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(57)  Aculturerack (10)isdisposed in a culturing area
(3) of which a water level is adjustable so that the culture
rack (10) has a predetermined height from a bottom sur-
face of the culturing area. Organism to be cultured (8)
such as shellfishes are placed on the culture rack (10),
and the water level of the culturing area (3) is adjusted.
Thus, the water level is controlled to realize: a dry state

METHOD OF CULTURING ORGANISM TO BE CULTURED, AND CULTURING FACILITY

in which the organisms to be cultured (8) on the culture
rack (10) are exposed from a water surface; and an in-wa-
ter state in which the organisms to be cultured (8) are
submerged in the water. Like this, the most suitable water
level for survival and growth of the organisms to be cul-
tured (8) is provided to shorten the culture period and to
reduce depletion in the high water temperature period.
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Description
Technical Field

[0001] The present invention relates to a method for
culturing organisms to be cultured, which is most suitable
for shellfishes such as bivalves, and a culture system
therefor.

Background Art

[0002] For example, in order to culture bivalves such
as Crassostrea gigas (oysters), culture methods respec-
tively using an intertidal zone and the other area of the
sea are widely adopted. Here, the intertidal zone means
a zone between the high-water mark and the low-water
mark of the shore.

[0003] Asthe culture methods usingthe intertidal zone,
for example, a method for installing culture baskets or
plastic bags containing oysters on the shore (ground) is
known. Such a culture method is to culture oysters using
a tideland as the result of the natural ebb and flow of the
tide.

[0004] As the method for culturing oysters using the
other area of the sea, for example, a suspension culture
method is known. In this method, a culture rope is sus-
pended from a culture system such as a raft and a lon-
gline. Seedling collectors, to which attached spats, are
connected to the culture rope at intervals. Also, a culture
method using a culture system submerged in the outer
sea along the coast is known. In this method, the culture
system is constituted by a gravity-type fish reef and a
floating culture partthereabove (see, for example, Patent
Document 1).

[0005] Also, a system for culturing shellfishes in which
culturing means are replaceable is known. This culture
system is submerged in the sea for use, and has a sub-
merged housing in which the culturing means containing
shellfish culture substrates are removably mounted.
(see, for example, Patent Document 2).

Prior Art Documents
Patent Documents
[0006]

[Patent Document 1] JP 2004-222650 A
[Patent Document 2] JP 2004-166523 A

Summary of Invention

Problem to be Solved by Invention

[0007] In the above culture method using the intertidal
zone, in which the bags containing oysters are installed

on the shore, the length of time and the time zone to
perform maintenance works such as cleaning are restrict-
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ed due to the natural tidal activity. Furthermore, the cul-
ture method using the intertidal zone should leave culti-
vation to the natural tidal activity. Thus, if the oysters are
cultured in the intertidal zone through the year, the shells
grow slowly. Consequently, with this method, it takes long
time to produce marketable size oysters.

[0008] In the culture method using the area of the sea
other than the intertidal zone recited, for example, in Pat-
ent Document 1, the oysters are always submerged in
the sea. Thus, periphyton (e.g. ascidians and barnacles)
is likely to adhere onto the shells of the oysters.

[0009] Also, there is a problem of depletion in a high
water temperature period mainly in summer. That is, the
high water temperature (e.g. 25°C or more) is likely to
cause mass mortality of the oysters. This is the biggest
problem in the suspension cultures, particularly in west-
ern Japan. The oysters are being suspended in the sea
to be cultured in an environment where the oysters can
feed at any time. And the high water temperature period
naturally comes in summer. The oysters need a large
quantity of food accompanied by considerable increase
of the metabolic rate. As the result, an individual that
cannot feed well is getting weaker and finally dies.
[0010] Furthermore, in the high water temperature pe-
riod, other organisms such as ascidians and barnacles
also increase their activity. Thus, a large number of the
above competitors over food are highly likely to adhere
onto the shells of the oysters, which affects the growth
of the oysters.

[0011] The oysters are distributed to customers with
or without shells. Since the oysters with shells are par-
ticularly suitable forimprovement of their commercial val-
ues, the cultivation of oysters with shells having a beau-
tiful appearance is desired.

[0012] In consideration of the above circumstances,
an object of the present invention is to provide: a method
for culturing organisms to be cultured by providing an
optimal water level for survival and growth of shellfishes
such as oysters so as to shorten a culture period and
reduce depletion in a high water temperature period; and
a culture system therefor.

Means for Solving Problem

[0013] The present invention, which was made to re-
solve the above problems, provides a method for cultur-
ing organisms to be cultured. The method includes the
following steps: disposing a culture bed surface in a cul-
turing area of which a water level is adjustable so that
the culture bed surface has a predetermined height from
a bottom surface of the culturing area; placing the organ-
isms to be cultured such as shellfishes on the culture bed
surface; and adjusting the water level of the culturing
area so that the water level is controlled to realize a dry
state in which the organisms to be cultured on the culture
bed surface are exposed from a water surface and anin-
water state in which the organisms to be cultured are
submerged in the water.
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[0014] Inthe above-described method for culturing or-
ganisms to be cultured, the water level of the culturing
area is adjusted so that the water level is controlled to
realize the dry state in which the organisms to be cultured
on the culture bed surface are exposed from the water
surface and the in-water state in which the organisms to
be cultured are submerged in the water. Thus, the most
suitable water level for survival and growth of the organ-
isms to be cultured can be provided according to the
change in the water temperature. As the result, it is pos-
sible to shorten the culture period in the culturing area
and to reduce depletion in the high water temperature
period.

