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Development of seedling cultivation methods for transplantation of
FEisenia bicyclis using seaweed settlement devices

Kuo TiaN', Kaori NARUSE’, Mineo OKAMOTO’, Shingo KAMOSHITA',
Yukio YAMAZAKP, Toshiyuki MATSUI®

Abstract : We developed a slag-ceramic seaweed settlement device (SSD) to obtain seedlings of
young Eisenia bicyclis (Kjellman) Setchell for transplantation. Experiments were performed
with SSDs in an indoor tank at the Ibaraki Prefectural Fisheries Center. Each SSD was com-
posed of a plate to settle the seaweed and two spacers on the underside of the plate with a hole
in their centers. The spacers were designed to provide clearance when SSDs were fixed closely
together (500—-700 SSDs/m? on a rack (or grating) to settle zoospores of Eisenia bicyclis re-
leased from their mother plants. Eisenia settlements on the top surfaces of SSD grew well in
comparison with those on side surfaces. After sporophytes grew to visible size, their growth be-
came faster, and small Eisenia grew thickly on SSDs. To prevent the rapid decline in Eisenia
numbers as a result of competition, units of SSDs were separated and re-bound using bamboo
rods with a clearance of 5-9 cm, and re-fixed on racks with 1.5-7 cm clearance (100—200
SSDs/m*). SSDs contained a mean of nine 8-cm Eisenia, and six 14-cm Eisenia and several
large Eisenia with pinnae (mean 10 cm stipe, 8 pinnae, and 23 cm longest pinna) between
6 months and 14 months after settlement. It is verified that SSDs for transplantation with sev-
eral types of Eisenia growing on them were produced.
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Fig. 1. Size of seaweed settlement device (SSD)
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Fig. 2. Slag-ceramic seaweed settlement device
(SSD). (a) Side view of SSDs, (b) Bird’s eye view
of SSD unit: 10 SSDs were connected by bamboo
rod 3 mm in diameter, (¢) Arrangement of SSD
units on rack for the settlement of FEisenia
bicyclis zoospore. Clearances of each plate of SSD
unit (A) was 0.7 cm, and clearance between each
SSD units (B) was 1.5-2 cm, (d) Separation of
SSDs on rack. Clearances of each plate of SSD
(A), and clearance between each units (B).
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Fig. 3. Diagram of Experiment 1.
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Fig. 4. Diagram of Experiment 2.
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Fig. 5. Diagram of Experiment 3.
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Fig. 6. Stainless steel rack (1m X 0.6 m, 0.15m in
height) held 40 units (each 10 SSDs) of seaweed
settlement devices (SSDs) on Experiment 1.

K-10Z. L201 mm X 189 mm ¢ ) % 4 Mh S F»
¥, WEEARE LI OKEN0.2m 2785 X5
i Ulco AREPHEE ZKITHET THRdT 572
», FEH, WKkEHIRLIT V- 3 V&7
ot MH, OBl Rk ol L7z
7 A IS EERERRIL, #E AR shPT
Wk DI, 2ERPEORT LEITR -k, D%
Bl REE LR T L DT, [hkIRBIZ L
FEBRIKAZ 15 RO 7 5 A ZHEA Ulc, 15 fElfk
DRREAT T A BRI B &, BRI
L (1001204 /min) &= 7L —3 3 ¥ (100—
120 ¢ /min) £1F75 > TT 5 A WL T- O s % B
s U7c, SEBRBHIRT. 10, 22, 31, 41, 49, 59, 70,
87T HEIWHKEZ 2K (20 1) J°>ERELL, 2
BOHFEAIRBICEE U E R S D UORIE
ThrE UK 2 e 7o, IFREZICF B - 7oiffif
HRE 2 HZ, 75 A DEFERNOBE D EEH
BEDFHNEAT - 7o MFERAREIZHEE LT I 4
Ml TRICKE LTS, fEEO B EE L
Mot 31~49 HHIZ, T2 7 VEAMEE (Keyence
# VH-5500, x<100-1000) TaHAIL 7 (LI,
PASEEIHD . WERAKBE &I, BRE O Lt
4t (Upper surface) &, 2 filifi £ (Higher
side surfaces. 3—5 mm from the top) IZ2W\ T,
Fig. TIZHB TR LU 2 (Measurement
lines) T, fERIT10 » T OEHEATT 7 A %
AL, SHIDRIET (BIEMEERTRES) o
T &M REB OB (EEK/em®) KD, 15
RE 1% (SSD-A & SSD-B, % 101) & @
PEEE (KR /em®) 2KRDI, T AT
MHHETE S B mm U E) K518 -7259 H
HURE L, BHSEIECE o THBEHETT - 72,
MEAIRE C &1 kil (28 cem®) & 2 il LB
B8em®) DEFEE (em®) %KD, 1 FH0D
SR (R /em®) ERDI, ZD%, &
blet: 162 HH (2011 4F 4 H 20 H) 1T IR



