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Ecological characteristics of Ecklonia cava ssp. kurome (Laminariales, Phaeophyceae) in the western
Seto Inland Sea 1. biomass, production rates and morphological diversity

YOSHIDA Goro', SHIMABUKURO Hiromori'
HORI Masakazu’, MURASE Noboru® and KATO Aki*

BE 7o X3S iR - PRSI AT AT T A - AV AHTH Y, HHORKR L LT THEE
ThHbo AMTIZ 2012~ 13 AW E CPRRE, AR, B THAELLZ o xoBlis, SR, s
DFHILEMY F L7z BEBHEICBTL2EEN (6~7TH) OFHBHFERIZ07~13 kg E m”> THY, BAEO
FHBEERBBLR10~20 Mk m” TH o7z, FBERE - By BICBWT, FRO~—F v 7dcillE L
7oARRERNE, FOXMNC 104~156 g WE mTHY, FERWY (10~11 A) 12 1.8~53 gizdE m”H, BEH 2~3 H)
1258~129 g il m”H' TH Y, RO 7 0 IR FHERT Y F#EO 7 0 2B I ORBROS Y 2 L RBRED A
HEHEAL Tz, FEMOBAOERRLHRIEOR S LIFO, PPNIES I AL CHE R ERT DY,
70 XADOBBIEENZNOEFERE Y T 5 LN I NELERA LD SNz,

F—TJ—N:zuox, WEWNE BUEE, AR PR

Abstract: Ecklonia cava ssp. kurome is the only perennial kelp which is distributed in the central and western areas of the Seto
Inland Sea, and is an important component of macroalgal beds in these areas. Biomass and production rates of this species were
surveyed at three islands (Heigun-jima Is., Kata-shima Is. and Yashiro-jima Is.) in the western Seto Inland Sea during 2012—13.
The mean biomass of dominant stands in the luxuriant season (June-July) ranged from 0.7 to 1.3 kg DW m™and the mean adult
thallus density was approximately in the range of 10-20 inds. m™. Net production was estimated by the leaf-marking method at
Kata-shima Is. and Matsu-ga-hana in Yashiro-jima Is. Estimated production rates were 10.4-15.6 g DW m” d” in the luxuriant
season, 1.8-5.3 ¢ DW m” d" in the senescent season (October—November), and 5.8-12.9 g DW m” d” in the growth season
(February—March). These trends were similar to those for £. cava ssp. kurome and its closely related E. cava ssp. cava reported
in the Pacific Ocean and East China Sea, respectively. Morphological characteristics, such as stipe length, length/width ratio of
the central blade and the primary pinna number index (PPNI) of adult E. cava ssp. kurome thalli exhibited significant differences
in the luxuriant season among the survey sites, which reflected variable environmental conditions in their habitats.

Keywords: Ecklonia cava ssp. kurome, Seto Inland Sea, biomass, production, morphology
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2004) 0 S RIS L 27 T X - T AFHO 5K
BT B RICITEEE L WERHSALNTEY, %
DI AT L TR S NLE T 7 X8
(genus Eisenia) &, OG0 O EIEFERTAE L
%71 Y A& (genus Ecklonia) 1% Rothman et al. (2015)
WCED ATV RAB/IZTE LD SN, FOWZE (Kawai
etal, 2020) TRTNTHMILLZZETH S Z LA
WHRR SNz BUE, HARDT 7 X F0ifg#HEE LT
7 J A E. bicyclis, Y74 F X E. nipponica ® 2 FEH3 %
5L 3N (Kawai et al., 2020), 7 Y AFIZOWTIZZ
NTTHMEEEINTELD I RXE cava, 71 X E.
kurome, Y )V7 5 X E. stolonifera {3y L7-Fi & LT
A EODHNT, Wil (ZNZIE. cava ssp. cava, E.
cava ssp. kurome B X O E. cava ssp. stolonifera) & .
BT 57z (Akita et al., 2020), L7223-C, BAE
HAD A Y AE#E#REE, 3o0Hifx&ih Y AL
cava £ 7 v b 27 X E. radicosa (Rothman et al., 2015)
WEDBRENTVWDE I LIk %,

7 1 X E. cava ssp. kurome I I IR B
WHBHIELTHTYRXE. cava ssp. cava L X E N5,
WIS~ 6FEREOFMEDL L (K - Alll,

1982 ; JEJE - RAR, 1990 ; AEIEA, 2001), I XA
FEREELE S UM T, Fora X

KA C U AL S iR LLVE 2> & =i IR il & T,
HAHE « 303 ) Lk g A & R 5 DL
FTE, WMEOHAMIBIIFTA THEBEL A5 D FIZ
HF-THHARICH Z, PN TIE, 7axiE, Y
A, BIH T ADGAT BRI, AHKE S O R
WaR P - R CHE— T AT I X - A Y
AFTHY, TNODOMEHEOREIZB W THD TEE
fiExZ HD TSGRl - #idk, 2004),

TIA ATV AFOMEX, FUIBEICHESN
LN IHAR T IRDOR T THOMEL &
DI WY R WA LI, EAKICE S
WRBERMOEREOSTHH L LB, £ DEY
DOERYETLH Y, WD THEERARESAN - EENH
HEAZA L TW5, B ORBECHEME ZoBfrEe
MRS DB TTIZ NS O 2 ST 5 720
WATRTH Y, RBOBBIRE - EHHHE % #ED
5 RATHRENLIN TS, FRIEFEZ AL
SBEEB)OBANARD R BRI D, BHITXD
R ENDLAERE (CTV—A =K ) OREEM
& ZDOREFNBE) O EZE LA RE L o
TWwb (- 7L, 2017)0 IS ZHG LT 5%
WZBWTIE, Lo IEFEWEHTCICN T 5 1EHRE LTo
S ANRAHIIEFE o T b,