[0015] Since the dry state in which the organisms to
be cultured are exposed from the water surface can be
controlled, it is possible to dry the exposed organisms to
be cultured using the dry state. Thus, it is possible to
prevent competitors over food from adhering to the or-
ganisms to be cultured.

[0016] The above-described method for culturing or-
ganisms to be cultured is further characterized in that the
culturing area is separated apart from the open sea by
an embankment, and that a height of the water surface
of the culturing area is controlled using a natural tidal
activity by opening/closing sluice gate equipment consti-
tuting a part of the embankment.

[0017] The above-described method for culturing or-
ganisms to be cultured is further characterized in that the
culture bed surface is disposed at a height between a
tidal level at high tide of the open sea and a tidal level at
low tide of the open sea.

[0018] The above-described method for culturing or-
ganisms to be cultured is further characterized in that
when a water temperature around a culture rack is a pre-
determined temperature or more, the water level is con-
trolled to lengthen a dry time compared with the dry time
when the water temperature is lower than the predeter-
mined temperature.

[0019] The above-described method for culturing or-
ganisms to be cultured is further characterized in that the
culture bed surface is a net through which water passes,
and that the culture bed surface is separated apart from
the bottom surface of the culturing area by 500 mm or
more in a height direction.

[0020] The above-described method for culturing or-
ganisms to be cultured is further characterized in that the
organisms to be cultured are oysters.

[0021] The above-described method for culturing or-
ganisms to be cultured is further characterized in that a
culture density of the organisms to be cultured on the
culture bed surface is controlled by changing a surface
area for culture according to growth of the organisms to
be cultured so as to maintain a predetermined population
density of the organisms to be cultured. In this case, since
the dry state in which the organisms to be cultured are
exposed from the water surface can be controlled, it is
possible to simplify operations for controlling the density
ofthe organisms to be cultured on the culture bed surface
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in the dry state. Thus, working times, which have con-
ventionally been affected by the tidal activity of the open
sea, can be artificially controlled.

[0022] The above-described method for culturing or-
ganisms to be cultured is further characterized in that the
culture bed surface is a floor surface of the culture rack
formed in a rack-like shape by a long net plate.

[0023] The above-described method for culturing or-
ganisms to be cultured is further characterized in that the
culture bed surface is a bottom surface of a culture basket
formed in a tube-like shape by a net plate.

[0024] A culture system for performing the above-de-
scribed method for culturing organisms to be cultured
includes: the sluice gate equipment capable of commu-
nicating the culturing area with the open sea and shutting
the culturing area off from the open sea; a driver for driv-
ing the sluice gate equipment; and a sluice gate control
unit for controlling the driver. The sluice gate control unit
controls the opening and closing of the sluice gate equip-
ment so that the water level is switched between the dry
state in which the organisms to be cultured are exposed
from the water surface and the in-water state in which
the organisms to be cultured are submerged in the water.
[0025] With the above-described culture system for or-
ganisms to be cultured, it is possible, for example, to
automate the culture of oysters using the natural tidal
activity.

[0026] The above-described culture system for organ-
isms to be cultured is characterized in that it further in-
cludes a temperature detector for detecting a water tem-
perature of the culturing area, and that the sluice gate
control unit controls, based on a detection signal from
the temperature detector, the opening and closing of the
sluice gate equipment so as to lengthen or shorten atime
for the dry state compared with a predetermined basic
time.

Effects of Invention

[0027] With the present invention, the most suitable
water level for survival and growth of the organisms to
be cultured such as shellfishes can be provided accord-
ing to the change in the water temperature. Thus, it is
possible to shorten the culture period and to reduce de-
pletion in the high water temperature period. Also, the
dry state in which the organisms to be cultured are ex-
posed from the water surface can be controlled. Thus, it
is possible to dry the exposed organisms to be cultured
and to prevent competitors over food from adhering to
the organisms to be cultured. Consequently, itis possible
to improve the commercial values of the organisms to be
cultured.

Brief Description of Drawings
[0028]

[FIG. 1]
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FIG. 1is a plan view schematically showing a culture
system according to one embodiment of the present
invention.

[FIG. 2]

FIG. 2 is a perspective view showing a part of a cul-
ture rack without an upper cover net and a culture
bed.

[FIG. 3]

FIG. 3 is a perspective view showing a part of the
culture rack.

[FIG. 4] FIG. 4 is a block diagram showing a sluice
gate control device.

[FIGS. 5]

FIGS. 5 are schematic cross-sectional views show-
ing ebb and flow control by sluice gate equipment.
FIG. 5(a) shows a state in which a sluice gate is
opened. FIG. 5(b) shows a state after the sluice gate
is closed when a tidal level of the open sea is high.
FIG. 5(c) shows a state after the sluice gate is closed
when a tidal level of the open sea is low.

[FIG. 6]

FIG. 6 is a diagram showing a concept of a method
for culturing oysters by water level control.

[FIG. 7]

FIG. 7 is a perspective view showing a state in which
oysters at the initial stage of culture are spread on
parts of the culture rack.

[FIG. 8]

FIG. 8 is a perspective view showing a state in which
oysters are spread on a substantially entire surface
of the culture rack.

[FIGS. 9]

FIGS. 9 are graphs showing a relationship between
a culture time and a tidal level. FIG. 9(a) shows con-
trolto shorten a dry time so that the dry time is shorter
than a predetermined basic time. FIG. 9(b) shows
control to lengthen the dry time so that the dry time
is longer than the predetermined basic time.

