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Study on the trap-net fishing technology for the purpose of improving catch efficiency
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Fig.1-1 Problems of present trap-net fishery in Japan and possible countermeasures.
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Table 2-1 Nominal commercial names of fishes and their scientific names shown in the catch statistics of Nagasaki
Prefecture’*?

Commercial
Symbol scientific name
name

F1 Maguro rui Bluefin tuna (Thunnus thynnus), Albacore (Thunnus alalunga),
Big eye tuna (Thunnus obesus), Yellowfin tuna (Thunnus
albacares), other Tunas and Istiophoridae

F2 Katsuo rui Skipjack (Euthynnus pelamis), Frigate mackerel (4duxis thazard),
Bullet mackerel (4uxis rochei)

F3 Iwashi rui Japanese pilchard (Sardinops melanostictus), Round herring
(Etrumeus teres), Japanese anchovy (Engraulis japonica),
Gizzard-shad (Clupanodon punctatus)

F4 Aji rui Jack mackerel (Trachurus japonicus), Horse-scad mackerel
(Decapterus muroadsi)

F5 Saba rui Chub mackerel (Scomber japonicus), Spotted mackerel (Scomber
australasicus)

Fé6 Sanma Pacific saury (Cololabis saira)

F7 Buri rui Japanese amberjack (Seriola quingeradiata), Yellowtail

amberjack (Seriola lalandi), Greater amberjack (Seriola dumerili)

F8 Tai rui Red seabream (Pagrus major), Crimson seabream (Evynnis
Jjaponica), Yellowback seabream (Dentex hypselosomus),
Japanese black porgy (4dcanthopagrus schlegelii), Goldlined
seabream (Rhabdosargus sarba)

F9 Tsaki Chicken grunt (Parapristipoma trilineatum)

F10 Sawara rui Spanish mackerel (Scomberomorus niphonius), other Spanish
mackerels

Fl11 Shiira rui Dolphinfish (Coryphaena hippurus)

F12 Tobiuo rui Mediterranean flyingfish (Cypselurus heterurus), Darkedge-wing
flyingfish (Cypselurus hiraii)

F13 Surumeika Japanese common squid (Zodarodes pacificus)

Fl14 Ika rui Swordtip squid (Photololigo edulis), Oval squid (Sepioteuthis
lessoniana), other squids
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Fig.2-1 Number of trap-net in each area of the Nagasaki Prefecture in 2006.
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Fig2-3  Catch amount of large scale trap-net during 1985-2006 (Top), species compositions of captured fish and its

yearly similarities in species composition by cluster analysis (Bottom). Yearly similarities in species composition
was roughly divided into two groups (LA and LB). Then LA was divided into LA-1 and LA-2. For captured

species, see Table 2-1 to identify species.
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Fig.2-4 Catch amount of small scale trap-net during 1985-2006 (Top), species compositions of captured fish and its yearly
similarities in species composition by cluster analysis (Bottom). Yearly similarities in species composition was
roughly divided into two groups (SA and SB). Then each group was divided into 2 sub-groups (SA-1 and SA-2,
SB-1 and SB-2). For captured species, see Table 2-1 to identify species.
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Fig2-5 Geographical similarities in species composition by cluster analysis during 1985-2006. The dendrogram (Top),
Average catch amount by region (Middle), and Species composition of captured species (Bottom). For captured
species, see Table 2-1 to identify species and see Fig. 2-1 for region.
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Fig2-6a  Geographical similarities in species composition by cluster analysis during 5 years (1985-1989). The

dendrogram (Top), Average catch amount by region (Middle), and Species composition of captured species

(Bottom). For captured species, see Table 2-1 to identify species and see Fig. 2-1 for region.
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Fig2-6b  Geographical similarities in species composition by cluster analysis during 5 years (1990-1994). The
dendrogram (Top), Average catch amount by region (Middle), and Species composition of captured species
(Bottom). For captured species, see Table 2-1 to identify species and see Fig, 2-1 for region.
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(Bottom). For captured species, see Table 2-1 to identify species and see Fig. 2-1 for region.



