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Abstract

We conducted a pilot-scale experiment for seaweed bed construction using concrete substrata with newly developed
fly-ash (FA) porous concrete panels or conventional concrete panels from November 23, 2013 to October 14, 2017 in
a coastal area of Noto Peninsula, Japan. The FA porous concrete panel was manufactured by replacing 20-40% of the
cement with coal fly ash produced in a coal power plant. The total number of Ecklonia kurome sporophytes grown on
two substrata after four years was 14. The erosion of central lamina began in the third year and the maturing of over
50% of E. kurome sporophytes was observed in the fourth year. A greater number of E. kurome sporophytes tended to
grow on FA porous concrete panels than on normal concrete panels; the maximum density of E. kurome sporophytes
attached to FA porous concrete panels was 24 individuals per square meter. The final number of E. kurome sporophytes
largely differed among the sides of each substratum, which seemed to be strongly affected by waves. No grazing marks
of herbivorous fishes and benthic animals were observed during the four years of growth monitoring. These results
suggest that E. kurome bed construction using FA porous concrete panels in the coastal area of Noto Peninsula would
be possible.

Keywords: Seaweed bed; Fly ash; Porous concrete; Ecklonia kurome; Noto Peninsula

1. BU®IC

HAOWHER I E» TEH R ERRPFTIN TS
D, BRICELTIZR VYU SHE, oy THSORREE
DEFEMEDTE L, SR D Bt oh T 22,
1994 EDBIEFF ORI L B &, HARTHR D JLVEES
A B AR B RE oM TH Y,
14,761 ha & & FEOHESHED 7.3% % HdDTWBY . L
L, ¥4, BEEBICBWTT 7RSSR )
WL TBY, ZO—HNELTT7 I ERHFTOUEE &
B KMEHED [ L] WP LTWD I L e S
N, EHORSEEAERICERSINTWE Y, s
BRI T [H L] LIRS Ty EEI:, o
THa Y TR I A)EIE TS 7 a X (Ecklonia kurome

Okamura) &Y WV7 5 X (Ecklonia stolonifera Okamura)
D2FETHY, H YA (Ecklonia cava Kjellman) & &
B do ZJUARYIVT T AILEAT, TTERHY
IORAEM U & 22 513000 T <, REEHIE O 4
ELCLEETHY, WBMIIMA THREZE [HE2L
O BEELZAMELTBESRTVE Y, VLT F A
W H AR R ICERDSRE SN HERARETH D
JUHAE 2 & b il R & H IS KGR 2~35 m AHE F ©
LA ™Y, —J5, 20 XA IR E 7 R
Fra if & oM, AR - WE - o o @
TE R 2 HKEGE 14 m FREF THAT L, FrilRifosE
BOLRE SNTwp™Y, BELEBRALICBWTs O
EINT T ANREL TVLYE, BEHOADBILETIX
KPAHEETD 255, Y IVT T A XEEEIE LISEY,

1) SUORFBITAIZEE T920-1192 A JIRAU A 0y
2) JeBEE MRS T930-8686 & IR E TSR] 15-1

3) Atk s o T918-8152 AR 4T 66 5 20 Fib o 2

4) W7 v AR T158-0086 HGUEHH AKX ILE 2-28-15-2F

1 %G - mikiosamu@se kanazawa-u.ac.jp

Vol. 43 No. 2 (2020)

25



/ — I —Note

MR LICE R IT I E A s ux LXK EB Y,
CORMAFEEOZ LS Y IVT T A I IEEIT DS
HY, ANEEET 50 km HofiAER (NCHLFE) 12
BYNT I ABEDNEL, TUERYFIoBRIY
EhoTwaY, F72 70 AoV TR TR
ALENDFER SN TWAEZ e 5, SHRIBBLAIE 51
AT L723E, dbBrl oM s L 72 Sl e L
THBEOT ORI WRELZZ 5N 5,