[FIG. 10]

FIG. 10is a flowchart showing the control to shorten
the dry time so that the dry time is shorter than the
predetermined basic time.

[FIG. 11]

FIG. 11 is aflowchart showing the control to lengthen
the dry time so that the dry time is longer than the
predetermined basic time.

[FIG. 12]

FIG. 12 is a perspective view showing oysters cul-
tured by the culture system of the present invention.
[FIG. 13]

FIG. 13is a perspective view showing parts of culture
baskets. [FIGS. 14]

FIGS. 14 are diagrams showing a shape of a basket
member for the culture basket. FIG. 14(a) is a de-
velopment view thereof. FIG. 14(b) is a perspective
view thereof.

[FIGS. 15]

FIG. 15(a) to FIG. 15(c) are diagrams showing re-
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spective culture processes using the culture method
of the present invention.

Modes for Carrying Out Invention
(Embodiment 1)

[0029] Hereinafter, one embodiment of the presentin-
vention will be described with reference to the drawings.
FIGS. 1 to 12 show a culture system 1 for oysters ac-
cording to Embodiment 1 of the present invention. FIG.
1is a plan view schematically showing the culture system
1. FIG. 2 is a perspective view showing a part of a culture
rack 10 without an upper cover net 19 and a culture bed
16. FIG. 3 is a perspective view showing a part of the
culture rack 10.

[0030] As shown in FIG. 1, the culture system 1 ac-
cording to Embodiment 1 includes: an embankment 5
made of a mound and the like for forming an embankment
pond (culturing area) 3 of the sea separated from the
open sea 2; sluice gate equipment 6 constituting a part
of the embankment 5 so as to communicate an open sea
2 with a culturing area 3 or to shut the culturing area 3
off from the open sea 3; a plurality of culture racks 10
suitably disposed in the culturing area 3 inside the em-
bankment 5; and a sluice gate control device 20 that con-
trols to open and close a sluice gate 6a constituted by a
shutter body of the sluice gate equipment 6.

[0031] As shownin FIGS. 2 and 3, the culture rack 10
includes: vertical support struts 11 that are erected on
the ground (bottom surface); a pair of support members
13 parallel to each other in the horizontal direction; hor-
izontal support struts 14; support ropes 15 and a culture
bed 16.

[0032] The vertical support struts 11 are erected on
the ground at predetermined intervals in the left and right
direction (width direction orthogonal to the longitudinal
direction) of the culture rack 10. Also, the vertical support
struts 11 are erected on the ground at predetermined
intervals in the longitudinal direction of the culture bed
16. Between the vertical support struts 11 disposed on
both sides of the culture bed 16 along the width direction,
the respective horizontal support struts 14 are bridged
horizontally via coupling members 18. Also, between the
vertical support struts 11 in the longitudinal direction of
the culture rack 10, the respective pairs of support ropes
15 are bridged in a manner intersecting with each other.
As the culture rack 10 is reinforced by the support mem-
bers 13 and the support ropes 15, the culture bed 16 can
be solidly hold.

[0033] The culture bed 16 is laid on the support mem-
ber 13. The culture bed 16 is formed by a long net plate
made of a high-density polyethylene, which has mesh
openings of about 2 to 8 mm through which the water
passes. A bed surrounding portion 16a of the culture bed
16 is bent upward. Thus, the culture bed 16 is made up
of a culture bed surface 16b on which the oysters 8 are
spread, and the bed surrounding portion 16a having a
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height of approximately 10 cm and being upwardly
formed around the culture bed surface 16b so as to pre-
vent the oysters 8 from falling involuntarily. In the culture
bed 16, it is sufficient that at least the culture bed surface
16b has the water-passing property.

[0034] The culture bed 16 is covered by a cover sheet
(upper cover net formed by net fabric made of a polyeth-
ylene having mesh openings of 2 mm or more and having
a high flexibility) 19. The cover sheet 19 is lashed and
secured to the culture bed 16 at some edge portions via
securing members such as strings (not shown) so as to
be removably attached to the culture bed 16. In this way,
by covering the oysters 8 with the cover sheet 19, it is
possible to obtain, for example, the following effects: pre-
venting dissipation of the oysters 8; preventing bird-dam-
ages; shielding lights; and preventing adhering matters.
[0035] The height of the culture bed 16 is set to a value
so that a dry time in which the culture bed surface 16b
(the oysters 8 on the culture bed surface 16b) of the cul-
ture bed 16 is exposed from the sea surface equals a
predetermined basic time under the condition that the
tidal level (water level) of the culturing area 3 follows the
change in the tidal level of the open sea 2. Specifically,
the height of the culture bed 16 is set so that the dry time
per day is 7 hours or more when averaged by month. For
example, the culture bed 16 is placed so that the culture
bed surface 16b is positioned where the tidal level causes
the average value of the daily dry time of 7 hours or more
based on a tide table in which are listed predicted tidal
levels for each passage of time in various places. Also,
each culture rack 10 is separated apart from the seabed
of the culturing area 3 by 500 mm or more in the height
direction so as to reduce damage due to flying of mud or
sand.

