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Recapture Rate and Movement of Hatchery-raised Red Tilefish,
Branchiostegus japonicus Released in Coastal Waters
off Yamaguchi Prefecture, Southwestern Sea of Japan

Mitsuhisa KAWANO * Kenya YAMAMOTO

A total of 154,100 hatchery-raised red tilefish, Branchiostegus japonicus, were released in coastal waters
off Yamaguchi Prefecture, southwestern Sea of Japan with cutting the pelvic fin during the period of
2006 to 2012. One hundred and seven individuals of them were recaptured and the recapture rate
was 0.10 %. Recapture rate (0.63 %) of the large sized (103 mm TL) group was higher than that (0.19
%) of the small sized (63 mm TL) group. No difference was found between the recapture rates of the
nearshore (1 - 54 m deep) released groups and the offshore (70 - 93 m deep) ones. The fish moved
offshore waters at depths of 80 -130 m and recaptured at sizes of 230 -428 mm TL after more than

282 days of relesing.

Key words : Branchiostegus japonicus, Hatchery-raised red tile fish; Recapture rate; Movement
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Table 1 Summarized results of release and recapture of hatchery-raised red tilefish, Branchiostegus japonicus.
N. fisﬁ recaptured

Release date Relase site Depth (m)

N. fish

TL Tagging
released (mm) method#

Long line Angling Trawl (Rprzziﬁie %)

0Offshore Hagi and

May26-29, 2006 Ohmi jima 67-84 6, 000 93 Right 4 2 6 (0.10)
May26-20,2006  hearshore Hagl and 5,5 5000 03 Left 7 2 9 (0. 15)
Ohmi jima
Apr. 28, 2007 Uilshore Hagic 75-93 3,000 103 Left 16 3 19 (0.63)
Kawajiri
Apr. 28, 2007 UEisore Hage- 75-93 4,200 63 Right 1 8 (0.19)
Kawajiri
Apr. 22, 2008 Offshore Aishima 75 4, 400 85 Right 8 (0. 18)
Apr. 35-3ay03, ooy Nearshore Aishima 10-38 6,500 85-98 Left 11 7 18 (0.28)
and Mishima
Mar. 11-17, 2000 Offshore Aishima 72-77 16,200 67-72 Left 22 2 1 25 (0. 15)
Mar. 17, 2009 Nearshore Ohmi jima 54 11,900 67 Right 11 3 14 (0.12)
Feb. 20-Apr. 26, 2010 Offshore Susa 5-77 20,600 61-68 &Nt 29 7 36 (0. 13)
Kawajiri or Left
Mar. 15, 2011 Offsheve Mishine 70-77 15,700 66 Left 8 1 9 (0.06)
and Aishima
Mar. 7-Apr. 8, 2011  Dearhore Susa~ 1-42 28,200 58-68 Right 3 3 (0.01)
Ohmi jima
Feb. 14, 2012 Of fshore Hagi 70-72 16, 800 75 Right 2 2 (0.01)
Feb. 14, 2012 Nearhore Hagi 5 14,600 75 Left 0_(0.00)
Total 154, 100 128 28 1 167 _(0.10)
* Right: cutting the right pelvic fin, Left: cutting the left pelvic fin.
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Fig.1 Map showing the release sites of hatchery-raised
red tilefish, Branchiostegus japonicus in coastal
waters off Yamaguchi Prefecture, southwestern Sea
of Japan. Open circles show the release sites.
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Fig.2 Relationship between the total lengths of red
tilefish, Branchiostegus japonicus and recaptured
depths.
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Fig.3 Relationship between the elapsed days after
release and recaptured depths.
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Fig,4 Release and recaptured sites of red tilefish,
Branchiostegus japonicus in 2009, Star marks and
circles show release sites and recaptured sites,
respectively.
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Comparison of Fishing Efficiency
between Cremona and Nylon Trunk Ropes in Tilefish Longlines

Mitsuhisa KAWANO and Takuya KUNIMORI

Experiments to compare fishing efficiency for red tilefish (Brachiostegus japonicus) between cremona
and nylon trunk ropes in tilefish longlines were executed in waters west of Mishima island, southwestern
Sea of Japan during the period of November, 2014 to March, 2015. Difference of catch in number of red
tilefish per hachi (960 m long, 105 hooks) between cremona and nylon trunk ropes was not significant
(Wilcoxon rank sum test, W=266.5, P=0.317). Because simple effect size was 0.32, it was considered that
the substantial difference of catch in number between the two trunk ropes was very small. Difference of
total length of red tilefish between the two trunk ropes was not alsa significant (W=5656, P=0.682). The
total lengths were more influenced by the experimental locations than by the kind of trunk ropes.

Key words : Red tilefish (Branchiostegus japonicas); Longline; Fishing efficiency
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Fig.1 Study area. A, B, C and D show the locations
where longline experiments were executed.
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Tablel Summarized results of comparison experiments between the two trunk ropes in longline fishing.

Catch in number of

; N. of Soaking time : : Total

Date Location Trunk rope hachi (minutesg/hachi) N, /hachl;ed‘q:;:::;s; Thachi length (mm)
Nov. 19, 2014 A Cremona 6 40-95 0-4 1.7 270-420
A Nylon 6 35-86 =T 4,5 200-450
Feb. 21, 2015 (D) Cremona 1 48 3 3.0 220-310

G Nylon 1 34 0 0.0 =
Febh. 25, 2015 A Cremona 2 50-111 3-4 35 220-420
A Nylon 2 38-79 3-b 4.0 230-410
B Cremona 4 46-92 1-8 4.0 210-430
B Nylon 4 36-80 0-5 2.5 330-440
Mar. 17, 2015 (& Cremona 6 45-93 0-6 <74 195-455
G Nylon 6 29-94 2=5 2.8 240-440
Mar. 25, 2015 C Cremona 2 56-88 0-4 2.0 220
3 Nylon 2 45-78 3 3.0 220-410
D Cremona 4 47-89 1-8 4.0 200-410
D Nylon 4 36-74 0-5 2.5 210-400
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Fig.3 Comparison of catch in number of red tilefish
per hachi (105 hooks) between cremona and nylon
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median value and bottom and top of the box are the
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ILEFRETA(OVRBOFP AP IFI(EROLE

A HBXUHEEARICLT, VLEF#EFA
O VBOT h 7 E A LEDZER Wilcoxon IEAFARE
THIE LIiER, 5% KETEERZZIZDSNTh -
7 (W=5656, P =0.682, Figd).

—_——

; n=78

450

|

1 on=12

400

350

300

Total length (mm)

250

'
—_—

200

T T
Cremona Nylon
Trunk rope

Fig.4 Comparison of total length of red tilefish between
cremona and nylon trunk ropes. Symbols in the box
plots are same as shown in Fig.3.
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Fig.5 Comparison of total length of red tilefish among
experimental locations. Symbols in the box plots are
same as shown in Fig.3.
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Fish Collected by Beam Trawl in Coastal Waters off Yamaguchi Prefecture,
Southwestern Sea of Japan

Mitsuhisa KAWANO * Kenya YAMAMOTO

We conducted beam trawl surveys in coastal waters off Yamaguchi Prefecture, southwestern Sea of
Japan to elucidate the composition of fish species of juveniles at bottom layers. The total number of
species was 73 species consisting of 44 families and 12 orders. Number of species in the nearshore
waters shallower than 100m in depth increased in summer and autumn. The dominant species were
Onigocia macrolepis, Hoplichthys langsdorfii, Upeneus japonicus, Dentex hypselosomus and Apogon kiensis.
Twelve species, such as Argentina kagoshimae and Caelorinchus multispinulosus were collected only in

offshore waters deeper than 100 m in depth.

Key words : Fish species composition; Beam trawl; Southwestern Sea of Japan
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Fig.1 Sampling area by beam-trawl.
A: 88-94 m deep, October 7, 2011, May 23 and July
9, 2012; B: 136-140 m deep, October 25, 2012; C:
75-86 m deep, January 21, 2013.
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Table 1 Fish collected by beam-trawl in coastal waters off Yamaguchi Prefecture, southwestern Sea of Japan.

