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Stocking efficiency of juvenile abalones, Haliotis discus discus and
H. gigantea, on the coast of Kuzaki, Mie

Taisuke TAKENOUCHI', Hirokazu Matsupa®, Hideto Tokuzawa® and Takashi YAMAKAWA®

Twelve groups of juvenile abalones of each Haliotis discus discus and H. gigantea were released in three fishing
grounds (Yoroizaki, Nagama and Aramishita) off Kuzaki, Toba City, from 1992 to 2003 to examine the effects of
species, release season and fishing ground on recapture rate and economic efficiency. To estimate the stocking effi-
ciency exactly, release of juveniles in each fishing ground was conducted every three years. Four groups released and
recaptured in the same fishing ground were easily separated from each other by using the analysis of shell length fre-
quency data sets because the peak in the distribution of shell length for each group was obviously observed. The
abalones were recaptured 2—7 years after release by Ama divers. As a trend, recapture rate of H. gigantea (mean=>5.5%)
was higher than that of H. discus discus (mean=3.5%), although not significant (Mann-Whitney U-test). Mean recap-
ture rates of groups released in spring (3.8% for H. discus discus and 3.5% for H. gigantea) tended to be higher than
those of groups released in fall/winter (0.7% for H. discus discus and 2.5% for H. gigantea), but also not significant (¢-
test). Recapture rate and economic efficiency for abalones released in the Nagama fishing ground were significantly
higher than those in the other grounds both for H. discus discus and H. gigantea (ANOVA). Mean economic efficiency
indices for the releases of juveniles were 1.4 and 1.8 for H. discus discus and H. gigantea, respectively, showing that re-
lease of juveniles is economically efficient. The present study indicates that choices of species, release time and fishing
ground are important for effective release of juvenile abalones.
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Figure 1. Map showing three fishing grounds (delimited by the
dotted lines) near Kuzaki in Toba City, Mie Prefecture, where
juvenile abalones were released.
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Table 1. Scheme of release of juvenile abalones at Kuzaki.

Release time Release ground

Year Month Yoroizaki Nagama Aramishita
1992 April O — —
1993 April — O —
1994 April — — O
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O: release, —: no release
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Figure 2. Annual changes in the numbers of wild and released abalones landed at the Kuzaki Fishery Market. Ar-
rows indicate the years of release. Release in 1992 at Yoroizaki and in 1993 at Nagama was not indicated in the

graph.
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Figure 3. Shell length frequencies and estimated release group compositions of H. discus discus recaptured in the
three fishing grounds at Kuzaki. Same superscript letters in each column denote identical release groups. Years en-
closed in the rectangles indicate the years of release, and the subscript letter to the right of each rectangle corre-
sponds to the group released in the year. The group ‘a’ at Yoroizaki was released in 1992, the group ‘e’ at Nagama
was released in 1993, and the group ‘k’ at Aramishita was released in 1994.
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Figure 4. Shell length frequencies and estimated release group compositions of H. gigantea recaptured in the three
fishing grounds at Kuzaki. Same superscript letters in each column denote identical release groups. Years enclosed
in the rectangles indicate the years of release, and the subscript letter to the right of each rectangle corresponds to
the group released in the year. The group ‘a’ at Yoroizaki was released in 1992, the group ‘e’ at Nagama was re-
leased in 1993 and the group ‘k’ at Aramishita was released in 1994.
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Table 2.

Estimated parameter values by using the multiple shell length frequency analysis applied to landing data of recap-

tured abalones (H. discus discus and H. gigantea) released in the three fishing grounds at Kuzaki from 1992 to 2003.

von Bertalanfty

Standard deviation Fishing selectivity

growth curve o (mm) curve
Fishing Release
ground Month  Year H. discus discus H. gigantea H discus i H. discus discus H. gigantea
X " K discus  gigantea B o B
Yoroizaki  Apr. 1992 0.247 0.562 0.259 0.627
Apr. 1995 0.201 0.348 0.218 0.466
May 1998 0.255 0.593 0.219 0.468 144 199 2.6 107 a4 108
Dec. 2001 0.166 0.689 0.131 0.360
Nagama Apr. 1993 0.194 0.308 0.208 0.416
Apr. 1996 0.289 0.698 0.235 0.539
Nov. 1999 0.275 1.24 0.234 1.12 137 16.6 64.7 107 534 107
May 2002 0.184 0.238 0.168 0.154
Aramishita  Apr. 1994 0.272 0.649 0.329 0.814
May 1997 0.311 0.756 0.339 0.834
11. 15. 1. 1 . 1
Jan. 2001 0.209 0.977 0.266 1.23 > 33 61.0 07 76.7 06
May 2003 0.240 0.535 0.240 0.559
Table 3. Recapture rates for H. discus discus and H. gigantea released in the three fishing grounds at Kuzaki.
Fishing ground Yoroizaki Nagama Aramishita
Release Month  Apr. Apr. May  Dec. Apr. Apr.  Nov. May Apr. May Jan. May
Year 1992 1995 1998 2001* 1993 1996 1999 2002* 1994 1997 2001 2003*
H. discus discus 2.7 1.4 0.9 2.0 6.0 5.9 0.8 7.3 5.6 42 0.6 5.1
H. gigantea 1.8 1.5 3.9 15.8 6.5 7.1 2.8 13.0 1.4 2.0 2.1 7.9