ERE ETOBME T 5 2 fEiH O R5E 79

Upper surface
| — |

—I
Higher side surface

|

O

Fig. 7. Measurement lines (dotted line) of minute
Eisenia bicyclis (<3—4 mm) using digital micro-
scope, and measurement places of larger
E.bicyclis at upper surface (painted out light. 2.8
em®) and two higher side surfaces (painted out
light dark. 4 em’each) of seaweed settlement de-
vice (SSD) on Experiment 1.
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Fig. 8. Plastic grating (Rack. 1m>x0.9m, 0.04 m in
height) held 65 units (each 10 SSDs) of seaweed
settlement devices (SSDs) on Experiment 2.
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Fig. 9. Measurement lines (dotted line) of minute
Eisenia bicyclis (<3-4mm) wusing digital
microscope, and measurement places of larger
E.bicyclis at upper surface (painted out light
dark. 2.8 ecm®), higher side surfaces (painted out
light dark. 14.1 cm®), and lower side surfaces ex-
clude spacer (painted out dark. 9.6 cm®) of sea-
weed settlement device (SSD) on Experiment 2.
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Table 1. Temporal changes in mean densities (ind./cm®) of Eisenia bicyclis grew on upper surface and
two higher side surfaces of two units of seaweed settlement devices (SSDs. Units—A, and-B.
Each 10 SSDs) after the start of Experiment 1 on November 9, 2010.

SSD-A SSD-B
Days after Mean (£SD) Mean (£SD)
the start
Upper surface Higher side surfaces Upper surfaces  Higher side surfaces

31* 16.1 (15.6) 106.4 (94.8) 0 1.5 (3.0)

41* 2.5 (4.3) 55.5 (58.1) 0 1.2 (3.0)

49* 0.4 (0.7 3.4 (5.2) 0.2 0.4 (0.6)

5Y** 1.5 2.1 2.7 4.1 0.2 0.6 (1.6)

