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Development of seedling cultivation methods for transplantation of young

Eisenia bicyclis and Ecklonia cava plants by using settlement devices

Kuo T1aN”, Mineo OKAMOTO", Singo KaMOSHITA”, and Itaru IWATA

Abstract : We developed seedling cultivation methods for transplantation of young FEisenia
bicyclis and Ecklonia cava plants using settlement devices (SDs). Experiments were conducted
using four settlement devices consisting of (1) flat unglazed china, (2) unglazed china with
small hollows, (3) two (06 and 07) slag-ceramic interfaces with minute (3—10 um diameter)
pores. No seaweeds grew on the flat unglazed china in a seawater circulation tank on land after
release of E. bicyclis zoospores. Hollow china and 06 slag-ceramic SDs were deployed at depths
of 0 m, 0.2 m, and 2 m in a forest of E. bicyclis for 6 months. The sun-illuminated sides of SDs
were fully covered by small seaweeds (excluding Eisenia) depending on the depth (Ulva at a
depth of 0 m, Chondrus at 0.2 m, and Chondrus and Gelidium at 2 m). However, attachment of
Ulva on the two types of SDs was different. Ulva could be easily removed from the hollowed
surface, but it could not be separated from the surface of the slag-ceramic SDs even with a
knife. On the 07 slag-ceramic SDs placed in a seawater tank, E. bicyclis could be raised from the
settled zoospores released from their mother plants. Hundred days after settlement, 17— 18
sporophyte Eisenia (2—4 cm) grew on 1 slag-ceramic SD. It was possible for slag-ceramic SD
to brush not damaging E. bicyclis on the SD.
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Table 1. Forms of ceramic settlement devices (SDs)

Type Size of SD (mm) Shape of settlement surface of disc
of Disc Spacer
SD Dia. Thick Thick Upper surface Under surface
China* 53 11 7 Flat with grooves Flat with grooves
Hollow china* 40 9 9 Small hollows Flat
06 Slag** 44 8 9 Flat Flat with grooves
07 Slag™* 59 9 10 Flat with grooves Flat with grooves

*Unglazed china
**Pores (3-10 um in diameter) unglazed ceramic
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Fig. 2. Three seaweed settlement surfaces of the disc
(printed area). (a) Upper surface, (b) side sur-
face, (c¢) lower surface.
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Fig. 3. Experiment 1 at Ibaraki Prefectural Fisheries
Research Center. (a) Seawater tank and two con-
tainers containing 16 units of the china settle-
ment device (SD). A unit composes of a stack of
10 SDs with a fishing line. (b) Upper side of the
SD unit deployed on December 3, 2003 and sam-
pled on October 19, 2004. Growth of diatoms indi-
cated in black. (c) Side view of the same SD unit
as in Fig. 3 (b).
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Fig. 4. Experiment 2 at Iwase, Awaji Island. (a) Unit
of hollow china SDs set in a polypropylene inner
case. A hollow china SD case consisted of four
slender transparent rods, a black lower top, and a
transparent upper top. (b) Three hollow SD cases
fixed on plastic plates and deployed in an Ecklonia
cava marine forest; each case held 10 units of hol-
low china SDs. A hollow china SD case was com-
posed of a transparent upper plate, a black lower
plate, and six transparent rods to bind the two
plates. (¢) E. cava growing on the disc of an SD.
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Fig. 5. Grating used for Experiment 3. Left: a 06 slag-
ceramic case held 10 units of 06 slag-ceramic SDs;
center: a plastic drain board to fix 16 06 slag-
ceramic SDs; and right: a hollow case holding 10
units of hollow SDs. A plastic drain board was
used for Experiment 4 to fix 16 07 slag-ceramic
SDs for the experiment on November 9, 2009.
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Fig. 6. Tllustration of measuring seaweed cover around the four side surfaces of a disc [(a) — (c), %], and sea-
weed settlement depth [(d) — (f), mm] on the upper and lower surfaces of the disc. (a) Seaweed cover meas-
urement positions (printed area) of the four side surfaces of the discs; 11-12 SDs were combined and bound
as 1 unit. Ten units were fixed in a case, above and below. Cases were turned sideways and fixed on the grat-
ing as shown in Fig. 5; thus, the discs of SDs were placed vertically. (b) The four side surfaces of the discs
were measured for algal cover (%). (¢) Data of 10 SDs from 1 unit were averaged (%) for display. (d)
Measurement of seaweed settlement depth. (e) Upper surface of the disc. Measuring maximum seaweed set-
tlement depth (as shown in open arrow). Data of the upper five units (n = 50) are averaged (in mm) for
each case. (f) Lower surface of the disc. Maximum seaweed settlement depth (as shown in solid arrow) is
measured in the same manner as described in Fig. 6 (e).
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Fig. 7. 06 slag-ceramic case and plate used for Experi-
ment 4. (a) 06 slag-ceramic case divided into
halves. (b) Black lower plate of the case used to
fix 10 06 slag-ceramic SDs.
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Table 2. Wet weight of growing seaweed on horizontally fixed 06 slag-ceramic SDs deployed at three depths

