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The stocking efficiency of artificially produced and released Ocellate puffer Takifugu rubripes
near Atashika beach in the southern Kumano Nada

Hiroshi
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To clarify the efficiency of artificially produced and released juvenile ocellate puffer Takifugu rubripes to natural

stock, 20,000-29,000 erastomer tagged fish were released near Atashika beach in Kumano city located at the southern

area of Kumano Nada from 2002 to 2004. Tagged fish were caught by long line fishing for 2 years after release. Released

fish in 2003 and 2004 were intensively recaptured mainly at southern Kumano Nada and Wakayama area in October

and November of the following year, and recapture ratios were as high as about 90%, suggesting that released ocellate
puffer had not migrated widely. Recapture rates of released fish in 2002, 2003 and 2004 were 0.93%, 1.12% and 1.53%,
respectively, and the value of 2004 (116.0mm TL) was 1.4 times higher than that of 2003 (64.0mm TL), indicating the

efficiency of releasing larger size fish. However, its economic value was estimated to be about 129kg and 800,000yen,

and the benefit remained almost within the release cost of seed of ocellate puffer.
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Fig.l Release point near Atashika beach in Atashika Bay
located southern Kumano Nada.
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Table 1. Three groups of artificially produced ocellate puffer seeds in Minamiizu station,National Center
for Stock Enhancement, Fisheries Research Agency and released with erastomer tags near Atashika

beach from 2002 to 2004.
Trasported Number of Number of Release Number of Average  Average
date  fish transported tagging date release  TL (mm) BW (g)
2002 19-Jun 44,000 26,638 16-Jul 20,756 653 9.5
2003 17-Jun 42,000 37,700 7-Jul 29,000 64.0 9.1
2004 31-May 34,000 23,000 28-Jul 22,000 116.0 39.3
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Table 2. The visibility test of erastomer tags for some
samples of ocellate puffer seeds using an ultraviolet
light and wearing sunglasses.

Year 2002 2003 2004
Number of fish 149 97 205
A 63.1% 12.0% 68.3%
B 34.2% 70.0% 25.4%
C 1.3% 12.0% 3.4%

D 1.3% 6.0% 2.9%

Identification level; A :possible
B:possible with uv light C:not easy with uv light
D:difficult with uv light
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Fig.2 Locations for fish market survey and catch statistics
survey. Locations with underlines were conducted only
for catch statistics survey. Long line fishing ground was
divided into four areas, Enshu Nada, northern Kumano
Nada, southern Kumano Nada and Wakayama area in
this study.
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Table 3. Monthly catch of ocellate puffer by long line fishing in Mie and Wakayama during the fishing period

from 2003 to 2006.
EnshuNada Northern Kumano Nada Southern Kumano Nada  Mie Wakayama

Year Month Isewanko ShimananbuWataraigaiwan Kihoku  Kumano Total Miwazaki Kushimoto

2003 Oct. 14,995 474 60 477 1,090 17,096 — —
Nov. 5,845 3,964 73 81 128 10,091 — —
Dec. 12,770 4,860 58 152 442 18,282 — —
Jan. 2,406 3,207 151 517 305 6,586 — —
Feb. 2,948 2,198 64 172 103 5,485 — —
Total 38,964 14,703 406 1,399 2,068 57,540 — —

2004 Oct. 7,201 76 4 12 354 7,647 194 174
Nov. 6,588 429 11 78 125 7,231 135 69
Dec. 3,230 1,552 6 123 78 4,989 58 33
Jan. 2,725 222 27 216 165 3,355 38 20
Feb. 1,882 638 0 196 9 2,725 12 15
Total 21,626 2,917 48 625 731 25,947 437 311

2005  Oct. 7,412 67 2 59 309 7,849 234 47
Nov. 4,293 1,195 79 75 124 5,766 59 14
Dec. 1,123 442 143 28 144 1,880 75 30
Jan. 259 435 305 856 252 2,107 65 76
Feb. 998 162 39 102 1 1,302 4 3
Total 14,085 2,301 568 1,120 830 18,904 437 170

2006 Oct. 12,747 2,189 3 126 946 16,011 667 341
Nov. 6,536 3,707 295 884 274 11,696 153 141
Dec. 3,660 1,953 323 679 55 6,670 87 37
Jan. 1,382 1,286 60 90 86 2,904 25 0
Feb. 1,999 163 0 89 0 2,251 20 0
Total 26,324 9,298 681 1,868 1,361 39,532 952 S19

unit:kg
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Fig3 Frequency distribution of total length for ocellate
puffer caught with long line and landed at Nigishima
fisheries market in October from 2003 to 2005. Open
columns and solid columns indicate wild and
released ocellate puffer, respectively. Released fish
were distinguished from the existence of erastomer
tag and abnormal internostril epidermis deficit.