70** 0.2 (0.4) 2.3 (3.4 0 0

87 0 0 0 0.5 (0.9

*Observed by digital microscope. **Visual observation
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Fig. 10. Number (a) and size (b) of Eisenia bicyclis
grew on 20 SSDs 162 days after the start of Ex-
periment la on November 9, 2010. Thirty five
E.bicyclis grew on 20 SSDs.
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Fig. 11. Number (a) and size (b) of Eisenia bicyclis
grew on 20 SSDs 158 days after the start of Ex-
periment 1b on November 13, 2010. One hundred
and thirteen E.bicyclis were grew on 20 SSDs.
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MEEAREL, #HE 158 HEBICIRM L 2 K%
KEATIZT 7 ABEEBL T, Fig. 11(a)
R U7 & 90T, B 113 kT, HERE &
DOEBEEIT 1~18 Ak /SSD (K 5.7 M1k, 12
#fRZE 53 8 1K) TH -7, 1 X Fig. 11(b)
WZRLEEDIT, 1~40em (6.8ecm*+89cm) T
Hotee TITADPHEL LT I~2cem E/hE L,
0em U TDOT 7 AM80%EMZ Tinvic, HIK
BHILDT7 I ADEFRIITIEIRE /Ty Fi8
Hotee T A0 KL LG - 7o B KE 5 1
IZDONWTAH B E, K& 3fEE (20, 22, 26 cm)
E10em LUF TAEMK, K& 2@k (15, 29) &
6 cm LUF 88K, 5em LUF 11 flfk, K& 2
A& (24, 40) & 10 cm LAF 15 E4A, 16 cm A% 1 i
e 6em LT 1T IR, THbO, ThoTH
BLLED 66 itk (11 em YL 20 kD 5 5 8 i
) #hEH T, £ 194 HHIZEKE 1211
DFHZELT - 7k R, Fig. 12 1R L7910,
105 fH D FE R E. (EFE# 86%) 1T 456 (kD 7 5
AMEBLTW, TIADNEF > T IEHEIRKE
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Fig. 12. Number (a) and size (b) of Eisenia bicyclis
grew on 105 SSDs 194 days after the start of Ex-
periment 1b on November 13, 2010. Four hundred
and fifty six E. bicyclis grew on 105 SSDs.

(n=105) o, HFREZ EDEEHIE 1~11 ik
/SSD (4.4 @A £2.8 fEH{K), H 1 XiF 1~57 cm
(10.3em=*12.0cm) TH o7, 7 AT 158 H
H [Fig. 11(b)] & &kELTHA, 10em
UTObDMN12% % 58, BIKE I EOMREIKE
EREICRRE RS Y FERA SN, BRAR
WL HEROBELEREOEE T, 7 I AWM
B IRBE DS EE T U o720, A EREED Ik
PERD EIBMGATAERDRE DT TTAD
AR IE Fig. 130 & H IcELESL, HREOME
B S EHICILDS - THRAE, BEELUER
BE TIEMN > Tz, 20DEDE FEbidiia
FHRED EFITALET 5 & 5127 - Tz,

3.2 B2
321 FEBICEEBLICERETOD7 S X DHFEE
FERBHLE (2011 4E 10 H 26 H) 75 220 HH
¥ TO HFHKiE % Fig. 1412 Uiz, BIGEH X
18.3°CT, 1IBHHIZIKTFZI®», 50 HHIC
12.0°C, 105 HHIZ 9.1°C& 78 - 72, 120 HHIZIZ
RCETEFUALMABETL 140 HHITIE
8.0CER D, UBRIRA I AL,
IKIEIZT 5 A ORREZERA L7, 30, 60, 90,
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Fig. 13. Side view of a unit of seaweed settlement de-
vices (SSDs) 194 days after the start of Experi-
ment 1: growing sticking roots of Eisenia
bicyclis twined around SSDs.

12

Water temperature (°C)

8

L Il L 1 1 L Il
0 60 120 180
Days after the start of Experiments 2 and 3

Fig. 14. Mean daily water temperature after the start
of Experiment 2 (Dark lines) on October 26, 2011
on, and of Experiment 3 (light lines) on October
17, 2012.

120 43 H O MR~ D 7 5 A+ D 25 %
[ind./cm®, “FEMEAR X 10° (AEHEfR ZE < 10%) ]
rxhzh, 63 (£51), 99 (£59), 9.6
(£3.9), 9.6 (£3.7) TH -7, FERBAHA 21 H
H, ARE I AR L, 34 HRIZIIR
KTH 0.5 mm DIETHRMBEE L [Fig. 15(a)],
50 HICIE A TR S5mm O 7 7 A BEKE R
HITEE LTk [Fig. 156(b)1, 60 HHIZIEZ K
XTI AR 15 mm ZkE L7z [Fig. 156(0)1.

HIRE D 34 (i Upper surface, il -
#B Higher side surface, T T&B Lower side
surface. Fig. 9) ICH » 7z, WS T 5 A D%
& (em® %, Fig. 16 (a-c. BH) TR Uk, H#
BRBAIR: 34 OH» S 15T HHF T, kA& <
[Fig. 16(a)], i LB [Fig. 16(b)], Ml F
B [Fig. 16(c)] OMEITAK L 72 » TWnvie, kil

Fig. 15. Growth of sporophyte Eisenoa bicyclis after
the start of Experiment 2. (a) 34 days, (b) 50
days, and (¢) 60 days after the start.