MYER T, W rsEaRaI Y- TuYy s
HEHEL U CHA SN T E 720, Jo4E TIREE O 25 1
RVH A 7 VEM O EZR L EER oML o v
) —r7uy ypEEERTWSEY, hTHE—-F X
aryr)— M, ZREIKREVZILEOI ) =T
HY, HEGEEME L TOAEMEIES G ShTw
B0 KR LR —T 22y Y — M, b
Bt D4 e KRB OBIEN THH 754 T v ¥ 2
(LLF, FA) 2t X ¥ M LT 20~40 FiE %L,
T/, MBI LR S ERT 2 RINEZ M
ALY, JAbBEHI TR SN B2 ARG L 72tk
BHEOFABOHEE—F A3 7)) — 1 Thb" "7, FA
Zarr ) — MIHWBEIZIE, JISA6201 [ 27—
MHZ7I9A Ty val s s7-8, FAIZSIO, %
B% U EEET HLENH LY, Zofl, FAZALO, %
20~30%F2FE, F 72 Fe,0, % 5%AEESH LTV B,
JEREMI T FA DI D L) ARG 2 Lza Y
7 ) — M OBEHAMEOI Y MADIE L EESNTEBY,
DTO LS REEERS LY, FA TR TH 5 SO,
2 ALO; 25k X ¥ bH® Ca(OH), & s (K5 VK
) LT, ZABANY T AR TIVI VALY
7 LKA B 720, MRS VgL Ry, 2
Y7 )= NOWAENRHET 5, 72, XY MO
AR I 7)) = DT VI )SIMETTHI 05,
HERKFIZBWTH T UA ) 2 A s (ASR IS, B
oYY ARGET Y )= O T VA ) G5O RUE)
DHEATEWRITE B720, a7 1) — FOEK, 00
NEPHITE 2, FFICREBLEECTERT2ZINARED
KilgzEHE LTHWS & ASR e LR 3wz
O, JLBEHIKICBWTIZFADI Y 7Y — FAOEHD
MR TH S 2 EHFHEERTVEY,

FHE LI, INFE TICEAEERFERICBWT, T4
BELEBOFABGAR—F A7) — &, T
AVERICE AHKO pH ERHIZIZEAERONT, F
MOYEET 7)) — MK LTH Y ¥ 5 HYREOR
HEERMAEESENRTYE 2 L 2R LIRS LY,
AHIZBWTIE, FARBGER—F A7) — /%%
VY AT I & v, BB RO
K (Zesh) HEICB VT 2013 46 11 A 29 HA 5 2017
AEI0H 4 HFEFTHAEMD 7 1 — )V FERZITV,
BT X ENY T FARE U2 o REVE R IR 12
DWTHE L7z RE2HE T 5,

2. AEHE
2.1 AEBA b & O ERAM
74 =)V FERBRIIANBESTEERL (UA) X

DLFFHPETEML 72 (Fig. 1)o Fig. 2 (ZH 7283
Wt ERT, 2 7)—h78y 27 (I1mx1mx1m)

26

é Study site for Eckionia bed construction i Z

Fig. 1 Study site of seaweed bed construction at the coast
of Nafune, Wajima City, Ishikawa, Japan.

Fig. 2 Concrete substrata having four kinds of concrete
panels on the three sides (top, sidel, side2) with a
mature E. kurome sporophyte. P1: Normal concrete
panel, P2: Normal porous concrete panel, P3: FA
porous concrete panels substituted 20% of cement
with fly ash, P4: FA porous concrete panels
substituted 40% of cement with fly ash.
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Table 1 Properties of each concrete panel with and without coal-fly-ash.

Concrete panel Water Cement Fly ash Coarse aggregate
P (kgm™) (kgm™) (kgm™) (kgm®)
Normal concrete (P1) 48 298 0 1556
Normal porous concrete (P2) 48 298 0 1556
FA porous concrete
with 20% cement substitution (P3) 19 21 5 1556
FA porous concrete 47 157 105 1556

with 40% cement substitution (P4)

Concrete substratum B

Concrete substratum A

Top side

m
P1 [(R4§

SRR
i

Side 1

P1 : Normal concrete panel

P2 : Normal porous concrete panel
P3 : FA (20%) porous concrete panel
P4 : FA (40%) porous concrete panel

Fig. 3 Two concrete substrata location submerged in the coastal area and
four kinds of concrete panels attached on the three sides (top, sidel,

side2).
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Table 2 Final number of E. kurome sporophyte grown on
two concrete substrata on October 14, 2017.