[0036] Next, the sluice gate control device 20 is de-
scribed. FIG. 4 is a block diagram showing the sluice
gate control device 20. The sluice gate control device 20
includes: a motor 21 as operating means for moving up
and down the sluice gate 6a of the sluice gate equipment
6; a sluice gate control unit 22 to control the motor 21; a
water surface detector 25 for the culturing area to detect
the water surface (tidal level) of the culturing area 3 (e.g.
an ultrasonic sensor and a level sensor); and a temper-
ature detector (temperature sensor) 26 to detect a water
temperature of the culturing area 3. The sluice gate con-
trol unit 22 includes: a memory 22a that stores a time
schedule of tidal activity according to the tide table; and
a timer 22b.

[0037] A description will be given on control of the tidal
level of the culturing area 3 by opening and closing the
sluice gate equipment 6.

[0038] When the tidal level of the open sea 2 is higher
than the tidal level of the culturing area 3, opening the
sluice gate 6a of the sluice gate equipment 6 allows the
sea water of the open sea 2 to flow into the culturing area
3 through the opened sluice gate equipment 6. Also,
when the tidal level of the open sea 2 is lower than the
tidal level of the culturing area 3, the sea water of the

10

15

20

25

30

35

40

45

50

55

culturing area 3 is allowed to flow out to the open sea 2.
Thus, when the sluice gate is opened, the tidal level of
the culturing area 3 changes following the tidal activity
of the open sea 2 (see FIG. 5(a)).

[0039] When the tidal level of the open sea 2 is high
(for example, at high tide), closing the sluice gate equip-
ment 6 allows the culturing area 3 to maintain the tidal
level higher than the culture bed surface 16b regardless
of the change in the tidal activity of the open sea 2 (see
FIG. 5(b)). In this way, it is possible to maintain an in-
water state of the oysters 8, i.e., the state in which the
oysters 8 spread on the culture bed surface 16b are com-
pletely submerged in the sea water.

[0040] When the tidal level of the open sea 2 is low (for
example, at low tide), closing the sluice gate equipment
6 allows the culturing area 3 to maintain the tidal level
lower than the culture bed surface 16b regardless of the
change in the tidal activity of the open sea 2 (see FIG.
5(c)). In this way, as the tidal level of the culturing area
3 becomes lower than the culture bed 16, it is possible
to maintain a dry state of the oysters 8, i.e., the state in
which the oysters 8 on the culture bed surface 16b are
exposed from the sea water.

[0041] The culture system 1 of Embodiment 1 is con-
figured as described above. Here, a method for culturing
the oysters 8 using the culture system 1 is described.
FIG. 6 is a diagram showing a concept of the method for
culturing oysters by water level control. FIG. 7 is a per-
spective view showing a state in which the oysters 8 at
the initial stage of culture are spread on parts of the cul-
ture rack 10. FIG. 8 is a perspective view showing a state
in which the oysters 8 are spread on a substantially entire
surface of the culture rack 10. FIGS. 9(a) and 9(b) are
graphs showing a relationship between the culture time
and the tidal level.

[0042] The oysters 8 are reared previously by other
systems, e.g., a known seedling production on the land
(seedling production process) and an intermediate rear-
ing (intermediate rearing process by FLUPSY), where
spats of the oysters 8 grow to young oysters having the
shell height of about 20 mm. Here, FLUPSY (Floating
Upweller System) means an intermediate rearing system
on the sea for rearing spats (young shellfishes) of bi-
valves. The system includes a floating raft and rearing
containers. With this system, it is possible to rear spats
of bivalves with high density by efficiently feeding the
spats on natural phytoplankton.

[0043] In Embodiment 1, as shown in FIG. 6, the dry
state of the oysters 8 is maintained for a longer time in
the high water temperature period that lasts generally
from June to September. Also, the dry time and its fre-
quency of the oysters 8 are decreased in the suitable
water temperature period that lasts generally from Sep-
tember to June.

[0044] At the initial stage of culturing the oysters 8,
parts of the culture bed 16 of each culture rack 10 are
used. That s, at the start of culture, the oysters 8 having
the shell height of about 20 mm are spread on parts of
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the culture bed surface 16b of the culture bed 16 so as
to leave a certain space in consideration of the final cul-
ture density of 200 to 400 individuals/m2. Specifically, as
shown in FIG. 7, the oysters 8 are spread on predeter-
mined parts of the culture bed 16 at intervals.

[0045] The tidal level of the open sea 2 at an arbitrary
time can be estimated based on the tide table as shown
in FIG. 9. For example, the memory 22a stores annual
data of the time schedule of tidal activity based on the
tide table. The water surface detector 25 for the culturing
area detects the height of the water surface of the cul-
turing area 3 and transmits a detection signal to the sluice
gate control unit 22. The temperature sensor 26 detects
the water temperature and transmits a detection signal
to the sluice gate control unit 22.

[0046] Generally, in the period from June to Septem-
ber, the sea water temperature increases accompanied
by the increase of the ambient temperature. As the result,
the water temperature is likely to reach a predetermined
temperature (e.g. 25°C) or more. When the temperature
sensor 26 detects that the water temperature equals the
predetermined temperature or more, the sluice gate con-
trol device 20 opens the sluice gate equipment 6 so as
to leave the tidal level changing. That is, when the sluice
gate equipment 6 is being opened, the tidal level in the
culturing area 3 changes accompanied by the tidal ac-
tivity of the open sea 2. In the case where the tidal level
of the open sea 2 is higher than the tidal level in the
culturing area 3, the sea water of the open sea 2 flows
into the culturing area 3 through the sluice gate equip-
ment 6. Thus the tidal level in the culturing area 3 be-
comes higher than the culture bed surface 16b of the
culture bed 16, and the oysters 8 are submerged in the
sea ("in-water state").