34 HHAFH 69 A (71K sikbE<,
50~76 H i3 LT 31~33 ik (+16~25) T
A L, 91 A HEIBESEITED Licos, 1567 H
HTd 0AKICIZE S h -7, M BBk, 34
HH A (16 8k £23) T, 61 HHE TITH
R 1/10 iy (1.4£1.9) ULzkn, 76 HHIZIR
TR L, 91 HHICIZ 34 HHODOKES (8.6
+53) £ TEmLAD, 105 HHICIRIET 4.6+
2.1) Ay, 141 HUREIE 0 Wik & 72 - 7,
M F B, 34 BT 2.7 1Ak (£3.9) <, M
EBEEFERIS, 61 HEH (0.6+1.2) £THALE
2, FHOHE LT 91 HIZ 34 @k (£3.31@
7w &Kz, DR L 141 B HURRE
Rohi -7,

HH#E D7 F £ 3~4mm LI L) i3, Fig. 16
(a-e. AR 1R L& HIT, 61 HHM»™SEHH
TEXB3EHITM -7, LI 76 HHIT 19 fEK
(13 fAMK) &mARic7 b, 128 HHOD 12 itk
(£8.0) FTEHHB~ WD L TLBIFZAML .
M BB, k@& v 10 HY W91 HHEIC
33 Mk (£1.0) EmAkERD, PUkiF LEXD
b onudi< 128 H HITIIEA EHERTX 5 -
7oo M F B M LB & A, 91 HEIZ0.7
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Table 2. Mean numbers (ind./cm®) and mean lengthes of Eisenia bicyclis grew on the same 10 SSDs
after the start of Experiment 2 on October 26, 2011. Ten SSDs were bound as unit, and
65 units were fixed on a plastic grating (0.9 m X0.9 m), then units of SSDs were separated
and re-fixed widely (80 SSDs/grating) on a grating 76 days after the start.

Days after No. of Eisenia on a SSD Length of Eisenia (cm)
the start Range Mean (£SD) Range Mean (£SD)
189 1-15 6.9 (4.D 1-49 13.4 (10.7)
205 1-14 5.6 (3.5) 1-37 14.9 (8.4)
217 1-14 5.9 (3.5 3-36 13.9 (1.9
80 - fEfk (£1.0) &K, 105 HHICE 0.4 14
° # (+0.6) &0, UBRBEHETEZM -7,
60 @ 23, WIH LS ME FHTII HAIKE—27 &
40 L 75 - TCBBEI O 7 5 A D, HEEHOT 5 A0
oo o BINMZHFS L3R S hisd - 7z,
20 - °© 69 o
0 e N 3.2.2 EBEREORBLIT
0 40 80 120 160 FERBNGH 76 H HIiCHM 2L 7o & R E
20 &, RIS 19 K/ em® (REEEAR 25 13 1K)
DA TELT S AnEEL [Fig. 16(a)],
15 1 ¢ (b) BEEEEHR D b DI E b (33 M@ /em+20 @
10 1 ) THo-7 (Fig. Do M ZPE O H G
i HTET7 I ADVEBIR®, WHEHOT I Ad
- ° ° —BERAD Uitk MEENhTH -7, KR T6
L. *20°%0 H A BIf & R 7 #K B, 189, 205, 217 H
0 40 80 120 160 Bl:, IEJL/ 10 ﬂﬂ@%%ﬁl:ﬁﬁ 7:75)(5,@4?‘12&
DOFFMZETT - 72 (Table2), 217 HH, 737 41
i . © 42 5.9 K /SSD (BIEGRE +3.5 k) A9k 1
B ° ° L, FEHY A Xid13.9em (£79cm) Th -7,
2L FERBHIGE: 177 H HICBIRE &2 IR 7o a5 IR ELE, %
ICHLE LR TR CEM NI /c®, 10-20 cm
i o0 * O o DREBT T ADBUEKR UDEEES, /NS
%) & 04%0 : ﬁgﬁkﬁm WV E >R TH o7 TIAME->TH

