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Proposal of A Self-sustainable Abalone Culture System Based on Kelp
Intercalary Growth in Deep-sea Water
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Abstract

As a course of multiple/cascade utilization of deep-sea water (DSW, known as a cold, clean
and nutrient-rich seawater) pumped from Toyama Bay, a self-sustainable abalone culture
system was proposed. In the system, DSW enhances the intercalary growth of kelp after
cutting off its blade tip, which is fed to abalone cultured in the warmed drainage of kelp cul-
ture. In the present study, Laminaria japonica Areschoug (ca. 50 cm in total length) was
reared in outdoor tanks using running intact (3 °C) or warmed DSW (11 °C). Blade tips were
cut off at 15 cm above the stipe-blade transition every month to feed the juvenile abalone
Nordotis discus hannai (Ino). Growth was examined using a hole punching method from
March 2001 to January 2002. All of the pruned kelp continued to grow even after the re-
peated cut-off by 11 times. The mean elongation varied from 1.3 to 8 cm/week in length, re-
cording the maximum of 16.7 cm/week in March. The cut-off blade tips formed sori in 2
weeks every month when cultured using DSW (11 °C). Juvenile abalones (41mm in shell
length) were fed 0.25 g and 0.75 g of blade tip per shell in a day at 15°C and 18 °C, respec-
tively. The pruning method allows us to use shorter culture tanks, to keep high kelp densi-
ties without forming canopies, to prevent elongated kelp from deteriorating by exposure to
the air, and to utilize all of the produced materials of kelp without wasting. In addition, the
sorus formation provides year-round kelp seed production. In the proposed system, a quar-
ter of cultured kelp is rotationally pruned every week to supply sufficient blade tips to aba-
lone. Using the system, 12,000 to 16,000 abalones (40 mm in shell length) can be reared by
culturing 12,000 pruned kelps.

Key Words: abalone, culture system, deep-sea water, sorus formation, Laminaria, intercalary
growth
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15cm

One month later

Fig. 1 Diagram showing the punch hole method to
measure growth of a pruned Laminaria japonica
plant, where blade tip was cut at 15 cm and holed
at 10 cm above the stipe-blade transition of
Laminaria; (a) blade width, (b) growth, (c) a blade
tip to be cut off, which was weighed one month
after pruning.
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Fig. 2 Diagram showing the culture method of
pruned Laminaria japonica plants and cut-off
blade tips in an outdoor tank using flowing deep-
sea water.

IKTRABXT-72. 77 EICREEERTELI Y
TERAEBZ, BRIO 1 » ARICEEE (A&)
AN, FORIEHEAHL WIEEICA 2 058
L.

3. & R

oy JoBER a2 v 70HEARIR 2001 4F
3~2002 % 1 A TcomA, 2TOREKTED S
t7z (Figs. 3~5). Fig. 9 (a) 23, &HOYIN
% 3BMICHAR L THU Lok S 2R LI,
EERAZRG L 3 Hicid Vg 235 cm T, &K
ER65cmIELcEALED S, AR
X B2EEOMOEIE (RARDFRY) icMbh - T
LT 2EEMSR SN, 9 BiZi3 988
cm, 10~12 Aici3¥194.1~60cm OHFIHE -
tohi, Mg (b) REBAOUMHCbALDST 9 A
F TR ZRL, 9 AiICid g 11.2cm &7 -
tz. 10 Am 5 1 Bich i TEROMMIES L
B, 12 it BERFIcHHW R EEH L] (BE
Kooy 7nERCHEARERE L, Bxflo
ROLVHER SMAVIBEREH L L 28R o8
B oh (Fig. 6), BEFENE DL L b,
1 Qiti3 S FTids 2 hERE0MMMED Shic,

BB, SAEL1AHICUMILIcay7H1 » AR
Mg LBy (Fig. 7) OBEE% Tablel iR L
o, 1 &AEY 0 0EREIIS AT 21g, 1
Hic#9156g ThH b, 150 EEE(TES S/ 1 £
EcBonszEROBBERIIZN TN 3kE, 2
kg LEtEE k.



56 WA - BEE KR

Figs. 3-8 Growth of pruned Laminaria japonica plants. Ruler in Figs. 3-8 is ca. 30 cm long
Fig. 3 Plants just after pruning in May.
Fig. 4 Grown plants in May (three weeks after pruning)-
Fig. 5 Grown plants in July (one month after pruning).
Fig. 6 Monthly-pruned plants in December, showing “Tsukidashi” (lift-up, arrows), which is characteristic
in perennial kelp.
Fig. 7 Grown plants in August (one month after pruning in July).
IFig. 8 Elongated plants of Laminaria japonica in December, in which monthly pruning was stopped in July.
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Table 1 Weights (g.wet-weight) of blade tips cut off from pruned Laminaria japonica plants after culturing for

one month.
Month Mean S.E Minimum Maximum Numbex_‘ -
blade tips
August 20.9 2.5 11.8 45.6 15
January 14.5 1.6 7.4 23.0 10
35 15
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Fig. 9 Monthly changes of growth in pruned Laminaria japonica plants; (a) length, (b) width.
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Figs. 12-13 Seed production of Laminaria japonica in which zoospores were released from

sorus-formed cut-off blade tips.

Fig. 12 Releasing of zoospores from sorus-formed cut-off blade tips.
Fig. 13 Culture of stringed young sporophytes (ca. 1 mm in total length).
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Fig. 14 Comparison of growth between stock-cultured (for six month under a low temperature-low light inten-
sity condition, see Fig. 18) and usual forced-cultured plants (see Fig. 13) of kelp Laminaria japonica; (a) total

length, (b) width of blade.
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Fig. 15 Daily amounts of Laminaria japonica fed by juvenile
abalones Nordotis discus hannai (n=20); A, 15°C, @, 18°C

Figs. 16-17 Abalone Nordotis discus hannai reared by feeding cut-off blade tips of Laminaria japonica.

Fig. 16 Juvenile shells reared for three months.

Fig. 17 Shells which reached commercial size by rearing for eight months.
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(a) Stock of juvenile sporophytes using running intact DSW
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(b) Incubation of protoplasts
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outdoor tank
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Fig. 18 Diagrams showing two stock culture methods of Laminaria: (a) stock of juvenile sporophytes using run-
ning deep-sea water and (b) incubation of protoplasts obtained from young sporophytes.
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Abalone aquarium
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Length: 2.5-3m, Depth: 0.5-1m

Water temperature of 15~20°C Cascaded aquarium for Laminaria japonica

DSW (3°C)

Fig. 19 Proposal of a self-sustainable abalone culture system in which growth of pruned kelp plants and sorus formation of cut-off blade tips were applied.
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