in Experiment 3.

Depth No. of Wight of Algae (g) Total weight composition of algae (%)
(m) SD Range Mean+SD Ulva Chondrus  Gelidium  Others
0* 16 3.2-5.26 4.02£0.72 100 0 0 0
0.2* 12 1.83-5.67 4.51%£1.10 37.7 62.3 0 0
2 16 2.76-1.7 4.04%1.22 1.4 74.6 17.0 0.94

*Ena bay, Kanagawa Prefecture. Deployed: October 28, 2006. Sampled: May 25, 2007.
**Takeoka, Chiba Prefecture. Deployed: October 29, 2006. Sampled: June 05, 2007.
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Fig. 8. Seaweed growing on 06 slag-ceramic SDs fixed
on a drain board in Experiment 3. Deployed at a
depth of 2 m in Takeoka between October 29, 2006
and June 05, 2007. (a) 16 06 slag-ceramic SDs cov-
ered by Chondrus and Gelidium. (b) Separated 06
slag-ceramic SD.
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Table 3. Wet weights of growing seaweed on upper five units (n = 50) of hollow china SD case and 06 slag-
ceramic SD case deployed at three depths in Experiment 3.

Type of Depth Weight of Algae (g) Total weight composition of algae (%)
SD (m) Range  Mean* (SD) Ulva Chondrus  Gelidium  Others

Hollow 0* 0.25-1.67  0.68 (0.72) 100 0 0 0
china 0.2* 0.99-4.28  2.28 (1.01) 0 99.1 0.5 0.4

2% 216558  3.40 (0.97) 0.1 68.5 28.7 2.7
06 slag— 0* 0.52-1.94  1.02 (0.4D 90.9 9.1 0 0
ceramic 0.2* 0.39-351 158 (0.87) 3.8 96.2 0 0

2% 2.6-3.64 2.17 (0.63) 0.1 71.4 2.5 2

*Ena bay, Kanagawa Prefecture. Deployed: October 28, 2006. Sampled: May 25, 2007.
**Takeoka, Chiba Prefecture. Deployed: October 29, 2006. Sampled: June 05, 2007.

(b)

Fig. 9. Seaweed growing on a 06 slag-ceramic SD case
in Experiment 3. Deployed at a depth of 2 m in
Takeoka between October 29, 2006 and June 05,
2007. (a) Upper side of a 06 slag-ceramic SD case
covered by Chondrus and Gelidium. (b) Seaweed
was growing on the upper side of the side surfaces
of the disc exposed to the sun, given that the discs
of SDs were fixed vertically in the case.
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Fig. 10. Seaweed cover [average (%) of 10 SDs] on the
four sides of hollow SD units in Experiment 3. (a)
0m, (b) 0.2m, (c) 2 m.
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2007 4E 11 HICBlE U728, 1)y —x &
TU— b 2KMD 0.2m & 0.8 m FEITHE L7,
02m ETIEAELESL HRIZT 7 AR TER
Mmoteh, 90 Hi%, 7 —XOHEKREAET (FR
BIEE, n=2200 7LV —brOERKRESLT
(ERBUZKFE, n=40) 12, 2~5cm IZHE L1
T T A EMERTE I, Pk, 112, 139, 187, 205
HZICBIE 21T - 7 [Fig. 12 (a, b)]o 2D
T I ARKEERT I, T I ANE - HKE
D%, Tabled iZ/RL7cE DT, 139 HEIZH
SENZIHA L, 205 HERBICRIFIEE o &7 5 72,
0.8mZEOLDIF, 1/HTr —ZDHEKE (n=220)
12140 HBIZZ G T S AN 13 Mo B REIEE
L TWiz,