[0047] On the other hand, in the case where the tidal
level of the open sea 2 is lower at low tide, the sea water
in the culturing area flows out to the open sea 2 through
the sluice gate equipment 6. Thus the tidal level in the
culturing area 3 becomes lower, and the oysters 8 on the
culture bed surface 16b are exposed ("dry state"). Sub-
sequently, when the tide is full, the sea water of the open
sea 2 flows again into the culturing area 3 to increase
the tidal level in the culturing area 3. Thus, the in-water
state and the dry state alternate repeatedly.

[0048] In Embodiment 1, the height of the culture bed
surface 16b of the culture rack 10 is set so that the culture
bed surface 16b has an average dry time of 7 hours or
more. Thus, it is possible to expose the oysters 8 for 7
hours or more on average. Consequently, the shell sur-
faces of the oysters 8 can be dried by placing the oysters
8 in the dry state for the predetermined period of time
every day.

[0049] Next, a description will be given on control to
shorten the dry time so that the dry time is shorter than
the predetermined basic time, with reference to FIGS.
9(a) and 10. This controlis performed when the sea water
temperature becomes the predetermined temperature or
less, for example, when the sea water temperature is
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relatively low in the period from September to June of
the following year.

[0050] As shownin FIG. 9(a), afirsttime t1 and a sec-
ond time t2 are estimated based on the time schedule of
tidal activity. At the first time t1, the tidal level of the open
sea 2 becomes lower than the culture bed surface 16b,
and at the second time t2, the tidal level of the open sea
2 becomes higher than the culture bed surface 16b. Also,
an opening time t3, which is before the second time t2
and after the first time t1, is set. The time period between
the first time t1 and the second time t2 corresponds to
the predetermined basic time.

[0051] As shown in FIG. 10, in the state in which the
sluice gate of the sluice gate equipment 6 is opened (S1),
when the tidal level of the open sea 2 is higher than the
tidal level at the culture bed surface 16b of the culture
rack 10, it is determined that a condition to close the
sluice gate is satisfied (S2). Thus, the sluice gate 6a of
the sluice gate equipment 6 is closed (S3). In this state,
it is possible to maintain a high tidal level in the culturing
area 3 (i.e., the in-water state), thus the oysters 8 on the
culture rack 10 can be reared. Although the tidal level of
the open sea 2 gradually lowers as time elapses, the tidal
level in the culturing area 3 can be maintained at a pre-
determined height regardless of the change in the tidal
level of the open sea 2, because the sluice gate of the
sluice gate equipment 6 is being closed.

[0052] In this way, the timing at which the sluice gate
equipment 6 is closed is set to a closing time t4 before
thefirsttime t1 (e.g. athigh tide). Then, when the opening
time t3 comes, it is determined that a condition to open
the sluice gate is satisfied (S4). Thus, the sluice gate
equipment 6 is opened. At the opening time t3, the tidal
level of the open sea 2 is lower than the tidal level at the
culture bed surface 16b. Accordingly, the sea water in
the culturing area 3 flows out to the open sea 2. Thus,
the in-water state can be maintained for a period from
the first time t1 to the opening time t3, that is, the dry time
can be shortened compared with the predetermined ba-
sic time by the period from the first time t1 to the opening
time t3. Furthermore, since the sluice gate equipment 6
is being opened, when the tide is full, the tidal level in the
culturing area 3 increases accompanied by the increase
of the tidal level of the open sea 2. Thus, the oysters 8
are again maintained under the sea.

[0053] The sluice gate control unit 22 can control the
sluice gate equipment 6 based on the time schedule of
tidal activity. However, the sluice gate control unit 22 can
also control the sluice gate equipment 6 based on the
detection signal from the water surface detector 25 for
culturing area. The detection by the water surface detec-
tor 25 for culturing area is secondarily adopted to confirm
the height of the water surface in the culturing area.
[0054] Next, a description will be given on control to
lengthen the dry time so that the dry time is longer than
the predetermined basic time, with reference to FIGS.
9(b) and 11. In order to lengthen the dry time compared
with the predetermined basic time, the sluice gate equip-



11 EP 3 008 995 A1 12

ment 6 is closed for a predetermined time when the tidal
level of the open sea 2 is low. As shown in FIGS. 9(b)
and 11, in the state in which the sluice gate equipment
6 is opened (S10), when it is detected that the tidal level
of the open sea 2 is lower than the culture bed surface
16b (e.g. at low tide) at a time t5 before a working time
zone, it is determined that a condition to close the sluice
gate is satisfied (S11). Thus, the sluice gate equipment
6 is closed (S12). In this way, by closing the sluice gate
equipment 6 when the tidal level is low, the sea water of
the opensea 2 is prevented from flowing into the culturing
area 3, whichresults in ensuring the dry state for a desired
period of time to exposure the oysters. Preferably, the
duration of the dry time is controlled between 7 hours to
15 hours.

[0055] Furthermore, after a predetermined time has
elapsed (S13), the sluice gate equipment 6 is opened.
For example, the sluice gate is opened at a time t6. The
time t6 is, for example, after the time t2 and at which the
tidal level of the open sea 2 is higher than the height of
the culture bed 16 (e.g. at high tide). Thus, the tidal level
changes accompanied by the tidal activity of the open
sea 2, which allows the sea water to flow into the culturing
area 3 in a suitable manner from the open sea 2.
[0056] Thus, the dry time can be set between the first
time t1 and the high tide time t6. Since the oysters 8 grow
by the above-described culture method, the oysters 8 are
spread, according to the growth thereof, on an empty
space of the culture bed 16 using the dry time. Thus, as
to the culture density of the oysters 8, the surface area
for culturing the oysters 8 is changed according to the
growth of the oysters 8 so as to maintain the predeter-
mined population density of the oysters.