BB, BYIEEL R E HIHT % 72D Otk Eo
TATLHEZONDE—)T, TRAERIHEEOK
i EASEOBRBEELICH L, MO THETHL I LD
HSPICHoTWD, FRICEBRA BEROEED B
% 09 H AR OV I8 T BEBET & FEN % 8 03
B HEOETPERITH Y (FRA - B4, 2010,
BPTHT T A - T AFOELORTEIIEZ - T
V5o 1990 AFEHT TR X 72 R AR B RIS B 1T B
8,000ha lZd e 5 A VX - HH T XEGOMK (EA
JII, 2006) X2, @A - LAEEICBIT S 1990 £
BT A Y OIE S (Serisawa et al., 2004 ; Tanaka et
al., 2012), F 72 JUNPEAC A & 10 TR H AN K
S2013FEEFORFEEKRICEIET I X - H TV AH
W O KB O\FIT A, 2014a 5 K - B,
2018) %, HUIROMEICL L KA EEL G52 /-0
EZhFFE LTSN TV A,

ZOX)RELORER, BRI LIEERT T
A - AT AFOERRFEO AL BT, FKRLETE
e LA fES Y S HEOREGH OG5
1, BHMLIGER L T2 (Wi - B H, 2018). %
T HEBEOFFTIX, B Y XESOWIIIT - THE
MY B R /N - Bl TS, RAED
FREDVZDZHALMPBIEIN TS FEIEID,
2001, 2002), Hiak L7zHBIORZL 5T, B0 HRE
13 1990 AER VIR D2 Z ZH N A THE L TH
D, BURIERR & 54 2 BEOI KDL D720 DK
WAL - =) Y 7OEEREDEHESINL LH I
2o 7z (KPFEFT, 2015 5 Terada et al., 2019),

Bk L7z X 902, 7 1 A PN #3 of R
ELTHOTEETHL, LirL, TOEEFNZZA
B3 L2 del, BEofMmEE L TUIERR
oSS TR S5 L2 50 B TEEL A & ALE BRI B %
b (SEM - IR, 1990), F LR - REICBT
LEEOFHEAIMCET S b0 (il - KH, 1996)
EDVHDHIZTER WV, WINEETIZIINETDOETA
BERELT 12K 9 2 KBBR8 O 368 - RO 1324
Vo FAFKIE - EBKEIC X o TN E T O T
WA 72D, FEH S OBEKEEIZAR D B O BN
VWl FRAFOKBKTICX VHEEEOBYO
WREWHAHIRENDE Z EEBZOERE L THITS
Nz (FH, 2018), L22L, M #ETDH 1980 4
RDARKIRI I A D AT EE AK
PR EIEZE Y v 7 — W E X K EEREZERT, 2015),
TR IR AR T 4 TOMMRPRAIET 0TI D
RIEEINTWD GFHIEA, 2012). HHiEsicBh 5
FOPKE - BHBAKETIE, §TIITIX - AT AHD
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W OB R AIMOM/NSHE SR> TB Y (B4
EA, 2018 : HEIEA, 2019), FIEEDOBRHED 5
FWTHHEICHIEKRT L RSN,

HH OIT TN F TR ERIEE O B BT
W OMEZ L TIToT&e ZDH b1 A2
DV, TOREIE S N T2 KIERHEEHLE
DIEZEIZOWT, F¥ &7 P, RiERORNKE
BV TR T 2=k 7 7% v TL OK
EEBITHHIT L 5HIZA, 2014 Kato et al.,
2018)0 AHFETIX, THOOFERICHAF L2271
AOBUF R E R, BRSO ITE L) L
W5 EE BT, iR e ORI SHET D 7 1 A
HEFEROREEZH O 2L, BUIR (2010 48) oicsk
9%,

E132° 10’ 20° 30’

Hiroshima Bay, '

a ° ®

Yashiro-jima
Is. e

N33° [ ©° I
50°
op p
Heigun-jima Is.
. v
@ ® lyo-nada Sea
Fig. 1 Location of the survey sites in this study. Kohna (D)

and Matsura (@) on Heigun-jima Is., Tokkuri-bana
(®) and Hagi-bana (@) on Kata-shima Is., Matsu-
ga-hana((®) and Hiramatsu ((®) on Yashiro-jima Is.
1 KRICHETZHEH. FEHEOMEL (D) £vVT
(@), FBOKrYZUR (®) &NFR (@), &
FUEREORs & (®) EFHR (®).

0. #EeHx

1. #AEH

ARFANE, WTPIEVEEROERRE (LR,
BAE (LORXEEN RS, BLORRED
MRICAE T 25 QU KSR K EIT) <©%
L7z (K1, #£1). WITNEOWEX 5 IZB W T
&, CFERETERCAE L, 2R BRI
PP, FEBOILEBIZAEEICH L TWS (FH
EA, 2010), migk GHHIIA, 2014) Tk, 2hb
D BB O R ERES B X O A2 & 5 N TR o
1HAEHIZBNT, 4+ 087 MEICEVA
ARTIKGABCNZW o 7RI & iAo T 14 55 A
M2 RS L7z Ao, fikoMtcbo ) b
OFWHEBIEOMAZD (K1 0O, LLTFHER), [FE
OV 5@, FED MYy 7)) RENFHOD, BX
VR EILREDOR » 5O L RO TIEM L 72 FHLE
OB O®, BREBEOFROORMEITAL SRS A
THERCTH Y, ZhDAoFEBIEAED L IZERg
RO FRE T HMERTHD (1) T
NOFFEHIZBWTHZ7ORFR Y IIHEE EDIC
B R TR LT 7S, B3 2 KGR i AR 1
sUuRXRERFTTTHETHEICR 2> T/ (FH
134, 2014),