2009 4E 11 HiCBlR L7258 TIE, %/ ao
07T-Z25 727 5 AMELEL, ZOWkERRE
ARl T E i, REEEA (9110 Krookid 16.6°C)

Fig. 11. Seaweed cover [average (%) of 10 SDs] on the
four sides of 06 slag-ceramic SD units in Experi-
ment 3. (a) 0 m, (b) 0.2 m, (c) 2 m.
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Fig. 12. Average seaweed settlement depth (mm, n =
50) of the upper (open bar) and lower surfaces
(solid bar) of the disc in Experiment 3. Upper five
units of an SD from each case are analyzed. (a)
Average depth of a seaweed settlement on hollow
china SD cases. (b) Average depth of a seaweed
settlement on 06 slag-ceramic SD cases.
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Table 4. Number of 06-slag-ceramic SDs with growing Eisenia bicyclis on Experiment 4.

No. of SD and No. of algal growing SD (% of total SD)
Depth direction of disc 90—205 days after settlement
(m) No. Direction 90 112 139 187 205
0.2 40 Horizontal 40 (100) 40 (100) 35 (87.5) 15 (37.5) 0
220 Vertical 220 (100) 220 (100) 172 (78.2) 38 (17.3) 2 (0.9
0.8 40 Horizontal 0 0 0 0 0
220 Vertical - —* 13 (5.9 0 0

Settlement: November 24, 2007. *: Could not recognize by visual observation.

Fig. 13. Eisenia bicyclis growing on 06 slag-ceramic
SDs in Experiment 4 112 days after settlement on
November 24, 2007. (a) Side view of an SD case.
(b) Bird’s-eye view of SDs fixed on the plate.

Mo 12 MBI E T OB EEMHREL, 8 Hi
(15.3°C) T4 10~20 xm O BCAE K % g 32,

15 H# (14.5°C) 121349 30 pm D Ja-Fk % Tl
U7, BTk, 28 HE&: (15.6C) 1213 50~
100 #m, 43 H#% (15.6°C) 1Zid 100~500 £ m iZ
Bk U7, 56 Hi% (10.1°C) T3 K& B HFIK

Fig. 14. Eisenia bicyclis growing on a 07 slag-ceramic
SD in Experiment 4. Settlement: November 10,
2009. (a) 56 days after settlement. (b) 106 days
after settlement.

3 Imm % H 2 7ohs, WIR T8I A IR HE s
Imm U TFTolRIFEsSIARSNK
[Fig. 14 (a)], 60 H (10.0°C) #»» & 167 Hi%
96C) BHMBERTHEEKETSEZRD
Table51Z/R L7, 60HZAEF 1Imm Y FDOHD
BEnicy, AfTHE TSROz sIzE
ZBhseMi, TTH (9.6°C) i 5Smmbl T
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Table 5. Growth of Eisenia bicyclis on three 07 slag-ceramic SDs on Experiment 4.
Settlement: November 10, 2009.

Days after Ter\rllvpa.t:lg 10 Miiowmg Hene béizzllifnngz)ition in number
settlement —\npogy  Nooo Lemgth hqpyy 550 100 <150 <200 300

60 10.0 34 0.9-11.2 4.8 (2.1) 25 8

68 9.6 33 0.8-10.0 4.7(2.2) 24 8

7 9.6 65 1.2-14.8 5.1(2.5) 49 13

86 9.5 53 1.3-56.0  11.6 (11.6) 22 31

98 8.5 42 2.2-34.9 10.9 (7.3) 11 41

106 8.6 57 2.2-84.8  14.8 (12.5) 9 47 0 1

114 9.0 39 3.4-110 19.9 (17.5) 1 37 0 1

124 8.1 54 13.1-121  41.9 (23.5) 0 40 12 2

140 7.8 20 4.9-180 45.7 (53.4) 1 14 2 1 2

154 10.3 11 25-151 72.7 (45.2) 0 6 3 2 1

167 9.6 10 54-305 106 (78) 0 0 6 1 2 1

Settlement: November 10, 2009. Three 06-slag-ceramic SDs from horizontally fixed disks were sampled and ana-

lyzed. Deployment depth: 0.2 m.