Days after the start of Experiment 2

16. Temporal changes in mean density (ind./
cm?) of minute sporophyte Eisenoa bicyclis (<3—
4 mm. Painted circle) observed at four measure-
ment lines by digital microscope and shown at
three places of seaweed settlement devices (n=30
or 20), and the mean density of visible Eisenoa
bicyclis (Open circle) grew on three measure-
ment sites of seaweed settlement devices (n=30
or 20), observed after the start of Experiment
2 on October 26, 2011. (a) Upper surface, (b)
Higher side surface, and (¢) Lower side surface.

WOERE S 158%ICEL T, £0Hh5
WA BRESRB O S O % 90 A THE %
T 72 FEERBIMGH O 177 B HIZFHI R 0 5K
H% 10 HRAZZH, Table3 2R L& DI,
T oA DEIELEE, 21T HHIZB T I ADNE -
TeEKBF6MED Y, Vi 1.8 8K /SSD
(2.2 84K), FHH 1 XiZ 15.3em (£8.2cm)
’C% - 7L:o

J2Er 2 TIZ, BAIAH 76 H HICHA K H oM %
KA ET, 21T HAWE, “FHY A4 X139 cem
(£79cm) O7T 5 A M 5.9 (HK (R 2
T35 HK) B-ocBMABN A5 2 &MNT
N
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Table 3. Mean numbers (ind./cm”) and lengths of Eisenia bicyclis grew on the same 10 SSDs after the
start of Experiment 2 on October 26, 2011. Ten SSDs were bound as unit, and 65 units were
fixed on a plastic grating (0.9 m 0.9 m), then units of SSDs were separated and re-fixed
widely (80 SSDs/grating) on a grating 177 days after the start.

Days after No. of Eisenia on a SSD Length of Eisenia (cm)

the start Range Mean (£SD) Range Mean (£SD)
189 0-9* 2.4 (2.5 3-36* 15.9 (14.8)
205 (e 1.8 (2.2) 1-37** 16.2 (8.4)
217 0-—T7* 1.8 (2.2) 3-36™* 15.3 (8.2)

Number of SSD with growing Eisenia: *9, **6

Table 4. Comparison of numbers of Eisenia bicyclis grew on two group of SSDs on Experiment 3
started on October 17, 2012. Fixed closely: 642 SSDs had been cultivated closely on the gratings
until 188 days after the start and measured on the day. Re-fixed widely: 451 SSDs that had
been cultivated closely until 98 days after the start, then measured 183 days after the start.

No. of Fixed closely Re-fixed widely
Eisenia No.of SSDs  %* No.of 8SDs  %*
0 38 5.9 18 4.0
1-5 193 30.1 138 30.6
6-10 202 31.5 149 33.0
11-15 126 19.6 84 18.6
16-20 o7 8.9 36 8.0
21-25 23 3.5 15 3.3
26-30 3 0.5 9 1.9
31-35 2 0.4

Total 642 451

*Percentage show the composition of all SSDs

3.3 EEB3

2012 4E 10 H 17 H o FZB bl 5 220 H H %
TO 1Kk %E Fig. 14 1Z/R- Ui, BAlRH DK
i3 209°CEE <, 100 HHTH 11.0°CEBZ,
ARKIRIZ 115 HH®D 10.0°CTH b, Lkl
FU7zo 2010 4EDFER 2 £ 5~x5B &, 110 HH
T THbRE U KDY 1.6 CEd - 7o (t-test.
p<0.00D, Lo LZnlFE (110 H HAH 5 200
HE) WA E S ICEHNKRE L, 2012 43
B08CIEEEM -7 (p=0.03),