[0057] As described above, it is desirable for the oys-
ters 8 to be reared with a predetermined culture density.
That is, at the start of culture, the young oysters 8 are
spread on parts of the culture bed so as to leave a certain
space in consideration of the final culture density of 200
to 400 individuals/m2. Thus, by spreading the oysters 8
on the empty space according to the growth thereof, it is
possible to easily control the density, on site, according
to the growth stage of the oysters 8. In this way, with
Embodiment 1, it is possible to reduce the complexity of
the density control according to the growth stage of the
oysters 8.

[0058] Also, with Embodiment 1, the culture period can
be shortened. That is, in Embodiment 1, due to open-
ing/closing of the sluice gate equipment 6 according to
the changein the tidal level of the opensea 2, itis possible
to maintain a fixed tidal level inside the embankment
pond. As the result, it is possible to considerably prevent
the working times and working environment from being
affected by the tidal activity of the open sea. Also, by
closing the sluice gate equipment 6 when the tidal level
of the open sea 2 is high, it is possible to constantly place
the culture system 1 under the sea, which results in pro-
motion of the growth of the shells. Furthermore, since
the mortality risk of the oysters is reduced in the period
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when the water temperature is the predetermined tem-
perature (25°C) or less, the total culture period can be
shortened, by the above treatments, to about 8 to 18
months.

[0059] The start timing for culturing the oysters 8 (or-
ganisms to be cultured) using the culture system 1 is not
particularly limited, which may be suitably set according
to the kinds of oysters 8.

[0060] With Embodiment 1, it is possible to improve
selectivity of the working times. As the culture system 1
can maintain the dry state by closing the sluice gate
equipment 6 when the tidal level of the open sea 2 is low,
it is possible to ensure not only the sufficient working
times but also the working environment in the daytime
easily even when the low tide occurs at night. In Japan,
since the days having the low tide at night considerably
increase generally from late autumn to early spring, this
embodiment is very effective means for improving work
efficiency.

[0061] With Embodiment 1, it is possible to suppress
depletion of the oysters in the high water temperature
period. In the period when the water temperature is 25°C
or more, the average dry time per day is set to 7 hours
or more by opening/closing the sluice gate equipment 6
so as to restrict the feeding activity of the oysters 8, which
results in preventing the oysters from weakening caused
by excessively accelerated metabolism, and in maintain-
ing the natural physiological state of the oysters. Thus,
the depletion of the oysters can be reduced in the high
watertemperature period. Inthe period when the ambient
temperature at the time of drying is more than 30°C, the
culture bed 16 is covered by the cover sheet 19 having
mesh openings of about 2 mm so as to improve the light-
shielding effect. Thus, the surface of the shells can be
prevented from having an excessive high temperature.

[0062] In addition, since the dry state of the oysters 8
can be controlled, it is possible to sufficiently dry the ex-
posed oysters 8 using the dry state. Thus, as shown in
FIG. 12, it is possible to prevent competitors over food
from adhering to the oysters 8. As the result, itis possible
to culture the oysters 8, as shown in FIG. 12, with good
shaped shells having a predetermined height (size H of
the oyster 8 in the longitudinal direction), to which few
competitors over food are adhered. Accordingly, it is pos-
sible to improve especially the commercial value of the
oysters with shells.

(Embodiment 2)

[0063] Hereinafter, another embodimentofthe present
invention will be described with reference to the draw-
ings. The culture system according to Embodiment 2 is
characterized in that culture baskets are used in place
of the culture racks 10 in the culture system 1 described
in Embodiment 1. FIG. 13 is a perspective view showing
parts of culture baskets 30 according to Embodiment 2.
FIG. 14 is a perspective view showing a shape of a basket
member 34 for the culture basket 30. In Embodiment 2,
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the component elements (such as the embankment 5
and the sluice gate equipment 6) except for the culture
baskets 30 and the culture method (i.e., the control to
open and close the sluice gate equipment 6 and the like)
are the same as those in Embodiment 1. Thus, the de-
scription thereof is omitted here. Only the specific con-
figuration of the culture basket 30 is described hereafter.
[0064] As shown in FIG. 13, the culture basket 30 in-
cludes: vertical support struts 31 that are erected on the
ground (bottom surface); horizontal support struts 32;
basket member hanging wires 33; and the basket mem-
bers 34.

[0065] A plurality of vertical support struts 31 (here,
three struts) is erected on the ground at predetermined
intervals in the left and right direction (width direction or-
thogonal to the longitudinal direction) of the culture bas-
kets 30. Also, the vertical support struts 31 are erected
on the ground at predetermined intervals in the longitu-
dinal direction of the culture baskets 30. Between the
vertical support struts 11 erected in the width direction
of the culture baskets 30, the respective horizontal sup-
port struts 32 are bridged horizontally via coupling mem-
bers 18. Also, between the horizontal support struts 32
in the longitudinal direction of the culture baskets 30, a
plurality of basket member hanging wires 33 (here, four
wires) is bridged so as to be parallel to one another. Edge
portions of the basket member hanging wires 33 are se-
cured to respective anchor posts 35.