2. FRPODEBEELRHFE

HTRA 7T XADOHFIFIZ L OYH6~8 HIZH
R AWz, BffebEMRRICRS (KRE - A4,
1982 ; #KH, 1985 ; Maegawa, 1990 ; #¥ i - K H,
1996 ; JE#E 1T A, 2001 ¢ AZIED, 2014b), 2D C
LX), REAETIE201246 H8H (Mz®), [
2H (vv5®@), M23H (by 27 VRS - NFh
@), TH10H (7 HE - Fir®) 23 F7— Mk

Table 1  Survey sites of Ecklonia cava ssp. kurome in this study . Details are shown in Yoshida et al. (2014)

® 1. ARICE TR 70X OREHRT . FMRITTHIZD (2014) 28R

Date of sampling C.D.L. Depth E. kurome

Site for biomass Latitude (N) Longitude (E) Substrata (m) coverage(%)
Heigun-jima Is.
1. Kohna 22. Jun. 2012 33.7959 132.2421 Artificial reef 5.56—6.0 60—80
2. Matsura 8. Jun. 2012 33.7711 132.2547 Rock 1.0—1.5 100
Kata-shima Is.
3. Tokkuri-bana 23. Jun. 2012 33.9147 132.4650 Rock 0.5—1.5 100
4. Hagi-bana 23. Jun. 2012 33.9180 132.4626 Rock 0.5—1.0 100
Yashiro-jima Is.
5. Matsu-ga-hana 10. Jul. 2012 33.9517 132.4384 Boulders 2.5—4.0 50—60
6. Hiramatsu 10. Jul. 2012 33.9505 132.4134 Artificial reef 4.5—6.0 5—10
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WL o THAAEMICBIT S 7 0 X0EFEE, BfE
iR L7,

HBAHICB T, 7 A0, L THILT 5 KE
WIZBWT S0em G TEMZE 5 v 7 22 3 BeikiE L, I
BT K B 5 DR BE % B K eI O IEALIESE (7 1 X
ot) *ETREL, ERAEHICBITS27020
BEWOKEEZOMBBEEZ R 1ITR L, PR
ODANTHELETIZZ B ADAEFIZLT LS BIFTIE%
{, B CIRFEFICB W TIRE R #A B2 HAaL o
FRPZOERE LTERZINTW S (FHHITH,
2014) 0 ARETIE, BB X BHIRDEE LI o~
O X BHEROREE SN T L, BF L L THRG
Dy X - BUFE bR L 72,

FREL-BRITIZ X EZ20MOMEREISEN L, £
DMOWFFIZ S ST LB L2, 71 X 220
TR & RIS DT TREAFEZ R L, Sk ®H
wERD, 2T YK L, MIEEA R WE
DIFEIROIREE L7/MUMEERIZMZ, FIREDOTEIC
ML LI Lo Bk EHb0E LTE
FL7oo BUARICOWTIRIER S - IFED R E D
FHMETEEL TV LMHEARE LTER LI, 78 XD
HARIZO60C T T2 HMBEHEREIZET S5 F TR S
o, WRERZHE L.

7 axOEE, BAFRICOWTIE, Kruskal-Wallis
ML DA o ER 2 e Lz, MEICE
IBM SPSS Statistics 20 (IBM L) # vy, 5% DFHEH)
e b o THEREND S LW L7,

3. £E=

Fy 7RG, "FRO, BIUOR,rHEOD 7 T X
IZ2oWwWTliE, TERHO~—F >~ 7 (Yokohama et
al., 1987 ; BE 2010) 2L W AEEEL KD, D
FHEEATA - 70 XADOFERE T EHOBE R TR S
N7 EE & P B RS, RICE DR TRV b
YRT DX MER EEHA~EE T 2452 R L2
DTHbo FIOMIEZ L T—EMHZICHEKZ
EUX L, Bk L7-MEORBE D SMEOTEREE Z D
L, EROAFERZHEE L2
AEROIEIX, PR 0 xOFHEE,S, #
(201246 H23 H~7H27 H, s G T
RKIEM), FBRH (2012410 H 15 H~11 H 19 H),
BIOWEM (Fy 7Y RO - AFROTIE 2013 4F
2H17TH~3H7H, Br HE®TIEMAE2H 16 H~
3H19H) @3 WM CTHEML 7z Ak L7245 #AH
D7 T AMEEKERICBWT 20 K0 k%E 5 >~ 5
LIZED, 10emPl FOMZED ) B TED L 13K

Fig. 2 Parts of an adult Ecklonia cava ssp. kurome thallus which
were measured for the morphological comparison and
production rate estimation. (D: total length , @: stipe
length, ®: length of a central blade, ®: width of central
blade, ®: length of a bladelet, (®): punching marks by a
cork borer on a bladelet for the bladelet formation rate
estimation, @: a pair of bladelets and piece of central
blade between the pair used for the production estimation
(shaded area; the heaviest section of the thallus was used
for the estimation) .

2 MEOHBELEEFHOLHICAESN/Z/OX

BT O 2k @FER O PRER,
@ : hRER, ©: AER ©: AEOHHRER
BREVDEHDINIR—F—IC&BY—F27,
@ EEBEHOZOHICYY 3 ShEEE A O
XMOAEEZDEDFRER (FAVED  ZHE
WEDZREIICAWLS).

TE»L2FHOELAOMEIZI NV K—F —TH
ZSmmORE22WHRTHIF, FiklLz (M2
®)o B LZERIEEICT -T2 L. %
72, S0em I E 3FO T v ¥ AR NI R E
L TR DBEEZ KD 72,

FREoMM 2 BV CERR L 22k ML L 225, &
RIS OV TR L 7230 L~ OBBIB K% KD
7oo F7z, FIREZ LR OMEEL 2T S
Lo REFEMK L ZOER (K20@) 12W) 5
TR EREEZIEL, T0)bORKENFERELK
¥ 72, Wik L7z Yokohama et al. (1987) B L UAE
(2010) (ZHEHLL, MIBEORBBHEIICHEKIE HR %
Fe UCHIMN OB 1 kD7) oFEREZ R L
720 BT IHED ) OFYEEREZD LD,
XSICZOEMEICZENZ OB OBKOEEZ T
T, HRoAEREZRNL.

