadzgowr &9 vh(Fig. V-1).
Algo| Alg3t sfate] Als+= A 2 Aol 13~83cm, %5 % 09~14kgH+= &3t
2] 10570 A 3 T}

@ 1.0 Wire rope Spring balance

Jellyfish

Fig. IV-1. Schematic drawing of the measuring method for the cutting force of

jellyfish.
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A7)z oA Sste PAE ETR EEE dde S o wET
2 WEd A dusts Ee wdsd. 2d4 vy dugRs dn uE
Tob 2o mgom AR ALt 98 52 02mm oldvtelZe 39
om, 1 FYlE 9P E AR e ARE AANES Do} Re] Yol oI5t W

HS WAtz 3t
Ayl E ddslry] Y3 A2 @9l.0mm ool X E AMEstg o Adg 9
olo] 2ol AX7tAL Ao Ed 02mitAoE A th(Fig. V-2).

slute] AbdA= allate] wEFAe] Sl = alvte] wiETel FEEle

1

dia. 20mm Zinc pipe

1.4m
é*i%',”'f var\{r'{e Zinc Pipe dia.20mm
elbow
Ng) O’/’Q.Qomm
o
0.2m
1.2m

SR

Fig. IV-2. Schematic drawing of the cutting device of jellyfish.
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Fig. V-3 Aol F83 v daAgdolr 2ald siute] Aoz a27)4d
MAFe] BEE et Aolth sfigty] ddkel dadk I 08~70kgf2 BFT
3.3kg-fo] Hastith

slgte] dde] e & duE] AV E HHAAR 1 duRAAE SR
W, Z7]d Aol

o= 2 95 Z8% Stk

)

Aol 2 ol daskA FRAR 270 Aol ¢k & A

W&ol gol7t | Seivt grka B

35
o 30 |
S
S 25 |
=
S 20 |
S 45 |
3
e 10
S
Z5,

O | |

0 1 2 3 4 5 6 7 8
Cutting force (kg-f)

Fig. IV-3. Distributions of the cutting force of jellyfish.
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slute] debdA a7 2AdS SCE I GSCE w &A= Al ek
Photo V-1 sfjate] ZejdAlol sfute] dadAE 523 3ol

Photo V-2& #lote] A7t 28 sjste] 2 gxolx wEso] W1l
A £ dstele]m, Photo N-3& slshe] Relge Faetel £AFAA £I9

sistelolc). slstel A@AAE Bue alw A sjolofe] ejs] $ate] 2
gule wolu, PeWe Bua sute 22 o FeE mvh

Photo IV-2. The view of jellyfish caught in the cover—net.
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Photo IV-4. The view of jellyfish sampled in front of jellyfish cutting device.

A A S5kt 1~3AA7 A2 A A BAY F AdE
ol (Photo IV-4), o1& slstel AegxE alste] wMET7h A Sl F3stel
g #qe] MRS dgm, dAstelst el od FAWFOR B Pol FY
WFoE Wi Pud A7 el st A BAW 27 Y F, UG
gol A7 48d Astet AAAL AW FPAglA sty Bege) Ao

Je s #FD ¢ gllen® duy] daAdAE s53% F4o] HEs A
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fru

S0l dlutel MEEo] 284% =2 WA yElster, GSE g A e &)
AFel= sfute] wiEEo] 2

viotth, ol9h e @d dlve wEF o] AUFAE FASA d%Ss AG
o= FxAFAA FFHE viel Zo] e A wE=F7F A €2 A (Photo
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A5 AXste ERFTHY HEET) AEHAFS oo Aol &3
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o 2 AES WEFES A Ao At (Broadhurst, 2002).

oj¢} e EIARAHEA T F5 AE Jhed & A A& =82 AN
71 93 tEAHQA FA7F TED(Turtle Excluder Device ¥+ Trawl Efficiency
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1995; Robins-Troeger &, 1995). °¢] TED+ 1978 v]=r NMFS(National Marine
Fisheries Service)oll A & i1¢t¥ o] (Robins-Troeger, 1994), 3o+ 332 ¢}
22 oy JHA vERES 2EEty] 9] AAE Aot (Kendall, 1990; Andrew
5, 1993; Isaksen %, 1992; Oravetz and Seidel, 1984) M -E&Eo|ollA £ F E

3 Ase £95 Fo]7] f AHSE AAolvh. 2y M ER o7 £k =4
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T A5 EAEAE Holuh U¥t EEANE AESel| wet v ERF £
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el vse] AjfEEoYelM= TEDO ZA4 ARES st dth(Kendall,
1990).
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MSEEo]Go] AlEFHo]x a1 dtidsaksen 5, 1992; Hickey %, 1993; Broadhurst
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and Kennelly, 1996b; Pettovello, 1999).
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Felaas Badk gt
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(Coreil, 1985)
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individuals bigger than guiding net mesh size

Fig. V-1. Schematic behavior pattern of fish and jellyfish in the jellyfish

separator system.
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