KIEIZT 7 A DREERALICH, 60, 120,
180 73 % D RHIEHEA~ D 7 T A W D 75 %%
[ind./cm? SFEEAE X 10" (ZFEHEEZE X 10Y) ]

irzhzh, 1.1 (£0.5), 5.7 (£3.6), 3.0 (£1.D
Th -1, ERbAE» S DEKERED £ (U
T, ) kB U BRE 62 MIcE 7T
A% 188 HHICEHIL, BREZEDT J 4 Off
A%t % Table4 (Fixed closely), £/x&TOT
Z A DY A XH K% Table 5 (Fixed closely) 2
Y. FEERBIA. 98 HH, 77 A WHMMERT
7 AERHE 51 AL H 2 (225 1@ & 226 f@)

WAL TR L (BT, IR, 183 H
Hicdtl L7z, HREZ L7 5 2 ok %
Table 4 (Re-fixed widely) 12, £/<&TODT 5
A DY A XH K% Table 5 (Re-fix widely) 1277
T, EBREOFEREE, 642 #9604 iz T T 4
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Table 5. Comparison of length (em) of Eisenia bicyclis grew on two groups of SSDs on Experiment 3
started on October 17, 2012. Fixed closely: 642 SSDs had been cultivated closely on the gratings
until 188 days after the start and measured on the day. Re-fixed widely: 451 SSDs that had
been cultivated closely until 98 days after the start, then measured 183 days after the start.

Total length of

Fixed closely

Re-fixed widely

Eisenia (cm) No. of Eisenia  %* No. of Eisenia  %*
1-5 4146 76.7 1858 46.9
6-10 744 13.8 1112 28.0
11-15 256 4.7 463 11.7
1620 143 2.6 262 6.6

21-25 72 1.3 138 3.5
26-30 29 0.5 83 0.21
31-35 13 0.2 26 0.7
36-40 b} 0.1 17 0.4
41-45 1 — 6 0.2
46-00 1 - -

51-55 1 - -

Total 5411 3965

*Percentage show the composition of all Eisenia

MEDL (EERE.0%), F 7LD 451 f#h
33 MHICT S ANE > Tt (96.0%), HMkE
DHERE (n=604) D7 F A DMEKEIT 1~27
A /SSD (Gl 5,411 R, ~F3 9.0 Mk, FEEE(RE
#ES5TME), ¥4 XiF 1~52em (4.5cm =+
5.09 cm) T&H » 72, LR OERE (n=433) T,
HREHI0DT 5 ADEFHIT 1~35 iik/
SSD (Gt 3,965 Ml {k. 9.2 Ak +6.1 k), H1
ZiF 1~44cm B8.lem=*6.9em) TH » 72, JIs
MREOEKRETIE, EHRBIISXRTT I ADY
A AWRKED - T, BEHBRTIE, S5em LT O
DY 76.7% % 5w, JLREIFETiE 6~25 cm Ok
2, BRRO 2 5Ll ik z Tz, BEE S L
MkETE, BRBICHEEREED > (t-test.
p=0.590), YA XICREERBEND -7/ (p<
0.001),

FZERBALGTS 188 H HIZHIFRE %2 )L 72 244 [ D35
KEIZIE, 413 HH (2013412 H4 H), 2201
(A% 90.2%) DAEIREIZ 606 fH{KD T 5 A1
BB LT, PRIEEIFEL TUheh, fIEH
BolbDWRIKRMNDBIEE 72D EZh -7,
HEEICOWTIE, MEERD 2 & DI3EE, IR,
MARWEEZE, WEOBVEDIERE SERERD

720 77 AD 49T itk (79.4%) IC3MZENE B,
109 FRICEMERIR AL -7, BRE
(n=220) b7chDT T AF 1~8 @k /SSD (°F
2.8 MR 1.6) TH -7,

MIZEEDE - 72 497 A1, Tables 6, TIZ/RL
ko1, £E1~39cm (10.7cm=*7.0cm),
MR 1~17 #& (8.0 Hr£3.6 Hr), I ARMEEE
1~57cm (23 ecm=*1dcem) Th -7z, WZENHE
U 108 fEfRIE, ¥E1~T7em (2.0ecm*1.1cm),
ek GEE+#E) 3~45cm (16.3+8.2) TH-
7o MEENE 727 7 A TRER DI, Fig. 17
D & D IR DAE R EZ BRI AUAZ AT,