B, BAREKROEERICBWTEDEERD D
HEG IS T/hEWZ & (Yokohama et al., 1987 ;
B 2010) 205, FERTOLEEREL D > THED
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AR L L7ze F72, B ODROBE LKA L
BB LIRS W L, F koA m 3B G e ko 4
FERIZBWTEMNZEF G2/ (U5, 2014b)
LENDLT LMD, RRAETIIRAEOLHERE S > T
BHEo RS LTz,

4. FREADOREERFE

70 ANIEEOHITE RS RO TRKENWT ETHS
Nb, Tz, 70 X OHISAEREE ORI IEENFEE
&, BRI EE BT HFELOWMEICRD L B
% (f&H - K%, 1992 ; Tsutsui et al., 1996) o AFHAL
PRIV R L 22 5P TN L 7245, ik o B
DOFERE - BfFERAEICBVTIRE SN2 7 1 2 OLE
WX CTHEDRD bz, Lzdi->TIhb
OFREMEE SR E L, FH - KB (1992), Tsutsui
etal. (1996) ICH#ERL T, HWAKDOY A X721 T%H L
RN R b Rlsk L7z BARIICIE, BEARICHEED
HAONBWETORMEEZNRE LT, &k ((FEHE
E#rOEAORKIEN T TORY), 2K, P
EREERBIOZNLOL, FRIED MO ZER
BIXOKHEEZMZE L (M2), 72, Tsutsuiet
al. (1996) 12 X b 7R & M 7z Primary pinna number
index (PPNI; F Ml O ZEH 2 R T L 72 %
ftic MIFEDOHRIEL S ORHOBEZRT) bRD
720 B, L LIE S NAZEREE T E o MIEIZ DO W
TiX, BEA10emPh FIEL 72D 02 S HlE x4
L7

7 ADOBEBNREZRTEMEIZO W TR,
Kruskal-Wallis #2512 & 1) 7 45 b 1] o 7 3¢ 2 e L
720 MFELC I IBM SPSS Statistics 20 (IBM ft) % H]
W, 5% DFEHIRL S > THBREDNSH S EHRT L 72,

m. #F

1. EXPOEGFZELRESR

BRI O 70 X WARO T EEIENF H@DT 200
ik m? b E L, FRO% R MoFEAm Tl
8.0~14.7 A m> TH o7 (¥£2), FRO® T
DOFEEIIR LML, 27 A m? TH o720 —T, 4
ROBEEILF CHFHAEMATS 2 VT — M OEEIR
EDolzh, ZFOPMEIZRARD B L W o % R
L, FROT23MEAm* tikdbml, "Fhr@OT
1.3 84k m? TR UK, o7 (£2), BEOEEIZIE
AT T R e A=A S 7z A (p<0.05,
Kruskal-Wallis ¥ . PATF ), RO EICIIA R
BRER LD o7,
FHHARINTROTI32 kg #HE m” Lk d K
&<, FROTBEMoOFAERTD 0.74~1.28 kg 2
Em’ e lkgWEmM  GETHo72 (£2), RO
1£0.09 kg iz E m? LR D /NE otz (£2), FHH
Al A CHE R DA & BTz (p<0.05) 0

I NI — MARSERE SN2 1 X DAL
OFHBFRIE, v~V I0@, by s )ROG, NFRO
WCBWTRIAE (7uXxgt) O3%UTTHo72
(#£2)o —F, FROTIZIZIFZa X LFEE (55%)
Thotzo WEINZ 0 AUNOWEIL, NFhE
Hofitikd A, FROTEI9MERDL -
72 (£3)o TFTH= ) FREFAXFBEDOAEA
JREED - ARA I CIbm LTI L 22135, MigOTik
IVFYEY, ILEZENFE T8 72OTI
KU FTIRVauaEwrHEOR YT TRHEED /N
TR L7z —F, FROTIE A v 57 7 HITR
L£INT, YNZXTY, AN, TV FFENRE
RIBFEHETH 72 (F3),

Table 2 Mean thallus density and biomass ( % standard deviations) of Ecklonia cava ssp. kurome at the six survey sites in the

luxuriant season (Jun.-Jul.)

R2 HEMICHIIZDEXH (6~7A) OIVOXDELHREEREFE (TRERE)

Site 1. Kohna 2. Matsura 3. Tokkuri-bana 4. Hagi-bana 5. Matsuga-hana 6. Hiramatsu
Density (inds. m™®
Adult 8.0+4.0 10.7+ 2.3 14.7+ 4.6 20.0 £ 0.0 14.7+ 2.3 2.7+2.3
Juveniles 6.7+11.5 6.7+2.3 2.7+4.6 1.3+2.3 2.7+2.3 25.3 +16.2
Biomass (kg DW m™®)
E. cava spp. kurome 0.83 + 0.59 1.28+0.45 1.14+0.43 1.32+0.25 0.74+0.14 0.09 +0.03
Other macroalgae 0.10+0.16 0.04 +0.03 0.02 + 0.02 0.01+0.01 0.07 +0.05 0.11+0.06
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Table 3 Macroalgae collected together with Ecklonia cava ssp. kurome in the quadrat sampling for biomass
estimation in the luxuriant season (except for crustose macroalgae)

£33 HXKPORGFEAERIC/OXEESHICHURRETHEONLEE (RIKERITER)