Fish Oct. 7, 2011 May 23, 2012 Jul. 9, 2012 Qect, 25, 2012 Jan. 21, 2013
(area A) (area A) (area A) (area B) {area C)
Order Family Species Japanese name ?f::fl TL (mm) rjl:.:jl TL {mm) TI:::I TL (mm) ?h[::l TL (mm) ?hl::fi TL (mm)
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
Rajiformes
Rajidae
Dipturus sp. gangiei 8.0 67 216
Beringraja pulchra meganekasube 0.3 78
Okamejeil acutisping movoukasube 0.3 362
Urolophidae
Uralophus aurantiacus hirataei 1.0 146 384
Anguilliformes
Muraenidae
Gymnothorax minor amiutsubo 0.5 435 440
Congridae
Gnathophis heterognathos ginnanago 0.3 307
Echelus uropterus hireanago 0.8 422 452
Argentiniformes
Argentinidae
Argentina kagoshimae kagoshimanigisu 50 95 121
Aulopiformes
Aulopidae
Hime Eponicus hime 0.7 83 84
Synodentidae
Saurida macrolepis maeso 11.7 90 180 4.3 86 330 0.3 359 2.7 192 348
Saurida wanieso wanieso 0.7 140 180 6.7 BT 95 0.3 241 0.5 86
Synodus macrops tyoutyoueso 1.0 115 123
Gadiformes
Macrouridae
Caelorinchus multispinulosus  yarihige 0.3 137
Bregmacerotidae
Bregmaceros japonicus saiuo 03 M
Ophidiiformes
Ophidiidae
Sirembo imberbis umidojyou 0.8 113 190
Neobythites sivicolus shioitachiuo 0.3 171
Lophiiformes
Lophiidae
Lophiomus setigerus ankou 43 5b 323 3.0 50 381 2.5 105 185 20 53 218
Laophius litulon kiankou 0.3 347
Ogeocephal idae
Maithopsis annulifera wanukehuryuuo 0.3 62
Zeiformes
Zeidae
Zeus faber matoudai 0.3 167
Scorpaeniformes
Seorpaenidas
Sebastiscus tertius ukkarikasago 0.3 60
Pterois Junulata minokasago 03 179
Seorpaena neglects izukasago 0.3 61




Table 1 (Continued)

Fish Oct. 7, 2011 May 23, 2012 Jul. 9, 2012 Oct. 25, 2012 Jan. 21, 2013
(area A) (area A) (area A) (area B) (area C)
Order Family Species Japanese name I\/l}::l?l TL (mm) 7;:31 TL (mm) %11:31 TL Gnm) Ijl:::l TL (mm) Ij}:::lil TL (um)
Min. Max. Min, Max Min., Max. Min. Max. Min. Max.
Synanceiidae
Minous monodactylus himeokoze 0.3 64
Triglidae
Lepidotrigla kishinouyei onikanagashira 0.7 107 108 0.7 42 65 0.3 81
Lepidotrigla abyssalis sokokanagashira 1.0 42 151
Lepidotrigla japonica togekanagashira 5.3 56 81 2.0 137 179 1.5 131 142
Lepidotrigla microptera kanagashira 13.0 75 97 72.7 67 216
Platycephalidae
Onigocia macrolepis anesagochi 56.7 70 155 57.0 57 161 25.3 64 169 1.5 88 115
Suggrundus meerdervoortii megochi 1.0 189 241 0.3 191 0.3 210
Cociella crocodila inegochi 0.3 25%
Rogadius asper matsubagochi 0.3 198
Hoplichthyidae
Hoplichthys langsdorfii natsuharigochi 16.3 125 166 247 95 190 22.8 115 195 1.0 57 142
Perciformes
Acropomatidae
Synagrops japonicus sumikuiuo 03 75
Synagrops philippinensis himesumikuiuo 58.7 54 83
Serranidae
Epinephelus akaara kijihata 0.3 305
Epinephelus awoara aohata 0.3 256
Apogonidae
Apogon kiensis teppouishimochi 11.7 60 74 63.3 47 72 585 51 73
Apogon semilineatus nenbutsudai 7.0 75 102
Apogon carinatus matoishimochi 0.5 87 92
Branchiostegidae
Branchiostegus japonicus akaamadai 0.7 55 119
Carangidae
Trachurus japonicus maaji 5.7 142 161
Kaiwarinus equula kaiwari 0.7 50 59 1.0 49 80 1.3 73 127
Leiognathidae
Photoplagios rivulatus okihiiragi 27 62 86 0.5 82
Nemipteridae
Nemipterus virgatus itoyoridai 0.5 164 185
Nemipterus bathybius sokoitoyori 1.0 103 197
Sparidae
Dentex hypselosomus kidai 50 44 311 33.3 60 316 44.0 79 282 283 90 265 3.0 48 65
Mullidae
Upeneus japonicus himeji 33.3 67 203 153 74 163 14.0 116 180 2.5 143 182
Cepolidae
Acanthocepola limbata ittennakatachi 0.5 510 591
Pinguipedidae
Parapercis sexfasciata kurakaketoragisu 0.7 130 137 1.3 90 119 4.0 119 176
Percophidae
Bembrops curvatura namiaitoragisu 3.7 91 151
Champsodontidae
Champsodon snyderi wanigisu 8.0 35 97 1.3 69 85 05 85 89 383 60 112 2.0 52
Uranoscopidae
Uranoscopus japonicus mishimaockoze 0.3 47 0.7 56 235 0.8 107 198 1.7 185 205
Callionymidae
Repomucenus virgis horonumeri 1.7 35 50 3.7 53 79 7.3 49 100
Repomucenus huguenini yarinumeri 0.3 105
Calliurichthys japonicus yomegochi 1.0 260 294 1.0 240 422 0.5 323
Gobiidae
Gobiidae gen. sp hazerui 05 69 75
Pleuronectiformes
Citharidae
Citharoides macrolepidotus kokebirame 1.0 104 157
Paralichthyidae
Pseudorhombus pentophthalmus tamaganzoubirame 10.3 53 84 3.7 93 181 25 69 184 7.0 64 187 1.0 83 202
Bothidae
Psettina ijjimae iijimadarumagarei 57 65 113 0.5 95 103
Psettina tosana tosadarumagarei 53 63 121 48 69 115 1.0 79 83
Laeops kitaharae yarigarei 1.7 92 119 0.3 165 1.0 152 165
Pleuronectidae
Pleuronichthys japonicus nagaremeitagarei 0.7 100 221 1.7 186 231
Eopsetta grigorjewl mushigarei 9.7 61 306
Poecilopsettidae
Poecilopsetta plinthus kawaragarei 0.3 120
Samaridae
Samariscus xenicus kotsukinowagarei 0.7 48 54
Samariscus japonicus tsukinowagarei 1.7 50 60
Soleidae
Aseraggodes kobensis tobisasaushingshita 1.3 47 93 3.3 55 104 - 198 65 117 12.3 50 115 1.0 80 81
Cynoglossidae
Gynoglossus ochiaii okigenko 8.7 88 126 16.3 82 195
Gynoglossus interruptus genko 4.0 64 168
Tetraodontiformes
Triacanthodidae
Triacanthodes anomalus benikawamuki 53 29 51
Monacanthidae
Stephanolepis cirrhifer kawahagi 0.3 136
Thamnaconus modestus umazurahagi 0.3 317




Table 2 Dominant fish collected by beam—trawl in nearshore waters (areas A and C).

Rank Date
October, 2011 May, 2012 July, 2012 January, 2013
1 Onigocia macrolepis  Apogon kiensis Apogon kiensis Dentex hypselosomus
2 Upeneus japonicus Onigocia macrolepis  Dentex hypselosomus Upeneus japonicus
3 Hoplichthys langsdorfii Dentex hypselosomus  QOnigocia macrolepis — Champsodon snyderi
4 Lepidotrigla microptera Hoplichthys langsdorfii Hoplichthys langsdorfii Onigocia macrolepis
5  Saurida macrolepis Upeneus japonicus Aseraggodes kobensis Lepidotrigla japonica

Apogon kiensis
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Table 3 Dominant fish in nearshore (area A) and offshore (area B) waters.
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Onigocia macrolepis
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Hoplichthys langsdorfii
Lepidotrigla microptera
Saurida macrolepis
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Lepidotrigla microptera
Synagrops philippinensis
Trachurus japonicus
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Dentex hypselosomus
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Effect of Gathering Fish to High-rise Artificial Reefs off West of Mishima Island,
Southwestern Sea of Japan-I
Yearly Change in Amount of Gathered Fish in Summer

Mitsuhisa KAWANO ° Yuji SHIGENAGA * Yuji ISHIDA

We conducted ROV observations during the summer in 2007-2015 in order to elucidate the amount
of gathered fish to three high-rise artificial reefs set in waters off west of Mishima island, southwestern
Sea of Japan. Twenty-three species of fish were observed. The most abundant fish was Hyperoglyphe
Japonica, which occupied more than 73 % of total amount of gathered fish in the three artificial reefs.
Amount of gathered fish in each artificial reef has decreased markedly since 2009 in relation to the
decrease of H. japonica, indicating that amount of H. japonica influence the amount of gathered fish of

the high-rise artificial reefs in this area.

