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Studies on Production and Outflow Process of Sargassum Forest

Kousuke Yatsuya

Abstract

Sargassaceae seaweed was studied in the aspect of production and outflow process in Yoro, western Wakasa
Bay, central Japan Sea coast of Honshu. Sargassaceae seaweed forms large seaweed bed along temperate Japan, in
which a large amount of organic matter is photosynthesized. In the Sargassaceae seaweed bed, ecosystem is based
on the photosynthesized organic matter. Sargassaceae seaweed has buoyant vesicles and become floating seaweed
after detachment from substratum. The floating seaweed provides unique ecosystems at the sea surface and plays
an important role of transporting organic matter or nutrient to seashore or sea bottom, since it is stranded ashore or
sunk to oceanic sea bottom. In this study, to elucidate such important roles of Sargassaceae forest, productive
process, drifting seaweed, stranded seaweed on beach was investigated along the material cycle in and around
Sargassaceae forest.

Annual net production of five Sargassaceae species, which constitute Yoro seaweed bed, was examined by
means of stratified clipping technique. Annual net production was estimated for Sargassum patens at 2,407 g
dw/m?, S. macrocarpum at 2,132 g dw/m?, S. siliquastrum at 1,458 g dw/m?, Myagropsis myagroides at 1,197 g
dw/m?, and S. piluliferum at 1,471 g dw/m* Percentage cover of five Sargassaceae species (49.7%) and species
composition estimated annual net production of the seaweed bed to 998 g dw/m’. The ratio of annual net produc-
tion to maximum biomass (P/Bmax) ranged from 1.3 to 1.7, which was higher than the previous studies using the
same method. It was shown that winter storms dislodged some thalli of Sargassaceae, resulting in the higher
P/Bmax.

Four-segregated unit in the stratified clipping technique estimated the amount of loss per year. As smaller unit
was applied, the amount of loss increased. When the amount of loss estimated by the 10 cm thickness of strata and
not divided annual part was regarded as 100%, the amounts of loss estimated by the 10 cm stratum and quarterly
divided annual part: main branch, leave, vesicle, and receptacle, would be 104 to 108%, and these by the 20 or 50
cm thickness of strata with not divided annual part were 98 to 99% or 86 to 96%, respectively. Myagropsis mya-
groides, which was shorter than 2 m in maturation period, should be applied 20 cm or less thickness strata, how-
ever, for S. patens, S. macrocarpum, and S. siliquastrum annual amount of loss could be estimated by 50 cm thick-
ness strata.

The amount of loss of Sargassaceae seaweed was investigated by means of stratified clipping method and per-
manent quadrat method. Thalli in the permanent quadrat were monthly investigated in length and the number of
main branch. The amount of loss of Sargassaceae seaweed was exclusively in its deterioration period, (April to
August), and was also plenty in winter season. Annual amount of loss in Yoro seaweed bed was 921 g dw/m* in the
estimation by stratified clipping method, and was 1,217 g dw/m? in the estimation by permanent quadrat method.

In the deterioration period of Sargassaceae, S. patens and S. macrocarpum was investigated to estimate the
ratio of withered thalli and drifted thalli. Marked main branches of both species were monitored every ten days
until all main branches were withered or drifted. For S. patens, this ratio was estimated at 33:67, and for S. macro-

carpum it was 23:77. Higher part of the thalli was drifted rather than withered.



Floating seaweed collected in western Wakasa Bay was mainly constituted by Sargassaceae. Monthly most
collected species was as follows; S. horneri in March to July, S. macrocarpum in August, S. ringgoldianum subsp.
coreanum in September and October, S. siliguastrum in November. Species composition of floating seaweed was
almost same as that growing in the coast of Kyoto Prefecture.

The specific density of Sargassaceae seaweed was measured. Floating seaweed was ballasted with pre-
weighed lead and the specific density of thalli was calculated. The density was lowest and buoyancy was largest in
S. horneri among four Sargassaceae species investigated. Floating period was estimated to be 4 to 14 weeks for the
thalli detached before maturation period, 1 to 8 weeks for the thalli detached in maturation period and 2 weeks or
less for thalli detached after maturation period. The buoyancy and floating period of Sargassaceae seaweed was
dependent on the species and the period of detachment from substrata.

Stranded seaweed on the beach located in front of the seaweed bed was investigated throughout a year.
Annual amount of stranded seaweed was 1,733 g dw/m and Sargassaceae seaweed consisted 72.9% (1,263 g
dw/m) of the stranded seaweed. In deterioration period, April to July, the amount of stranded seaweed was 34% of
the amount of annually stranded seaweed, and it was 61% in January to February. Winter storm has an important
role in the stranded process of seaweed. Species compositions of stranded Sargassaceae by the dry weight and by
the number of holdfast were almost same as that in seaweed bed, so that the stranded Sargassaceae might almost
come from the adjacent seaweed bed.

The outflow process of Sargassaceae seaweed in Yoro was summarized as follows. The amount of loss in it
deterioration period was 67.4% of annual amount. In this period, 30.4% of thalli were withered in seaweed bed
and 69.6% was drifted away. In other season, all amount of loss was transported out of seaweed bed, and 20.4% of
annual amount of loss was within seaweed bed and 79.6% was transported out of seaweed bed. The percentage of
stranded seaweed on the adjacent beach was 1.6%. The thalli transported out of seaweed bed except for onto beach
were regarded as resource for floating seaweed. Floating seaweed was speculated to be two component such as
dissolved or particulate matter (11.1%) and sinking thalli (88.9%). The percentage of seaweed weight sunk to off-
shore sea bottom was 69.4% of the annual amount of lost from Sargassaceae forest. This flow chart disregards two
important pathways, one is seaweed drifting at seafloor and another is floating seaweed washed up to other
seashores. Those processes should be investigated in further studies.

This study was able to express production and outflow process of Sargassaceae forest in quantity and evaluate
the supply of floating seaweed and stranded seaweed, which contribute nutrient recycling and provide habitats and

food on the beach or sea surface.
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Fig. 1 Map showing study site Yoro. Closed star (%) indi-
cates the Kyoto Institute of Oceanic and Fishery
Science where density of seaweed was examined (see
Chap. 4). Wave height was recorded at Kyogamisaki
(¥%) by Maizuru Marine Observatory (see Chap. 3 and
5).

ENTHVD, ZOMRDKELS~5.0 miZHERERETE
TICAERS L CEGHESH D, TR IS8
BENSESTIBEESERINTNS (Fig.2). £/
R SBEI ORIV TS0 Y ENEET
%, BM#HIIWET, RO EHIZE, EHEFOMER
HENR SN, BRLOMAOREIIHNTHD, «
SEISBEOHOERE D KFES mLAEETY VB
MIEN> T3S,

IKRFHNOREBXS 2002FE8A26HICBERE BT
T OREREBEHORIMERT (Fig. 2), ZOEHIZ
WOTHEEL TV 2BEMEZOSMBEZBRICLD

4 RIS RBOEE - MEBREICET HHFA

Fig. 2 Aerial photograph of Yoro. Seaweed beds are locat-
ed in the areas enclosed by white line. White line per-
pendicular to shore line indicates transect line to
investigate depth profile of the seaweed bed. White
rectangle indicates where substratum and percentage
cover of Sargassaceae species were investigated.
Stranded seaweed was collected in the area indicated
by slash lines (see Chap. 5).

REL/-, BEEELEBORENSEBRINIRE
ZAREFINI3DICHT FiH, 1997, #hoz [F
H, R, vhE E& T (Fig. 3). BEOKER
1.5~25mTh 0, BAZFEICEREERT, YUY
& & 77 Sargassum patens C. Agardh, ¥ A% 7 55,
piluliferum (Turner) C. AgardhSE 5L, /aFU xS
S. macrocarpum C. Agardh, 3 L E 7 S. siliquastrum
(Mertens ex Turner) C. Agardh, 2 3 &2 Myagropsis
myagroides (Mertens ex Turner) Fensholt® HIF L 7=,
HOKFEI25~35mTHO, EFIFITERTYY
REYEY, TAYTS, JAFVEIMELEL, Va3
O%Ey, R"Y7T5S. fulvellum (Turner) C. Agardh, 7
HEZS. horneri (Turner) C. Agardh® IR U7z, #H
DKERIS~5.0mTH O, BEIFIKEAT/ 2F
VD EYYTIEINESL, THEY, FFD
SHHBRLEZ, INSDORYTSRBEREODIET H
BV ERFTSOHN] Q) FEETHY, 3L
FEETHD, ST IREROTEELLT, 70
A Ecklonia kurome Okamura, < 7 Y Gelidium amansii
Lamouroux, #/%./ Y Gracilaria textorii Suringar/ £ 73
TRTOKEFED TH LNz, BKRERRESOMH
UBEHEIZ FH#25 m, H#28 m, M35 mT, &588
mT®Hh o7,

Distance from stacting poim (m)
0 10 20 30 40 50 60 70 20 80 00 110 120 130 140 (50 160 170 180 190 200
~ - A .

Depth (m)

" Lk o e S T e

i

Sand Rock or boulder Sand

Fig. 3 Depth profile and substratum along transect line in
Yoro seaweed bed. Sargassum bed is located on rock
or boulder. Three depth ranges in Sargassum bed are
also indicated.
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77

BRI SBRBIIB T BEESYORFREEITIET
B0z, BEDRAEF o, 20035E7A18HITIT,
IR Z2~3, 3~4, 4~5 mDIDITHT, FHEN
DIKEHRDEEBMEREL /2. SKEFIZBNTHE
FERRAFIZ100 mdT DEENZ3HFTICBNT, | m#ez
28T O LCRBEL, BRNOELEMETNTERD
EOTHEAEE RN, 2003118180112, EFG
REOFERMIE D RH, PH#y, HHIIBNT, | m
Bea3E|l s 7 MIERBEL, BRRNOEESYET T
B0 B, EERKREBERZFN -,

wOR

FEMEOKEFHIIBRORERE & TfricaalL
T, KE3I~4 miMtF TERE20 mi2E O MEss
Rohic (Fig. 4. #8 OK#ELS5~25m) OEHEIT
BINFLTH 2 W RFREBICITEENEN DI, T
OKkE2.5~35 m) OEBHREGCERNFLTH

Fohs, AtEhcid b UBERE 10 mE2EE OB O T AT
Hotm. WE (KIE3S~50m) OEBITEFHHL
TEREICIH EFr > Tz (Fig. 4).

100 m

Fig. 4 Depth profile (left side) and substratum (right side)
in Yoro seaweed bed. S, C and R indicate Sand,
Cobble and Rock, respectively.

HIBEEOEN > VPYYSYEY, JaAFUED,
RAXZTS, ALEY, YaUEIDSEOHRELZ
NF N Figs. 5-9ICRT . FDMDE YT SHHEE L
LT, RIS, THhEY, FIRAVEIRHAS
NEM, WThOBLEIMICUAHIEL Aho 7z,

YUY ETOHEIL, RHOFHTELS (20~
90%), MHETEY (10~40%) B H > 7= (Fig. 5).
LRSS, tErs28 ORER ETIE, vV
RYTTDEENRBRKTHI0% Lok, /3F
U7 OHEEZFREN S HPEHEITMTTE N (20~60%)
HESHZ510% %2 TREZF\EESH >~ (Fig. 6).
RAZ TS TIE, HENNY FRICELRZEIAN
B i BEOTRTOKERTRLN, OB
KIEIHHETRENZ80% TH oz (Fig. 7). ALE
7T, HEIN Y FRICE L 2D E I ANRE,
HOKEHTEON, FOBRMEZEE TR SN
60% TH-o7- (Fig. 8). YV a Oty DHEL, KK
WESBEHOPFTIE L pAZT20% 8% 7 (Fig. 9).
HERBEBANESE TR YT SREBESENERICED
LE|EZ49.7% TH ol INHDSEDOED HEIG
EHEMSYEL L, YUY EY 1429%, JIOF)
TP 1229%, RAYTT 194%, ALTEY
106%, YaOdEy :40% &>/ (Table 1),

BRDEEIIMNZEL TWEKRY T SR EEHROEE
¥ELERDEEHELELD, £ES cmkimOBEITIE
ELTRY, BEEEE ERIEASZENE$ETHS
Tl DERICED RN o, AERANOEEEE, <
AT SNERBEL, YYIES, JaAFJEIMN
ez (Table2)o UL, 50 cmbPA b DK EMEMA T,
YYURSYEINEHEL, JaAFUxy, ALEIN

* W KE S, ERHIAL. hup//www.maizuru-jma.go.jp/
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Sargassum patens Sargassum macrocarpum

50 m . ) 50 m
o E ' oz
o + Q 0 0 o 0 0 3] 0
10 + 0 Q
20 30 1} + "] 0 0 0
60 90 10 0
70 0 0 10 0 0 0 0
20 & 10 10
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0 Q 0 0
20 + 10 1] 10 10 0 +
3 £
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Q 0 + 40
10 10 20 0 10 10 40 +
“© 0 20 20
20 30 0 + + 20 20 10
0 + . 0 b . 0 0 B [

Fig. 5 Percentage covers of Sargassum patens. Shadowed Fig. 6 Percentage covers of Sargassum macrocarpum.
areas indicate where the percentage cover is equal to Shadowed areas indicate where the percentage cover
or more than 20 %. is equal to or more than 20 %.