SEEAME | EEMEMR RO BB 2%

TMDb TMa
' TM b2 ™Mb ™ a2 ™ a1
%gwmwmmg'\l;o ,_ngggl\ooo:
NBg8g:588888383853¢25883%
90
__ 80
gm
= 60
gso
40
gso—
20
10 }

1985 1988 19891 1994 1897 2000 2003 2006

100% -

90% -

80% 4

70% A M1 OF14
3’ 60% - BF13
& so% TR\ BN i
= Mta\ @F7
g - 40% o -

. — | |
w 30% /_, -

20%

®mF3
10%
0% Y

1985 1988 1991 1994 1997 2000 2003 2006
Fig.2-7a Yearly similarities in species composition by cluster analysis in the Tsushima sea area during 22 years (1985-

2006). The dendrogram (Top), catch amount by year (Middle), and Species composition of captured species
(Bottom). For captured species, se¢ Table 2-1 to identify species.



RIBEKERX R IBO 7

IKb

2004
2002
2003
1998 — |
2000
2001
2005
2006
1996
1997
1999
1985

250

- N
(3] (=]
(=] (=]

-
(=
(=]

Catch amount (tons)

4
o

3418 20154

IKa

IKal  IKa3

1986 —
1987
1993
1995
1992
1991
1994

IK a2

1990
1988

1985 1988 1991 1994

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

Frequency -

’d

1997

0% L) L)

2000 2003

2006

1985 1988 1991 1994

Fig 2-7b Yearly similarities in species composition by cluster analysis in the Tki sea area during 22 years (1985-2006). The
dendrogram (Top), catch amount by year (Middle), and Species composition of captured species (Bottom). For

captured species, see Table 2-1 to identify species.

1997

2000 2003

T

2006

1989 -

DF14
mF13
@F12
wWF
aFr?
wFs
BF4
wF3



1991

Catch amount (tons)

Frequency

MEHIRAE - EERATCE ORI HEM I 28R

HS a HS b
HS a2 HS at HS b2 HS b1
| |
| | | ] |
N DT w0 oo 0T 0 QW R =@~
322838338 33888888338 3833
~— - = - - = = N g N A N - = T N « «
150 ¢
={T=HS
100 F
50
0 L i L L L L L L L L L L L L L L L L L J
1985 1988 1991 1994 1997 2000 2003 2006

100%
90%
80%
70% OF14
60% oF13
50% BF12
40% aF?
30% @|r6
20%

aFa
10%

mr3

0%

1985

1988 1991

1994 1997 2000 2003 2006
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(Bottom). For captured species, see Table 2-1 to identify species.
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For captured species, see Table 2-1 to identify species.
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Fig.2-9 Topographic feature of promising trap-net fishing ground proposed by Miura® and topographies of the trap-net
fishing grounds that were categorized in the cluster X in Fig,. 2-8.
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Table 3-1 Five Fisheries Cooperative Associations in the study

ID Island position Number of trap-net Number of Squid jiggind boat
A Tsushima East coast 5 56-64

B Tki North coast 67-83

C Tki East coast 2

D Hirado Northwest coast 1

E Goto North coast 2-3
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Table 3-2 Catch data used in the study

ID Fishing Year* Number of Fishing Total catch Average SD
method Boat/trap days (cases) (cases/day)  (cases/day)
A Squid jigging 2009 64 53 50721 957 1032
2010 56 50 40181 803 845
2011 61 55 43381 788 645
B 2009 83 41 132935 3242 1887
2010 67 46 178316 3876 3192
2011 75 41 191385 4667 3584
A Trap-net 2009 5 54 26145 484 514
2010 5 53 14331 270 358
2011 5 53 21584 407 540
C 2009 2 50 23072 461 570
2010 2 54 448 8 15
2011 2 51 40118 786 595
D 2009 1 50 4819 96 176
2010 1 52 2909 55 126
2011 1 53 8001 150 217
E 2009 3 49 13009 265 310
2010 2 49 12159 248 409
2011 2 51 24075 472 677

* Daily catch data between January and February were collected each year.