Key words : Hyperoglyphe japonica; High-rise artificial reef; ROV observation; Amount of gathered fish
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*1 IWORM&E$SESE Yamaguchi Prefectural Cooperatives Direction Division
*2 | IE/KEEFRELZE  Yamaguchi Prefectural Fisheries Promotion Division
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Fig.1 Survey area and target high-rise artificial reefs
(KK1, 0C2, UT1).

Fig.2 Figures of high-rise artificial reefs set in waters
off west of Mishima island, southwestern Sea of
Japan (OC: Ocean cross 1700-HA, UT: UT-30, KK:
KK-21-C).
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Table 1. Yearly change in amount of gathered fish (kg) around the high-rise artificial reef UTI.

Species Tg’gh:f TL (cm) 2007/7/5 2008/9/10 2009/7/28 2010/7/5 2015/8/6 Total (%)
Seriola lalandi m 50-70 17.0 3.5 0.0 0.0 3.5 24.0 0.6
Trachurus japonicus m 20-40 0.0 2.8 0.0 0.0 0.0 2.8 0.1
Hyperoglyphe japonica i 40-60 2618.1 952.5 0.0 74.1 0.0 3644.7 8b.6
Parapristipoma. trilineatum 1§ 20-30 0.0 31.2 0.0 0.0 0.0 31.2 0.7
Thamnaconus modestus 1§ 20-40 0.0 43.0 10.0 248. 8 72.3 374.2 8.8
Oplegnathus fasciatus 1§ 20~-40 5.4 9.1 12.0 77.9 47.9 152.3 3.6
Monocentris japonica I 10-20 0.0 0.8 0.0 0.0 0.0 0.8 0.0
Choerodon azurio I 25-30 2.9 4.6 0.0 3.1 1.4 12.0 0.3
Sebastes schlegelii I 25-40 9.0 0.0 0.0 0.0 0.0 9.0 0.2
Epinephelus septemfasciatus I 40 5.2 0.0 0.0 0.0 0.0 5.2 0.1
Epinephelus awoara I 25-35 0.0 3.7 0.0 0.0 0.0 3.7 0.1
Total 2657. 7 1051. 1 22.0 404.0 125.1 4259.9 100.0

* See Fig. 3.

Table 2. Yearly change in amount of gathered fish (kg) around the high-rise artificial reef QC2.

Species Tg‘i";hf;f TL (em) 2007/7/5 2008/9/10 2009/7/28 2010/7/5 2015/8/6 Total (%)
Seriola lalandi I 50-70 0.0 2.2 0.0 0.0 3.5 5.7 0.1
Trachurus japonicus I 20-40 924.9 12.0 0.0 0.0 0.0 936.9 19.3
Hyperoglyphe japonica I 40-60 2618. 1 423.3 105.8 0.0 0.0 3147.3 64.8
Parapristipoma trilineatum i 20-30 0.0 93.6 12.6 0.0 0.0 106.2 2.2
Thamnaconus modestus i 20-40 11.8 2.6 6.8 280. 1 129.1 430.4 8.9
Oplegnathus fasciatus | 20-40 1.8 9.7 25.0 30.8 4.0 71.3 1.5
Apogon semilineatus I 10 133.0 0.0 0.0 0.0 0.0 133.0 2.7
Choerodon azurio I 30 2.9 7.6 0.4 0.4 0.7 12.0 0.2
Goniistius zonatus I 25 0.0 0.0 0.0 0.0 0.3 0.3 0.0
Sebastiscus sp. I 10-35 0.0 0.0 0.0 0.1 9.7 0.1 0.0
Sebastes schlegelii I 25-40 3.0 6.0 0.0 1.6 0.0 10.7 0.2
Epinephelus septemfasciatus I 40 2.6 0.0 0.0 0.3 0.0 2.9 0.1
Total . 3698. 1 557.2 150. 7 313.4 147.3 4856.9 100.0
* See Fig. 3.
Table 3. Vearly change in amount of gathered fish (kg) around the high-rise artificial reef KKI.
Species nghif TL (cm) 2007/7/5 2008/9/10 2009/7/28 2010/7/5 2015/8/6 Total (%)
Seriola lalandi it 50-70 4.3 0.0 34.1 0.0 1.9 40.3 0.7
Trachurus japonicus it} 20-40 531.4 0.0 0.0 0.0 0.0 531.4 9.0
Engraulis japonicus 11 10 0.0 0.0 0.0 0.0 12.7 12.7 0.2
Hyperoglyphe japonica )i 40-60 2618.1 1693. 3 0.0 24.3 0.0 4335.8 73.7
Parapristipoma trilineatum I 20-30 0.0 24. 3 0.0 8.1 561.6 594.1 10.1
Thamnaconus modestus i 20-40 17.7 7.8 27.2 79. 8 12.9 145.4 2.5
Zeus faber I 30-40 2.7 0.0 0.0 0.0 0.0 2.7 0.0
Sebastes thompsoni i 25-35 0.0 1.9 0.0 0.0 0.0 1.9 0.0
Seastes sp. I 10-15 0.0 0.0 0.0 0.2 0.0 0.2 0.0
Oplegnathus fasciatus i 20-40 10.9 4.2 6.2 49.4 15.0 85.6 1.5
Sparidae gen. sp. 1§ 15-20 0.0 0.0 0.0 0.2 0.0 0.2 0.0
Microcanthus strigatus 1§ 10-15 0.0 0.6 0.0 0.6 0.0 1.2 0.0
Apogon semilineatus I 10 99.7 0.0 0.0 0.0 0.0 99.7 1.7
Choerodon azurio o 30 5.7 0.0 0.0 0.4 1.4 7.6 0.1
Chaetodon modestus 1§ 10-15 0.0 0.0 0.0 0.3 0.0 0.3 0.0
Sebastiscus sp. I 10-35 0.0 0.0 0.0 1.1 0.8 2.0 0.0
Sebastes schlegelii I 25-40 15.1 0.0 0.0 0.0 0.0 i5.1 0.3
Epinephelus septemfasciatus 1 40 5.2 0.0 0.0 2.0 0.0 7.2 0.1
Epinephelus akaara 1 30 0.0 0.0 0.0 0.0 0.9 0.9 0.0
Pterois lunulata I 25 0.0 0.0 0.0 0.0 0.3 0.3 0.0
Total 3310.9 1732.1 67.5 166. 6 607.2 5884.3 100.0
* See Fig. 3.
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Fig.3 Yearly changes in amount of gathered fish by
type of fish around the three high-rise artificial reefs
(XK1, 0C2, UT1).

Type I : fish attached to artificial reefs; Typell:
fish distributed close to artificial reefs; Typelll: fish
distributed in upper layer apart from artificial reefs.
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Effect of Gathering Fish to High-rise Artificial Reefs off West of Mishima Island,
Southwestern Sea of Japan- 1I
Seasonal Change in Amount of Gathered Fish in 2015

Mitsuhisa KAWANO

We conducted ROV observations on May 25, August 6 and October 19 in 2015 in order to elucidate
the amount of gathered fish to three high-rise artificial reefs (UT1, OC2, KK1) set in waters off west of
Mishima island, southwestern Sea of Japan. The most abundant fish was Parapristipoma trilineatum at
UT1 and KK1, and Thamnaconus modestus at OC2. Total amount of gathered fish at the three artificial
reefs peaked in May and then decreased. This was caused by the variation of amount of Parapristipoma

trilineatum.

Key words : High-rise artificial reef; ROV observation; Parapristipoma trilineatum; Amount of gathered

fish
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Fig.1 Survey area and target high-rise artificial reefs
(KK1, OC2, UT1).
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Fig.2 Seasonal changes in amount of gathered fish by

type of fish around the three high-rise artificial reefs
(KK1, OC2, UT1).
Type 1 : fish attached to artificial reefs; Type 1I :
fish distributed close to artificial reefs; Type I :
fish distributed in upper layer apart from artificial
reefs.



Table 1. Seasonal change in amount of gathered fish (kg) around the hish-rise artificial reef UTI.

Species T?i’zh:f TL(cm) May25, 2015 Aug.6, 2015 Oct.19, 2015 Total (%)
Sebastiscus sp. I 25-30 0.8 0.8 0.0
Sebastes sp. I 25 0.7 0.7 0.0
Parapristipoma trilineatum I 25-30 1466. 4 1466.4 86.7
Oplegnathus fasciatus i 25-40 2.4 47.9 79.8 130.1 7.7
Thamnaconus modestus i 25-30 0.5 72.3 7.7 80.6 4.8
Hexagrammos otakii o 25 0.2 0.2 0.0
Goniistius zonatus I 25 0.3 0.3 0.0
Choerodon azurio i} 30 1.4 1.4 0.1
Seriola lalandi I 50-70 3.5 7.0 10.5 0.6

1471. 4 125. 1 94.6 1691.1 100.0

* See Fig. 2.