Sargassum piluliferum Sargassum siliquastrum
50 m 50 m N
A’Pi /1
0 0 0 0 0 4 o 0 0 0 o
0 10 0 0
0 0 S0 0 20 10 + +
20 0 20 10
20 10 10 0 . . &0 .
10 0 + 20
0 0 10 0 ] + 0 [+]
o 0 0 0
30 10 0 10 Q o 0 [}
£ £
8 0 + 8 0 +
- . . 0 . - 10 0 [} [}
10 + 0 0
0 0 [V ) 0 i 30 [
10 30 0 0
) + 0 + 0 0 0 0
30 10 0 0
10 * 10 10 + * 10 Q
0 80 0 0
20 0 10 0 ) 0 0 o
0 . 4 [ A 0 0 a 0

Fig. 7 Percentage covers of Sargassum piluliferum. Fig. 8 Percentage covers of Sargassum siliquastrum.
Shadowed areas indicate where the percentage cover Shadowed areas indicate where the percentage cover
is equal to or more than 20 %. is equal to or more than 20 %.
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Myagropsis myagroides
50 m
z
e
0 0 0 0 0
0 0
0 + 10 o
4] 0
4] 4] 0 0
0
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o] 10 0 +
13
= 10 -
o
- ) 0 0 0
+ 10
0 ] ] 0
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] 10 0
0 0
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0 -
o] 0 0 il
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Fig. 9 Percentage covers of Myagropsis myagroides.
Shadowed areas indicate where the percentage cover
is equal to or more than 20 %.

Tz, 50 cmBNME - TED 5N BMIIE L
AERL, BEENERT I EMNEN T, &L
TWEREERICR YU SHBREEOEGRE G %
Table 31" 9. IRTOBTEIIMNET DEEI &R
bE<, ZTOEERITAITT (135%) =T
BOXLALTH oz, Kif, R, /NELRIZIEEI2.5~
55%MEFBLTHD, ZTOEBREITAY T INED
@07z (Table 3)o PEELD /NI WEBEIIFHEL T
WHLEKOEIENEWIEIZAENZE, YaOoEs
(12.5%), Y A% 77 (123%), ILEY (8.3%),
JaAXVEY (59%), YIURYEY (48%) Lizo
7= (Table 3).

20037 A 18BIZHE L Iz KA D 531 & % Table
HTRT . SMBENMIEFMEZEA -0, Y5
A, 1 hYF Y bFAsterina pictinifera, 7 €L b
THE, 7 7 = Pseudocentrotus depressus, I THF
ZAnthocidaris carassispina C¥H o7z, HEEBY TIIL
FHF T 2IIKE2~3 mTEL, ThUZIKEI~
5mTCEMD Tz,

200311 A 18BICHAAE L ZERAEBMO iR %
Table 5ITRS, BEENEN LD, EFSHA
¥8, /N7 > YJ ZHemicentrotus pulcherrimus, InZHF
TZTHolk, BEENSMNH7DIX, VEEFFHE
EUZEET, BHEMhoLTYF UL, PHETIE
183.0 g ww/m*TH o7z, £z, WHETIITHTZDE
ENRHEL, R6gwwm*Thoiz,

Table 1 Relative percentage of five Sargassaceae species in Yoro seawed bed,

estimated from the percentage cover of each species

Species Percentage
Sargassum patens 42.9
S. macrocarpum 22.9
S. piluliferum 19.4
S. siliquastrum 10.6
Myagropsis myagroides 4.0

Table 2 The number of individuals per 9 m?in each length range for the five
Sargassaceae species in Yoro on September 2, 2004

Species B(5-20cm) C(20-50c¢m) D(50cm<) Total
Sargassum patens 29 17 58 104
S. macrocarpum 8 3 24 35
S. siliquastrum 6 0 6 12
S. piluliferum 109 21 25 155
Myagropsis myagroides 2 1 5 8
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Table 3 Relative percentage of the five Sargassaceae species on each type of substratum

in Yoro on September 2, 2004

Species \Substratum Sand cl c2 © R
 (<10cm)  (10-40cm)  (40-150cm)  (150cm<)

Sargassum patens 0 1.0 3.8 10.6 84.6

S. macrocarpum 0 57 0 8.6 85.7

S. piluliferum 0 0 8.3 8.3 83.3

S. siliquastrum 0 0 12.3 14.2 73.5

Myagropsis myagroides 0 0 12.5 0 87.5

Table 4 The number of benthic animals per 1 m? in Yoro seaweed bed investigated on

July 18, 2003

Species \Depth 2~3m 3~4m 4~5m

Chiton 1.2 0.2 0.3
Shellfish

Astralium haemafragum (Menke) 0.5

Anachis misera (Sowerby) 1.0
Starfish

Astropecten polyacanthus Miiller et

Troshel 0.2

Asterina pictinifera Miiller et Troshel 0.2

Asterias amurensis Liitken 0.2 1.5 0.2
Brittle star 1.7 1.0 0.8
Sea urchin

Hemicentrotus pulcherrimus (A. Agassiz) 0.3 0.3

Pseudocentrotus depressus (A. Agassiz) 1.2 1.5

Anthocidaris carassispina (A. Agassiz) 1.7 0.2 0.3
Sea cucumber

Stichopus japonicus (Selenka) 0.8

Holothuria monacaria (Lesson) 0.2

z £

FIRAOFEEMTHLHREZORNIBR T, BEE
(GEZF 5, 1994), BEE (EBFES, 19952), FHE¥EEHA
WORBET (55 - 958, 1980), BHEFHRET/NA
(#2105 « F1l1, 1981; Yatsuya and Nakahara, 2004a) 125
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0, FNLUETEREESITUARSRN, £+ W
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1980), #EHEEERT/NATIE, 7KEE2 mfhiE TR
Iox®y, YVURIETY, TAYTTNEL
(Yatsuya and Nakahara, 2004a), 7Ki%E4~6 m T3V
YLD, TAYDT, JAFVEINERL TN
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W5, INH5OMAIR, NENREBRZPEEEEA
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SEEEOMBOABICER L/ ETIE, R0
TRHBENRATHIS mEEBADZ EERn (AR
5, ®ER). -H, BEORVGYUSHEBRIRKX
T35S maEHBASY QEEHR), HEOBEFIIIAK



Table 5 Wet weight and the number of individuals per 1 m? of benthic animals in the seaweed bed

investigated on November 18, 2003

Species

No./m? Wet weight (z/m?)

Shallow Middle Deep Shallow Middle  Deep
Chiton
Cryptoplax japonica (Pilsbry) 03 1.2
Liolophura japonica (Lischke) 11.3 0.7 12.6 0.5
Shellfish
Omphalius pfeifferi carpenteri (Dunker) 0.7 0.3 8.6 10.1
Astralium haemafragum (Menke) 23 03 6.3 1.8
Ergalatax contractus (Reeve) 1.7 0.3 1.1 0.3
Anachis misera (Sowerby) 0.3 12.6
Hermit crab 2.0 1.0
Pertolisthes japonicus (de Haan) 03 0.5
Rock crab
Thalamita prymna (Herbst) 0.3 7.2
Starfish
Astropecten polyacanthus Miiller et
Troshel 03 03 0.8 1.3
Asterias amurensis Liitken 03 0.7 8.8 59
Brittle star
Ophioplocus japonicus H. L. Clark 33 7.0 3.0 16.5 32.6 17.1
Ophiuroidea 0.3 2.7 1.0 0.2 1.6 0.6
Sea urchin
Hemicentrotus pulcherrimus (A. Agassiz) 0.7 1.7 13.1 36.0
Pseudocentrotus depressus (A. Agassiz) 1.0 42,6
Anthocidaris carassispina (A. Agassiz) 13 03 183.0 26.3
Sea cucumber
Holothuria monacaria (Lesson) 0.3 11.8

BN S KRR ES 2R T 2. AAREBRFEPH T,
BLoBEZDOL SWONEADIEKRE GARE) %
FOMEL, BOABRBRKR YU SEBEEERTS
DOTidlanwhEHRBIN 2,

50 mX 100 mOFE TH > ¥ 7 SEBEOHERAE
EfTole& B, ROFTSHBEBEOHEISHER
W&o TR TWE, ZOEDITHR YT SEERR
O, MHEICE S ThviD B, BEeEkD
RERCEEZETET 288, FOREHRCER
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BRiE, KEFICEX o THRALD LKESMTHREZLS
TWieied, AREREHERTIEICL>TINSD
oD b a0 EEMREEREL -,

PEEL DTV (BR40 cmBlT) BEIL, #Eih
FIZBVWTHBTHEELZOBHLEDTHI E0E
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DEBFIE L TOBEERKES =SB L TRD
LA 4A~125% DFEEHANTH o /. HIZED &
RELEECEREE H87.5~952% DREEKNSTEL

TV &R, SHOAETE, K47 78
BEOSBOAMETIHEOREIIC, BIZKDENE
Rgiamorz, LALEBNS, SRMAELEEES0
ecmPA L OBEEEABDEV YT IEINEEDORE
¥E2EHEDTHY, SROEAXRDIBEERTOI>FAK
HHFELTWBDIT TR, WAARKEZID/)NYF
REEL > THBL T, FORD, RFT 5%
WEOSAICE, FSHhOEANSD, BADTHRE
ZoTWBHEENENH D, £/2, XHFETREHOK
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NERBRBH DD,
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2004a), /NATIY, T TIBBOFTLATYFY
ZDBEN20.0~743 gm*TH Y, LASHYFIZDE
BTN D 1B U B /NETI2299.8~854.2 ¢/m* T#H >
Too Fio, AtiEEITEER A ANHE R OBBETRICHBNT

i, FYLIUFVZOEEN93.2~272.0 g/m?- T

VINT U ZDEN32.2~71.9 gmEEEI N TN
% (BE,1997). BZIZBI32TERERMMIIVZ
BTHLN, ThoOREHEERIT, FHTI31ym
FHT219.0 g/m?, MWET68.9 gm>& B> THD, B
HEMHIIR YT SBBIIB TS5V ORI
L, FHOUZOHHEL, BB S HEERTIROH
BESLZ>TWE, LaALRES, BEIZBWTIIE
BENER Y TS EEOBEEEELIETNDED
aHiAlE R s iaho .

$£28 AESE0ORREBEDHY

R TSRBEISWEENZFS (Mann,
2000), BRIRH TN 7B &IN5 KRB EE
L (KRB, 1981, #RX IRAMITESFITCHE %
BELTWD, $£/-, RF T IEHERICITER
HO, ~EABIFOBRAEKOLIE, SELABIEEL
DEO—FEATMERLIED (HHIF, 1985, FHklL
EEEE, W, FO®E, 1B LFELRD, o
EVCHASINDSDT, BHBIIENSOMRBIIRE LT
HRAEL TWD, Fir, KEMEEDSECREIIEE
REBRORBEEBROEER--ETHH S (Smith,
1981).

RO SBRBOEDZDLD BYERRBIIHT S
BEMEZIMT 50121, F9, F5 7 SREE
DAEFEH ZRTRFRUE R S0, 19608 L D,
REBEOEEHORES/BD SN, AFEBIIBWTIE
1970ERBEIVREZTICYYYY TS, /aF Y
T, AFEIOEENNBHAEIN TN D, BEEEE
BREAZEDOKFEA~6 MBI HYVYYTIyEZE 7 OF
JEVOEMMAER I TN TNSSH L83 ke
dw/m*TH D (B0 - (LA, 1978), WHOEENIEDK
E8 miZBITS /) IFUEY TiE16 kg dw/mTHo /=
(Murase et al., 2000). 5B E¥EDKEI miZHBIT 25X
FEVOEMMAERIZ2.] kg dwm>TH o/ (F
Mo B0,2002), INSOMEREY T SEEED
FERBIEERICIE, 1~8 kg dw/mRREDIENH 5 Z
EERLTWS, LML, EREFEEZOERND, B
BEOEDEWILDHDN, /KELREDBESRMEIC
LB HDNEH SN TR,

RFTIEETE, BEENET 7RICERFL
TWBZENELHD (55 - F 5, 1980; Hayashi ez
al., 2000}, UL, RUEBTE YT IRBED
FEHAEZEDEVWEFAXRHITL2N (O - 1LA,

10 RY T SBBOERE - MABRICET D%

1978), =T, EMBEIMBEMEIZRBNT, FLU
BRICEFL TR H YT IRBERE, JabS
Yanwy, JAFUEY, YYRIEY, TAYT
Z, AVEYOFMMAEEREHR N,

KA T IREROERMAERZIIERIAN O Bk
sAWEAEBEN I TRERBEISNTE
(Monsi und Saeki, 1953; &0 - LU, 1978), ERIND
WOEE, WEEET0 2T 250N ENRED L#
EMEENEILTDLENDIHETHHM, INETE
NS OERBRIRFANSNTI Mok, FI T, FHE
THROoNETFT Y EHBELES & TRB 55
Higx>o< 0, ZhosxRICEMRELEZENL, £
NENDOR B FEEFML 7.