Table 3-3 Explanatory variables in the initial generalized linear model (GLM) with a negative binomial distribution

Explanatory variables Category

Moon . Continuous variable, (0 to 1)
(ratio of the illuminating arca of the moon)

Phase (waxing and waning of the moon) waxing, waning

Tide (speed of tidal current in the fishing ground) fast, medium, slow

Wind (wind direction) NE(N-ENE), SE(E-SSE),
SW(S-WSW), NW(W-NNW)

E (fishing effort, number of boats or traps per day) Offset variable(0 to 83)

N (month-year difference in squid abundance) Jan09, Feb09, Janl10, Febl0,
Janll, Febll
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if the explanatory variable is removed from the optimum models

Table 34 Parameters and output for the selected optimal generalized linear models AIC indicates the increment in AIC

Explanatory variable Squid jigging A Squid jigging B Trap-net A
Estimate (SE) P Estimate (SE) P Estimate (SE) P
Bo (Intercept) 4.81(0.28) <0.01 4.67(0.16) <0.01 2.84 (0.46) <0.01
B (Moon) AAIC=2621 AAIC=21.36 AIC = 25.08
-1.22 (0.20) <0.01 -0.77 (0.15)  <0.01 1.91(0.33) <0.01
B2 (Phase: relative to “waning’) AAIC=6.81 AAIC = 14.57 AAIC=6.65
0.44 (0.14) <0.01 0.46 (0.10) 0.01 -0.78 (0.24) <0.01
B3 (Tide: relative to ‘fast’)
medium / / /
slow i / /
AlvgE ERATRIoESEY AAIC =456 AAIC=4.63 AAIC =255
o 027(025 029 043 0.17) 001 1.25(0.43)  <0.01
NW 061(0.22) <001 -0.00 (0.14)  0.98 1.25 (0.39)  <0.01
el 0.17 (0.40) 0.68 0.21 (0.27) 042 1.03 (0.69) 0.13
Bs(N relative to ‘Feb09”) AIC = 2.96 NAIC = 3.09
Jan09
Jan10 -0.53(0.24) 0.02 ! 0.33(0.41) 041
- 040 (0.25) 0.12 / 0.62 (0.41) 0.14
Ll 0.09(0.24) 0.72 ! -0.24 (041)  0.56
Febll -0.74 (0.25) <0.01 / 0.31(042) 047
-0.04 (0.23) 0.88 / -0.96 (0.40)  0.02
Explanatory variable Trap-net C Trap-net D Trap-net E
Estimate (SE) P Estimate (SE) P Estimate (SE) P
Bo (Intercept) 5.67 (0.48) <0.01 4,78 (0.49) <0.01 5.46 (0.28) <0.01
B (Moon) AAIC=10.77 AAIC=2593 AAIC=21.02
-1.24(032) <001 -2.06(032) <001 -1.54(029) <0.01
P2 (Phase: relative to “waning’) AAIC =4.33
-0.57(022) 001 / /
B3 (Tide: relative to ‘fast’) AAIC =232
medium / 0.04 (028) 0.88 '
slow / 0.65(028) 0.2 /
Bs (Wind: relative to ‘SE) JAIC =023 AAIC =0.10
ok 1.01 (0.43) 0.02 0.47 (0.41) 026 /!
Nw 0.88 (0.39) 0.02 0.86 (0.37) 0.02 /
il 1.25 (0.66) 0.06 -0.13(0.70) 0.85 /|
gyrclatiycito eb09) AAIC = 13391 AAIC=27.63 AAIC=2621
;:z(l)z -0.93 (0.38) 0.02 -1.27 (0.40) <0.01 -0.63 (0.35) 0.07
B0 -4.01 (0.40) <0.01 -0.91 (0.40) <0.02 0.32(0.34) 035
Jani1 -5.15(0.40) <0.01 -1.36 (0.39) <0.01 -1.81 (0.35) <0.01
Febll 0.01 (0.39) 0.99 -0.79 (0.41) 0.05 0.83 (0:34) 0.02
0.71 (0.40) 0.07 0.75(0.37) 0.04 0.47(0.34) 0.17
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Fig.3-1 Locations of the Fisheries Cooperative Associations analyzed in the study. A operates both squid jigging and trap-
net fishing. B only operates squid jigging. C, D and E only operate trap-net fishing,
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Fig.3-2 Catch amount of Japanese common squid in the squid jigging and Trap-net fisheries in five Fisheries Cooperative
Associations (A to E) in 2009-2011.
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Fig.3-3 Catch amount of Japanese common squid in the 6 fisheries in January-February 2009, 2010 and 2011.
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Fig.3-4 Variation in daily total catch of Japanese common squid in the 6 fisheries in January-February 2009, 2010 and
2011.
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Fig. 3-5 Variation in daily catch of Japanese common squid in the 6 fisheries in January-February 2009, 2010 and 2011.
Upper graphs; catch of squid jigging sectors, lower graphs; catch of trap-net sectors.
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Fig. 3-6a Variation of daily catch of Japanese common squid by the age of the moon.
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Fig. 3-6b Variation of daily catch of Japanese commion squid by the tide.
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Table 4-1 Time, number and positions of released jack mackerel