Top Side 1 Side 2 Total
Substratum A 0 1 2 3
Substratum B 1 0 10 11
Total 1 1 12 14
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Fig. 4 Seasonal changes of number of E. kurome
sporophyte grown on each concrete panel of
substratum B's side 2 from November 23, 2013 to
October 14, 2017. P1: normal concrete, P2: normal
porous concrete, P3: FA (20%) porous concrete,
P4: FA (40%) porous concrete.

Table 3 Final number of E. kurome sporophyte grown on
each panel of concrete substratum B on October

14, 2017.
Top Side 1 Side 2 Total
Normal concrete (P1) 0 0 1 1
Normal porous concrete (P2) 1 0 0 1

FA porous concrete with

20% cement substitution (P3) 0 0 6 6
FA porous concrete with 0 0 3 3

40% cement substitution (P4)
Total 1 0 10 11
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Fig. 5 Morphology of E. kurome sporophyte collected at the
coast of Nafune, Wajima City and each part name.
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Fig. 6 Seasonal changes of mean central lamina lengths of
E. kurome sporophyte cultured on P3 of concrete
substratum B's side 2. Values represent the mean of
samples * standard deviation (SD).
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Fig. 7 Morphological changes of an E. kurome sporophyte on the FA porous concrete panel (P3) on concrete substratum
B's side 2 on October 23, 2014 (a), November 8, 2015 (b) and October 20, 2016 (c).
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and mature E. kurome sporophytes on the FA

Table 4 Morphologies of twelve E. kurome sporophytes grown on concrete substrata A &

B on October 14, 2017.

Mean + SD Max. Min.

Plant length (cm) 428 = 137 67.5 28.0

Central lamina length (cm) 263 £ 59 33.3 16.5

Width of central portion (cm) 68 = 10 85 55

Thickness of central portion (mm) 1.8 £ 02 2.2 1.2

Pinna number 61 = 20 9.0 3.0

Maximum pinna length (cm) 172 = 74 26.3 7.0

Maximum pinna width (cm) 41 = 08 55 3.0

Wet weight (g) 99.0 = 40.3 183.0 39.0
RERBISA4EE  Journal of Japan Society on Water Environment
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Fig. 9 Relationship between E. kurome's central lamina length and plant length from May 31, 2017 (a)
to October 14, 2017 (b).

Table 5 Measurements of seaweed and animals grown on concrete substratum A on May 31, 2017.

Top Side 1 Side 2
Substratum A FA + porous non-FA FA + porous non-FA FA + porous non-FA
B M P PR P M P PR P M P R

Coverage of Seaweed (%)

Chlorophyceae  Ulva sp. t 0+ 0+ o+ o+ o+ o+ o+ o+ o+t
Chaetomorpha sp. + + + + + +
Cladophora sp. + o+t +
Caulerpa okamurae Weber-van Bosse + 4t

Phacophyceae  Dictyopteris prolifera (Okamura) Okamura 5 5 + 0+ 5 5 + 3
Dictyota sp. + 5 + + 5 + +
Colpomenia sinuosa (Mertens ex Roth) Derbes et Solier 20 40 25 B+ + +
Undaria pinnatifida (Harvey) Surmgar 0020 30 W0 S 5 00 5 5 +
Ecklonia kurome Okamura 15 5 20
Sargassum siliquastrum (Mertens ex Turner) C. Agarch 5 5 20 15
Sargassum coreanum J. Agardh t 5
Sargassum sp. +

Rhodophyceae  non-articulated coralline algae + + 5 5 + 5 10 10
articulated coralline algae tot
Gelidium elegans Kutzing 5 10 10 10 60 70 2 50 5 20 2 10
Gelidiaceae + + + R 5
Chondrus sp. + 0t 5 0+ o+t + 0+
Hypnea sp. +
Peyssonneliaceae + + 4t 5 + 515 S +
Grateloupia sp. + 5 +
Plocamium telfairiae (Hooker et Harvey) Harvey + +
Gracilaria sp. +
Ceramiaceae + 5 + 5
Acrosorium sp. 5 5 0 10 -+ 5
Laurencia sp. + + + + + + +