3. REEHMMRBORRER LEFHEHRICSITBEIR
EB#HE L CEIREOHE
1). NEERRE
REBFT iy, AN BRI N ERr o7,
2). IERE
FPENE - o N i i3
FEE X I BT, 2002 4B & OF 2003 4FAE
TP AR L 1 B b 3R S Nk o 7278, 2004 4-RE
BT AR DS 2005 4F 10 A 2 HIZ 1 B (&5 40cm)
FERI N7z
gt el 81751
BRI BT, RREWE, A
TR SN o7,

28

Sea urchins J

Bi

Occurrence (%)
0 10 20 30 40

Fishes [

Crabs 1
| %7 : %

Copepods ]
Polychaetes [

Crab zoeae

Insects [

Others ]

Fig4 Gut contents of ocellate puffer collected at

Atashika beach in 2003. The occurence was shown
in terms of the rate of indivisuals feeding on each
food animal except for empty individuals.
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Table 4. The discovery rates of tagged fish for release groups at Nigishima, Nagashima, Miwazaki and
Kushimoto fish markets.

Research Fisheries Research Number of Number Number Number of Discovery 2002 release groups
market research of of tagged fish rate Kumano Tokoname Hamamatsu
year  inspected  month days catch inspection discovered (%) (Ise Bay*) (Enshu Nada*)
2003  Nigishima October 4 299 237 12 5.1 8 4 0
November 2 27 25 1 4.0 0 1 0
December 3 115 115 5 4.3 0 4 1
January 3 51 51 2 3.9 1 1 0
Research Fisheries Research Number of Number Number  Number Discovery 2003 release groups 2002
market research of of of rate Kumano Kisosansen Sagara Kumano
year  inspected  month days catch inspection tagged fish (%) (Ise Bay) (Enshu Nada)
2004  Nigishima October 4 94 92 10 10.9 7 2 1 0
November 2 6 6 2 333 1 0 0 1
December 1 6 1 16.7 1 0 0 0
January 1 25 25 0 0.0 0 0 0 0
February 2 5 5 0 0.0 0 0 0 0
Miwazaki  October 2 90 90 15 16.7 15 0 0 0
November 2 25 25 6 24.0 6 0 0 0
December 1 6 6 2 333 2 0 0 0
Research Fisheries Research Number of Number Number  Number Discovery 2004 release groups 2003
market research of of of rate Kumano Ise + Yahagi Hamana  Kumano
year  inspected  month days catch inspection tagged fish (%) (Ise Bay) (Enshu Nada)
2005 Nigishima October 2 47 47 8 17.0 7 1 0
December 1 22 22 4 18.2 2 0 2 0
January 4 94 94 10 10.6 2 8 0 0
(Nagashima' January 1 19 19 1 5.3 0 0 0 1
Miwazaki  October 2 81 81 27 333 24 3 0 0
December 1 6 6 1 16.7 1 0 0 0
Kushimoto October 2 5 5 1 20.0 1 0 0 0
November 2 4 4 2 50.0 1 1 0 0
December 1 4 4 0 0.0 0 0 0 0
January 2 5 5 0 0.0 0 0 0 0
Research Fisheries Research Number of Number Number  Number Discovery 2005 release groups 2004
market research of of of rate Noma Kiso  HamanatOota Kumano
year  inspected  month days catch inspection tagged fish (%)  (Ise Bay) (Ise Bay) (EnshuNada)
2006 Nigishima October 6 290 284 5 1.8 1 0 3 1
(Udono)  October 2 12 12 0 0.0 0 0 0 0
November 2 64 61 1 1.6 0 0 0 1
January 1 41 41 4 9.8 1 0 2 1
Miwazaki  October 5 341 315 8 25 0 3 4 1
Kushimoto October 8 322 322 4 1.2 0 0 2 2
November 4 16 16 0 0.0 0 0 0 1
December 1 1 1 0 0.0 0 0 0 0
* Ise Bay and Enshu Nada show the release areas.
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Figb Occurrence percentages of five release groups
landed in southern Kumano Nada during two
fishing periods; Left graph is from October to
November 2004 and right one from December
2004 to February 2005.
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Table 5. Estimated recapture number of fish and recapture rates for each release group in the southern
Kumano Nada and Wakayama area.

Year 2003 2004 2005 2006 Total
Research Number Recapture Number Recapture Number Recapture Number Recapture Number Recapture
Release group of rate of rate of rate of rate of rate
Area recapture (%) recapture (%) recapture (%) recapture (%) recapture (%)
Southern 2002 Kumano city 68 0.33 6 0.03 0 0.00 0 0.00 74 0.36
Kumano Tokoname city 64 0.09 0 0.00 0 0.00 0 0.00 64 0.09
Nada Hamamatsu city 4 0.02 0 0.00 0 0.00 0 0.00 4 0.02
(Mie) 2003 Kumano city - - 62 0.22 6 0.03 0 0.00 68 0.25
Kisosansen - - 12 0.03 0 0.00 0 0.00 12 0.03
Sagara town - - 6 0.07 0 0.00 0 0.00 6 0.07
2004 Kumano city - - - - 117 0.33 11 0.05 128 0.58
[se city - - - - 69 0.35 0 0.00 69 0.35
Yahagi river - - - - 21 0.06 0 0.00 21 0.06
Hamana port - - - - 14 0.07 0 0.00 14 0.07
Wakayama 2003 Kumano city - - 190 0.66 0 0.00 0 0.00 190 0.66
2004 Kumano city - - - - 142 0.65 5 0.02 147 0.67
[se city - - - - 15 0.08 0 0.00 15 0.08
Yahagi river - - - - 5 0.01 0 0.00 5 0.01

Table 6. Total discovery rates of long line fishing within whole areas adopted shedding rates for each
Kumano city release group.