Released time Number Released position*
22:10 (Light off) 200 A
22:30 (Light on) 197 B

2:10 (Light on) 200 A

2:30 (Light on) 198 C

3:15 (Light off) 285 B

* See Fig. 4-2 for details in released position.

Table 4-2 Recapture number and its rate of released jack mackerel by released time and positions

Released Recaptured
Time Position* Number (Rn) Number (Cn) Cn/Rn (%)
22:10 (Light off) A 200 20 10
22:30 (Light on) B 197 31 16
2:10 (Light on) A 200 56 28
2:30 (Light on) C 198 38 19
3:15 (Light off) B 285 14 5

* See Fig. 4-2 for details in released position.
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RIGRKEAZBENARE 415 20156

Before lighting
(17:00-22:30)

- .

»aas . .
» . .
.- .

. . .

Lighting

118 Index : 2.7
(22:31-2:30)

>
200m -

Leader-net

a .
R RNy
R "

. =

Leader-net

After lighting
(2:31-7:00)

o 116 .
O 1732 . .

O 3350 ¢o ossa o

EE R = :
L] - - . L
P non ARk .
G e L. Ve
= i N a4
N L. i
. . I——
L] . L] .
@
c
: y
° 118 Index : 3.7
«— >
U
- 200m

Fig.4-6 Distribution of schools around the trap-net. Three sizes of circles indicate the relative number of fish schools.



SEFAAE © EEMRR ORISR LERICE T 25

A
E

<

=

e UIW Lamp

- -

Fig4-7 Scanning sonar images recorded during night time. Top: during illumination, middle: after an elapse of 20
minutes of light-out, bottom: after an elapse of 42 minutes of light-out.



Fie R KBRS SR

42 EEAOKPITERIC XL HHMERDOEL

Rl Bt 5 T 2 B HT By 0 KA &8RS
(Fig4-8)"C, 2007 4 10 A 2 H~2008 4=2 A 29 H (LA
[, 2007 FBRLIFES), 2008458 A1 H~8 A 31 H

(2008 ), 2009410 A 21 B~12 H7 B (2009
R O3 SOHIAT > IR ORI >
WTREHT LTz, ZOREREY, KPTERIC X 5
EOMRE LT HZEE#BHIET 5,

®wHEHE

MBI 1T 2 KEVEEMONEE Figd9 12
Y, MERNIENE, ElEE, FER L UENLR
ZWRARERET, HoeRIT222 m, EHio2
F13345m Th D,

FERAER LIRS 4.1 & RRRICKBA G
ERABZNNTA RAKFUT (55W) 2B 5%kE 26
AL, ZoO¥EEHONE 75 m, HE S 20 m B
L CHABE Y OEEFAZRELE L= (Fig4-9),

IKFUTITE— T A LAA o FIZ L DEFIC S
~6 AT L7=t, B D 3~6 IEIRINCTHAT 3%
L ORI Z L IRRE LT, BRI o m4T
REZI & VT IRERIES K OVRLT, FERUTRrOBER %
Table 4-3 |~ L7z,

Z U CARFT R SAT 5 Z L L B b
HURT 570, KFUTE2ALTTH0 AT, &4
ERATUIRWE GERET) ZFTREZRRR Y RZAICERTE
LT, BEERZ L ol b SR A HSE R EE D
AT, BMEEHFEITESER, AUTOAHE, JRILHE,
R GEXi3ke) MRtk Tz, 223, El
ML 3R 2 BRER 72 < /Tl 7 BT
HoT7,