RO SHBREZBENETLHZLICLLT, &
MMAEERE EDIERARFRETNDIEMNTE
%, R IIRBROFEMMEERERABEGFED
EP/BraS LB ZE L TWIUE, BREEE Bm)
MOEMMAEER (P) 2REODZEDTFRETHS
EEZOSND, ZOZEMNHERSE, KFTITE
WENRARBEFERICET IRMIBB I ZRE> T
LDT, TORRIIERREREE AT I IUIERMAE
ERPHEITDHIENTES, TITEHETD
P/Boax 2N, INEBEOHIAE L 72,

HHEETE

Y70 2002F 12N 52003F 12 EFTEAL
|, BEEROKE20~25 mitSlcBNT, YU
FEY, JaFVUxy, ALEY, YaDEZE50
cm X 50 ecm BTN MO Uiz, 27U 25
WEENEREL, BEEOE—-@ENSKD/yF T
EHE I BEREREICH D EAREDHENSREL
72o ALY T TN TIZI20034E5 A ) 5200445817,
FUHIAE TRBDAFRICIDREL -, BimEd-
DOEEFICDODNWTIE, NERARKICLDZRELREHE
BiFd=0i, 2820 cml LOfEAEE TSR EL /2.
BRERFICIIZKIE m TRER T O/KEZHIEL 7.

FRMEESEOREDY FRMAEERII2DOH S
MEIE0, AEFBE LK TRORFROZEICHEL
IR DRERZMA B D TdH D (Midorikawa, 1959)
HMEBMOHRGERNDIENI &, BERICHEBENRS
Nixmozl &msd, EEEMICL2BAIIEATE
5Hb0EER, EEOMERZERT 22004 E
BEROEMNS5KD /= (Monsi und Saeki, 1953), Fil
FTNORIIH L THEERERZ135 AiCbl> TH
X, ERREEEREL -,

MOP o 7= BEREABET N SEI10cmBEITHIRTL,
FTNTNOBORE E —FETM & EEERMITH
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ATARRIRIZNT oo F D%, 80°C T24RRIR IR LEZE
BAERIEL . £PEHER % Murase et al. (2000)% %
FICLTHE, BERROBEZERIRL, EE
HTEBRROEEE AR L. BRBRAETREL
SEDKR YT IREEDSEAEEIE ~FEAEIM &
AP0 NE L, ERIOEEREDIFLAE RS
Wi, ERETRTOEEBREZRL TV,
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Fig. 10 Water temperature at a depth of 2 m in Yoro from
December 2002 to May 2004.
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Fig. 11 Monthly changes in standing crop (bar; left axis)
and density (circle; right axis) of the five Sargassaceae
species in Yoro.
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Fig. 12 Monthly changes in the productive structure of
Sargasssum patens in Yoro from December 2002 to
December 2003.
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Table 6 Estimated total loss for different units (g dry wt./m¥yr) and their percentages relative to the units
of 10 cm stratum and a conbined annual part (in parenthesis)

. Sargassum - . Myagropsis -
Segregated unit patens S. mac.rocarpum S. siliquastrum myagroides S. piluliferum
10cm Discriminated 1,973(108) 2,153(104) 1,644(107) 1,124(106) -
10cm Combined 1,831(100) 2,080(100) 1,540(100) 1,061(100) 1,504(100)
20 cm Conbined 1,790(98) 2,068(99) 1,527(99) 1,041(98) 1,492(99)
50 cm Conbined 1,752(96) 1,982(94) 1,444(94) 915(86) 1,418(94)

Annual parts of Sargassum piluliferum were not discriminated, as described in text.

Table 7 Maximum and minimum biomass (B, Bmin; g dry wt./m?), annual net production (P; g dry wt./m?),

and P/B,, ratio of Sargassaceae species in Yoro

Bonax Biain p P/B
Sargassum patens 1,607 135 2,407 1.5
S. macrocarpum 1,263 161 2,132 1.7
S. siliquastrum 1,108 171 1,458 1.3
M. myagroides 779 127 1,197 1.5
S. piluliferum 978 109 1,471 1.5

EEHEEE 1. YYYSES YURITIOHE
NEBEDOENZFg 111, B EDEEREN%
Fig. 12IZ7RY. YW F €D OHERIZ2002F12A &
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DEENFEL, FELLEEELSE D 2. 20034E7H
MO 1RAMNT TEKIZRLZIZEEL, BATER TR
DORHEMD D . BAHFEIZ2003F58 D1,607 g
dw/m’TH D, BEREFEIL2003F7H D135 g dw/m?
Tholz. YYRYELIDEEIIZIS~ISBH/MDE
BRTHD, AEREHEHE RSN ok, BIED
BAREII335cmTHo .
SAADEE132002F 128 L D REHERBRENH o 7=
20036 A X CIO%RET—ETH o7 (Fig. 17, 7,
SRICIISREMAS N oA ICHUHERLUI2A
ETIIONFBEETLEAL -, 4MHEEKRIISA L6AI
HIRUAEPRAKRTS ~E4£HNEAD12%DER
Uinisinole, 2EERUOESMAEFRILEITI0 cm
BTFTOBEIZHY, F=0OEEIZ80.6 ¢ dw/mLL FT, F
RiZE L TN —ETHho T,
—FEFAOERIFERIT, 10cmEEEIT4DDEE
BT EEE, 1,973 gdw/m’E RS 5N
(Table 6). TDDHBEE ER DK _H88.0% % HD
2o 10 cm@ % RIE IR - ERMTERIE, 1,831
gdwim*E7E o, HITERELBET D20, AHE

12 ROF TS EZBOERE - FiRBRICKRT 5%

OEMMAEERIE, 10mTGEFHLZWTERL A
FERREREN 5RO, LT, EEEOEHAIEIZA
BOHRETH D, AERBRERTRIIBY S -F4£
AL DIREEDZEIZ+57T gdwm* TH o 7z, THW X,
YYRYET D2002F 128 M 520038128 £ TOER
WIAEMERIS2,407 g dw/mE RFEDH 541, PBmld1.5T
o7 (Table 7).
2. /3F¥VUEs JAFVEIOBRERLEEDE
{b#&Fig. 111, AZ L O EEEN % Fig. 13IZ/R7
JaAFUEL OBMERIZ2002412A0 52003E18 O
MIC60% MR LTz, ZOHRERZEBETHENS e
EBRELEZBDT, TORIKOME, EORERMN
HENT, 2003 FE1ANCIAETEARDODEIERED
WZHML 7z, SAICIZEE LOENFEL, B,
TERDEIZ6 A ICHE L=, TRIZIZHEL - TKER
LT, BEAETRTOBEENHEL 2, 2003F7H
MO NRARMNT TEKIRAIZERL, FOMICIE,
NAITEHIZBWTA__DEEMRH I, RRBEFE
1320034 D 1,263 g dw/m*TH D, BREHFEIL
2003FE7H D161 g dw/m* TdH o7, BEWL, 12~32{F
M OEHFNTHO, BAHELEHLHEZRIZN -
77 EEEDBRAREIZISS cnTHo/x,
SIOEEII2002F 12 LV AFERBBREND - =
20036 FTIOXBEET--ETHho k., THRGHIZ
HoNBMO M, SAKAEECHEELI2ZAETIZ
95%FTERLUAE, £MBKRIIIHICHIAL, 6AK
2EDBA%DERELS- (Fig. 17). SEEHA
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Fig. 13 Monthly changes in productive structure of
Sargasssum macrocarpum in Yoro from December
2002 to December 2003.
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—FAEMALOERRERIZ, 10mBEEI4DDEE
BRSTEEE, 2,153 g dw/m*TH o 7= (Table 6).
COILEEERNEEREMTH 2N, Ligst
TSR OERREED —FAFMD10.8% & D/
(Fig. 13), 10 cmf& % 73 Bl W91k 2 ERMF L B,
2,080 g dw/m* T3 > /= (Table 6), FAEBAIAIF LK 1
BB —FAEMORELEDEIT+52 g dw/m* T
Holk. FNDA, /aAFYETD002F12AM5
2003123 FTOEMMAEREEIT2,132 g dw/m? & BFE
H5N, PRIl 7TH D7 (Table 7).
3.3VES ILE/DOBHFREEEDOE(LEFg 11
2, HOEOABEKEREFe. 14XRT, ALEID
BHEEIE, 20028128 £ 0 2003€E1 B IMTT29.3%
MK L 7. ZORKRITEA TN S ER2ENT L
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Fig. 14 Monthly changes in productive structure of
Sargasssum siliquastrum in Yoro from December
2002 to December 2003.

LEbDT, £D%, FREOBESREDREMNA LN
7o FE2AMNSIAEMNTTHEEENED L,
20034 IR RER &Y, FD#H2H ARTKRERS
WL L. 2003E8ANSHAE LI/ hAICAE
EL, 12AC13330 cmiZEL /=, FOR, 9ABLY
NAREATHOEORENA SN, BABELSID
20034 A D1,108 g dw/m*TH D, BRIKRAF EI32003
FSH D171 g dwm’TH D /=, BEIL, 14~29EK/m?
CHEANTHY, RALEHESZRIGM>T, B
HEORKEIZ360cmTH o /.,

SHEOEIEIZ2002F 128 & D 2003E5AICHET S
T, 10%BET—ETHo/, KMIL6, TRICIEA
SNEMoM8AIC A UHBELUIZA FTIN92%
FTCERUZ (Fig. 17). H£MEBKRIFZAICHIRL, 4
BIZERBARD21% /o718, 5, 6AIEDLE
(Fig. 17). ZEAIMDEEMBELITEITI0 cmbd F
DORBIZHD, TOEEIIS0.1 gdwmLA T THY, £
FMz#EU THEN -ETHhoi,

10 cmfd & HEIZ4D DB VT THEE Lz ~E4A R
LD EMF LT, 1,644 g dw/m* TH 57z (Table 6),
ZDIBESEHPFERRMUTH 20, [IREAE
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TEEFRLRELEEERD25.6% % 5D, 10 cnf@% 4
B FIRO I ERFARIL,540 g dw/m*TdH o 72
(Table 6), FAEIMEIE SR TRIZBIT S —FEH

OEHBEZDEIT-S2 gdw/mTH >z, THWz, I -

U D2002F12 AN 52003F 12H £ TOERMEE &
141,458 g dw/m*ERFEH 5N, PBmaxid1.3THO
(Table 7).
4 23a0E®Y YauTl/oRERIEEOE{LE
Fig. 142, AZ & DOEEMER%Fig 15IKRY,. V3
OEY ORFRIZ20026F12A & D2003F3A IMnT T
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Fig. 15 Monthly changes in productive structure of
Myagropsis myagroides in Yoro from December 2002
to December 2003.
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M TEDL, 8AIS50.5 g dwmDBEME & 2577,
2003E9A M S 1A DT TEREAEDSERE LA, BR

Height from holdfast (cm)

0
(g dry w/m?)

02 anmal part

(3 loss of amwal part

& pereraial part

100

(gdry wi/m?)
Fig. 16 Monthly changes in productive structure of
Sargassum piluliferum in Yoro from May 2003 to
May 2004.



TEICB T D WMFEIERI NN o7z, 2003120,
52004F 1 R ORI —FE AT D45% (EEZE)
ML Lz, ZORKTTENS EEE2ANHEL L
HDTHolz. TDER, THOHEE, BEOEBRENADL
1, 2004F4H12912.1 g dw/m OB RRERE LD E
THELL., SAICEBEET 5 —F4£HMDT1.7%H
WLz, 2EEMDOE EAHFERIZHEIT30 cmPLTF
DOEBIZHD, FTOELILI69 g dw/mLL T T, F£H%
WBUTHEBEN—ETHo 2. BEIZ, 12~33EHAK/m?
DHEANTH D, ARLIHEH ZRI AN, B
EDOEHAEIT40ecmTH > /=,

10 cmf& % 53 B 31K 7= — A B O FEMR K
131,504 g dw/m>T&H D (Table 6), FALBHIARE & #&
TRIZBT 2 —FEETMOBREFEDET-34 g dw/m* T
Hok., FNOE, TAYTID2003FE5H M 52004
FESHETOEMMAEERITAT7] g dwmERIEDH S
N, PBmdl.STH 7= (Table 7).