Scientific name Japanese name 1. Kohna 2. Matsura 3. Tokkuri-bana 4. Hagi-bana 5. Matsuga-hana 6. Hiramatsu
Chlorophyta
Ulva pertusa TrTAY O
Ulva spp. TA/VE 9
Codium arabicum FURUNLZL ) )
C. fragile L 9 9
Phaeophyta
Dictyopteris latiuscula YNNG O O
Dictyota dichotoma TEIUTY o
Rugulopteryx okamurae 29V UTEY O O
Padina arborescens DEUFT 9 9
Pachydictyon coriaceum HFETY O
Colpomenia sinuosa 2450/ 9
Sporochnus radiciformis )] O
Desmarestia dudresnayi EA=R s O
Undaria pinnatifida THA o
Myagropsis myagroides DER=E 2/} 9
Sargassum fulvellum RUETS O O
S. macrocarpum JaxyEy o o o o
S. micracanthum rrEY O
S. yamamotoi ALEVEFRF O
S. yendoi IVRYEY O
Rhodophyta
Amphiroa anceps h=/7 O O O
A. beauvoisii IFIh=/T 9 9 9 9 9 9
Corallina crassissimum ANYRYh=ZIT 9
C. pilulifera EEeN O O O O
Jania sp. EHXAXEDIE 9 9 9 9 9
Gelidium elegans oY O O O O
Halarachnion latissimum RRAATRZ 9
Chondracanthus chamissoi vxv/ 9
Chondrus ocellatus P 9
Grateloupia lanceolata 725859 O
Hypnea flexicaulis HhX7A4N5 o O
Ahnfeltiopsis flabelliformis Txv/Y O O
Plocamium telfairiae any o o
Solieria pacifica V% O
Gracilaria incurvata ¥ =] o o o
G. textoril 2 PAVAD o]
Fushitsunagia catenata PRV O O
Botryocladia wrightii AFXEYY O O
Laurencia sp. VIRDIE o

2. ¥E=

RO OER L 20K S b, The
NORAEME X OHHICB W T 14~19 FAED I E
n, it sng (%4)

2412, My VRO, NFRO, BrREODY
O X QBN RN, REM oA #EES-D
(d) L#% (o) OHMAERER, BLUOZOHEOL
Lotz enZn oI BT 2 M3 HE E
(a: BERORMOHR), RRERER b) BIUK
ROEE (¢) ZRT,

MR EE L, AFORENTRIKEL, 3
T OFI1Z 0.051~0.066 £ - H' TH Y, FEHHD
BEEOHMAEERIZS8~129 g izE m™H! LHHX

%1\
=

N7z (£4), o BN EILE ko
b, by )ROTI3MEE (72%), NFHROTI
ik (60%), #r #GT 6 Mk (43%) 25877
AR L TWT, ook koA ERIE
0 LB sh, hdH7z)AEERICBIT S KE RIEEHE
RAEDERE ol (F4). FEFHOREEO H A
FEREIE 1.8~53 gWHE m H' THh o7z TR OM »
BOOBIGERTIX, FIREEO _EERICMAHIC X 2 AR
MRHRED LNz, BRMTBIT Ly 7 BO, NF
BOOFHMER R A X, 210034, 0.054
METEREM I DS oA, R RK
EREREPIRKE WD, ks 7-) THILS T
HREAERIE, Zh210.71, 0.78gwE fEAk" 0

I B RER AT R ZE LS Bulletin of the Hiroshima University Museum 12: December 25, 2020 © i & AZE# A 1A Hiroshima University Museum



OIS B 237 0 A OEBARFE T, SifraE L A, B XOTREOSHE 93

Table 4 Production rates (d, e) and parameters (a-c) used for the production estimation of Ecklonia cava ssp. kurome at the
three sites. = S.D. d=axh, e=dxc.”" for one side of thalli. * including a pair of bladelets and piece of central blade
between the pair (see Fig. 2)
F4 3HAEWICHBIDIVO0XDEEE (d, e) EZDEHICHWE/INT A —% (a-c). TIZERE. d=axb, e=dxc.” TR
MEAIOREMREE - B). ” BRABEAOAT7ORIEL ZOROPREBZORAEE (K2 B8])

=

(b)Maximum weight of (d) Production per

Site Thallus (a)Rate'of b}ade_llet blade pieces®? (C)Der'lsiFy of a(%l;lt individual thallus (e) Productior.lzpir
number used  formation*' (d™) thalli (inds m™) 1 a1 area (g DWm™“d")
(g DW) (g DWind." d)
Luxuriant season (Jun.-Jul)
3. Tokkuri-bana 19 0.034 + 0.015 20.9+6.8 14.7+ 4.6 0.71+0.43 10.4
4. Hagi-bana 17 0.054 + 0.026 14.2+4.6 20.0 0.0 0.78 +0.43 15.6
5. Matsuga-hana — - - - - -
Senescent season (Oct.-Nov.)
3. Tokkuri-bana 18 0.011 +0.019 9.6+ 4.8 22.7+2.3 0.08 £ 0.15 1.8
4. Hagi-bana 15 0.011 +£0.014 9.6 +4.9 44.0 + 16.0 0.12+0.18 5.3
5. Matsuga-hana 14 0.020 + 0.020 14.4+5.8 18.7+6.1 0.27+0.35 5.0
Growth season (Feb.-Mar.)
3. Tokkuri-bana 18 0.056 + 0.031 50+1.4 20.0 £ 4.0 0.29 +0.20 5.8
4. Hagi-bana 16 0.066 + 0.030 7.6+3.5 25.3+9.2 0.51+0.37 12.9
5. Matsuga-hana 17 0.051 +0.016 7.6+32 29.3+4.6 0.39+0.20 11.4

Table 5 Mean size and morphological features of adult Ecklonia cava ssp. kurome thalli sampled for biomass estimation in the
luzuriant season (Jun.-Jul. 2012) . *PPNI; Primary pinna number index (Primary pinna number/ Central blade length)
by Tsutsui et al. (1996). Data for Hiramatsu are excluded as few adult thalli were sampled. Range of each
measurement item is shown in parentheses

x5 FHXEOTOXEAEOFHY A XERERFE . *PPNI (=R AIRIZER HRER) & Tsutsui etal. (1996) 1K B.