Table 2. Seasonal change in amount of gathered fish (keg) around the high-rise artificial reef 0C2.

Species T?i’:h:f TL{cm) May25, 2015 Aug.6, 2015 Oct.19, 2015 Total (%)
Sebastiscus sp. I 25 0.6 9.7 10.3 4.9
Thamnaconus modestus I 25-30 3.9 129.1 12.9 145.9 70.0
Oplegnathus fasciatus I 25-40 2.4 4.0 39.9 46. 3 22.2
Choerodon azurio I 25-30 0.7 0.7 1.4 0.7
Microcanthus strigatus o 15 0.1 0.1 0.1
Goniistius zonatus I 25 0.5 0.3 0.8 0.4
Seriola lalandi m 50-60 3.5 3.5 1.7

8.2 147. 3 52.8 208.3 100.0

* See Fig. 2.

Table 3. Seasonal change in amount of gathered fish (kg) around the high-rise artificial reef KK1.

Species T?i)zh:f TL(cm) May25, 2015 Aug.6, 2015 Oct.19, 2015 Total (%)
Sebastiscus sp. I 25 0.6 0.8 1.5 0.1
Sebastes thompsoni I 25 1.0 1.0 0.1
Epinephelus akaara I 30 0.9 0.9 0.1
Pterois lunulata I 25 0.3 0.3 0.0
Parapristipoma trilineatum I 25-35 312.0 561. 6 468.0 1341.6 95.0
Thamnaconus modestus I 25-30 1.3 12. 9 14. 2 1.0
Oplegnathus fasciatus I 25-30 4.5 15.0 15.0 34.4 2.4
Choerodon azurio i 25 0.4 1.4 1.4 3.2 0.2
Labridae gen. sp. I 20 0.1 0.1 0.0
Seriola lalandi m 50-60 1.9 1.9 0.1
Engraulis japonicus m 10 12.7 12. 7 0.9
Parapercis sexfasciata I\ 20 0.1 0.1 0.0
319.9 607.5 484.4 1411.9 100.0
* See Fig. 2.
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Aquaculture of Asari Clam, Ruditapes philippinarum
Using the Idle Prawn Culture Pond

Masanobu KISHIOKA, Jun KAKINO*!, Takahiko INOUE*?, Shigeru TAGA, Akihito WANISHI,
Nobuhiko SHIRAKI*?, Yasuhiro YAMASAKI*4, Hirosi ONOZATO *?,
Takuya KUNIMORI*5, Tomihiro M1YAGO*?, Hideo SAITOU*8, Yosuke SHIKANO

Mass production of asari clam, Ruditapes philippinarum was examined in the idle prawn culture pond
(560X100m, 0.5ha) in Yamaguchi City from 2011 to 2013 to develop the mass production technology
using fertilization. Three to six millions of artificial seedling (2mm in shell length) was strewn in the
pond annually. To maintain the growth environment, a small bottom trawl was pulled in the pond 3~
4 times a week, eliminated impurities in the trawl net and generated turbidity by disrupting the seabed.
Supplying 200kg (27gton) of Semi-organic fertilizer once a week, was considered suitable amount
for maintaining the microalgae flora in the pond from April to July. As a result, seedlings strewn in the
pond in March grew up rapidly from April to July with more than 60% of survival rates, and achieved
20mm in average shell length in July. Many kind of crustaceans and fishes invaded in the pond through
the wire mesh of water gate as eggs or larvae, whereas predation of seedling was not found during
culture period. 3kg, m? of asari clam (5 million, 15.7 ton) grew in the pond within the culture period of
11 months in 2013. Therefore, production capacity by means of fertilization aquaculture was thought

high enough to practice as a business production.

Key words : asari clam, Ruditapes philippinarum, prawn culture pond, mass production, fertilization

BEHAEOTHURER, H<HhOoEEKRICEDE
EEOHFEANRONTE R, 7Y VEHOBMEIX
IFERISITbATVIEEEh, 1881EICIIRTEE
A TERACEHOBEBGEMTbha K3 ickoT
EEDbNTV3Y, ZORFIHAERE, D &5
EFEENSHEROREBNZVIGFTTIRE L 2L DR,
ENADSEAL T, SBFICEZ ., THIERD
B IO RARAEBHELTHATAC LId#ELL
o TW3, Eie, MATHVVICKZEEBKOEBE
BEBAATHSY, fitigh o OFEEBEL, vF7

T2V A XEDIRBERPOFEEY, RWEEME
WENMBRAT B LIC XD REHEZOERENEE >
TW329, X5, HE7TY LITECHNFEOR R
DNEETY ZBHET S LT, BN EE
BIEITHENEDHD, HERIOTT IR - BREZHE
RIZETLEEES, LODIFHEEEEYOR
ALTOWERWHITTE7 YR E L, HEMICH
WABTLIZEETHS,

—7, WOBOZ VY TV BEEIEEDOEXE
PAV(ZVEHTHREL, BALHEEL LT VAR

02 BAESHREARK, < RIUOR TRKERESR, < MIITBEENKERER, *° St mutse.
e BULOEOKER T o 2 —SMERIRER. 7 P73 ABHE. ¢ BULCRMIH KSRt



W) BEDOVU X7 EROI-0IC, BEED BB K>
T, HOBERLDEETRIC X AL T ENEA T
%, TTT, WAL L7=m#E0.5ha D 27 )b v T U #HEil
I 2mm O 7V ATHEEZBEL, Huchitd 3
CTeT, HEAEYEEEEIE T YU EKRENRT S
iR 2T o T2

ATHZEIE 2011 FE A B 2013 4R 5 T 34ERY, (LU
IKEEWIZE L > A —hH 2R ERIE L, 7)<l
TR T AR 9 2 Bl PR oW R B 2 a2
HEEAD, FREREICAEL IR OB A RS
AR RS Ui, Eie, EWEERICY
2 Oomm B O A MMERER I UOEKEMZEE > 2
— EENTITEOE NKEER AR Y Lz, Bt TO
BREM, KEDH, 79 ORGSRk pE
MEL > Z2—HHY Uiz,

LIF, FHUFEEC L Ic DR ERET %,

01 EE
MR ETE

AkBRH I LTI 3 % NE/KFEA TR & 4 OilER &
IV U (SR, 50 % 100m, 1A £85,000m?,
Fig.1, Fig19-A) Z#ffiffl Lz, BHIC D7z TilEkik
LTWieish, MK 7 A S0 RBIEEIAEEL,
FEOERAICIEAFNBHNMNEL, TOETFICAF
HSEENHRE LTV, ABEZX—R L Lizhn
B TH A7, TUET MR 202 %
&, MONNDIKNZEIC K> THEDT ZEH 5k
MRAL, GOT ZMZHED TWBLRAHRE L THE
HOHRIALEET NN H B, FOD, HET
L EiF % 0 TRl ifHc iR 5 iz,

EhiC, Bo )V T C ki GRS BiEid) &
HERZHLULANTBKETRY>TWERED, 71U

Fig.1. Map showing the location of experimental pond
in the Aio Bay, Yamaguchi Prefecture.
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Fig.2. Locations of transplanting areas (-1 ~ 4) of
artificial seedling(FY2011).

Table 1. Average shell length and density of artificial
seedling of Ruditapes philippinarum for transplanting
experiments.

Date of Average e Seedling
St transplanting shell length 5 Density
of seedling (mm) () (inds./ml)
L= 23-Aug-11 2.1 100 6,100
1-2 23-Aug-11 2.1 100 6,100
I.=3 23-Aug-11 2.1 100 6,100
1-4 23-Aug-11 1.4 200 7,200
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Table 2. Results of net cover and fence enclosure of

seedling area on growth of shell length and survival
rates.

Shell length(mm)  Survival
2-Augll  9Now-11 rate(%)

St.  Treatment

Netcover 21 34 50
I -1 Fence enclosure 21 36 00
_____ Cont 21 318
5 Netcower 21 34 65
Fence enclosure 21 33 00
Cont. 21 34 106
Net cover 21 32 75
I-3 Fence enclosure 21 36 00
Cont. 21 34 03
14 14 33 04
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Fig.3. Changes in dissolved inorganic nitrogen
(ammonium, nitrate and nitrite), and amount of

fertilizer(a), phosphate phosphorus(b), chlorophyll-a
and water temperature(c) in the experimental pond.
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Fig.4. Locations of transplanting areas ( -5~ TI-3) of
artificial seedling (FY2012).