Sargassum paten S.macrocarpun

P p— - = —

VLT

S. stliquastrim| Myagropsis myagroide:

—r -3 A S Y ‘
DJ FMAMIIJASORND DJFMAMI I ASORND
2002 2003 2002 2003

Fig. 17 Monthly changes in percentage by dry weight of
vesicle (@) and receptacle (O ) in the four
Sargassaceae species from December 2002 to
December 2003.

Parcentage by dry weight (1)
~
&

BEOEDRBEMTEREUAFRBRABOLE
TR PN BALTE N & N/ FRMRIE & =% Table 612K
T EBEEHI0cmBEEITADDEETITHT = & =1,
ERREREIBERERD, 50 cmEEZEEEICHBIL
o B EEREHL -EMFEERNR/NE/ED
7o 10 emEE2 R TITRO - EMFEEE100% &
U & E DL ZTable 6DFEMAICTTRT. 10 cmf3
EEBEICHFILEE, ERRKEILI04~108% &
RO, BOEZZ20cmET D EEMFEERIZI8~
0% &R, BOEZTH#50cmeE T 5 & FERFELR
W2 aOEy D86% ERNTH~96% & o7z, K
ELOMIMN<GEIL T IFE, EMFEI38EmML
7o

z =

BEREOEERERAET 2HEIN<ONHIN

T, A>TETREEANEREICH DD
EREN S R EH T, —EHRBEARICNOBE
RS S WHEERRVIRT I &Ik o THIAERE
EMNRKD SN TWS (FH, 1970; Mann, 1972;
Yokohama et al., 1987). R"2F T SR BETIIEREN
MIETERIZ H B EIMEE (Yoshida, 1983) 72D TI D
FHiFEEER TE /2, % 2T, Monsiund Saeki (1953)
ME EEARICER L ZERINM DB DIEIC L > THEERE
EHEME, TINSEEZREWMTET DHIENRY
JOSRHBRICAVWLNTETYS (B - ILUHE, 1978;
FHEE, 2000, T DAEGEMEED D OEEENE
BlZACTIEHT -EThD, HinEE TEHERERIZLRIC
Ko TKPTIHEILILTEY, MEHRETSHEES
MBHMICERE O TS, IEMNFBEIATNS
(&0 - 1U[A, 1978). ZOFRFIIHMLT, BLEHED
(KA, 1976; FH, 1984) RBRREIFED (KA, 1976)
DRJREMAREEINTWS, @BPRMDDERE LT
i3, EERENORURB TYZIRICH L S EREMA
BFICEZ 2 aEEENHITFo N TS, 2O &, 4
BHIRICEAISET Bk O RBBIERIZSH Tid
£5 (k#,1976), R T SHBHEODDEHOE
EAMKRZEICI DO ENI5E, YEEALOT
STOEBMSRIENHEETDZEMHD, ZOLD
BAEAICE, BORD o TUED (HE, 1984),
ZOBL RO ERT DD, AEBEROBE
Hn< L, o7 B EEMRT 2 HENS D0,
mmbwiﬁfﬁéﬁkt,ﬁyiw%®@5952
BT 2HEENG BRI ENIRAND D, BAR
HOORERELTIE, HEEENMHIELNORENH
B2 EZEN5DOHREOMTHERBENTHNT
WBEBRBREINDBETHD, Ro¥ T IRBEDE
&, EFERKOTREEOREMNRBFICETL TS
AR B, ETEBRKRDOEMMS AR L B EEICE
T HOLUMNTHRIEL ZFICHET 2MEITHIRY
LTnahkoid, BEOAREEAMIBRDEREE “HIZ
FELTLES. COBKERD Z#IT520IT1,
R TIRMBENEEED L THEODRORDE L
TWBENEIMERLRITFIUS SN, FHa>T
Laminaria angustata var. longissima CVd[HIEERN 5 B
HAENEEIN TS EZEZoNTWS (B[O
5, 1985),

ZDEDI, BINDEDEEANAEREXN %
T EIzkD, ERFEREE kD, FRMAEREH
ET BHERITE, W< DOMhOBESENH S, Ll
MERIY D SREBROEELREEREE LT, BIKT
W ZNIZED 2 FENBRINTWEN, & 2 THRB
25Tl BRINMDEDEN S ERMAEREZ KD D 4
HEROYISENBESEICERL, 5 OFRMM
EREREERN,

SELEDOR YT IRERD, REHICBLTHNL
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FESRET D2 -HTHLOLERNFEL TS, &
BADEDETIY, HET 2L EHFET 2ERHIAE
CBIZERET S EBPRED Eizs, HWERSTN
THRELZEETRFELZEENERINTSD,
ZDEEERBRREREZEIHT 2. FROA LELD
BORBORBEORRRERLUT £732%. AHF T,
BARHAF1LII50~140 g dw/m TH D, FEREMEER
DIBLNTFTHoiz, BEIZE, ZOBPEMOIIS%
KL B LEEINDZOT, APXTIIEEL TW
ny,

JOF VR OERMEERE, HEAEBDEREOMD
BHRTHRANSNTED, B LEHMEDKEI~6
mTld8.3 kg dw/m*TH O (HO - LLUH, 1978), &)
BOKES mTid1.6 kg dw/m*TH - 7= (Murase et al.,
20000, —7F, FEDKE20~2.5 mTid2.1 kg dw/m?
ThHholm, BEIBITD ) AFYEI/DOEREEET
BB EEET, FIBOHOLDI2RIEELE
EEN 572 BEELHREABO  2F U EIIIKIT,
FENBOLOLDEENMNASNTED, IhoDE
NWHERHAEROENE LS L SHRINS,
BETIKE mfhEO R 5 7 SRHEENBRERE
3SMEEETEETS, 20L& EEOEMKE, K
HIZERDFy JE—2ERT 2. £595&, KA
TOXRERINZO DL I2EDT, BRTHMORER
WA EBEINS, —F, FHEETIIK
FaA~6 mIR DRI T THEFERREL TVRDD
T, KEANF v /E—TEHbLNS I &3/, BEKT
HETHRFDICBN TN EERINS, Z0LD
TREWIZED, ERHBO ) 2F YR DEERDOEH,
EBEIDHBREL B SEDTRENVMNEHEINS,
£z, VUSRI THEZOFMMAEZIIREE
DHDED DIV, ZTDZED ) aFUEY LR
WWEBKEOEBWHSEEL TWSHDEHERIND,
LinL7adis, REERVEAERICSGASEEICION
T, WEFHSHTRWERSNEL, SHOBET
H5,

ARICBIT DP/Bmadd, BEROMEE KRS 24
BICEWY, JIF U7 OPBmtd, SRHABE TIX1.4T
(0O - UM, 1978), FENHETIE12THY Murase et
al., 2000), BETIR17E 27z, IhosD3MEDE
EEERICR SN DEELBNE, £BIIBT Bk
DEETHD, BETEMIOOENRZANSIAD
RICEL TS, BEAEBTELERRMEL L, &
EF T SRHBENNEANKEICITS EIFTWws (5%
Z), 2003FE 1A, JIFVEVIIFAOERD
603%, ALETII293%BEFEIHTHEO, 200441
BIZIER AT T IH45.0% 2 HRESIH TS, FAE
RENBOREMSIZES -0 SEREINIEDS

WH0, ZBIEEFRPDZFESELET, AEFHL
5 D5 EREDPERRPICIBITZHEII Mo 72HD
EENTWS (O - LU, 1978; Murase et al., 2000) .
ULdhl, BETEXFRRICLS5|EHENDD (3
BEHR), RINEBERIIENWZERE2LEHBZ LD
HELRE, LS TEZIBWTIE, KFBRFBNE
MAEBZHEEL TWS I EBNRBEINS,

BT H2FEORU A, #lA132002412H £2003
FRATE, F¥7IRBERORGFENSERLRD, ¥
a0%€Y, YWYIES, JAXFVERITEEDOEN
RK&EhoT, YaOvy, YYIHEY, JIAFUE
JTI2003FRADEINES<EVNLD TH oz, &
IR TERIE N 7211 A D &EIL20024E D1F 5 H320034
LOBHBELLY, ZOBVWARADIREREDEVNED
S LAEERTIERWAEHEEINS, BEREERD
EXFIENRIE TR, YHEZRILEST
BEOEVWCKODR2ENRL SZEBHNH S (i
1986; Nanba and Okuda, 1993) L, a2 7P U+
BREORABETINEZOFEHPEHEINTS
D, BEOEZRESNTWS (BE - AR, 1987). K
AT SHBREOFERMMAERIZIEROADREIC
EDNTNBZENEL, FRIMEEROFEE %H
NRLEZEIAHETH S, MEFEROELHLREE
KoM A EONRNER & OBFRIE, 5%, hE4E
HBADOMEDH THOENIINAINEFEETH D,

R T I RBEREEOENICL > TENYLTY
5, [IEOERESIIIBEORENICEETEIESD,

YRy EY, JaFUES, ALESTRIRARSR

FOHIEII10%ITEL, HERET—ETHo/. —
#, Yaurs OSHEIE2003FE12A R THEICH
NTEDEIEMMEN D= (Fig. 17), Y a Ty 3K
HzDDENFETICE < AMT LD T(FE S, 1985,
BEHENELSLEOHEHEOZITANEDIZILTY
LOmb LMW, [RROEERGIIEOBSEICS
T AHEFORBEEMEL T D A[RERENIER SN
Do
EFEIBERDOEISIIBAIIC I > Tl Vs>, /
aAFYEy, IALEZIIYYTYEY, Paorsk
DHAEFRROBIGHE V. ENBO/AFIEID
EFERR R IAICILI34% 72> THB D (Murase er
al., 2000), BEDI1AEBETH B, EIEBEKOFEIIZSD
FEREE L TRRENTNSS, FHEBEOHPER
KoOWTRSEDEFEHEIN T ez, THEYT
1, AEBEKUELZ 014430 H 0, 1EKSD
O THEH22X10BDOIRNH B EHESTN TN DS
(Umezaki, 1984a), EFEERKDE I DEHEEIFORIC
DT, BERBEOHMEDZDDIRIIF—HS D8
HEnb b, SEMEINZTNERSENEREETH

* FEELRRE. By WL R REHS — 4. htp://www.maizuru-jma.go.jp/
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5,
BN B EIZBNT, B o /=4 REA % N
B, ERHREREORMBODEILL, FORSE, &

MAEEL DAY 5. FRMAEEREERICAHDS
oI, KOMDA<REIL I BAEANDILERD

b, AT, HEOHBEILEWERM 2 RALIUL, R
RHENEBRFETELDT, KDEOY LT IVEHAN
BLEMTES, TOBIZ, ZOHAETIINSSHOD
E/NGEMASEE Sz EEFBELRITNER S
W, 10, 20, 50 cm@DEICYIV VT, BEHEERITLRZ
Mok SREBEMERICARD > LEMBAET, 10
cmfBEIDDBEISEIL TRO-ERFEREI DD
<l Bn, FORIIFWHBERNINESDT, T3l
AJEETH >7z (Table6)s LML, S0cmBERHWED
IOEZIZDNWTIERFNTHY, ERMTREEIMIEEL
DMV L, V3 OFEZIIMEICERTRED
B, SO0mETIEHAEMY DBLRPKE LD,
NSRS, KBOE BEHATImLAL) T
HIUL, 50 cm/FE AW TERMAEEROEHATHAE
TH5H, FRLO/NINE (REPATImLLF) T
HAUL20 cmENFNLL FORBIBEGLZEH DSBS
HBHIENRENT=,
KBETEHESNER Y T SR s O ERM 4
BIZ, BEOEERSCEEBESBICEDDFR YT S
WBEOKE (1EZR) 2HITeabE2 L, BLES
ERENRETSHE, BAmMEHZD OEMMAEEE
12998 g dw/m 155 7+,

FIFE MKE AKRER

RO SHEEEZIICD ET HEEIT, ek
WIRNEE, FOE, TB5LTBEERS D, BIBLL
ADOEFFITORABEEMITESBHCEERYLT S
(FH, 1965, Lenanton et al., 1982; Inglis, 1989;
Rodriguez, 2003), DX D EEM S OFikE=ER
FNCHAS MIT 2 &3, i, F0E 1500
BERORERPCRERE PRI DILDICEETDH
%, Flo, BBERRNSRANOYMERENBEE
RBARDOYHBRBW TR TREIEERT DD DF
WEBH2D (Smith, 1981),