Amount of Coverage & 8% % 1 9% %0 5 8 3N 6 65 4

Number of Species 10 1 13 1 5 1 1 4 15 10 i

Number of herbivorous aninals
Onphalius nigerrimus (3) (1) (1)
Aplysia kurodai Baba (1)
Nurmber of other animals

Porifera + + o+ 4 5 5 + 0t

Actiniaria (1)

Serpulorbis imbricatus

Serpulidae + 4+ + 4 + 4+ +

Ectoprocta + + + +

Ascidiacea + + + +
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Table 6 Measurements of seaweed and animals grown on concrete substratum A on October 14, 2017.

Top Side 1 Side 2
Substratum A FA + porous non-FA FA + porous non-FA FA + porous non-FA
P3 P4 Pl P2 P3 P4 Pl P2 P3 P4 Pl P2
Coverage of Seaweed (%)
Chlorophyceae  Ulva sp. 5 5 + 3 + + 0t
Chaetomorpha sp. + 4+ +
Phacophyceae  Dictyopteris prolifera (Okamura) Okamura 5 + 10 + + +
Ecklonia kurome Okamura 10 10 10
Sargassum siliquastrum (Mertens ex Turner) C. Agardh 0 15 4 5 +
Sargassum coreanum J. Agarch 3 + 5 5
Rhodophyceae  non-articulated coralline algae +t 5 5 0+ 510 10
articulated coralline algae +
Gelidium elegans Kutzing 010 3 10 4 70 0 50 0 20 5
Geldiaceae + + + 0+ + 3 +
Chondrus sp. 5 5 + ¢ 5 0+ttt
Hypnea sp. 5+ N 4
Peyssonneliaceae + + o+ o+ 4+ + 4+ 0§ +
Grateloupia sp. + + + +
Plocamium telfairiae (Hooker et Harvey) Harvey + 5 + 0+ 5
Gracilaria sp. + ot + +
Ceramiaceae + +
Acrosorium sp. t u t t t t t u t
Laurencia sp. t
Amount of Coverage 0 60 8 S0 45 5 8 S5 15 B N0 N
Number of Species 7B 19 8 0 9 6 6 9 1 9
Number of herbivorous animals
Onmphalius nigerrimus 2 © (1)
Number of other animals
Porifera +
Serpulorbis imbricatus +
Serpulidae + + 0+ + 0+
Ectoprocta + + + + + +

N o728, KO~ 7Y (Gelidium elegans),
¥ > TEH (non-articulated coralline algae), #)# O
7 71 * (Undaria pinnatifida), 7277 7Y (Colpomenia
sinuosa), I VEZ (Sargassum siliquastrum), 7 1 X
DI Z <, BEE 5% K~ 7T0% THEBF LT, <
731, ETONRRIVTHES~T0% TR O WY
PR T A REEEE L Cra X, Th A BIVPVEKY
IS THALIALVEY, YFXEY (Sargassum
ringgoldianum) HPEIE 5% Adwi~ 30% THERR S 11720
AL D 2017 4E 10 H OFKZFETIE, 1EEDT A XL T
a2 ) EPRYT 570, HEA SRR BB
Bix, 5 HOMENS 6 A L CT19HiE o7z, F 7o,
SRR EEX, H/SA VT 15~80% & AR E WD
DD, WTFNRH TR E L L~ 7 FEO/NGERED S, A
WEERTA7ax, Ky¥7SHEORAEHE T T
C A T2 Ehs, 44EB TEER R MK
ENZEEZOND, S5, RAEEOHE A ICHEL
D% L, FEORKAICHIL 72 & FiEC
BHolzZ &nn, HBOWESHEIMAL, HE A O
HOBRZRLTCEDDEEZ LN,
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HEAICBUAWHED AEMOBROHME LT, T
O OB R RAENEArR T 6N D (HiEER
Table S1 ~ S5 ZH) . MEDOKE 1 4EH D 2014 412135k
BOTFVIE (Ulasp.) NETELEL, RWT24EE
D 2015 A HE DY ) < F & (Chondrus sp.) W35
L720 3FEHD 2016 FELIIZ Z b B X 5 kLB D
S IYPEAIHML, WEEES ML, 44EET
BERBEIEVIRIE & 2 o 720 v 7 T T B L ELEOKL
WY ThHY, BELZEEORIE S AR ) Aok
LR NI SND L GETIVIEL b7z, i
MOEFHAEZ DI b, TDX) REE, oy
O R 7 EORIHEHED P 72 7 ARDSH 2R & 72 B 2
Lo, A OREMTREMmGEE, THEOWmEME 13T
FEAL LR o b b D, B, 34EH LK
B EMEA, #EBEDHICT T XD LEE OB
BE S N h oz 4tk 70 X 2 BINEICE S &
WA, THREZREGO SWHMICKRET LR E
70 AT O G R R TIEREENLE L 2D LE X
bbb,