Table 3. Average shell length, transplanting area,
and seedling density of Ruditapes philippinarum for

experiments
Date of Average A Seedling
St.  transplanting shell length 5 Density
of seedling (mm) (m) (inds./ml)
I-5 23-Mar-12 9.4 16 3,125
I-1 23-Mar-12 2.0 170 5,900
OI-1B  29-Aug-12 227 165 830
o-2 22-Apr-12 34 100 4,000
I-2B 21-Sep-12 18.1 100 1,600
I-3 18-May-12 6.4 50 3,000
I-3B 4-Oct-12 22.5 50 1,300
-1 17-Jul-12 2.0 170 5,600
Im-1M 17-Jul-12 1.9 16 6,900
Im-2 16-Aug-12 2.2 240 6,100
-3 21-Sep-12 2.1 36 6,400
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Table 4. Growth of shell length and daily growth
rate ( g m in shell length / day ) of Ruditapes
philippinarum in each transplanting areas.

Growth (shell length)

Average shell Daily growth

St. length (mm) rate (um, day)

Start~ 16-Aug~
16-A 19-

ug DNov o aug 19-Nov

I-5 245 26.4 1032 200
o-1 214 21.9 132.9 53
on-2 17.9 20.9 1253 316
o-3 20.5 20.7 156.7 21
m-1 5.8 9.7 126.7 4141
m-1Mm 6.8 13.6 1627 716
m-2 - 6.8 - 48.3
m-3 - 5.0 - 49.2
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Fig.5. Changes in dissolved inorganic nitrogen
(ammonium, nitrate and nitrite), and amount of
fertilizer(a), phosphate phosphorus(b), chlorophyll-a
and water temperature(c) in the experimental pond.
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Table 5. Animals caught by crustacean cage trap (C),
gill net (G), and fishing (F) in the experimental
pond(2012).

Class
Order Jun. Jul. Aug. Sep. Oct.
Species(Family)
Malacostraca
Decapoda
Hemigrapsus penicillatus 90 89 20 3 1
Hemigrapsus sanguineus 7 23 1 11 0

Charybdis japonica 5 26 38 10
Eriocheir japonica 1
Portunus trituberculatus 1
Penaeus japonicus 34
Other shrimps 30 2 1 2
Gastropoda
Sorbeoconcha
Rapana venosa 2 3 0
Actinopterygii
Perciformes
Acanthopagirus schlegelii 5 i1 8 335
Family Gobiidae 165 224 37 3
Family Blenniidae 1 3
Lateolabrax japonicus [ 5
Hyporhamphus sajori 7
Pagrus major 11
Sillago japonica 1
Tetraodontiformes
Family Monacanthidae 11 2 98 383
Takifugu rubripes 5 1
Takifugu niphobles 74
Clupeiformes
Konosirus pumetatus i
; 3 G,
Catching gear c e ¢ € G.F

DIN (M)

PO,P(uM)

Chl-alpg/L)

W.T.("C)

Al

1 75
‘,[\a‘i’ﬂ' 3\:';'"3'1 5\3\’& P,\:R;‘\'

W e

® :Experimental pond A :Control tank

Fig.6. Changes in dissolved inorganic nitrogen (a),
phosphate phosphorus (b), chlorophyll-a (¢), and
water temperature (d) in the experimental pond and
control tank.
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Fig.7. Changes in shell length (a), and survival rates (b)
of Ruditapes philippinarum in the experimental ponds.
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Fig.8. Changes in shell length (a), and survival rate (b)
of Ruditapes philippinarum in the experimental pond.
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Fig.9. Changes in population density (inds. /° m?)
of Ruditapes philippinarum at 24 fixed points in
the experimental pond. The numbers indicate the
estimated total population in the pond.
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Fig.10. Changes in weight density (kg W.W. ./ m?)
of Ruditapes philippinarum at 24 fixed points in
the experimental pond. The numbers indicate the
estimated total biomass in the pond.
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Fig.11. Changes in frequency distribution of shell
length of Ruditapes philippinarum at 24 fixed points
in the experimental pond.
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Table 6. Changes of condition factor and biochemical

composition of wet soft tissue at different size in
shell length.

Shell length (mm)
15~25 25~35 35~45

Water (%)

Feb-13 13.0 122 123
Mar-13 134 128 1241
Feb-13 829 833 847
Mar-13 83,1 83.7 838

Feb-13 1.1 1.1 1.0
Mar-13 1.4 1.3 1.3

Condition factor

Crude fat (%)

Carbohydrate (%) Feb-13 2.5 24 19

Free amino acid Feb-13 15 1.4 1.1
(g.7100g wet matter) Mar-13 1.7 1.6 1.5
Glycogen (mg.100g Feb-13 47 35 28
wet matter) Mar-13 1.4 1.7 1.9
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Fig.12. Locations of transplanting areas (IV-1~V) of
artificial seedling (FY2013)
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Table 7. Average shell length, transplanting area,
and seedling density of Ruditapes philippinarum for
experiments.

Average
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Fig.13. Changes in shell length(a), and survival rates(b)

of Ruditapes philippinarum in the experimental
ponds.
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Fig.14. Changes in population density (inds. /" m?) of
Ruditapes philippinarum at 24 fixed points in the
experimental pond. The numbers indicate the
estimated total population in the pond.
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Fig.15. Changes in weight density (kg W.W. /" m?) of
Ruditapes philippinarum at 24 fixed points in the
experimental pond. The numbers indicate the
estimated total biomass in the pond.
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Fig.16. Changes in dissolved inorganic nitrogen
(ammonium, nitrate and nitrite), and amount of
fertilizer(a), phosphate phosphorus(b), chlorophyll-a
and water temperature(c) in the experimental pond.
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Table 8. Animals caught by crustacean cage trap in the
experimental pond(2013).

Class

Order
Species(Family)

Jun. Jul Aug. Sep. Oct.

Malacostraca

Decapoda
Hemigrapsus penicillatus 521 1337 424 414 219
Hemigrapsus sanguineus 41 63 9 19 8

Charybdis japonica 2 3 1 12 11
Other shrimps 19 106 2 0 56
Gastropoda
Sorbeoconcha
Rapana venosa 0 2 0 0 0
Actinopterygil
Perciformes
Family Gobiidae 15 25 26 69 85

Family Monacanthidae 0 2 o 1 1
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Fig.17. Changes in shell length(A), weight density
(B), condition factor(C), and population maturity
rate (D), of Ruditapes philippinarum released to four
different locations in Yamaguchi Pref.

Condition factor: STW / (SL x SH X SW) x 100
(STW, soft tissue weight (g); SL, shell length(cm);
SH, shell height (cm); SW,shell width (cm)).



Shell

Population Conditian
factor lengthimm)

Water (%)

Crude protein

maturity rate

(%)

AEGG L, A A T3 ~6 AT T18

~1ETEAL, THLURE Fam & k-7, Tof
oD 3l & Fh R TZEH L TRV ER R LTz, —7,
TRERSEA RIS, LG/ EF P T AR i 2 T il
{RUVVIRRED e, 8 AL E SIC{ETF Lz, adBiithCld
6 HEEE TR RO T o 728, THLURE T
L, 9 HLA I B DL wkHEL 25 T2 (FigdT),
D% ar iy

BRI GBI &K (FHHs) TRELET
V) OELRE, I, —Ra, 3T, FU
a7y, T I/ BEOZE L #Fig.18 IR Lz,

AHCHWE7 YV IZ4AD 5 8 A X TR, HHg

REEHFIER U A A Tho7ehs, 9 ALE, HERD
BREMZEIEFE o DIcH L, MHEXTRREN R E,
1A ZFE TIC Tmm gD EENE Uz, TOYA &
IXRTARRE DY A TR RS SR A S HIlT L THia
IR ATRE R HIFEMIC B o Te,

HaBRX & &, MG, ki, 7V a—F, il
BT/ BOFERE, WIhe X< HUieEmises
mUTs bbb, 4HMETHICH T TTNED T
SRR MR L Tunehy, 8 AL, malcmd
Lo FRC 8 AL, SBRX Tom Nk EN 5Tz,
HIE, #2208, anyBlconTiE, —E0F
W2 biEEbhixholz, BERAEEMBRK TIZT7~8
AZzY—2L LThiah BB &EKERERL T
fzoicxt L, MBRTIEI~10 eI T ER LIz,
11 B PESR Ok e L BI{E T LTz,

(%6)
(== R
D= i

Crude fat

(%)

Carbohydrate

Glycogen
(mg/100g)
B

o
(5]

o

ol
N @ a

(g/100g)
o

oe

[
w
o

Succinic acid ~ Free amino acid

(mg/100g)

o8 8

Pl

o

¥
%

Fig.18 Changes in shell length(A), condition factor(B),

population maturity rate(C), and biochemical

composition (D~J) of Ruditapes philippinarum in the

experimental pond( @ —) and Heta tidal flat( A---).
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Fig.19. A : Original condition of idle prawn culture pond used for experiment (50 X 100m, Depth = 1.5m, Mar.
2011), B : Landscape of pond when culture experiment was started (Aug. 2011), C : Explosive growth of Ulva spp.
(Nowv. 2011), D : Removal of harmful organisms during low tide time zone (Jun. 2012), E : Transplanting of artificial
seedling, F : Trawling net used for bottom agitation (width : 130m, height ! 35cm, total weight : 22kg, mesh
opening: about 13mm), G @ Scattering blended fertilizer using flatboat, H ! Underwater photograph showing nursery
culture of seedling using flat cage (604 x 354 X 98mm, Apr. 2012), I : Culture view of experimental pond showing
green water ((Aug. 2012), J : Harvest of asari clams using hand-operated hydraulic jet rake.