FRTIERAED DT D UDEEINERD OO L. FBMRORIEIZEEZRT

Site (Number of specimens) 1. Kohna (6) 2. Matsura (8) 3. Tokkuri-bana (11) 4. Hagi-bana (15) 5. Matsuga-hana (11)
Total length (cm) 75.6 (56.5-104.5) 72.7 (61-84) 78.9 (44-103) 77.4 (19-103) 67.0 (47-80)
Stipe length (cm) 19.8 (5-29) 7.7 (5.8-9) 18.1(11-34) 18.5 (8.5-29.5) 9.7 (5.5-16)

Central blade length (cm) 45.8 (30-56) 28.9 (22.5-35.5) 31.1 (23.5-40) - 40.5 (26-60)
Central blade width (cm) 33.3 (24-40) 7.9 (5.7-10.5) 13.9 (9-18.5) — 15.3 (10.5-20)

Length/Width of central

1.42 (0.89-2.29)

3.86 (2.32-5.61)

2.37 (1.46-4.44)

2.8 (1.53-5.14)

blade
Number of ‘bladelets 6.5 (3-8) 14.1 (8-23)
(one side)
Length of the longest 29.9 (21-40) 53.9 (37.5-63.5)

bladelet (cm)
PPNI* 0.15 (0.09-0.27)

Individual weight (g DW) 103.6 (39.3-205.5)

0.52 (0.23-0.88)

119.1(42.5-218.5)

7.9 (3-15) 8.1(3-16) 7.1 (4-12)

52.9 (28-66.5) — 39.3 (22-50)

0.28 (0.15-0.48) — 0.19 (0.07-0.31)

77.2 (9.4-192.9) 67.9 (15.2-122.1) 49.6 (19.1-90.9)

CAEBTROKRE L, SOICRAREREZ R U WA
HdH7-) FHHBAEERD ZNZN 104, 15.6gHHE
m? H' LEMTROKREP 72 (F4),

3. FXEADW AR
R CIRE SN 7 O XKD K IO 4 X
BIOERENEMEZ RIBMELZ RS ITRT, FRES

N7 a0 XRE, FEORLR2MEPEEL TS
LHbNI, ZOOCTNORELZHDPKE o
720 L7230 T, RSB LEHEHOTFIMHEE &b
WZiAME, RIEDIR L7z 2B, FROTIEELR
7R DR B AR D TH L hr o 72D TS 61
Bk L 720

FAOERD X OERERIZB W I PIgHEIC
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BREZED, 72, ERE, hRERCEONL,
TR L RARMEER, PPNIEICIZA B R A0 HESh
720 MIBIWIRT L9 ICKMAMBEOZ 0 X DIEREH
SZUTAHMPRIIRR > TV, FZ, FHEOMAD
Oz a AN EEEZAELTBY (K3a), 0
PO TR & CHFICTRANE WzodlZ, BRE LEOIX
R D 7 T x &l U CHE NS otz (R
5o F72, TOMIEDF—FHTEML L, HEW
PPNIMHICH O 5N D X D ICHREN ST S
Moz (5, —J, FWLFH
BO=Y @07 v XIENE L, HRIYISHI g
ENPSMIEZFHICHBLTBY, FREORS LIED
WAZBHFE IR &, PPNIfED K& Hh -7 (IX3b, &
5 BRra®oraxix, & #HE EELD, b
L Ko R A B 2L E A NI G: XiNE AN IN I NI
WCTHHHREE 2720 TIFROOANTHETHTH
WCERE SN2 7 g AR S NRITHIEED A2 <, S

PICHIEERTH L EEZ SN (W 3e)o

I\

RIFFICE VST E o 2P NEE RO 7 10 2
HHEORAEE, HifGE, EERCBT 2 EEY
THEUTOEBYTH b,

(1) 18 5 BE S O BO% I 0 RS BE 121 1T 10~20 i
Hm? BETH L, DROBTEILRAROREEIC
WBEZT 5,

(2) I FIFHBETE (BEE 100%) & 2o e B0 5B
(vv 5@, by 2RO, NFROOEEN
W) OERMOBAFEI 1.1~1.3kgi#HE m?,
70 X DWEEDS 60 ~ 80% FEFE DB L BETE (fh
%40, By BREOOREEH?FHY) TIE0.7~0.8kg
EmPRET, B TBBLZ kg HEm”
WthTH 5,

() MBEEIIBNTY—F UV 7ETRBL -8

Fig. 3 Morphology of adult E. cava ssp. kurome thalli in the luxuriant season at Kohna (a),
Matsura (b), Tokkuri-bana (c), Matsu-ga-hana (d), and an adult (4) and juvenile
beginning bladelet formation (J) at Hiramatsu (e). Scale bars = 20cm.