KESESAEE Journal of Japan Society on Water Environment



TIA Ty YamEAR=F AT 7Y — b3R V& HWVCREEE B C OB S O B —i 5 A IS B0 2 7 1 — b F9EE—

3.3.2 HEREMIDIRIMR

AR O 2017 4£ 5 HB X V2017 46 10 H off A
DOEEMERME LTI, 7275 (Aplysia kurodai
Baba) 2%#&GEHT 0~1 ik, NEEHTH L X 7 KA
A (Omphalius nigerrimus) HHREETT 5~11 KR S
72DMTH -7z (Table 5, Table 6) & X 7RI A ¢
Z7u X EICAE LTV BERT DRSNS, HAERD
FEAERON G022 80s, BEZRETLIHED
EMETIEEVWEEZONS,

RIEPD 1EED 2014 SEOFETIX, X7 RTA D
WEIT A6 MK, FERED 1 2SRV T 12 A% 8 2
B30V b o 72hs, T DOBDIAETA TIZRE IR
L7z (#idE#l: Table S1~S5%), fELTH~ 274
OO GBI Z B L, AR AT
EHLICLL Y, ZolEEERA L, NMEEHORIE
PCVIREDSSHER S Twa b eEL b5, $72, 4
oA, I T A4 TEOMEVEAEO MBI
RENT, WHRICAHOBREREL o o7, Th
OOFERDND, R BT 5 B8 R (2 A £ B
W A HFBEOR RIIVER L, FAREER—F A
Y7 )= ;AN EHCELOERIIEETH D L
EZbh,

4. &8

FABEGEHER—S A2 )= 8 aVetma s s
DR WA )% I/ Sl Nl w S N 11 =l B b | B
FED RS & v, BEEE R ST AR IC B v
TAEMOBELER 7 1 — )V FEBRZITo 720 DITICE
LN EZFE LD 5,

1) 4 EMOFEBIR D, 2 K0S RM OWTFho FA
R=F A7) = N2V bEla s 7)) — hSR IV
E BRI A ORI R S NG h 5 72,

2) SRR AR T A Y A EIE 7 v AR
THY, T BEGEEMICAERE LAY ARD mER
R olle®, 70X THLEHEL.

3) 7 uADEAEBIIME B WE 2 DELEBMPERLTE
Molze HEBMIE 212 2OMDOWNMIZAES 2720,
70 X DMEETME, HELLTWERETH - 20k
WH 0, WL EOBRESFENT T ADEFAITKEL
WEL CTWA I EPMEINT, RIZBWTIRAS
DR DDA OFM LW EILIR O 528 LA R
KEWEEZONLTD, 70X ETRET 5SS
CHoTREBELTBLLLEND S,

4) 1FIFFHURnBE S Z 2 5N A B 2 1B VT,
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WA Z)—= b ANVED S FABGHR—F A7
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HiTI2H 5 FA 20% A 78R VICER D % { D 6 BRI
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15~80% L EDBKEVLDD, WFh < 7 HETH L
e B/NRIERED S, 70X, K F T FHERREE T
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