WY T SBRBOBEEHEIICT N THRNES
LSO TS, —#HIdFDFETITIEMNTNS (B
M, 1999), BBENICEEFHEMEE, V=, 7UE
SH IR EHEBEYMOEERDEN, BobIhi=F
FIAF AT TAREOHBEY R EDEHE RS,
ZDEDIT, T, WMEEDOR YT IRMEEDKA
TRRE|ZFFDN, ZOXDIBEEHS ML ST
iz,

RF T IRBROMKEERNDDITIT, K

BOZEEAD U THAEBEREZH< FiEEHVWS 2 &N
TE5 QESR)., ZOHETIE, #ERRERSZEH
WY T LT TEOT, EEL TEELZY T
RN ERESLERE B EDENWSH - - BE, Fh
MBHOBWERT 2D, YZHMICRT2EES
FOERIIEDHDD, R TEARN, HEOHET
12, AR EHETHROENHEEERAETREL,
YT EEEDPT LI THARIOEBNE/NE
<THFENELND ORF,1976). LrL, w2
JSEBOEE, HEREEISEDINVL (1ES
B 5% -5, 1980), BENEDEREHELROME
Pz RUE, RERRFERR SRS, IO
BEICHILT 2 5ED—D2E LT, RIUBHORE %
HERICBEERTOINESH DN, KoY IRIBEE
HHERELEDBDE, /JIFVEIEE I mEBRELL
H#E 001) EBRWTR%Z S0, RFFETIE, &
MEBL TRAEEEZIEET 52917, kAIRT—
bESRT, FOPFORCYTIRERETNTIVE
YL, FOek, EEREI4nAEHLE. £z,
IOF—F%EHEI, REREDAMKERE IFMH
IZhi0#EEL =,

R T TRERIT, RERICHRERSRBICED
35 QESE, fHHE, 1985, ZOREMICIE, BE
NTABRNTNEFHENEZ<BEBEINTBD (B
H, 1999), B OMERICIIAN SOEBEAFNE-> T
% (Yatsuya and Nakahara, 2004a), 7=, BEEATDH
g (FH, 1963), HFOE, 16 LTER GBS
mB) nE<<Rond, Ll, Ro¥ T SRBEOR
FEHRICHEE D SEEN - AN BBAANENIT EDE
BTHEINDZONMNIASN TR, FIT, KW
TIIHREBBTHETE VYYTYES & OFYES
ExHIC, HEBOERNCERICHIE DT, 00X
afeCBRT BB BHT 22 & T, ©ERNS
NREINDEBEEOEGEIEEL LD LAz,

M EFE

BRNUYRYE $EETYVYIIEY, /IFVUE
Z, AVLEY, YanE®soAMRkEE 2002812
K D2003EIAET, TAY T TDA MG L %2003
#£5A X D20045ESA ETEFNFNIERMICHDRE
LTWwa, Zh63BOAMFEELE KEROWERS
ERVFISEIBHEKDHEE (1EZ8R) =HTE
HE2IET, BEEADOARBKRERS 1ERBICH
DEHLAE, TAYTITITDNTIE, 200241205
20035 A £ TOAMREENHARSNTHIRNWDT,
2003512 M 5200445 H ETO ARRKE AL
7z

RyEYTE EBNORBISKERINII DI
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A ~Sem
B, 5~20em

ES®
C; 20~50em
G0
Al
X
AR

.| Sargassum mocrocarpun

é D 50~100cm
B E ; 100cm~
o2 @ ; Sargassion patens
< NS . .
1m e @ ( s Myogr Yo
c8
) 2
_ 7 R/ 19
& oL
G e
v cad | cu® |

Fig. 18 Example of ‘Mapping' field notebook. Symbols,
alphabet, and the number indicate species, total length,
and the number of main branches, respectively.

A ; Sargassum phuliferum

50T (1E8R), THFHNICHAER 2 mX2
m) FIaFT ORI, BEPRBICAEREZRE
UEZICBZEMITEREL, ABEROME ZHER
Ui, AT, BEICHREBEL THIHO—TITI1
mEEST TEEASHOE TEHELRERKORYD &
Lize iz, REOKRY T IRHBROZEDOMNTIRIC
WEEN FEMTTREEEZRFITESXLDICL &,
20035 AK FHRABEE L TCHERANOEE K24
JoRMEEET v E S L (Fig 18), FD1%20034F6
A 52004F7H £ THEARBERREZT > /2, BEF
RETIE, FERNOTXNTOMEICDOWTHESR, 2
X5y, EEEERELZ. 2ERDIZA: 5 cmE T,
B: 5~20 cm, C: 20~50cm, D: 50~100 cm, E: 100
emPl EO X ISRV, i, ROV TTE
BESMNELTWLIEAbBTYE Y Z L, EEOBSH
IZDWTHEHTEDLLIITLI.

Ty UEROARREREUTOHIETH
FElL. Yo T HEERBICEZBBORENS
YYRYEY, JAFNEY, XAYTS, LEY,
DaOEZIZDOVT, FRIZDOWVWTHL mOMEN S

Amount of loss in
the period of  t

Case 2 -
-0

Case 3 I -

To T+ t

Length

No. main branch

Fig. 19 Diagram showing the three case of loss in the
mapped thalli. See text in details.

18 RF TS EBOERE - HEBRICET A

Fig. 20 Photographs showing the tags on mine branch
(left) and around basal part (right) of Sargasssum
patens.

BAEZNODED, Tho02k I BERZR
gL, ZNSONMDERDBADEBERNEREFH
HOBICHL—RERTBEHEEL, BRICDONWTE
OERRERDE, 2RETYE T THWESEE
DERRFIHT, B2RESOFH2EL&SESA
WL TRDz, v UEEEEOE2ER S &
FHE#E LRETROEEIRRICRAL TBEZZ KD
Too TN VETHSD, KV TTETHE
IIMERL DT, ZN5 DRI EEEDEDTH
i EDWRS BT/ I L EIDEERAL
77

HE L /2B OREOHTHRENKE ZZEEE2LT
DEOWIBOEEL, HELEEHELZ (Fig. 19).
QEREMNEHIL, 2EBELARS, OFHEIED
T 58, 2EZE asARYL, @FEEITED LAV
N, EEMNELRD, ZO3ELOHEERITHLT
REBELUTOLDICEELE, QRIADEBERES
ADBERDZE, QRADEE LWL L EEEER O,
ORMADEHKELEOWED O, 1B, BE2E
MRELEEEE, EEEK 2EEHI0& L TEE
Uiz, AERHNOLBEEICOWTARBIHEREZEEL,
B NS 20 OARKREREZFEL -,

WIERBICHIF Dk - Bl 2004F5H27RHIZY YT
Y EZ20ME&E ) 3F ) B 22EEOERICESHAE
DIHEEHRI L 7= (Fig. 20), D EEFITIIFHBEDOE
BIZEILTHEY, SEGOERIRIIELL S &
Tl mE2 miZBED (B EZ—-IEMHF7ZEZ10 cm
D#€, Fig. 20) 2EEDF/-. LBI0ARKEIC, B
3, BIR, BREORMZEHERLZ. 1 mOEEINARL
BolzbDREBEERLENRELEDDEARL, EiE
WENIA—BTHHEEICEML TWHWEbDEHERE
L7ze BURL = EEICHREL TWBED2E %G
L, 2mOBEINEK> TWizbh DI, FEEESESEIR
L7bDERBLTz,
YYRYESZE ) AF)EOBERIEREFREE
B E#AN, SATAOEEDFEHN/REE M %ER
TEEN QESR), BRI DVIEHELTHHD
ELT, NS OEREISEKRD-,



T

BRANVERYE BRNDED ENS5kD7- ARk
1" %Fig. 2R, 4AM5TH £ TOMEHN L
MEL, ZOHBTERRERBDOTI% & HD T,
—%, RANMSIAOEbREEAEML, AL
31107 g dwim &R o /-, BIB2EKOERFERED
SEHEEIZ92]1 g dw/imie Tz o, FERFHLE OEER
BofGaLWEMASEICERDETYYIEY
(45.4%) /JaFUEr (26.1%), YAI TS
(16.6%), ILEY (9.0%), YanEtrs (29%) &
o7,

300 W Myagropsis myagroides
250 A Sargassum siliquasirum
“E 0 %Z S. piluliferum
= G S. macrocarpum
_3 150 &S patens
£
=% 17

A L ¥ COKY & A R . 2
KA DA
2002 2003

month

Fig. 21 Monthly changes in amount of loss in the five

Sargassaceae species estimated by the productive
structure.

RyEYSER S emRiEO NERIIERENE
DEEBE LN o772, BEKORD EEDIZEAL
Tids emPA EOEURD B xR E Lz, FH, S,
T OERE & Fig. 2212, EEREOBME (FiA OfFE
EEIT T 2 ENBEGRKRCEE, BADBEIET1 T
A L73%) #Fig 2312RT,

BB DFE YD IRNEEROEEIIZ18.0~
3L.0EEF/M OEERNTH >/~ (Fig. 22). 2003FE6H 7
58 £ THEH22FE/MFIHR TREL T, 9AM
5118 £ THINEMN10% EB A, 2003412A1731.0fH
AHmATEL 2, 2003512 8 1 5200441 BTN T
INEAS-28% &72 0 (Fig. 23), 30.8{E A /m2 A 522.0
Him*E TR LTz, EDO%2004478 £ TRMKEIE
B2 D 20044E7 B I 18.0f K /m & T o F-. A
BT BN YT SR EEREOERKIT29.5~36.0EF
mOEHATH o7~ (Fig. 22). 20035128 52004

" M . Shallow
2 —o—Middle
0 %@_@ o Decp

No. ind. /m?

[ J— -
Jun Jul Aug Sep Oct Nov Dec Jan Feb .Mar .Apr .May Jun Jul
2003 2004
Fig. 22 Monthly changes in the number of Sargassaceae
(longer than 5 cm) per 1 m? in each permanent
quadrats.

0% o - — ﬁ__ -
[ shallow
Omiddle
Odaeep —l

RN 00a

Fig. 23 Rate of increase in the number of Sargassaceae
(longer than 5 cm) in each permanent quadrat between
successive two months.

2003

FEIRITMT THEMEMN-8% L7120 (Fig. 23), 35.8(&
R 5328 /mAUT A L . D B D 1E A
5% LN TRAEGEERZDOEHTIA SNRN-
7= (Fig. 23), M&EIZBIT B8R4 7 5 F#EEOEE
13298~ 15 3EKE/m DHHERN TH - = (Fig. 22),
20034E12 A M 520044E1 A ORI OEMEIT-22% TH O
(Fig. 23), 15.0{E#A/m> 5 11.8BA/mAIZ P Uiz, #
CHAMOEMEIT 9% LN TR EREXREDOEEIL
HoENIEMo T,

BENICEEREROE LT RS E (Fig. 24), B®w C
EERBENEZNDNRYIYRIEY, TAFTSTHO,
2003412 A 7 520044E 1 B2 T TR b EEEE D
LEDIERAZ TS THolz, P TRIEENZL D
12, YAYTS, YUy Ey, JIAFUEITHD
T2 RHIZBNT H20035F 128 H» 520045 1 BT
TEEEDSED L, FOhEL, BHERHiiLD
HIEN o /- (Figs. 23, 24). MHIZB N TEEEDIZ
Wi, JaF¥FUuEy, vYURSYESTHD, mEE
2HRIEZB L THU% L EE 5D T,

2 ERICEEE (Fig. 25) %A% EMEHALIED
200347 AM 52003 12A £ Tid, K> F T IRHEE
DEEICHEVWEEHEBRSEWNMEIANET TR, 2F
1 mEl F OBESHEBEIGNRAICR >, 20034128 7
52004481 B2V TREERDEA L2, 2K5~20
em® K53 CREENEDL L THO, Zo/nBfEEic
WBYAYTSIMEN DT, 2004FE1AMNSSAETOH
i, 2EOBKERELLTWEHO0, 2ERS
OHEBIIREL TWE, ZOHBICIE, BELPET
WEEl mPl EOBENEEEELSDEN, 2Kkl mn
KWDOER D OBEEHFNFNAOSBEFTL TN
77o HHE T, 0% LI EDEAENLEI mUETH>
77o 200445 B LIRICIIHFER TR K IZL D 2B
BHE I 7 MU, TXTOKEFORAEXKAD
BRI L 7220034212 A M 520041 RIZTT
RO T SHBENNEL TWEAOIBBE L
HODOET, BHTI2@/Mm:, BETOHE/m, HHET
1.7f8/m* T&H > 7=,

Ry MR r -y EEICEHLURELE
W, RO U TREROMERICE L, TOMRMIES

WERSIEEY Y IR #7585, 2005 19



40 ' -

Shallow

B M. myagroides
35S, fulvellum
0S8, macrocarpum
W S. siliguastrum
as. piluliferum

8 S, patens

Middle

B M. myagroides
BS. fulvellum

M S. sifiquastrum
O3S, macrocarpum
B S. patens

B8, piluliferum

Deep

B S. horneri
S. fulvellum

@ S. siliguastrum
B8 piluliferum
B S. patens

@ S, macrocarpum

Jur  Jul Aug Sep Oct Nov Dec20

2003

Jan Feb Mar Apr May Jun Jul
04

Fig. 24 Monthly changes in the number of Sargassaceae (longer than 5 cm) per 1 m? in each permanent quadrats.