K3 BEXHOI/OXKEOHE #4 (@), YVT (b)

by ZU& (o), 7R

(d). FR (e) IEDWTIERE (A) CREDR M &S LIhiE 1) ZRUE.
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Table 6 Adult density, annual maximum biomass and annual production of Ecklonia cava ssp. kurome and E. cava ssp. cava
in the previous literatures. a.r.. annual range, max.: annual maximum, a.m.:annual mean. *:Converted from the wet
weight in the original literatures to dry weight assuming dry/wet biomass ratio is 0.15 (Terawaki and Arai, 2004)
Fo6 BAEXBICEZI/OX, hPAXODHRARBE, RARFELSIVERLEER. ar  FAXHER, max. | FFHHEK
&, sm. | EFEFIHME *: RETIHEERR. L2/ BEHZ 0.15 (558 - #H, 2004) ELTEZREEICKR

Annual maxi Month of Producti
Location Adult density (inds. m”) oAl maximumn, max. roduction Remark Source
. ) biomass (kg DW m®) bioms (kg DW m™y™)
omass
Ecklonia cava ssp. kurome
Tono-shima Is., Ehime Pref. *1.5 Jun. Max. biomass observed at 8m depth. ~ Terawaki and Kawasaki (1990)
Max. biomass observed on boulders
Kawaminami, Miyazaki Pref. *1.49 Jul. with relative height of 0.5m at 4-5m Terawaki and Kawasaki (1990)
depth.
Yawatahama, Ehime Pref. 20 *1.98 Jul. 2.8m depth Terawaki (1991)
Nagashima Is., Yamaguchi Pref. 24-36 (a.r.) 0.89 Aug. Juveniles were included in density. Murase and Ohgai (1996)
Gounoura, Tki, Nagasaki Pref. 17.6-40.8 (a.r.) 1.53 Jul. 2.79-2.88 Yatsuya et al. (2014)
Ecklonia cava ssp. cava
. *0.62(5m), *1.52(10m), *1.37(5m), ¥1.43(10m), . . L ™ )
Miura Pen., Kanagawa Pref. %0.99(15m), *0.30 (20m) Jul. *0.59(15m), *0.20(20m) Biomass in1987, production in 1988.  Terawaki et al. (1991)
% *
Suzaki, Izu Pen., Shizuoka Pref. 6.6 1'382512)' 0.65(7m), Jul.-Aug. Iwahashi (1968)
0.53(10m)
Shitaru, Izu Pen., Shizuoka Pref. 11(a.m.) *1.95 Jun.-Aug. Hayashida (1985)
Nabeta Bay, Shizuoka Pref. 13-25 (a.r.) 3 Aug. 29 Surveyed in 1980-81. Yokohama et al. (1987)
Nabeta Bay, Shizuoka Pref. 12-17 (a.r.) *1.61 Jul. Surveyed in 1996-97. Serisawa et al. (2001)
Maximum in the monitoring in 1982-
Shima Pen., Mie Pref. 14 (max.) 0.8 87. Biomass was estimated by Maegawa (1990)
allometry.
. . 10.8-19.8 (3-5m), 20.6- *1.5(3-5m), . } .
Tei, Tosa Bay, Kochi Pref. 26.9(7-10m) (eur.) #0.96(7-10m) Aug. Surveyed in 1981-82. Ohno and Ishikawa (1982)
Tei, Tosa Bay, Kochi Pref. 16-54(a.r.) 2.57 Oct. 2.73 Surveyed in 1993-94. Tominaga et al. (2004)
Tei, Tosa Bay, Kochi Pref. 10-19 (a.r.) *0.65 Apr., Jul. Surveyed in 1995-96. Serisawa et al. (2001)

PLEIAE & 72 0 H B AR R A I L ) R
2, #EM (6~7H) 2510~15g ¥ & m”
H'BETL- b REWV, 2721, HEY
2~3H) THHEMICL > TIF 10 giZHE m?
H' DL OB L RS OEER % RS,

BEAESCHRIC X A MHES D 7 10 2 & Hisd TEED A
TRADOBRKROEERE, FRRKIUFEDB X OEHA
PEREROICEIL 72, BIFfESRERTERIN
TWA YA EEEYZ015% (F - #r ik
2004) & LTS L7z,

70 X OFEREMBERBARICHET A EHIE, &
VALK LT, BEIZOWTIE, BANED
IR ER (BE - KH, 1996) TIX4ERH T 24~36
itk m? OFPACTER (ED & A TEED, ShiEE
T RGBS/ O R A% 17.6~40.8 il 1k
m? (P 293 filfk m?) (\4H1E2, 2014b), F 724
A1 B BRAZ 3 B I U1 R T 0 AR5 1 6~24 il 4K m™
(R - KR, 1990) 23#hii ST b, FEROKRK
BRI OWTIE, W SR TR - SO
AHY, KiE8m TI5kg Em” THY, Thil
L TOELTOHAERIIBA LTS (F - I
I, 1990). [F U WA TIE, IHk - RET
0.89kg W2 H m” (Rl - KH, 1996), #={%KE Tl

FIR I UGS 1L B 58 T 1.98kg 2 E m” (SR,
1991), F 724Vl Tl BRIFIRE I T 1.53kg ¥ HE
m? (N E A, 2014b), E G H T C ok 1.49kg
Vo m? GEB - JIIE, 1990) 2%, wWIFhbEF (6
~8H) bl LTHEESN TS (£6),

B Y AIOWTE, ZRERHUEE, HEET
L OWEDH B0, BUFRIZAFTKRICLI D RE -
TWwb (£6)o ZHiPETIIAREIOMm FETES
TAEETIIKEI~S m THAERIIREVD, wih
b 14~15kg Em  BETH 2 (H1F 1968 ; K
B A, 1982 SEMRIE DY, 1991) BLTH Y XD
AR BE 10 R m? fi 2 5 20 Mk m? witg:,
TR RKBARICOVWT L BB kg 2E m” /i H,
5 2kg W2 H m” OHPHIZA > T b, BIFHRIIZ, 1980
A DOHPE (Yokohama et al.,1987) X 1990 44X
oS (BklEFh, 2004) TIEZEhZEh 257, 3
kg 2E m” L ML TRERBGFRIHE IR TY
LW, TOERIZOVWTIIETELR LAV, wWihil
HXARRUITBT 2T NIEE O 7 0 X OB &I,
Bk 7 ax - T 2A0BHFROHPNICAD, FhfE
Wb LMK LIZIZEENIETNSDTHEEEZ
bbb,