FER 3 T, FREOTTHELTISS HHIC
S 9 A /SSD (5.7 fK), FEHH 1 X
45cm (£5.1cm) OFEH, 98 H HIZHIE %L
T 183 H HIZ 9.2 A /SSD (£6.1 i), F¥g
H A4 ZX81em (£6.9cm) OFEW, & SITHENE
OF FHFHKE LT 188 O HIClEIbRAZILF, 417 HH
O 2.8 filfk, MEEDH 727 5+ (90.2%. Fi4
%K 107 cm, “FHMZER T K, FERKMZE
K228 cm) FFMEDINT F A (9.8%. F
¥ E 20cm, FHEE 163cm)] B EDKFE
ORI 2135 2 EMTET,
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Table 6. Length of stipe and number of pinna of 497 Eisenia bicyclis grew on
SSDs 413 days after the start of Experiment 3 on October 17, 2012

Length of No. of pinna Total

stipe (cm) 1-3 4-6 79  10-12  13-15 16-18
1-5 54 62 21 6 143
6-10 9 45 62 35 5 156
11-15 2 5 21 32 14 3 77
16-20 2 5 17 42 7 3 76
21-25 5 17 3 25
26-30 1 1 5 6 1 14
31-35 3 2 5
36-40 1 1

244 SSDs from 604 SSDs that had been fixed closely until 189 days after the
start, then 244 SSDs with Eisenia bicyclis were separated and re-fixed widely.
413 days after the start, 606 Eisenia bicyclis (497: with pinna, 109: no pinna)

grew on 220 SSDs.

Table 7. Lengths of stipe and lengths of the longest pinna of 497 FEisenia
bicyclis grew on SSDs 413 days after the start of Experiment 3 on Oc-

tober 17, 2012.

Length of Length of the longest pinna (cm) Total
stipe (em)  1-10  11-20 21-30 3140 41-50 51-60
1-5 87 47 8 1 143
6-10 15 70 42 23 6 156
11-15 3 14 21 23 11 5 7
1620 2 9 20 28 15 2 76
21-25 1 7 11 3 3 25
26-30 1 3 7 2 1 14
31-35 1 2 2 b)
36-40 1 1

244 SSDs from 604 SSDs that had been fixed closely until 189 days after the
start, then 244 SSDs with Eisenia bicyclis were separated and re-fixed widely.
413 days after the start, 606 Eisenia bicyclis (497: with pinna, 109: no pinna)

grew on 220 SSDs.

4. EBE

25725y 7 BOMEEKRE AT 3 M

DOIEREIT, LT ORRBF oI,

41 EB1OMES

LHEToY vy ITHEREEZHOIZFESR (H i,

2013) T, #WETHRHHOT Z A D ik/KIRED
KMEANDBAZR 3R E L, Z0BIBT I A %
WokrE, B@EEANFRLEZT V-V a vk
775 - 72,

11H9IHE 13 HD 2 M DFEERIZ, HEEKE
OREKFEZSETERL02m T, 4FTIE
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Fig. 17. Example of a seaweed settlement device 413
days after the start of Experiment 3 on October
17, 2012: SSDs were fixed closely until 189 days
after the start, and then separated and re-fixed
on rack widely. (a) Seven Eisenia bicyclis with
pinnas, (2) growing sticking roots covered on a
SSD.

R SERIBICT S A 2L TWhWicb D%, 7
5 A DBARLDGED 722 EM S, HBIHDOR N
FEWNTORRERIZE U, B (+£9 10
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U738 UIBTIC B & S0 & 5 BT £ 5%
B,

ZOfER, £ TR, HEBRMHIBEE M HED
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/NS T T ABILHERRMAICZH (2RITMS
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BRHREY G5RE) ZAERETE2REBLNES
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