AMG8ATH oz (Fig. 26). BEFRIZIDHEMED
MEPERROE S bH O N, AMREERIDL, B
FIMDERDIEDE DI H AFNEIL > 2D T
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MNHo ., T TERIZE > TRES SN ER
TR, 1,217 g dwm2E 720, BRIADEDED
1325 & o7z,

WIERBICHIT Bk - BIR ZOHRE THRSE - AR
R TELEAEIVYYSYEZIMEGE, JIFUE
2R TH > 7. J AF VT OFik - BIRBES
Fig. 2712/RT, SA2THIZIE, TR TOEEMNELL
TWizh, 6A7THIZIE, 1m, 2mOBHIZDFZE
BEREBITHELIZIUD ., 6A1THIZIEER %1 m
BRUTERT2HONEH LA, 208, /aFUE
7 DERIE, KRxEBIUR - RLL, 7TA2SBITIIENL
LTWaEEWE<IEo/k., /JaFUEIDOERL
EFRHOEZIE, 1 mEBS2BEREZREKD61.9% L7s
D, 1 mPAE2 mERA33.3%, 2 mLAEA4.8% E75-
7= (Table 8),
YURYED DK - BIRIBRE % Fig 27TICRT, 5
A27THIZIZ T XN TOERNEILL TWies, 6A7HIK
132 mO BEINFEELIZIUD . 6 17HIZIZI m, 2
mD B EDGZERNESITHEL, EEE2 mL
FRLTERITZ2HOBEBAL ., 6A290121E, ¢
NTOVIYRYET DEREMBERD DWIEFTEL, £
DHIAZHET, FRLAEAEEDRLIHEEL TW

20 RY T SHEBOERE - MAERICET 2%

o7, YU EIOEIRLEZEROEZE, 1 mE
W EBIRESEDAT1% E/D, 1 mPAE2 mEHN
353%, 2mbPL EDN17.6% & 7557z (Table 8).
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Fig. 25 Monthly changes in the number of Sargassaceae
(longer than 5 cm) per 1 m2 in each permanent
quadrats.
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Fig. 26 Monthly changes in amount of loss in Sargassaceae seaweeds estimated by the

‘Mapping method'".

A, YYRIEITIEI.0%, /JIFUEI TR
27.0% & 7507z (Table 9, Fig. 28), W& & EMAR
FTUMENDHENEL L, BERERORET 2815
M o T/ (Fig. 28).,
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Fig. 27 Changes in the percentage of thalli which was
withered in stand or drifted away during deterioration
period. L] Stand upright,Z2: Withered in stand, 21
Drifted away.
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BOEEBEEETLIEMNTE, BRINVIRDDITS
ETFTHBEREIN-REAVENEEL I L EEMT
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BRIAIOEDETIAE - B THRK I NS BEEEOR
S E N, FNEHEEIS I > TRAREIGER
Uleh, b JETREERECEBEANS I &
MTERE, T TRERIIBWTHEI N -ERFEE
B3, BRINOEOEDIRE R0/, Ty T
ETIRERSNZ L TR0, SEROKREREZHET
E505, BRHAMORDETIIBEMERS O OBEKE
DOV TN ELTHRWRERZHTET 5201,
MUY TNORTERERENRRIGEZ 5 LB
R0 &3 QESM), 0ol &LNCE, AERK
OFRABENE—ENERENENIBENS, Ty
TENOHREEZRBOAMERENRBHATH D Z
&, BREMEARIIBILIHERLEDOERNEALE
K& L TH#HTsN 5,

20034E12 A1 520044 1 B2 BV 2 EEXREOE DR
1, BKEH TR 2. FHTIE28%, AT
8%, MR TII2I%NMEL ., BETREIENS
WO, KENRSEHZONROERM /I &R
OREELEZOBEHLAEDLERED THLHEEZA LN
Zo MEHIIEENEGEHTHD (1ESR) hb
MBEL /2 /- DEEDTREREIG DD - 2 D TIIR W
MEEA SN, FHORAERIZ, EENEETEA

Table 8 Percentage by the number of withered main branch within each length range

Length of withered main branch

<Ilm 1~2m 2m<
Sargassum patens 471% 35.3% 17.6%
S. macrocarpum 61.9% 33.3% 4.8%
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Fig. 28 Biomass in each height was divided into the thalli withered in stand (dotted) or the thalli
drifted away (shadowed) during their deterioration period.

Table 9 Percentage by the weight of withered or drifted main branch of each species

Withered in stand

Drifted away

(A) Sargassum patens
(B) S. macrocarpum

Mixed (A : B =65.2:34.8)

37.0% 63.0%
27.0% 73.0%
33.5% 66.5%

MBEEAEBWERTHo7z, TDD, BLVEER
EEZITTHREFEOMEFIEREL Mo LHERIH
72o

Ty TOBERNSIE, MELDTVREIITASY
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Too RAZ TN, AREREFRICEET S/DEREGK
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FEMSNIC K DWMENZ N EHERIN,

MR, R YT SRNBEOEAMNETL, i
NBITB 72D DHIHENIAKL DB I EAHEH
SNTWDH (FEM, 1999), Ths OFIE%EFEENC
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22 R TTEBOEE - MEBRICHET 2K

ESR) ROT, BE2AOEMBERL, HEH1 m
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TRESVDZZENTEZELT, ZREIEEHED
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ST, BEERICEANE E DR TAREI R,
ST EME, MUK L BT R TE
BANBREINDETHE, ERERU TEBNAE
EEN-EFII645 kg dw/imET2 D, ZHUIERFE L
BDT19.6% LR D, Lo THEEDEKR YT BB T,
ERIF R ROSEIN BN NTRE XN, 25HEIENIC
EEFEBDTIEIRAMENDFEREG,
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Woodcock (1950) DBFFEXRITZEREE TI3
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WWEATWS, LML, BEIEHFEOHNEITEX
ISFEDOR YT SRBENESEND L, HNEOHE
HEREAFORBEEHIZET D (FH, 1963; i
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Fig. 30 Photograph showing how to measure the density of seaweed (left) and mesh boxes in which drifting

seaweed was stored (right).

HAFBIZREFNIH> BB LRSS BRICEDfT
o, YERELIIHAR Y FEAVWTHRNELZRE
L, IEH-0ORERITI0 kgl EEZHEZELE, B
B, 2004F1H30R I 2 O TOEREERNDlan
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(Fig. 29). F7=, 2003%E4H280121%, # 4 Wil T
BNEEFEELZ (Fig. 29). NBREMSORE
KRENT Y TEARL, BRAESHCL D KRZRIEL
7o
BELAZRNEZERETTHLRD, BEREOE
ULBWEDIZUENSENIC ST, RF TSR
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Liz&&HBL, ESRSOENHDIIEENTIEEN
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Fig. 31 Schematic diagram showing how to measure the
density of seaweed.
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LEE, 5UICHEOERDRIE DRI Az K
DEZEPET DHEND S,
BREOKHOBEREILUTOEBDTH D, HBE
AN S EBEICE NN, TOTEWIZH DRI
ANDEE GhE) 2L LI DOBILTNHE, BEML
HIBDDHEMOEDNE X 2T 5 (Fig. 31). 20
& EHEE DOKFESVIE,
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dt

v

EERINDB, ZIT, SWSBEOEERE, wwidff0 &
=, bISEDOHR, d3BKOLETHS (Woodcock,
1950), 7B, HEANSE BIUEFNLEED
BHIZOWTIES oM UDREL TBW/E, 7KEO,
1, 2, 3 mO#EKDLLEZEKBHEZE (ACL215-DK;
7Ly IETRRD] TRELZ. 20034FICiTEKOL
EEERLEMN DT, W/AKDEEZEZ1.025& 1 7/,
AW EDR/NDERII33gTho/-. IFTFhT
DIEER (K20 cm) IZRMTHEEA/KEBE () RS
) =REL, 1REEICKREEZLEL .
20034E1Z13, 4H16RICYanx®y, /JaF¥UEY,
YTYRYEY, LTIV EZEMELD, 20035FE5H6
Ric7 el ZBBRHASHEID, 20034FE6H4HIC
JOAFVEY, YUY ETEEZHEIDSEIE
EKTOHE L 7z, BE TOVEWLB2EPERKER
DHEDEREIE U TRA FE L 72 iU DR AR,
2, BE%Table 10IC7R7,

EERITH WA, BaEE RBEBEObD
MHoiz, T TIHEERKEBRL THWEWEDZE
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FUEY (6R4BEH) T, FHEOBOEB Y30 E
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W2 ni (DRE 158 O -8 H2LHTE
U, INSOYBESRAICHS U LEERIE L.
Isb, ODBRIIBRELEOHEZREL, OB
BILER, ¥ [ EMEEBKTRARSNS -FEE
WOLEZRE L. 8B, THEI I -FLEEER
DTEO3TT, BRREEREL 2,
FREBZEBMABA L LEBD S HAMEIZEED

SEEDRIE T SR, REBOUMTELG -

LWEEREL -, ERET TEREASENSEHEL 3
FIILEERECIEZEDT, 3T FAdhSED BN
Tro HMERIERICIIEFICEST ML EEAITS0~
100fEE T, DANTWAEER A=,

2004 F ISR D LB AT T Z B XD IC1 AN H6R
FTOMBICEESEIER L, 2004F1H2881IC 3
OEy, YWRIEY, AVEY, THEY %, 2004
FIANBIYa0Es, 7HES %, 20048£4F20H
ZYanwy, YUY EY, AVESE, 200445
HoBIZvYy< &£y, ALVEY, THESZ %, 2004
FORISRICTYRYEY %, TNTN3MERT DFRE

Table 10 Length, wet weight and maturation stage of Sargassaceae seaweed collected in 2003

Collected . Maturation Plant Wet weight (g)

date Species stage length Perennial Annual
(em) part part

Apr. 16 Myagropsis myagroides Post-mature 328 419 2,061
‘ Sargassum macrocarpum Pre-mature 364 113 1,187
S. patens Pre-mature 334 16 1,424
S. siliquastrum Mature 389 22 1,318
May 7 S. horneri Mature 191 - 720
Jun. 4 S. macrocarpum Mature 241 57 1,130
S. patens Post-mature 238 12 337

Table 11 Length, wet weight and maturation stage of Sargassaceae seaweed collected in 2004

Collected Speci Maturation Plant Wet weight
date pecies stage length (cm) (g)
Jan. 28 Myagropsis myagroides Pre-mature 348.3 4533
Sargassum patens Pre-mature 256.0 490.0
S. siliquastrum Pre-mature 288.3 502.7
S. horneri Pre-mature 241.0 230.3
Mar. 10 M. myagroides Mature 3720 406.7
S. horneri Mature 295.7 646.7
Apr. 20 M. myagroides Post-mature 331.7 406.7
S. patens Mature 289.0 9233
S. siliquastrum Post-mature 255.7 396.7
May. 19 S. patens Post-mature 172.7 263.3
S. siliquastrum Post-mature 326.0 693.3
S. horneri Post-mature 313.0 140.0
Jun. 18 S. patens Post-mature 276.0 1,076.7
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Uize THEZIIERBEOEROBRETHREL, 7
AEILUNEEZMEOBETHREL £, HRIZBWL
TEHLEEPBERIIMEEROEETRY, RELAZR
Blofk, WE, RERS % Table 111I27RT
EEBITIE, AR S RV THRA A E AW
2o BERARIOBHDIIIHABAICFEL Z2ETH o 2,
BAFOHDIX, THEY, Yauts GHIIHE
8), YYRIES GA0BEE, SHIOHERE) T
Hol. RAKODDE Y auE®y, ILEY QA
2001R&), IVEY, YHEY SHIOHERSL), v
YRTEY (6AIBHESE) THo/z (Table 1),
2003FEDEBRLD, FEAMEOFEICLDHED
FILMEENTH B EnSho 20 (i),
2004FE I —FEBMOHEOHLERANWTERE L, X
722004 I LL BERIER OKR O EEE, TOR
OO EEREICL > TEAOETEREL =

m R

TNFEOEMEMR RhEFEHSORBEKRIL, #AE
BRIARFD2003FE4 A28 HICIZ142°CTH D, FDiEE
HUSAIZIZ16.9C, 7AIZII21.7°C LAY, JAIKIIR
KB D267 CIZEL, SALMBKBIITREL,
20042 B ICIBRAEKB D17 CEEHE L. 2ALIE
IIEBUKEN ERELE (Fig. 32).