7z, 2007 HRBRD 5 B 11 A 13 AOKHLT SATEE
i, ARPUT R OARBEOSARIRE R F A Y F—

REE A H HE811, AL : 400kHz, #E
A 90° ) TEGE LT,

# R
REMORIEAR KB & & s O SR
%% Figd-10 (R L7-, 2007 REROMEERIT

#4115 20154

109246 kg T, D 5B 7V AA T Etrumeus teres
DEERD 69%% ¥, WNT=H/08 14%, =TV
N T%DEIR TR xS N T,

2008 BRI RIT 19,544 kg T, Zo¥XA
71 Photololigo edulis & 7 V8 (EIZTY L F
Seriola dumerili) DEED 65%% 58, IRVNTT V4H

(=7 V&~ /VT Y Decapterus maruadsi) 75 12%0
B G T <z,

2009 FREROKIIIERTT 108,325kg T, < \hie

KD N%%E LT,

RAT, JERATICH T HRHMROHE | BHizh D
Mt B OBERE /A & SRR = & Figd-11 [RLTe,
FEAUTRRZIE 2007~2009 BEROV-THE 0~1,000
kg DGR %<, 2008 3AETIT 1,000 kg 2B %
BIREITIED T, —J, ASUTHRZIE 2007~2009
REROVTIUS 1,000 kg LA A1 U 7-HSE0 380
L, #:Z 2009 3R T1 2,500 kg LA LR 20>
ol Thebb, RO PIERYTHRFE L LT
1 B &7= Y OfdiERIIZ < 72 DEMMH LT,

ST & FERUTOEEECIIT A 1 B b7z Y OifiiE
ZRBC ST LTz & 2 A, Wil
FICRBWTY, RUTRE & FERUTRr OIS BT I IA T
72353285 &1 (Mann-Whitney D U—HRETE, p<0.05),
FSUTREOISE R IFERATREL W £< 72D Z L 3R
i,

RESORMEROLR FAUBF O ROHR
% ESAAERRC Figd-12 (R LTz, 2007 #BRoOAT
X (10 B) 1 HMER S CHEB L7=2%, 10 A30H
2511 A1 RITHIT T AL TR KRBIZHME S
n, TO%, 12 A EAETUNAL TR T
PN T OBRFIGRE N, £LT 12 A4
RLBEHFOIVA A TR EIC S, 22
T 2007 EZE & 51T, 2007 DA A T AN

(10 A2 B~11 A1 B), 2007 <33 - =7 Jifallf

(11 H4 B~12 A 10 B), 2007 UV AA U 444
Wi 12 A 12 B~2 A 29 H) & Lz, 2008 itk &
2009 FERITFN TN Y XA B =P 3n£L
X, B SRS b Lo 2



SEHRME @ e BRI ORI L EAICEE T 25

T, FIEIL 2008 7 YA Hifidl, 2009 <3N
gl & FEIORE ST T

MRS LN AL DY, =N =T,
oA H, TVEORL, FERITROWEMES
PR T R U7k R % Fig4-13 1R LTz, 2007 7
WAL T AN ST XA &R
&, FEHAFRO UTREORERNT, FEAUTRFOE
2% kRlo7z,

FRCHD &, TNV AL T IAX2007 DVAL T
SRR SUTRRS, <P/ N32007 =N =T
DI 2007 TV AL U AR, 2009 = PN
WHIORIMRFICRERENAEICHEML =

(Mann-Whitney ® U—#R7E, p<0.05), FEkIZ~7
VL, 2007 DLV A A T AR S 2000 <Y\
o SUTRR RN L (p <0.05), ZOfERM
1%2007 == T T b A 60 p<0.1),
—%, =T VORMEPRMRIERD 6%AIT LY
PRI 722007 IV A A T AR & 2008 &
XA BT T ORI AR TR 6
nigholz (p>0.1), 7 ¥3FA B, 2008 74
A A D RATRAZIRAER)SEIN L (b < 0.05),
F OAMOMWBINIT S YA I ORI B e
RO BTz (p>01) T7hbh, =7 IR
oY EA 0, R B IR S R A
720, RUTRREIERUT CHEREN RO bz, —
F7 VT, DA U CRUT ST TR
RETRD 2ot p>0.1),

