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Effect of density on formation of leaves and vesicles of brown algae Sargassum fulvellum

under stirred culture conditions

Hikaru Endo, Keigo Yamamoto, Tomokazu Nishigaki and Koji Takeno

The effects of density on the formation of leaves and vesicles of the brown algae Sargassum fulvellum was stud-

ied under stirred culture conditions from August to October 2009. Negative density-dependent leaf formation

occurred from August to September. Then, negative density-dependent growth of the main branch and vesicle for-

mation occurred from September to October. These results suggest that the negative density-dependent growth of

the main branch and vesicle formation were caused by expansion of the leaf area under stirred culture conditions,

while it was reported that there was positive density-dependent elongation of the main branch of other Sargassum

species on the sea bottom through competition for light.
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Fig. 1 Temporal changes in the seawater temperature during this study (solid line) and the average from 1999 to 2008 (dotted

line).
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Fig. 2 Temporal changes in the length and weight of the main branch and number and weight of leaves and vesicles (+SD) of
Sargassum fulvellum cultured at densities of 0.1 (white), 0.3 (grey), and 0.5 individuals / 1 (black) from 5 August to 23
October, 2009. Upper and lower case letters indicate the groups differentiated by SheffeAfs method which were significant

at p < 0.05 among densities and months, respectively.
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Table 1 Statistical significance of morphological values of Sargassum fulverum among

months by Kruskal Wallis test.

0.1 individual/l

0.3 individual/l 0.5 individual/l

A p X df  p X df  p

Length of main branch  18.504 2 <0.0001* 38.978 2 <0.0001* 54.869 2 <0.0001*
Weight of main branch  18.483 2 <0.0001* 37.478 2 <0.0001* 45.887 2 <0.0001*
Number of leaves 18.533 2 <0.0001* 35.704 2 <0.0001* 47.493 2 <0.0001*
Weight of leaves 17.848 2 <0.0001* 30.324 2 <0.0001* 34388 2 <0.0001*
Number of vesicles 23541 2 <0.0001* 37.833 2 <0.0001* 39.558 2 <0.0001*
Weight of vesicles 23529 2 <0.0001* 36911 2 <0.0001* 44.757 2 <0.0001*
%1 X squared

%2 Degree of freedom
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Table 2 Statistical significance of morphorogical values of Sargassum fulverum
among three density treatments by Kruskal Wallis test

September October
xE o afe p X df p
Length of main branch 4.176 2 0.124 16.386 2 <0.0001 *
Weight of main branch 4.519 2 0.104 19.145 2 <0.0001 *
Number of leaves 22.323 2 <0.0001 * 17.719 2 <0.0001 *
Weight of leaves 0.246 2 0.884 16.813 2 <0.0001 *
Number of vesicles 0.810 2 0.667 9.991 2 0.007 *
Weight of vesicles 0.497 2 0.780 4.729 2 0.094
%1 X squared
%2 Degree of freedom
57z, DEBIUVERIT, FHOEIBIUEREFFKITS
= . H~9H I3 B R R N2 /RS9, 9A~10H1C

RFFICBNW TR EEZT> R YT T, &
B ECBIBAEFEBEENEWIEEEROHEREZME
HESELYINNFEY OHE (Arenas et al., 2002)
MRS, BREEIFZEEHNEZMEIRZEZTT
<, FHEEBREMENIEE. 202 &1F, #
BREEXME T TIIEBETH > THRI YT TDOITR
OEEREMEESINTIC, KREEIFZETHOREN
REINZZEE2RLTVD,

FIINNFET DEENEEEIFEEL RS DII,
FHEOEWEERDRTIIOENET S EITE>T
FEOEWMERDHERENMEEINS 2D THD &
EZZ5NTWS (Arenas et al., 2002), —Ji, L
BRI T TIREBE TH > THRMEITOMEE DR
285 T EMDanzd, Haelksmeanbiz, *k
HOENDEES/NINWEEZ SN,

7z, WEREET OB F T T, 8A~IHIC
BBERENRIEREB X CERBOREZ RS aho
e, REEIZEEIREREE L <EnsE, T
K<IH~10HITIHREEIF E B LR ERES
iz, 2O &I, KREEIFEZERTO R ELE X
N, ERENMIERLZZ IS T, EEBLUER
MORENREINZZ EE2RLTND, a8, KF
EIEERREE N E < fao HRNE, BIREESAT
Tz KB EEAHNDIINEZEZENDE I ENDG, %
EH 2K DEFIT D D etk E N,

INSEDTENS, HILEEBESFAETNIBIT2KR Y
7S DENENEBEIFEEBo-DIL, MOk
DRI D 2 ENDIRNZDIC TR OMERENH X
DRI N2 N T EITMA T, BEIRE DI LD HIH] =
NI EROEENMES NP> D TH S
EEZAOND, LENST, HEESLN FofEE
FEMFRIZHBNT, FENFE L <EWEFRDEIRE OFE
U< DWERNEZINZH I, HEBEL2 T
F5 Z &Ik > TERFTOBEIMEE SN, THUTK
NWTEHOREBREIND EEZZ 515,

—7, SHADFIISH ~9 TR SN0, &l

32 PR L 2R 2 ¥ T TS DB DR

REEZEREHEMLUZ, Lo T, [UEDER
13, FEROME EFRBICERBOIERICE > TRES
NizEEZSNS, UL, 9OAICBIT 2085123,
BEMICAEENRDSNTNEDD, GEEIFESL
L2 BMEANRD 5NT=. T OB EER IR DRE E
LI TH D ZEm5, FEREZLKDHFLIND
BRIZE > THRES I NmTHEEIE W, PR ES
R TIteKamanbirnEEZEzonNzn, BE
FICBIT 2 HED DVTHEDODTNRAERITE ST
LU DT RRBIBRHN AL L 20 d L, 5%
&, KT T EEEOLMDIERICKT S EB X
OHNEDORBERLT S ENEEND,

X [}

Arenas F., Viejo R.M., Fernandez C. 2002. Density-depen-
dent regulation in an invasive seaweed: responses at
plant and modular levels. J. Ecol., 90: 820-829.

Creed J.C., Norton T.A., Kain J.M. 1996. Are neighbours
harmful or helpful in Fucus vesiculosus popula-
tions? Mar. Ecol. Prog. Ser., 133: 191-201.

M. 1987 HAMIBI2EHELTORS S
TS LT, HH, 35:233-234.

Kendrick G.A. 1994. Effects of propagule settlement densi-
ty and adult canopy on survival of recruits of
Sargassum spp. (Sargassaceae: Phaeophyta). Mar.
Ecol. Prog. Ser., 103: 129-140.

ZWEE, PAMERE. 2002, SRR P B AR RE LA
BRI (K25 T5, Y'Y, Td/71).
SRR 24E R IROK ER B > & — S
&, 196-200. FXHUKPEIRELY >4 —, FKH.

PEEEACHN, GEFEEAE, FIHTERE. 2007 SARBHRG R
CRBIRF T T OFER A PE. SUERE LR,
29: 13-16.

HHEER, e, SFRAIE. 2008 KRB I TK
M N ICBIT 2@ EAR YT 5 DOl ERKA.
HH, 56:1-8.

HHEA 1998, B H AR, NHEEBR, At