Release Age Southern Wakayama  Northern Enshu Nada Total
year Kumano Nada Kumano Nada  Mie Aichi  Shizuoka (%)
2002 1 0.34 - 0.00 0.00 0.21 0.09 0.64

2 0.03 - 0.00 0.00 0.10 0.04 0.17
2003 1 0.25 0.75 0.00 0.00 0.05 0.02 1.07
2 0.05 0.00 0.00 0.00 0.00 0.00 0.05
2004 1 0.56 0.68 0.00 0.03 0.05 0.03 1.36
2 0.06 0.02 0.00 0.00 0.00 0.09 0.17

Table 7. Estimated economical value of 2004 Kumano city release group based on the shedding recapture rates.

Southern Kumano Nada Wakayama

Fishing Number Body Price”  Catch Catch  Number Body Price”  Catch Catch
Age period ofcatch weight*] in weight in value of catch weight*3 in weight in value

(ke) (venkg) (kg)  (yen) (ke) (enky) (kg)  (ven)
1 Oct.-Nov. 94 0.78 5,717 73.0 417,512 134 0.74 4,615 98.9 456,271
1 Dec.-Feb. 29 1.15 7,846 33.9 265,779 16 1.10 8,311 17.4 144,262
2 Oct.-Nov. 14 1.60 5,350 21.7 116,193 6 1.30 4,550 8.0 36,496
Total 137 128.6 799,484 149 1242 637,029

! For age 1 fish, it assumed that the growth of artificial release fish was not different from that of wild fish at
Nigishima fish market in southern Kumano Nada.
For age 2 fish, body weight was adopted as the body weights of recaptured fish.

2 The prices of artificial release fish were adopted those of wild fish as both were selled without any discrimination.
" Body weight was adopted as the body weights of recaptured fish at Miwazaki fish market in Wakayama.
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Appendix Tablel. Outline of tagging experiments using Erastomer

VR S e ™ 77 ZHE O R sl R

Release Prefecture Release Release Color Insered Number Release Release Total
year group date positions* location site lenrth(mm)

Shizuoka Shizuoka city 9-Aug  Orange Left 7,068 Mouth of Otani river Suruga Bay 914
Hamamatsu city 24-Jul Orange Right 16,510 Mouth of Magome river  Enshu Nada 731

Tokoname 19-Jul Red Left 11,809 Off Tokoname Ise Bay 62.2

2002 Tokoname 20-Jul Red Left 16,906 Off Tokoname Ise Bay 71.5
Aichi  Tokoname 27-Jul Red Left 7,562 Off Tokoname Ise Bay 79.7
Tokoname red 7-Aug Red Right 21,000 Off Kosugaya Ise Bay 100.9
Tokoname yellow  7-Aug  Yellow Left 17,000 Off Kosugaya Ise Bay 100.9

Mie  Kumano city 16-Jul Green Left 20,756 Atashika port Kumano Nada 65.3

Shizuoka Sagara town 30-Jul Orange Left 9,200 Sagara port Suruga Bay 82.1
Hamamatsu city 25-Jul Orange Right 18,800 Mouth of Magome river  Enshu Nada 78.1

2003 Kisosansen 5-Jul Red Left 12,514 Mouth of Kisosansen Ise Bay 69.4
Aichi  Kisosansen 8-Jul Red Left 16,146 Mouth of Kisosansen Ise Bay 622
Kisosansen 12-Jul Red Left 13,852 Mouth of Kisosansen Ise Bay 719

Mie Kumano city 7-Jul Green Left 29,000 Atashika port Kumano Nada 71.0

Kumano city-1 10-Aug  Yellow Left 20,000 Yukiura port Kumano Nada 98.1

Shizuoka Hamana port 2-Jul Orange Right 21,500 Hamana port Hamana Lake 69.8
Kisosansen 6-Jul Red Right 16,400 Mouth of Kisosansen Ise Bay 703

2004 Aichi  Yahagi river 3-Jul Red Left 17,686 Mouth of Yahagi river Mikawa Bay 69.4
Yahagi river 13-Jul Red Left 20,453 Mouth of Yahagi river Mikawa Bay 82.7

Mie Kumano city 28-Jul Green Left 22,000 Atashika port Kumano Nada  116.0

Ise city 17-Jul Green Right 20,000 Aritaki port Ise Bay 90.0

* Erastomer was inserted into pectoral fin.