Bull. Yamaguchi Pref. Fish. Res. Ctr. 13, 47 - 60 (2016)

TR B 351 5 47 S DI B2 H) & gk

FFH

£

Annual Catch Fluctuations and Fishery of the Swimming Crab
(Portunus trituberculatus) in Suo Nada, the Yamaguchi Prefectural
Region of the Seto Inland Sea

Minoru MURATA

Swimming crab, Portunus trituberculatus is one of the most important commercial species for the small

type trawler in Suo Nada of Yamaguchi Prefectu

re.

Multiple regression analysis revealed the correlation between annual catch of the swimming crab,

Portunus trituberculatus and environmental factors from April to June in the Suo Nada, the Yamaguchi
Prefecture region. Aannual catch was used as outcome variable and chlorophyll-a, nitrate nitrogen,
ammonium nitrogen, nitrite nitrogen, salinity, chemical oxygen demand, the number of released juvenile
crabs in the previous year and catch of the previous years were used as predictor variables. Catches
from 1987 to 2013 could be predicted using the most parsimonious multiple regression model selected

by Akaike Information Criterion (AIC).

Analyses of daily fishery records of the small type trawlers during 2008-2014 revealed that CPUE of
the crab were highest in November but afterwards declined gradually. Catch of the swimming crab in
Suo Nada of Yamaguchi Prefecture was configured mainly by the early hatched group.

Key words : Swimming Crab ; Annual Catch Fluctuation ; Swimming Crab Fishery
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Fig.1. Annual Catch of the Swimming Crab (Portunus
trituberculatus) in Suo Nada, the Yamaguchi Pref.
Region of the Seto Inland Sea from 1974 to 2013.
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Fig.2. Annual Catch of the Swimming Crab (Portunus
trituberculatus) at 8 Nada in the Seto Inland Sea
from 2004 to 2013.
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Table 1. Pearson's correlation coefficient analysis of
the yearly catch of the Swimming Crab (Portunus
trituberculatus) between any two prefectures near

the Yamaguchi Pref. during the period between
1983 to 2013.

Pref. Ehime Fukuoka Oita Yamaguchi Hiroshima
Ehime 1.0000G
Fukuoka 0.0843 1.0000
Oita 0.20056 0.7235***  1.0000
Yamaguchi 0.1950 0.6946*%  0.6205** 1.0000
Hiroshima 0.5234**  -0.1013 0.0501 0.1344 1.0000

** 1% significnt , *** 0.1% significant
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n; sample size, Se: residual sum of square
p: the number of estimated parameters
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Table 2. Estimates of partial regression coefficients
for four models during the period between 1987 to
2013.

Modell Model2 Model3 Modeld

Constant Term 370.924 1012.872 1298.243 2307.811
Sa [psul -16.530 -37.299 -45.555 -83.044
Ll *

NH4-N  [uM] 108.267 94,957 97.942 96.114
NO2-N [n] 519.629 675.215 637.342 T06.513
NO3-N [#] -92.154 -125.250 -123.203 -152.955
CoD [ppm] -95.636 -137.931 -131.309 -109.416
Chl-a  [pg/Ll go.68"" 99508 100.527" 106977
Catch in the

previous year [ton] 0.195 0.181 0.243
The number of

released ;

juvenil crabs [x10%] | ohts

The number of

released .
juvenil erabs 0.160
in the previous year

— [*10%) o I - _

R2 0.6287 0.5492 0.5499 .6461
(Adusted R2) (0.3873)  (0.3831)  (0.3498)  (0.4889)
AlC 326,853 327.652 328,611 323.115

Sa: salinity, NH,~N: ammonium nitrogen, NO,~N: nitrite nitrogen, NO,~N
nitrate nitrogen, COD: chemical oxygen demand ,Chl-a: Chlorophyli-a
* 5% significnt , ** 1% significant
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Fig.3. Observed and estimated catches using the most
conservative multi-regression model
Solid line : the actual catch, Brocken line : the
estimated catch.
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Ecology of Landlocked pond smelts, Hypomesus nipponensis from
Shirane River belonging to Koya River in Shimonoseki City,
Yamaguchi Prefecture - I
Spawning Ecology

Tomokichi KOBAYASHI

The pond smelts, Hypomesus nipponensis of the Toyota lake are the landlocked type and have been
released by way of fertilized eggs from 1957 to 2012.

Author recently obtained information that the pond smelts have spawned in the Shirane river which
flows into the Toyota lake. However the spawning behavior of this species from the concerned area has
not been investigated up to now. Author investigated the spawning behavior of the species from 2009
to 2012 in the Shirane river.

The spawning period of pond smelts, H.nipponensis was from late February to late April with main
activity in March. The best spawning beds are composed of gravels 1,000-2,000 p m grains and the
depth of spawning place was 20-35cm. The upstream of parent school began evening and the school
swam along the shore. The spawning took place once every 24 hrs and that during nighttime. The best
spawning beds were used many times during the spawning season. Observing the length of smelts in
the parent school, small size fishes and large size fishes appeared alternately each year. To sum up the
small size fishes appeared in odd years and the large size fishes in even years.

Key words : Hypomesus nipponensis; Behavior of up-streaming fishes; Spawning period; Density of
spawning eggs .

F—U— R UAYE; MEATE ; B | EHIEE

F a2V Y UA R Osmeridae iCBT BT AV F
Hypomesus nipponensis McAllister i JtEE B L UEBR
BLERDAMIC L, FIIDOTFiEL, b NBhEE,
WBICERTED, FEEFRONRLE L TARDOS
WRETH S8, FRSH L TOEVRESHMOWE
ABEENTED, TEHEHNOSHMEY T F
LZDPNCEEY T Do LiilE 1955 FEDARE/NF LD

BIC e B> TERENIEALHT, HAAIZEM
HARFRILCIERZFFORTOARR/N &, ZHFAHD
SHNBICEBIITH S, LTl 1957 FLIEERE
IKE % % TEHEEMEDOREREY 19 F O 2500
BORAFET SN T, EHED 1997 ~ 2012 £ DfRREN
BIZF1400 5% / ETH 5 (THTERBEZHRE
PRERF),

* JC IWARKEMS - 2 —SEHAER EFM%EE
B DD LB A



FEHE, 2009 F i BEFICHEZAT AR BT
THTFENEINLTWa L DOEREZRIERNS AF
Ufze TOT EiE, AEOEYHIEZH S AEIMCE
HEE Nz ALF LNERBEICEIE L, BEEZET>TY
HTEEEHRLTWS, Fiz, BHMIXILIMO X L
THY, HEMHLTWATzD, MiMEY Y FIHEE
WEEY 719 F L ARRICRERTIDETE 2% > TS, 5
RO X SIS 19574 5 20124E X TOS64ERICH 2 5
WFEBENBZICEDbET, YHETATFOLE
EREEITDOITOWERY, T T, EHIEE/INCE
G EAEOREIEREAESMC L, BMMET HYF
BFEOMFHCE T 2HMNT, 2009405 2012 4RI
TARERSENM L.

M ETTE
LT B EHRI 1, TR &R A5 HO

mEH (AR LRER (G ZER & U i
B 8 kmD/ NI T, BEHENCHEEAD (Fig.1),

Toyota Lake sninﬂiur"l |

C Frafectural read #18

Fig.1 Locality of the investigative field.
A : Yamaguchi Pref,, B : around the Toyota Lake,
C : investigative stations in Shirane River. a :
Futagoiwa (tentative name), b : upper edge of
Maimai Pool.
B : Investigative station. Each station is
corresponding to Table 1.