DObLDMNEKRE3MIC A E > T, 98
(8.5°C) ~114 A (9.0°C) ITI/h&ERko T
SEIZHD, I~5em DL DA FEIZE D, 10cm
VURCZHRE LBV EAONE LS 1B -7
[Fig. 14 ()]s 124 H (8.1°C) T3 F#H# 4 cm
E73D, 10cm i FTH- ML TE 72,

ZTOBIIHEAER L 167 B (9.6°C) 1213,

10cm ZWBZ 2 RN EKRE 3 b0 10 HRA:
BLIREBEL 5 72,

4. B =

4O T I v 7 EREEAHOTAEDOI B %
T, UTFo#EERE N, (1) & FTRE, K
WTTSAEBESHBZIENTEED - T,
(2) 7 RITI, /INBREESTHY A2 TLD
BEETE, 3) TIAHEBIT/KI & 06-X
ST ERB LD, T35 A1 koA THO &
MEE LI, (4) 06-Z25 7 & 07-2 5 7 ITkAl
TT I XA ZEESHE, 16T HEE TH KL 72,

41 BREIRIADTS A, AP ADBE

FhEE OHFAMOERE (R hETKRI) 2
WHER 1~3 £ TORMNT, HIOMmEEHLE
TE70IE, EE2, 30EBOMKTHWE Y
RIDHTHo-Tco BR2TRAY A 3Kk GER
H 660 ) M3 LT KA 7 4 35,
MAEEDPIRICHELS Bbh Tl R 3 (14

ETR) BEEE DT S A BT, 2O B
WEBFBLTEY, BRERITAYHE, v/ <sH
< 7 HHICEICEDR T, TI A3 2m %
WCHERELLZ2Er—Z20 7R3 (100 @) 121k
WEH-> T, B3I TR, OmFEOTAHHD
HEERI DS, 78 323 b 5 RN EE
Ute BIZ7 A EEREE LA e T3
ANV AOHETHIE 1 » HiZ &R 2 &N
monTEh (GHEE 1948), FER 2, 3 &£b1T,
HKRB RO HEEMDBAEE Licthkok -
HOED Rz, POV AET S ANEE LK
%) D &*U[ﬁfﬁ bflo

4.2 RSTAD7SADEE

2007 FEDFEBRTIE, FEH 1 (2003, 2004 #HE)
EFBRIC, BRERMICE LT 2HREEEIEIEA
EBEE UM 7ens, AHE I HEZICIE 0.2 m IE
DETOHERBIZT I AMEFT LT, Uk
HEHOBRERIFIEAEET, 77 ADEFRR
R TX I,

2009 ZEDFEHRTIZ, 0.2m EDATHETFEHE
HEIRLFEBET >, IDTORAELT, F
SMVRITEE O THEIREEE - e LR E
Uico TIADBHBTHERTESLHICLB%T
(YS90 2 » AR (ZRIEE 85 K 2200 % 1
% &) WEROIREDERIEIEZ 2o T T A DK
¥, TablebiZ/RULcLHIiT, #HAETTH~124 H
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BET, HEREIMCS0REENEFTLTED,
RN & B B0 A B IR E 52
Vit S A N

KM THEET-% X5 ZICHE SR B84, FEH
FEEKIZEG TO B0, FRS A TH
Bo BHKIE, T AOHGETRHOI TR
RO CHBEEEBAT 0, RohORITEBTH
HEERET BT THRET B,

1.3 BEHEOBEICODWTOBEREELERTID
B

FHEBR S THRELLZZAI 2y —ZATiE, 0m
WCHER U7 AV IR, HRE o355
MWEBFLLBICTEX, MOEDS ZICEFLE
EHMT s NI, —JF 0625 7 2 b — A T3,
TASEMRAS 75 I v 7 EZMOENTADA
AT, COBEEERDEND, 0mEDT S
A DHEFIRBICEALE & 72 & LicnRETEDNE Ly,
I RITRTAVHDOAHEF L (Tabled), ki
WM 3T~TT% EEDh -7 (K10 ()], 24
WL, 0625 7R3 7AYo ENY ) < 7
LIRAE L (Tabled), U d#EAIZIE 100%
[Fig. 11 (@)] THotzo 7K IBEBF LT A
FFAD AR DG R ENEIZ A D A 2 #&E TR
Wiy, TAYOME NI, BiTiETHT s
%ﬁ?f&ﬁéﬁebttmﬁénto —5 06
27703, REZBEPPICEKRBIZT ARV
< & DM T HRE I I%L,Eaf%tt%
Z 7,