EHOMNBEOKERII6~141kgTH YU (Table
12), FAEMM %8 U THE S N-EBERT, REfE,
BEMAE (D BRI YU SRBEIE), L,
BT EEYEE S30ETH o7 (Table 12),
200312137 % T Zostera marina® BEEE| G 3
67.4% & G0, FRLUADRA TR > 57 FEE
BEB0B LU L& o, REHE ST IERUAD
BEM, IEMOELEISY, EMERU T1% R
T&H o7 (Table 12),

R TIRIBREEIIEDDE AT NN DR
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Fig. 32 Water temperature (°C) of the sea surface at which
drifting seaweed was collected.
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7 (52%), 9, W0AAYFFES (29~64%), 118
NIALEY (49%), 12, 1, 2AMYYYIEYS (33
~60%), 3, 4ANBUT HEY (40~69%) THo
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Fig. 33 Relative abundance by weight of Sargassaceae
drifting seaweed. Closed and open bar indicates drift-
ing seaweed with holdfast and without holdfastAC
respectively. Sargassum horneri in July was not been
able to examine on its holdfast. Gray horizontal bar
indicates maturation period of the species.



Table12 Total weight (wet weight; kg) and species composition (percentage by weight) of drifting seaweeds
collected in western Wakasa Bay from April 2003 to April 2004

2003 2004
Apr28 May6 Jun6  Jul8 Aug4 Sepd Oct9 Nov6 Decd Jan30 Feb25 Marl7 Aprd
Total weight
(wet weight : kg) 62 87.0 6?.4 1414 308 277 125 217 169 7.8 143 279 489
CHLOROPHYCEAE Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1
Enteromorpha sp. + 0.1
Chaetomorpha sp. 0.1 + +
PHAEOPHYCEAE -
(Except for Sargassaceae) Subtotal 0.0 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Colpomenia sinuosa +
Scytoshiphon lomentaria + + +
Chorda filum + 0.2 0.3 +
(Sargassaceae) Subtotal 99.8 100.0 990 99.7 820 964 831 922 325 989 999 99.8 99.9
Myagropsis myagroides 90 135 4.3 0.1 0.3 1.1 11.2 1.6 204 7.0 5.4
Sargassum autumnale 0.6 1.3 0.6
S. confusum 93 5.5 33 0.2 0.2 2.6 0.1 0.1 0.4 49 0.7
S. fulvellum 3.1 7.6 0.3 55 210 127 0.2 5.3 22 240 7.9
S. fusiforme 0.1
S. hemiphyllum © 05 4.5 0.5 + 0.1 + 0.1 + 0.4 2.0 1.2 0.1
S. horneri 694 514 409 920 17.1 0.5 0.5 0.3 1.7 88 40.1 688
S. macrocarpum 0.2 0.8 5.5 04 425 150 6.3 3.7 0.6 285 0.7 4.3 6.7
S. micracanthum 1.1 0.2 0.1 0.1 + +
S. miyabei 0.1 0.3 + + +
S. muticum 0.1
S. nigrifolium 0.2 0.1 0.1 +
S. patens 0.8 93 2938 72 116 55 158 180 115 596 330 128 5.0
S. piluliferum 02 2.0 4.1 0.1 2.4 0.5 1.8 0.9 43 1.1 313 03 038
S. ringgoldianum subsp. coreanum + 26 612 2490 6.2 + +
S. serratifolium 0.5 0.2 1.0 0.1
S. siliquastrum 5.9 . 1.9 5.8 126 452 43 0.6 1.2 49 34
S. thunbergii + 1.1 0.4 + 4.6 0.3 + + +
S. yendoi 0.1 + 0.4 0.2 0.2 + 1.1
S. yezoense 0.1 +
Sargassum sp. + +
RHODOPHYCEAE Subtotal 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hypnea charoides +
Camphylaephora hypnaeoides 0.5 +
MONOCOTYLEDONEAE Subtotal 0.2 0.0 0.2 0.0 199 36 16.9 77 674 1.1 0.1 0.1 0.0
Zostera marina 0.2 + 199 36 169 77 674 1.1 0.1 0.1 +
Phyllospadix japonica 0.2
+: Less than 0.1%.
EROBEILUTOLD TR~ (Fig. 33), 7 HE 12, 2RICHIFEISHI0% E@BAN, JOLEME

D33~TRICHEBSN40% B A, TOHMICHIT
HAEBRERTHRNEIN2~80% TH o/, VFF
EZI39, 100HIZHFEIENENTN64, 28%THD,
HEBEET DHNESFNFNGS, 34% 7o,
ALVEZIXIO~12AICHIEEIE 108 2B A, (&R
EOTIIRNEBEOREN64~85% &80z, KT
TR~V AICHBEIENSB L ETHD, (FEBED
T RNEOEENTI~96% o, 1THBXU3~
SAICEHIMBIENS% 2BA -, OB
BEDTELOR o/, /IFUESI, 8A
E1HICHBEEIENZENEFNS2, 29% TEM» D D8,
ZOHRICIIFER E OO DN . — A,
IHICIAHIREIEIL16% TH o748, HBER/EDT
WNEOEEN81% Elxoz, PauEsIII2, 2, 5
RICHIRBIEMNI0% A0, ZDOEE[ERED
FemnEgEiIdlahoic,. YU ESIZERMERL
THESDOENRNBENE<HBLE, YAV T I

BEDITERNEE LN,
EMEBUTREINLZRNEDD B, FEHFED
FTWhER YT SHBEREOBGKEBLIU2ER
Table 131Kk L7z, (TEBEHTHEGENRLLN >
FmOMWMEKR TS T2R4EERTHD, HrTILEY
@3AK), THES (BEHE) BEhoi, [FHise
DRI IRBESEORER2REIE, Yant
7 (115 em) EYFFES (62em) BEL, /3IF
s (B6cm), ALVEY 29cm), FrFTT (25
cm) MEM o/ (Table 13), F/-, fIE&EEDIT
ALETOER, SEES0EFITIEO/NED S DA
%Moz,

FANBOLLE Sy 7 I7HBEENELZITF
FH T DKIEN, 20034 R16BITIZK14CTH > =08
SHSHIZIZMITC, 6H4HICIZRNITC &R, EEK
TEOTERENZIEK2°CE o2 (Fig. 34), Fi-,
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Table 13 Length of drifting seaweed with holdfast

Length (cm)
N
Range Average
Sargassum fulvellum 224 25 ~ 202 61
S. siliquastrum 83 29 ~ 135 63
S. horneri 73 43  ~ 265 120
S. patens 48 46 ~ 421 119
S. ringgoldianum subsp. coreanum 30 62 ~ 122 91
S. macrocarpum 25 36 ~ 160 71
S. piluliferum 6 45 ~ 180 118
Mpyagropsis myagroides 5 115 ~ 305 179

N: The number of holdfast.

200481 H28AMS53A1IHE C—ETIICHIBR TS >
7=, FOBKEERERL4A208121316°CERD, 5
A19RX18C, 6A18HI21324°C, EBRKTHDIA L
AIZ1323~25CTHh o 7= (Fig. 34). #EEDOLEZH
E LB EREER DKL E#Fig. 351279, 1A
TARMNSIAFHETIELETLOSMETH 572, 3
ATHELDSAPAE TIRMARMIZEANBTRALERE
HEKDHENTF A 572, 38241130 mET1.016&
BROEWEEZRLE. £E5ATEAMNSTAEAE TR
2FETHENTMND, 3mBETH1.022&7o7=, 58
TALUBEOREEKDOLLEIX1.019/0 51.023DHERA
THoT.

2003FE DEBHER £Fig. 36iR9 . PalErid%
FEERMOEBENLEDIO% 2 58D (Table 10), FRE
BEROLLENSEERMVOFEICL > TO.027R5 >
7= (Fig. 36)., /IFUEY, vYUTHEY, AL E
T TREFEERMOEREI2EDIOBLLTTH D
(Table 10), ZEERTOAEICLIFREERONE

Exp.3 SE—

2004
Exp.1

Water temperature ('C)

5 —
S S T - S A S S ST T S
&N éofb NP N R \§g, N

P @'b& & y¢ vQ{L @'D* @'b 5\)0 D 5\}

¥«

Fig. 34 Experimental period (closed bar) and water tem-
perature (diamond) in the cage in 2003 (@) and 2004
().

28 RF T TP OEE - FKBEICEET D%

DENE, 0.013LLFTHo7= (Fig. 36).
BEEBRO—FEERMUOLEE KT DL, 6A40
DJaF)EY (0.835) Nbosb/hE<, 4816H
D30Ty (0962) BHo>EHKEMN>/-, 4B &
GRIZIMNTTY YUY BV I HENRARID0.9330 5
B DO.96TNEEINL 7248, / aAF U B IITRHA
ATD0.9027 & FREAFR D0.835~\ &g L 7= (Fig. 36) .
20034 ICRES NV aaes s/ aUFEY
BN TIE, HEFRBICHEMLZ (Fig. 36). /3
FUEIQLENSEL MM, FAEOKEN &
KTREDENTHBY, TOHGIIME (0~28%)
L0bEMO, AARERESNEZYYSSIES LT
LVEY, SACREINET HE T OLEELITES
INTHol (Fig. 36)., 7 HEV DOHEETHEB £ T
EEBEERET NI Mo, ZOHBICTHTID
DEANERMEOEISITI0O% AT THEL D & Do
7o ABIIREZINTVTYYESIL, EEHRHIC
Fi-RAEEHREI D, 58 PEIZIEIR D BRI
ETEBRR & TURL L7z (Fig. 37). HLE &% FEE OB
fREHDE, BEOLENLOL D /NI WEEIZT
R BELETEA, 1.010L D KENWEKIT—EILE
FTHEFEAEFRELBNNEDD TREONZLUNE
Uo7z,
BEMOSRELR YT SENEEREEBEICENN
5&, I~GABETHEENMEL ZTOEED L T

1.030°

1.025%%?5‘*‘-‘ S TTEE. ) tom
TR ey
v

1.020° e am

1.015™ . .
Jan 28 Feb 27 Mar 28 Apr27 May 27 Jun 26

Fig. 35 Specific density of sea water at the experimental
area from January. 28 to July 2, 2004.



Myagropsis myagroides (April 16)
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Sargassum siliqguastrum (April 16)
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Sargassum horneri (May 6)
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Fig. 36 Changes in specific density (ll: Anuual part, O: Whole thalli) and wet weight (White bar: Annual part, Slashed bar:
holdfast and stem) of seaweed experimented in 2003. Horizontal line represents 1.005 of specific density. The date of strat-
ing experiment is shown in parenthesis after species name.

EmMnHA Sz (Pig 36), EEAMEML 2RI, HEY (0.761) MHbo>EHNIhotz, BRITLLE
BAEORMICHBROFIMNE A LN, FRMTEL T5E, SEHRERESNEZY YR T ERE,
T, BIZ7AEI Tid, BREEIZHENE L A BREMHE DT EFEROLENKELZS
SNEAREROHMMNE LI > 7~ (Fig. 36), EEMN (Table 14, Fig.38), Y3 OEZ Tid1A28AICHEES
B LRI, BEREA<E>TEEN, £< NHDDELEN0.929TH > 705, 4H20H12130.952
ORI TFORICHEE > T, Elgorm, YYRATI TIIIAAICEESNZD
20044 DEERIE R Fig. 381259 . HEBEROE DD ELEN0929TH > 7208, 6H18HIZIF0.992&78>
DOHEZRBT B E, 2004FE1828BIZREINET 7o ALEZTIRIABHICEESNZHODLER
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Fig. 37 New generating branches on drifting Sargassum
patens in the middle of May, 2003. This seaweed was
detached from seaweed bed on April 16, 2003.

n
N

Exp. 1:
Started in Jan. 28

Exp. 2:
Started in Mar. 11

0929 TH oA, SAI9HEIZIF0987E 5>/, THE
I TIRIABAICEREINZDDDLILED0.761TH
7203, SEI19HIZI30987 L7 o 7=, :
REOLEOEIMEMIZ, KEDE,>EI~3HIIC
EBRERBLEDDTREBELHNTH 0, 4~6HIKZ
FRELZERI, EBRFAEREID LEZ28ICHEN
I/ (Fig. 38), FNBOBERY, BEICENMN
SNZEEMSEINT 2ERNR SN, FOBER
MNE, EBRBBRICK > TRAE> Tz, 200441
A28RHICEIAL 7-EBRTIE, 10~1EAMBE TERR
AL 7=, 3B1IHO D TIZ6HEMEE T, 448
20HOHOTII3MEMEET, SAIOHDOHDTITIHA
MEETEREENSEMLE, L2L, 6818RICER

Exp. 3: Exp. 4: Exp. 5:

Started in Apr. 20  Started in May 19 Started in Jun. 18
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Fig. 38 Changes in specific density (@; Right scales) and wet weight (Bars; Left scales) experimented in 2004. Holizontal line

represent 1. 005 of specific density.