B/EX
RITKFETF FEICEN SR (R SRS, Fig.
2-A) I LT E#100m, F#Hi25m, &K/IER
12m ZFEE L L, TOPICSEEAPRE LI, &EM
DG 20~36cm DFEFHICH S (Fig.2, Table 1),

HEFEH
20094 (LIF, 094 &3R50 133 11~26 HOM

Table 1 Condition of investigative stations in Shirane
River.

Depth Distance from

Station Condition * Iwasaki Bridge"*

{cm) ]
a Futagoiwa” formed with big two rocks = 24
1 Sheal between Futagoiwa and lwasaki Bridge 20 12
2 Right shore directly under Iwasaki Bridge 30 0
3 Right shore above Iwasaki Bridge 35 14
4 Left shore of Iwasaki Rapid™ 20 48
5 Right shore of Maimai Pool 20 92
b Upper edge of Maimai Pool = 102

*; Depth is average during the investigative period. Depth changes with
discharge from dam gate and precipitation.

*#: Tentative name

Fig.2 Feature of each station.

A : Twasaki Bridge (tentative name), B : Station 1
is the shoal and large gravel bottom. C : Station 2
is small gravel bottom. D : Station 3 set an artificial
spawning bed in small gravel bottom E : Station 4
is sandy gravel bottom. F : Station 5 is sandy gravel
bottom.

Each station is corresponding to Table 1.

IC 3 HifT o7z, 20104F (LUF, '104F L&) Ik 1A
3SEAB4H13HDMIC2LH, 20114 (LLF, '1142
FE) F1A1IEAA» S5 A6 HDENIC30H, 20124 (1L

T, 12FErED ICIZ2H14AMH4H10HIC22HE
fEliz.

B/EEH

HCRAE
BEMCBOTHER AT Y 2 VR (B
RIS SEERR) ITk b, BHEHOTERLEE
ICREKIBZRE Lz,



SRS, MRS LU RERIE
ARERKIEAICH T 2 AR 2L RTREL, 2R
(mm, TL) ZHERERNCHIE UTe. MEREOHIFIIS RS2 E
U TR, iORZERR 9 2 i L IR UIRIc £ 54
FEERONIRBRIC X o7z, Fiz, 'T14HETE, # L
EHORRINOZE(LZRD B cHIC3 A 25, 29HBXT4
H1HIC 107 ERTHl EROFRERIToTo. HEAE
W&, K 30emDEING O] I /- bz iE, ML
ZHBY HRHET VIS HETH D, RERRT
I AR S MR S LR & Uz,

EXHFECLDELIRHE
AEOZREINEAEN SN THS D, FERTE
TRREL, EXORECINMOLSEEHM
& (BEfE7.0cm, & 2.0em) £ A7 L—13— (REE
10.0cm) Z& iz (Fig.d), Bl LizilidE L &
LEICBBOKCBELTRERYD, RAEREEZEME
FHIMEE TIHERE L7, WRRIC X DTEIZEFT L
SHRED IO E TORTERREIZMER 1 TH

= ?::O

S Se PR R e

Fig.3 Mud collecting tools.
A : metallic canister (left), scraper (right),
B : lateral side of canister.

AT ESRERIC K DEEHIIRIRSE

T0FEORETIE, ATEIK AT, ALKE %D
DHEFNEZERT 5120, FEOKZZTOR=YIRE
B gl (RHEER Y 7oLy, 24X w3 a (3
H0.84mm), X4 A (b (Bk) #t8) ZiRk-> et Dzl
HUfe MMEE12EORBETIE, A=FiRICE=—
IWTF—"7"T20em X 20cm DREEE{E- 114, tREmic
RO HEER D DI Tz ORMEH Lz (Figd), T
DA TRAZERICERBL, EIHSEREENEICE,
T0EDBETIE, IMTEHBOmBERIBCHlEL, U
Dotz —7, '114EE 12805413, ISTEL
F=B D 20cm X 20cm DX EH ) Z YD B> Tz, U]
HE - ST E IR BB OKCBIEL THERBL, B
BICHIDOREER -z ZAEMBECHRL, sH8Lk
SREREE A SIS F TORTER AR & [, %
RIFMTH -7z,

Fig.4 Artificial spawning bed.
Bed is made with a plywood covered by mosquito
net. Opening of net is 1.0 mm.
Area surrounded with white vinyl tape is 400 cm?.

ELXDRESH

KRR TOREHIMREDRR, EINSHEEE MRS
IDWT, 520k GRIE JIS A 1204) I X B ¥
HET -T2, AENE 094E, T0EBXU 1IHFEDES
AR LI DT, IERIE Stn.2, StndB KT
Stnb & Lz,

BRBLUER

ESOERBEALIFROBMME

'094E3 A 11 HO#A T, Hc{EENEIE & i
L TWiz Stnd & Stn5 THF ABDFER TN, Stnb
T2 AAZRELZ, £z, 3 A19HICIE Sm.4 T100
ERZIRE LTz, Wl LIEHBZES 2 &0, s
T AHEENZERED BN, E6IC, 3A26HICE, M
ER TR L 72RO 2RO EINHEE S N
(Fig.5-A), Stn.5 THEE I N =IlidEEFlicMELTWY
feo TOSMEFREESD ICH>TYAYTERE
Ehizc eh s, BEEEOT HYFo—EIiEER| 2
Wk, ESILTWAT EHEREE N,

'104E2 A 23 H O MIC Stn.3Ic A THRZ %18 U755
R, BHICEFKICAFBOZHOIPNEDHENT &
5, NLROFHMED R E Nz (Fig5-B),

Fig.5 Spawned eggs of pond smelts, H.nipponensis.
A : eggs adhered to a gravel,

B : eggs adhered to the net of artificial spawning
bed. Mesh size: 0.84mm.
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=®
- PR A HE 104132 A28 H, T4 T2 7 o]
A9H, 12432 H 4ATH > Tz, BHRIEKIZE20mE ¥ ]
BEOITEEREK, MEL, KEOAS R Z L5 R E TR EOEE R,
BENRBREhEh ol ¥ EGEERD SEMICHh o
TEEBHER, BficiizA BRI G, _ ;:2 [ 2010
TLAEIC A L 72 105 RIKEC OM EROBRAIZE L S o =
%35k (Table 2), ¥ EBRGAS R & BUOBENIE 170 Ll I“"I
304> 3H29A) ICEBBHH M, FOEENIE 18RF10%) (3 - mifﬁgﬁg‘eg:;;!giasagggggn
H25H) Thok, ML BLT, WEmMmIRKmEE T -
ETORAM ERIZ188F10% (4H1H) A5 18KF40 - o] wn .
5 (3A 25 F) DRficEE» BNz, 7 o] "" "
;E_’ 50 +
Table 2 Number of individuals of pond smelts, O SRr33843l3ecEsEsa iRl tnsE
Hypomesus nipponensis caught at ten-minute SERRSE RS SR IRTEP IR RS E g
intervals. 250+
March 25, 2011 March 29, 2011 April 1, 2011 g ot 0 el
Catching MNo. of Catching No. of Catching No. of _‘a. =
time  individuals time  individuals time  individuals g 0o
18:10 3 17:30 19 1740 20 g > “Ihhl-
18:20 15 17:40 53 17:50 39 §§§§§§§””§E:§§§§§§§§§§§§§g
18:30 19 17:50 58 18:00 71 Total length { mm)
18:40 39 18:10" 53 18:10 103 Fig.6 Distribution of total length of pond smelts,
18:50 4 18:20 99 H. nipponensis.
19:00 10 18:30 57
*; Start time of catch was at 18 o'clock.
] =
P DS, BEAGTHEERICBENZER L DD, KiE = i O&,n=21
ORWITHRICIE > TH L2 L, OB L E T 10
ICZOERBEINEETHWE, #LELEBSRRICESDIZ g s0

1B L Bbhic, LAL, SEOFAETEH LR
MEALEHRZNIIRIC TE Ao T, BiEYICK
hiE, MENEY AT Foll FI3EMIcBshTW3
EENTVBOT, AMICBNTEEMICERAEZ
TV, R 20BN DB,

Frequency (%)

RO GRER
Fig 6 Ic B EDORHE THREL 2 TRDEEMKE R 20 -
Ufeo CHICEBE, 094FERETIZNTHEIE 62~ 88 TL goop 0 B
T, B— Rid72~74m TL TH- 7z, 10ERERALL el
70~98mn TL, 82~84m TL &7 b, Ai4E X DRI T8 § 5o
~10m TL, £— R T10miE ¥R &L A>T, 11 ST T P TIT IR b
EREHB L, FPFIE48~80m TL, E— Fid64~70
an TL G, Bi4E0 ‘104EREE b fiB T22m TL, £— K wo] 2012
T18~14m TLIFE/NE L BE->THD, 09ERICL g 5
NTHET14~8m TL, E— K T8~4m TLIEEE5 e
IINE L T o T e, 124ERETIZ, HIEIZ 74~ 98mn §ool o dIIIMNNIN .
9a;sassssse&xztaa!ggeiiigggg