FE 1 (RWUKkER) TR, B NEHY, B
mwfwmﬁfﬁi%%%ééﬁtﬁ,éﬁﬁﬁ
i BHNER LT UE -7, HIKEERIC
uMﬁmMﬂm&taammtw,&ﬁﬁ%%f
L&D ETBHE, 7FA4ADEBKD/NI I aFIA
LANTLE I BNDH Y, BRETEED -7,
FREBLLT I A2MRT LI LTS AL
720 FEE A D 06-ZF 7 TIE, Wl 145
£ 28 HiRICIIMFADKE S 50~100 um T
b ote, MEHEOEBRIIZONTIE, 2011
E10H 26 HIZATH - BBIZS 725 3 v 7 %
WKH (demX3cm, BX0.7cm) DT T A
ETHEEFEBROBICEIE 21T - 72 (H, 2012. &K
HA) o FKERBHLG 12 H I ImmIT #7228 WA
FHHBEO/NS WML TS, 21 HZRIZA
BHEENERE2KREHORED X5 1IHY, &0
JHEHAK ImmoBko b oK I N, 34 H
BiICEFIRO b O NEEE c EX &b 3~bmmiZ
Bk U TERBERTNOEAU EEE - 72, Rick

ICHEEFREELTEHE > T T b, AR
HEEEE I EROMmMTHA L, A7 aaEMEN

%L\O

RHEE AL CHEE 2 5L S 85 Tl
WERE - DA B T ADEIRER LS g Jl Y 2
ORI LEFO—TRBIAART 5 ADEAIC
FWHInTwa (Bils, 1998), Zh oidsk
DOHHED B ORI HEE T- M EFE T 5 12, KE)
WCERBEEETE 5, —7), R (soaking)
TS > TOBWIAMICIZZ 5 LcliE A
DAD BRI A F O RE IR IS, WL TR
mf%ﬁ*@ﬁﬁb@x?p—yaymwﬁaa

& oT, BEITIHET D [REEDH B, 51T
i(fé HEDBEND 5, MK EHOICERT
1, T T AMEE T BRI A B O E T
WEET AAREMER/NS L, Th oD EMNEER
1 TLAER-> TS 3ER - T REEENS
BLTWEDL>KBENTH > &HMTEN 5,

4.4 REZFHOBEMNE

KE 1 TR, Jz N KR RELTT 7 A DHK
H &A1 3, %bt%fﬁ@h@@ﬁﬂﬁ(ﬁi
HETREIEDbLDN L, UL, ERHEKEHO
Bl o I B 35 A EEBF LT - 72
[Fig. 3 (b, )], T2 TI, 7K IFKHE 660
TZEMHNTH Y A ZREBRTE 72 UHIEEIK
# (Disc) @ _Eifii (Upper surface) @ Mo
WHEETIFEET 2 EPHRLTOHRED, AV 4D
IR IT AR O ME (Side surface) 2> 5 LIl
TR D, REOMMORNEEITHEZ -
72 [Fig. 4 (0], Fhe 1, 2T, T84
ERBICERBE %2 10~11 B2 ER THEIKK
(Disc) Z/KFICEE L7 [Fig. 3 (a), Fig. 4
Mo LML 20ERNS, KEICEAR
TBERBRTIA, AVAOERICBESHENE
*Uﬁiﬁ‘é mf:o

EE3I T, 7RIE6-RAZTDOHEKREY —
R AR TR U TR IE T IC 78 5 K

2L, dbET06-2F 7% R/ IWITKIEIZ
fiELcbo b (Fig. 5.

B & 27 — Z20EKREE, 0mED 7 K3
MO06-2F 712K 5XTT AV OWIE [Fig. 10
(a)] E4EFHER (Tabled) F/hEShotc, T2
0.2 m ITRIE L7z 06-Z 5 7 TILHEER D B A
BOEMNH - 72 [Fig. 11 (b)] 2, =hlski
%Eﬂﬁﬁﬂﬁ (Side surface) @ L& (Upside) %
MBI DS LTz [Fig. 11 (a, o)l
it2ﬁ# ZTHMBIzDIZ Wy, FBEOT
il (Underside) ® FBEKRDOHKREITIIFARA &
HBE I » -7 (Figs. 10, 11D, EERFKEOY;
&b, KoblcvBE&ITXD, FHRMME (Side
surface) OHMdbic > Tz B (Upside) L
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DEHIE 2D > 7o BRBCESEICHRE L7
B, HERBNE OB 0N LT UhEEo5
HEIZIIBEEE L7 - 72 [Figs. 9 (b), 10, 111,
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