[0066] The basket member 34 is to culture the oysters
8 encaged therein, and is disposed with being hung by
the basket member hanging wire 33. In Embodiment 2,
four basket members 34 are hung by one basket member
hanging wire 33 bridged between the two horizontal sup-
port struts 32 arranged next to each other in the longitu-
dinal direction of the culture baskets 30.

[0067] The basket member 34 is formed by a net plate
made of a high-density polyethylene, which has mesh
openings of about 2 to 15 mm through which the water
passes. The basket member 34 has a tube-like shape
whose cross-section is substantially triangular. For ex-
ample, the net plate, which has a shape shown in FIG.
14(a) by cutting, is bent and closed with a string or a
binding band to form the basket member 34 as shown in
FIG. 14(b). The oysters 8 may be putin or taken out from
the basket member 34, through an opening made by un-
tying at least a part of the above string or binding band.
[0068] The configuration of the basket member 34 is
not limited to the above example. As another example,
the basket member 34 may be formed by attaching the
net plate onto a frame member so as to have a tube-like
shape whose cross-section is substantially triangular. In
this case, the basket member 34 using the frame member
may have at least one openable side surface through
which the oysters 8 may be put in or taken out.

[0069] Also, the basket member 34 is hung by the bas-
ketmemberhanging wire 33 using arope 36, accordingly,
the basket member 34 can easily be removed from the
basket member hanging wire 33. When the oysters 8 are
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put in or taken out from the basket member 34 or when
the basket member 34 is cleaned, such operations can
be easily performed in a state in which the basket mem-
ber 34 is being removed from the basket member hanging
wire 33.

[0070] The basket member 34 hung by the basket
member hanging wire 33 is disposed so that one surface
of the three surfaces constituting the triangular-shape in
cross section serves as a horizontal bottom surface. This
bottom surface is a culture bed surface 34a on which the
oysters 8 are spread. The other two surfaces 34b and
34c have a similar function to the cover sheet 19 of Em-
bodiment 1. That is, the surfaces 34b and 34c of the
basket member 34 cover the oysters 8 spread on the
culture bed surface 34a so as to obtain, for example, the
following effects: preventing dissipation of the oysters 8;
preventing bird-damages; shielding lights; and prevent-
ing adhering matters.

[0071] The height of basket member 34 of the culture
basket 30 is set to a value so that a dry time in which the
culture bed surface 34a (the oysters 8 on the culture bed
surface 34a) of the basket member 34 is exposed from
the sea surface equals a predetermined basic time under
the condition that the tidal level (water level) of the cul-
turing area 3 follows the change in the tidal level of the
open sea 2. Specifically, the height of the culture basket
30 is set so that the dry time per day is 7 hours or more
when averaged by month. For example, the culture bas-
ket 30 is placed so that the culture bed surface 34a is
positioned where the tidal level causes the average value
of the daily dry time of 7 hours or more based on a tide
table in which are listed predicted tidal levels for each
passage of time in various places. Also, the culture bas-
ket 30 is separated apart from the seabed of the culturing
area 3 by 500 mm or more in the height direction so as
to reduce damage due to flying of mud or sand.

[0072] As to the number of individuals of the oysters 8
to be spread in one culture basket 30 at the initial stage
of culturing, the above number is set in consideration of
the final culture density of 200 to 400 individuals/m2 in
the culture bed surface 34a.

[0073] The present invention is not limited to Embod-
iments 1 and 2 as described above. The oysters 8 include
a plurality of species such as Crassostrea gigas,
Crassostrea sikamea, Crassostrea ariakesis, Ostrea
denselamellosa and Ostrea edulis. Other shellfishes
such as Ruditapes philippinarum, Meretrix lusoria and
Mactra chinensis may also be used.

[0074] Also, as shownin FIGS. 1 and 4 by virtual lines,
an external tidal level detector 27 may be provided to
detect the tidal level of the open sea 2. In this case, the
tidal level of the open sea 2 can be constantly detected
apart from the time schedule of tidal activity. Further-
more, the tidal level of the open sea 2 may be obtained
based on both the time schedule of tidal activity and the
external tidal level detector 27.

[0075] The opening/closing operations of the sluice
gate equipment may performed manually by a worker.
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Embodiments 1 and 2 exemplarily describe the culture
system 1 having the sluice gate equipment to control ebb
and flow of the tide. However, a water tank may be applied
to the present invention for culturing the oysters 8 and
the like. For example, the sea water is stored in the water
tank via a pump that is controlled to increase/decrease
the sea water level in the water tank.

[0076] In the culture method according to Embodiment
1 or 2, there is a tideland-restriction rearing process by
controlling the tidal level (see

[0077] FIG. 15(a)), after the seedling production proc-
ess and the intermediate rearing process by FLUPSY,
as described above. Like this, the most suitable water
level for survival and growth of the oysters 8 is provided
according to the change in the water temperature. Thus,
it is possible to shorten the culture period and to reduce
depletion of the oysters in the high water temperature
period.