TL, €— Fi&84~86m TL &7z b, 104 & ZIXH W
B emo>THD, TERL DT 26~18 Fig.7 Distribution of total length of female and
mn TL, E—FT20~16mn TL FERKEL > TV, male pond smelts, H.nipponensis respectively.
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DAUEBOWE T, TOEREEEHRLTZ 9%
F—AMEENTHELT, SBOFEL LTHRI N
W e BRI T St 3T & MR LR T A Yk [ERE
T/ NVEIRE & KBRS R @D IRTBEAE L TW
5TLiE, VAT FOEEEES FTOSHOYEN
TH5,

=354
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E—H LT3,
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Fig.8 Freqency distribution of appearance of female
and male pond smelts, H.nipponensis in 2011
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EEDREARS

10~ "124EIC B B EHINOFIEREH I3 '10ED 2 A
3HMmL RS, RAEMKR (LUF, KK L ER) T
43,40087 /m B EHET N T W, —F, BRERHIZ
T14E4H26 AR BB L, ALK T2,100KL /m2hS i
HMENTWz (Table 3), E51C, 11FEROMOHE
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B2 A Fah 64 AT, BHESHEHEEh
s
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5H, 5FREHRINY Tld4 A~6 BT (G4 B
T~ 5 A TAD, BENIRMEHNS TlE2 8 Ea~3 A
Th, BEREEMH TIZ2 A~3 ATHYD , ARE
SSARALH, M8 e FIERFE o TV, TOX
ST, VATFOEINBEREAETEL, LK TE
3N H3, UL, AR IEWVERES
BT 1 B ~2 ARES TH Y, REMEDE
HefiEd28mME 01y HRL, D, LS
Ve HEIG S IXEITHAR OB W IZEIRRO S EICRE
THELTWAD, BEMET AV FICONTE, HE
HRICBI T 2B RN TH 5728, g, BT
FirL,

B

FIRE L N THROBEHINCOWT, "N04EE 114EIC
PESNERIAT & % 3 HicI8\) % 5 s o pE SR E L B
PIFEAIRINZ Rz (Table 3), KIREKOEHGRAREEIC
DWTHB E, '104E1E 21,800 ~1,263,600 %1 /m?, ‘11
HFIT1E 3,400~ 1,402,800%1 /m* L x> THD, 3 A
ERicARBE LR EMNH LN, BEEOSHN
N0 Sthd T, RNT Stn2 Thoiz, [l—
PRI DOIINEE R R AL L, ZL A LOIRT
BB ERENTFEL, BHEH S RBHE THA
H 5Nz, HMBEENED > O IERE, X T
ARIERTH > T

ALK BTN T OREHEIFE L, 10T
5,300~ 61,000%% /m2?, '114F T |& 200 ~ 54,800 kf /m?
TdH-7- (Table 3), MERLBLTASEE, KIKL
[, Stn2HE XU SmdD ALK TERE LT A HERA
pa NS SF g B il

1143 HD Stn.2 & StndlcBlF 5 AT HRHRE RS L
EHIEHE & OMGRERS &, Ml & EHE TEE
Eick286 L, BHETH> THEBELTZEH
NRHENT, IIARERRZ BB L REHD Sk
R E THRDH 5N, REHOHBREEN "D > .
F— ATKRDOIIAFEE B ERRKRDBE L X, B
72 B FRAEBRBEDRIE L TV A EFIZ I 5 1z (Table



Table 3 Number and density of pond smelt eggs collected by two types of spawning bed in spawning season of each

year.
Natural spawning bed Artificial spawning bed
Number and density of eggs ™ Setting Area pf Number and density of eggs
Date Stn. Nuzb Density ditaeglzsrflfej?%* Stn. period of bed collection Numb Density dit/aegl(e)sn(jij?%*
sk Vi
umber (ind. / m?) P (day) (m? VIOET (nd. / m® )™ P
Feb. 23.°10 2 165 13,400 = 3 6 0.0883 172 1,900 -
2 335 88,100 = ”
Feb. 26.°10 3 70 18,400 - 3 3 0.1435 2,541 17,700
; 3 83 21,800 D
Mar. 1.°10 19 50,500 B 3 3 0.0506 272 5,300 C
Mar. 3. 10 4 I 0.0494 1,282 55,900 C
Mar. 410 3 1i2 29,400 - 3 3 0.1380 1,301 9,400 =
C 4 4,802 1,263,600 B,C, D 4 1 0,0475 2,901 61,000 C
Mar. 16. 10 4 9 0.0580 385 6,600 Z
Mar. 19,10 4 1441 379,200 =
Mar. 23. °10 4 ! 0.0400 168 11,760 B. E
Mar. 25.°10_4 343 90,200 =
g 157 41,300 De
Apr. 13,710, 12 3,100 B
Mar. L. '11_ 2 83 21,800
) 1 3 0.0400 it 200 -
Mar. 4. 711 2 3 0.0400 51 1,200 -
Mar. 5. 112 1218 320,500 C.D 2 1 0.0400 612 15,300 C
Mar. 8. 11 2 3 0.0400 35 800 C
3 1,415 38,100 c’D
Mar. 11.°11 4 72 18,900 C,E
5 45 11,800 B, C
Mar 15711 4 145 38,100 CDE 2 7 0.0400 153 3,800 €D
: 5 13 3,400 C.E 4 4 0.0400 216 5,400 C
2 3 0.0400 74 1,800 C
Mar. 18.°11 4 3 0.0400 390 9,700 C
5 3 0.0400 0 0 -
2 1 0.0400 809 30,200 =
Mar. 22. 11 4 4 0.0400 0 0 -
5 4 0.0400 0 0
; 2 3 0.0400 621 15,500 -
Mar. 25. 711 4 3 0.0400 103 2,500 -
; P 1 0.0400 2,194 54,800 =
Mar. 29.°11 4 5,331 1,402,800 E p . 0.0400 5 0 B
Apr. 1. 11 2 3 0.0400 735 18,300 =
Apr. 5. 11 2 1 0.0400 176 4,400 =
; P 2 0.0400 1,734 43,300 -
Apr. 7.711 4 3 0.0400 0 0 -
; 2 5 0.0400 841 21,000 -
Apr. 12. 11 4 5 0.0400 0 0 -
) 1 7 0.0400 24 600
Apr. 19 711 2 7 0.0400 38 900 -
Apr. 92 11 2 14 hours. . 0.0400 204 5.100 B
Ao, 2611 1 10 hours  0.0400 47 1,100 =
pr. 20. 2 10 hours  0.0400 86 2,100 -

*: Area of collected eggs was 0.0038m°.
#x; Round down to the nearest hundred.

sx%: Stages of egg development ; A : 16—-32cell stage, B : morula, C : blastula, D : formation of embryo, E :

F : appearance of pigments on optic vesicles, De : death.
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formation of optic vesicles
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T, 2 bl 24 TlRIEAICET 2 L Ebh
%o
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THEANE, EROFAFICKOBRERS > TEN
WKRIAE N, EINCIFMETRIBRITH 5 LRI N,
¥, EIIORRZEIC DOV T, BRI HERSEE D
BbE -T2, H2ARRBICROBENICLS
ERMTbhs LEBbhs, DF0, HAOW



Table 4 Number and density of pond smelt eggs
collected by artificial spawning bed after about 24
hours of setting.

Setting Number and density nlf OERS  oyisssiofegy Water
Date  period of bed Density « temperature

(ioars) Number Gind. / )’ development c)
Mar. 5. '12 2L.5 441 11,000 A B, C 9.3
Mar. 21. '12 20.0 95 2,300 B 9.4
Apr. 1.'12 25.0 359 8,900 C 10.9
Apr. 2.'12 24.0 281 7,000 G 113
Apr. 5. '12 26.0 L 1,400 (5 10.9
Apr. 7. 12 24.0 36 900 G 9.0

#: Area of collected eggs was 0,04m”. Round down to the nearest hundred.
#*; Stages of egg development : A: 16-32cell stage, B: morula, C: blastula
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Stnd TREILL 76~81% - THEYD, BOLHEE
a7z (Fig9),

F % 13 2 ~ 3mm ORI AT IR U % 57T % PEun
DEL LTWa, Eiz, KEAST OdtifEEAom)ll|,
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[ARDIEREZ/GT VD, L DS, ELOREHED
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Frequency (%)
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Fig.9 Size distribution of grain of natural spawning
beds of pond smelts, H.nipponensis.
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