f

KAPKTRATRF D RBRRI K PAT RUTHRE2007 4E 11
A 13 B), AKHPLTED TifREE b B SUs )ik
for L TR S M= (Fig4-14), 7z, KPATRRRIZH
SN2 HERT D120, T 2IToT-4ER,
CT VLT UNGMEN, T OMER TR
B (11 A 14 B) OEBEOBERINA B THD L,
ALY 869 kg T, =7 UV D 2% % 5T
Wiz, ZOZEXY, R NLYF—DRIEAKFLT
BT 1= 7 D TH D AR EV & Bbh
B

R

AWFFRORER, RN & AT L= ReoDfRifa
HEEIT, TRTOMBRTRITUARVRE Y $8< 7
7z (p<005), RErICEICHESh, SITEHE
ST OISR A B B A LT ATEIT UL 2
AT, =P, =T, T ThoT,
UNAL T, <= HN T IXEOEEL D
BEL SNTERY, "% s TA AL AR
EOEEMAEFH-SZ & B bR EDOE %
BFobnEBbhs, Zoi), Ihbixgkld
DIREIERITZHER L TOD 0%, KT
DN IS RS S8, Zhb0ED
RIS DD RATHF ORISR DRI D722 > 7
LoEEZLND, F£1z, 2007 RERTE b A Y F—
RO ORI ORD MR LTGRO, AKPUT
JERINZ i3 U CRIEDRUSMBEE <4, KT
TN LT BRI L VB b o SR SN,
Lt, KBTI U= AR 210 U CEBED
R i L, £oOBRE ER(LTEIUE,
%D B T2 D OKFET DR Y fHHIECHIROH )
DREFEREITEFHETEDEAD,

—7, 7 VROV IR AR IR D
Nighotz, ZOFERIT, 7 UVEMAOEELR
Sff PV ThH LN RELTELALNSD, A
OENMEZFFOICHEL G T, R BT
MUTWRY, REAEICEE A RRICIT, £
DO HIFAERERCIRERE RS PRE L O
T3, EHRICRBR T Thit W e KT 2 A
724 3% Parapristipoma trilineatum —2A879 fFET
i, TVRIEERBERECH Y, KT
12X DRI SFROAEI TH DI E 7 FA TR
X &)= Spratelloides gracilis #WE =S¢5 Z & E
FLEZ TS, ZOZELD, TVEIKPID
FAZEE T T/ R ORI O 7- OITIFEE | CEHE
T ST FTREMEDSE 2 Db,

AETCH, AR RICX > THEEAFE LS
< RRBEE, EfEELICeE L CE - fAlEE/NE
FIOKBETOFETHER S8, B RN AL %7
KT 52 LT, Wl LA 2 Bl ~AE 55
(ZDWT, 2R EDOEBMESHCIT 2 REHUT



RIBFKEABRBETA#E 415 20154
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Table 4-3 Setting times for light-on, light-off, number of hauls conducted and times of sunrise/sunset during the

experiment
Light-on Light-off No.of Sunrise Sunset
(hh:mm) (hh:mm) hauls (hh:mm) (hh:mm)
Oct.2 2007-Feb. 29 2008 19:00 01:00 On46  06:15-07:23 17:14-18:16
Off 55
Aug. 1 2008-Aug. 31 2008 20:00 01:00 Onll 05:34-05:54  18:48-19:20
Off 12
Oct. 21 2009- Dec. 7 2009 22:00 03:00 Onl16 06:28-07:09  17:14-17:42

Off 17
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Fig.4-10 Catch compositions of the set-net during the three experimental periods. * Mixed category is a sales category
consisting of several species.
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Fig.4-11 Catch frequencies with/without lighting during the three experimental periods.
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Fig.4-12 Daily catch amounts in time-series. Top two graphs show daily change in catch amount with/without lighting in
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Depth

Fig.4-14 Sonar image recorded during lighting. Observation was conducted during 21:45 — 23:40 on November 13, 2007
to monitor the vertical cross section from the sea surface to the bottom area around the underwater lamps and the
leader-net.
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