[0078] In the conventional culture, which adopts the
suspension culture process after the seedling production
process and the intermediate rearing process by FLUP-
SY, there often occurs a problem of stunted growth of
the oysters 8 in the suspension culture process. In order
to address this problem, the conventional suspension
culture process can be performed after performing the
seedling production process, the intermediate rearing
process by FLUPSY and the tideland-restriction rearing
process by the culture system 1 of the embodiments of
the present invention (see FIG. 15(b)). In this way, it is
possible to shorten the total culture period, and in addi-
tion, to remedy the problem of stunted growth of the oys-
ters 8 often caused by the conventional method including
the seedling production process, the intermediate rearing
process by FLUPSY and the suspension culture process.
[0079] Furthermore, it is possible to perform a rearing
process in the tideland as the final process in addition to
the culture processes indicated in FIG. 15(b) (see FIG.
15(c)). The rearing process in the tideland as the final
process may be performed in an artificial tideland where
the tidal level is artificially adjusted, orin a natural tideland
by the natural tidal level. In this case where the tideland
culture is added as the final process, the oysters can
further abundantly grow because they are reared at the
tidal level with which they originally live. Also, such oys-
ters can have resistance to the dry state or transport
stress when they are shipped as the oysters with shells.
[0080] The presentinvention may be embodied in oth-
er forms without departing from the gist or essential char-
acteristics thereof. The foregoing embodiment is there-
fore to be considered in all respects as illustrative and
not limiting. The scope of the invention is indicated by
the appended claims rather than by the foregoing de-
scription, and all modifications and changes that come
within the meaning and range of equivalency of the claims
are intended to be embraced therein.

[0081] This application claims priority based on Patent
Application No. 2014-037821 filed in Japan on February
28, 2014 and Patent Application No. 2015-029804 filed
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inJapan on February 18,2015. The entire contents there-
of are hereby incorporated in this application by refer-
ence.

Description of Reference Numerals

[0082]

1 Culture system

2 Open sea

3 Culturing area

5 Embankment

6 Sluice gate equipment

6a Sluice gate

8 Oysters (Organisms to be cultured)
10 Culture rack

11 Vertical support strut

12 Coupling member

13 Support member

14 Horizontal support strut

15 Support rope

16 Culture bed

16a  Bed surrounding portion

16b  Culture bed surface

18 Coupling member

19 Cover sheet (Upper cover net)

20 Sluice gate control device

21 Motor

22 Sluice gate control unit

25 Water surface detector for culturing area
26 Temperature sensor (Temperature detector)
27 External tidal level detector

30 Culture basket

31 Vertical support strut

32 Horizontal support strut

33 Basket member hanging wire
34 Basket member

34a  Culture bed surface

Claims

1. A method for culturing organisms to be cultured,
comprising the steps of:

disposing a culture bed surface in a culturing
area of which a water level is adjustable so that
the culture bed surface has a predetermined
height from a bottom surface of the culturing ar-
ea;

placing the organisms to be cultured such as
shellfishes on the culture bed surface; and
adjusting the water level of the culturing area so
that the water level is controlled to realize: a dry
state in which the organisms to be cultured on
the culture bed surface are exposed from a wa-
ter surface; and an in-water state in which the
organisms to be cultured are submerged in the
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water.

The method for culturing organisms to be cultured
according to claim 1,

wherein the culturing area is separated apart from
the open sea by an embankment, and

wherein a height of the water surface of the culturing
area is controlled using a natural tidal activity by
opening/closing sluice gate equipment constituting
a part of the embankment.

The method for culturing organisms to be cultured
according to claim 2, wherein the culture bed surface
is disposed at a height between a tidal level at high
tide of the open sea and a tidal level at low tide of
the open sea.

The method for culturing organisms to be cultured
according to claim 3, wherein, when a water temper-
ature around a culture rack is a predetermined tem-
perature or more, the water level is controlled to
lengthen a dry time compared with the dry time when
the water temperature is lower than the predeter-
mined temperature.

The method for culturing organisms to be cultured
according to any one of claims 1 to 4,

wherein the culture bed surface is a net through
which water passes, and

wherein the culture bed surface is separated apart
from the bottom surface of the culturing area by 500
mm or more in a height direction.

The method for culturing organisms to be cultured
according to any one of claims 1 to 5, wherein the
organisms to be cultured are oysters.

The method for culturing organisms to be cultured
according to claim 6, wherein a culture density of the
organisms to be cultured on the culture bed surface
is controlled by changing a surface area for culture
according to growth of the organisms to be cultured
so as tomaintain a predetermined population density
of the organisms to be cultured.

The method for culturing organisms to be cultured
according to any one of claims 1 to 7, wherein the
culture bed surface is a floor surface of a culture rack
formed in a rack-like shape by a long net plate.

The method for culturing organisms to be cultured
according to any one of claims 1 to 7, wherein the
culture bed surface is a bottom surface of a culture
basket formed in a tube-like shape by a net plate.

A culture system for performing the method for cul-
turing organisms to be cultured according to claim
2, comprising:
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10

the sluice gate equipment capable of communi-
cating the culturing area with the open sea and
shutting the culturing area off from the open sea;
a driver for driving the sluice gate equipment;
and

a sluice gate control unit for controlling the driv-
er,

wherein the sluice gate control unit controls the
opening and closing of the sluice gate equip-
ment so that the water level is switched between
the dry state in which the organisms to be cul-
tured are exposed from the water surface and
the in-water state in which the organisms to be
cultured are submerged in the water.

11. The culture system for organisms to be cultured ac-

cording to claim 10, further comprising atemperature
detector for detecting a water temperature of the cul-
turing area,

wherein the sluice gate control unit controls, based
on a detection signal from the temperature detector,
the opening and closing of the sluice gate equipment
so as to lengthen or shorten a time for the dry state
compared with a predetermined basic time.
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