HY R 70 RIEFEPSEFIERTROEAI
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LR L TEEL, EFCHAROY -7 %20
Z, BHPOKIIEA L CTENZERL, Tht
LSRR IE RN F LS ESTLTHRIAT S
(Yokohama et al., 1987 ; /N - &1, 1994 5 JF i -
Bk 2004 5 ABS, 2014b) ¥ —F V FETHY
A - 70 AQEER % L2 FH60TIE, HEAEER
DY — 27 ZHAFRDE — 7 IR OETED L HEFICH
SNTHY, PtE - HHEDOH Y X T 124~143 gz
#Em’H"' (4 H : Yokohama et al., 1987) , 1EED A
VAT996 gzEm H" (12 H : EA&l3A, 2004),
Eilg - Blko 7 0 2T 149 g wE m”H' 2~4 4 :
I, 2014b) Td o 720 RO AR E 12 4F
3 LATo Twawnds, REM 2~3 H), %M
(6~7 H) DEERIZIIZINS LASEOMMETH -
720 =, BEAEMZECIZHMAERERSR OIS RS
DIXEFTHY, HMHBETILI~23gwEm’H" (8
H : Yokohama et al., 1987), 1fki&T0.12 g #HE m”
H' (9 H : ®klZh, 2004), EETI1.0~1.5 g #HE
m*H" (7~9 H : AIFH, 2014b) TH o720 A
OFETIIEFOWEET->THHT, TR E AL
L7zkFE LR 18~53 g Em’H Zoh b X
Do 7z, APFATIIHIHAEMICED 70X D4R
WCETOEBRREDSND, HREROHICAR
W, BN ER O 2 0 A AR O A Y X -z a X
EBBFEFEOAENEALTS LHKITE %,
SIS, kB, R - Blkoh Y2 - 7o A#EE
TRAEMEERPERINTBY, wihd 2.7~29
kg WEmME CHP LTS (£6), 209 bE
W - 2k clx, FREEREFERRRKIAFEOL (P
/BL) 131.8~1.9 THrHH (S\#EH, 2014b), &
HE, HEBETEP/BIE1I~1.1BETH 720 i
B EBY, HHPE (Yokohama et al, 1987), T4k
BAKIEA, 2004) OB B R RIIMO
WS LB LU TRELTREL, FHOAER L IZIT
LW (£6). AV A 70 ADERIBOFEIEIE
DR DK E VD, MA@ U Tl Wl ZE R e 2
HMREOWETH L K @FLLFORZ->TEDY
(Yokohama et al., 1987 ; /N « #4711, 1994 ; A4+ 13
A, 2014b), EMOAE=ITRKBAFAEL LSO
WM THDHLEEZDBNL, LIz2->T, Hjakd P
/BHDB 1IZEWEE & 26T, 7T ADHWE
PRARE ST 23, RISz 0 iR AL C
WeZ bR L W EFHISHETSH 5, WRIREFED
WA & > TSRS RE AT, BUfF
BRZOICEBIONLZE3HL 50NN
5o AAFIEA (2014b) ZEBBZ I LOKMBO A Y

A - 70 XAOMIEDEB ORI EL & A I E DI
rEHL, ZLOYA15~18DMICNEFL L LT
Wb, KMOFRALIZOWTD, 3 EIHlE L 72 HZE
WOV Z I ZIZEROPHME A% L, FHOE
WA BER R E R L7206, Py 72 ROTI23H8
FELNFROTISOBAE (WFhd i) &%
%o SHICEKMOMIER (£5) 2EMORKMELE
AT L, FRIBRHE R RERoOIZE TR
OWMEMTISBLO2ERD, ABLORR LK
MEAPA IV . Z O M - EEAHLE O 4F [ o [l iz
ETHY, P/BRHEALTILENWETHSLDT,
—WEIZIE AT A - 70 AD P/ B I Z b
15~ 2 REOHPICNE L DDLEEZ BN b,

AIIZBNWT 7 O X DEFERIIGITHTRZ->TH
N, "FEROTRED 572, NFHOE My 271 58O
OB UR BIRREICH 0 HEED T, BBa
KRELREL > TWD, NFROOFRAH AT PG 12
BT 728N L CW b —HT, by 7)) 8@
3 S ORI 22 & W L 7230 i il L 72 WS oo Py A
WZH Y, WS OWEISILEHRINTWDE, Lk
HoT, N"FEOTIE My 7V BOEEL T O
DEFEIZBNT L) BIFRREI&MFCH D b DL EEE
TE D, MELRBHICE D EA»®S X, HEKE O
LD CABEARRDOLITREBE - BAEEOHEIWE
FEhrzmWighre VFEThR/RENLTVED
(Yoshida and Shimabukuro, 2017), —Ji T~ —% ~
FTHFEIZLBEEROERED D ITBWTIREARORERE
BOHEBESENZORBORBEL 2 ->TEBY, Th
DI IS TS TE L T BB RSN 5,
L7zhoC, B LAEEEDSEEEZET LR Y%
bONED D, MOEPOFHEIZ K BHEESLEE b
Ns,

70 A DRI KE BN ER DD 5 2 L2
LN, AFLGHORBRBOEENIKEVE I RTY
% (5 - ¥IE, 2004 ; Tsutsui et al., 1996) . ARHIC
B AEERE LA TY 7 0 x0EEIIE
SRR E D ENT HHOD 7 B ADKE L TIF
DIEGHFREE F 72O FEBRICIEO L W EESE O 5
WML, SFMh - FrIE (2004) 12X D HwE SR
72 IR BB RER - KREFET 027 0 X OFREICHEM L Tw
%o KRB TIZPRE D b — AN 2 @5 D
WEBOHPKREL, 70X0RELZD L) Rk
R LT B L ERINTVD, KROMBOD 2
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