*: Groups that was still being recaptured as of the end of 2006.
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Figure 5. Changes in the unit price of H. discus discus and H.
gigantea at Kuzaki Fishery Market.
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Figure 6. Economic efficiency index (EEI) for release of H. dis-
cus discus and H. gigantea in the three fishing grounds at
Kuzaki. The solid lines indicate the profit and loss break-
even point (EEI=1).

12 ZICE -2 20 A, K S-THETERT T ZeH
S 227 5 72, Z DD TOFERIT & D 2-3
FRRTHIENEE D, 2 D% SFERLEWIE D 5t < D%
Fedh g (EHREIEA, 1990, KTl - B, 1993).
L7235 TC, 79 T OBGRIR % I HET 51213,
JR % 24 H 2 & HEMER A A BIA U, 5 AR IR Ak 4
LR AR MARANRTH D, 72720, RiFHED4
EH T REAROR B EIEXI NS Z L b, KEH
ZBICE DB FE IR D 24 EB O 3EFOFETE T
HETHAD.

YFRIZB O TERBIX O3S Tcruer v e 2 44
7 7 R OB GR A 124RMIC b > THRIEL 2L T
2, Bl T L TOARVES &0 TOMT oML~
T 7T T0.6-73% CE¥35%), X H A7 7ET14-
15.8% (F195.5%) LHRIREEIC K > TRELED L. |l
INEAKRELABH LD, 7077 TIRKEREIC
o T, A4 7T TGRS & BORFIZ & - TR
RIZKELBEMEC LI ERELFERE L >TWE, Zh
FCICHE X M7=t s 51 5 7 7 CHO BRI R A T
2, EEORINEIZ Y 97 T T1.6-56.7%, A HATT
YT 1.6-15.6% DI M ST D (Table 4). ZHZh
DI TGO RE FEISEVAR OGNS E
DO, IR TOREIEIL 7 T 7 7 TR TG o8
B, AHA T IETRHREETH 7=,

TR 2 2 MRS 2 ki H O S AR O A 7R 3R 5 %)
RIEBIZOWTE, YK TIEZ a7 7 ET02-2.5, A
HATIET0.648 & MINEDOEHIZADLETKRELE
LA, Pk zhEhi4, 18& 1% BNy | Fl
FIZ 1 5 —ILOFREFNENEDPHERTE . LrLlk
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Table 4. A list of published release-recapture studies of abalones (H. discus discus and H. gigantea).
Location Prefecture Time of Size atrelease  Number of release ~ Recapture Reference
(District) release (mm) (individuals) rate (%)
H. discus discus
Aichi (Shinoshima) 1972-1983 26.3 6,000-32,900 1.6-13.9 Yanagisawa et al. (1988)
Yamaguchi (Udakyou) 1974-1978 27-32 6,300—45,092 17.3 Yurano et al. (1982)
Kanagawa (Nagai) — (around 1980) — — 3.52 Tauchi (1984)
Kanagawa (Kamoi) — (around 1980) — — 0.97 Tauchi et al. (1984)
Fukuoka (Oshima) 1980-1990 30 10,000-80,000 3.1-56.7 Tachiyama et al. (2001)
Tokushima (Abe) 1981-1991 840 34,000-180,000 6.0-49.6 Kojima (2005)
Mie (Kuzaki) 1992-2003 35 120,000 0.7-7.3 Present study
H. gigantea
Shizuoka (Iruma) 1979 (November) 17x4.5 20,000 5.8 Aoyama et al. (1986)
Kanagawa (Matsuwa) 1983-1984 31-46 1,000-1,880 1.6-2.5 Kanagawa Prefecture (1988)
Shizuoka (Shitaru) 1995 — 14,000 6.1 Shizuoka Prefecture (2003)
Shizuoka (Shirahama) 1995 — 53,000 1.7 Shizuoka Prefecture (2003)
Mie (Kuzaki) 1992-2003 35 120,000 1.4-15.6 Present study
—: no data
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Figure 7. Relationship between the landings of released and wild abalones from 1996 to 2006 from the three fishing

grounds at Kuzaki.
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Figure 8. Annual landings of abalones and octopuses at the
Kuzaki Fishery Market.
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