Table 14 Specific density of Sargassaceae seaweed at the start of the experiments in 2004

Species \Collected date Jan. 28 Mar. 10 Apr. 20 May. 19 Jun. 18
Myagropsis myagroides 929 941 952

Sargassum patens .906 .933 916 992
S. siliquastrum 929 973 .987

S. horneri 761 874 .987
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ERBLEVYYIYESE, BEICENMMTHEER
HBIIL B o7z, 2003FERER, BEMITITISIED
ENRON, BOMICIIBEND A B> THEENT
WWzo 20044F 1 A28 H O EBRBAMAKRICIIRAR TH o
EYAEY, ALEY, Yanwsid, RERENDS
FIA0BBICEEBIRZHR Lz, —F, RFIERZ
RBLEYY <Y EZIZRZERMPICRAL 2h -
77

z B

FNEOEER EEAERER THRE I NZRNE
BRI T SRBENRKES 25D, BOIXEFLALE
IMTRETHO7%z, T, MNEOEKRELR TR
&0 SRBEROBBHRE, BENSWEIZEITAES N
%<, BiZid/aF¥u s, iixvsr¥es, 3L
R, RIZEAVYTIEINEL RBERMBHD, &
DHERNI S BERE O AMALE (FH, 1963) Ik
B (GE - £%, 1986) &--B LTz, MEBEHR
B OFANE O F BREKER L EB KPP, 1984),
REXE (Hirata er al., 2001), PN (LES5,
2002) EHBTBE, THEINENSHTEIEST
LZEFETA—EL, FOMOBIIRIZ> TNz,

FIFETHNENSBREL 2R ¥ 7 SRERII21
T, 2O B20IRBTRFRICEEL TWSHE
THD (GEF, 2004), TDMODIFEIX, FETE/2h
> 7z Sargassum sp. TH o7z, £z, TF 7 ITRLS
THRNES L THRESIN-BLRBERERTERFL
TWBIEMHEREINTVS (58 - 1 E, 1980), =
NS ORERM S BB IR O RN B AL AT B
DEBTHIAEENAGENOTIHELMAEEZSN
b, L Lans, LEOXDICHEBRROFNE
OFEHARITEYUL TWAB L, FNEomRICEL T
BHSMIENTWRND T, BIFETRENEDRER
DEEIIEE> T,

R IRBROBN TRNABICBT 2 HEREE
WEWER, TNTHEHICORLT T B E2ERT
L5 TH o7~ (Yoshida, 1983; KB, 1981), —fRIZ,
HBEBNEFT TE5TONEND DEHE, WEED
BB WS LB LD DRV, FORDEES
DOEBBEBEEOSNREERBEL, FNEIIHE<H
RMIBEEBXAOND, HERFEOBEBIEFTT DR Y
7 SRR, BEEEAEWIIED <D ESEG
WKHBEEZLGNTNDS (F#E, 2001). T ORITEAT
TEOIWHREERB/L2DICE, FEEEEICES
TEY S MEELD B0z 2 502 0B H
B, ZOLIBEBRTIBICELDEFANKEL, Fing
RO TVWHEZEAZOTRBNMEHERIN
%, MNBIIBIT2HRESHBOEN ST HEY
DENE, R SRBEOFTRICRENT &M

BEanTna,

—7%, MNBEIBITHEBEHENBOIR, 216
DB H L EESOEMICBONTWEIE (7
F 3 L ED Sargassum autumnale, 't P FS. fusiforme,
A ETS. hemiphyllum, N5 TS, micracanthum, 3
Y NETS. miyabei, F THES. nigrifolium, 735
/&S, thunbergii, T/ ETS. yezoense) (Yoshida,
1983; S8 - #15, 1980) ®, HEFIHHT S
(Yoshida, 1983) DD, FEAFRF T oA EHEA
RO TNBHE (7 APEYS. confusum, 5 TN\
FEYS. muticum, I ZXINJ AF YT TS, serratifolium,
I RUEYS yendoi) J\BS, AEEK) Th-ol.

K2, RFTIRMEREDRNEND MR
EROEREZERR - AMALREESIEE LD, N
BERDHERZLUTOLDI3IDIZHNT, EiETON
EROWRELHEEI T THRINT 2, R SRER
DORNEANOHRE G L LBIZ, FEBFRRIIBITS
R GEZ, 2004) %Fig. 331k L 77,

BLIOTIN—T13, FMEBCTHEL, #&F&H0
EWRNBOBEBEIGHNE M-, SFEEEED /O
FUEY, Yagxy, YYIIEY, YAITST
»% (Fig. 33). /IFVUEIIEFIAINEREZ DI
FRNBEOEIENE N> ENERMZE U ERICIXD,
IDIN—T AN, ZFEEDRY T SRHBET
13, EREEBEEEABDINHEREENMETS
(¥gi%, 1985) DT, HHEBOBVWRENEBEOZENE<
BHEELZOND, i, INSOFETIY, RHALE
FERENHRELZRLATT TIRENSFHT L WEELER
SNTHO (MEIE, 1985), NS OERA LR E
BFIOSBIZHEL, ZNUENTHRNEIIR S &
Ezo6NB, TOXIBERT, IS5 DOEBORNE
A OMN B ORIMSHBEL, HBEIZE->THEYY
RYETDESICAFHET DO TIIR WA RS
N,

E20T )N —T1E, HNEANOHBESEA L Z D
AIEICIRE S NATE B E DT RN EN LN o7z, |
FEDTHED EEFEOYFFEITHS (Fig.
33), 1EEBEROTNETIIMNEROENBEL 2N
O, MERILHMELENELLDZDONELNEE
iond, BERBOZETHS/NEETE, 7HED
DeEE, RAEIZEHIZOBHNEISTIEI9 cm,
BEHREONFNEIATHII cmTHo Iz EMEIN
TW% (Umezaki, 1984b), 7z, AFETIIREKE43
cmAEFED T HEZ ZRNEELIR>TWiaho7z, &
NS OEBBERNS, THEIDOHEI2ATAHETE,
FROHEPCTIOERSHEVEATRSTRNE
223 PRho=OTIEHRWhEHERINS,
FNLBIIEEANHEL TRNEBICEBERLZ L
EzoN5,

THEZIZRNEOF TESHRB LS HFN &S
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Enofr., REFRETIEY TS IE3KERI0~18CT
L GEZE S, 1995b), DR Y7 S5REELD

REHINENEREINTWS (GEX, 2004), BT,

FRBEORNED SITRBIK T M B30 BIEEOH]
MTHEEEINE, 7HTT OREAER Uity
THEBKFEICE D TEILT 5 LHEINTHD (E
FH, 1995b), ZODI EATNEADHIRAM = E/
(LR TWBTEEMSHHDT, SHBI T EiiE
TKEMZT HED DRRBIEFHNTHERN,

YHFEFEIIESEETHIY, HBERZDOTFEN
BOREMNE L FOHBERRBMICBRE I N T,
YFFEZIIMBEERXTERENBRND T (Yoshida,
1983), ERAMBTICIIEESYIND I ENRLALE
ML, ETEBENERINERDOSZITSN0H SR
REBA B EMBERDSHEMS N THNEITEDD
ThWwhEHRINS, UL, BREEICIEEEN
ENSPETHDT (Umezaki, 1985), TNAE LT
NEMFEBROENFENE LR, AFETEFOE
Bz ot, YIFTIOHNEORESENG
cmTCHBXIDEN =D, xENK Y7 I8E
BEOPRTHRMRBOMERCEELFFD (Yoshida,
1983) 7= DITEF A58, Rk NRREAITTRE
LIZ<do 20, RBEOEEKETRWEEANNFONZ
Mo TH-DTIiIrnwhEEZLGND,

FIDTIN—TE, £ERMTHOKIICINEFZ
DT DONEL, RAMTHLFICERDOENR
nENEho, 2EAOIVEI L1 Q) FE (F
M, 1985) DOHFI 5 ThHhoiz (Fig. 33). TNHD
B, FNBERZBNOEEN25~29emTH D,
L BT/ WEGBREL T, £k, *E
WWESHBELZIVEZE, ERBRESDInT En
SEBMBEMAETH S EEZXS5N S (Unezaki, 1985). H
AN ETHERBICIEEHF AR 2D ERSEL
KAERDELOHD, ZORMc, F>¥75 (FH-A
JIl, 1975) 3 L &4 (Nanba and Okuda, 1993) i3E
FEEEIRLD, HRSEEREFEHS H0ET
EFHEINDG, ZOEEI, FESYBINTIINE
FVEENSHMBNNL, [(AFHREDTERNELR
5. BUFTTOMNEFBIFEBRTHD, YUIHE
Z OBRAR®  OF ) £ OFSEIRIE L D bEZE A
FHNEEXONTWVD (FH, 1985. ILEY DfE
FRIIFSEIRAE (Yoshida, 1983) TH B4, HEERDI B
HEENDNH T DRI ANOLD LN,

2 F T TRV E A TREBME IS EBAR2EMR % LA
HERECEARIBNWEEZ SN TE N, RHRICE
MOFHEREREBRLTVWDEZ MG, #BEL TWSEMHM
HLNENWEERHEINTWS (Yoshida, 1983), A
BORER TR I ER & DT i n&Enbran
DIEDT, R T INFEROCEERTEEENE
A, BHEFTOBEERECLVEIDILEND S
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‘DO

BNEOLE AWETE, BFEREBELENESE
ZRHEL, ST IRNBEOLEEMENICHIEL
RIS TORBTHD. TOHER, "oV TSR EE
DLED, BORMICI > TREOTHWD I EAEES
NIz, WY T SFRRBEIX, REMTICHEN/N
I, AMEBEKETRLFOBETERESBREAEL TH
<BRET, ENARELL>TWwox, £/, 1~3A
DT HED DHERMBICHEXTEIZNS o7z,

ERBEIIHEREBR TH /20, HEIZHRNED
BT HEICII TR (Woodcock, 1950) HEFEHET
BEDT, #KIOHENNIWEETHIEETZ &
MREIND, TITHFRTIE, RNEOULAES
OHZHEREMSRNENILET 2 L X DHE1.005
EREL, BAOHENLOSLLTIZRS E TOHIM
EFHEREAME Uk, HE1.005SDHR % Figs. 36, 3812
R LTW5,

2003 FEDEBRMSES N HEREHM (LLEMN
1.005& D /NS o 28R BT OLDITk5, 4H
WEREINZHDTRYYIYESZMILAR, ILE
VR, Pan®y, JIAFVEIHIERTH o=,
SADO7 AEZI8EM, 6AD ./ aF ) TS H3EM,
YV YT ALAMEREEE I N, #HEREH
MIASBERLA ORI, FEEZOLENRMICEL
T HEMDSD D7z,

2004 F DRBTOMEREHM (LEAH.005L0D
NEho 8D IJIABICRES N T HEI PERE
TI4BEETH o= (Fig. 39). HEEFHMAMIIEES
H, FFEORBEEBIIELTHERMNH & (Fig.
39), 1AICERELESODHEFEEMIZ8s~14:87
THol, SHOHDTIIS~8ARM, 4HDHDTIEL
~438f, SADBDO T IEMEKR~2EME, 6HDD
DO TRVARKRBETH - /m, TS OHEFFELM %
RERFORAIRE (Table 11) DB TEED D &,
FREAFTD © D Tid4~ 148, BREF TiT1~8E[H,
REARD DO TIEI2BBLR &7,

EMFRTHESNLFENMIGATHERTS
D, ITNETIKEFE (1963) ©KEF (1984) MHEEL
TN EOEEMM 0~2x AL EBBH—
5, LA LENSORETIE, A, BRI
A HEE STV, Fik U EEEOERERIC
E o THRBERMBNRLED Z &R, BELEORNEDH
BRERMTHERICEIBEREIREZLETHD, 2OZ
ERAMEICL > THOTHS NI N,

BEE (1999) 1375 >4 7 5 R O YA K
OEENRENBEOFESEICE (L TWwWaagEEER
MU 7, AW TIZ2003F T s TEE 4%
88 E-—FH O2BVEREELLEZRAELE. £
ORER, VanEI/RMNEBREEOERIGHL2ED



" EE Estimated floating period

Myagropsis myagroides
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Fig. 39 Estimated floating period and maturation period of
four Sargassaceae species. Experiment was carried out
from January to June 2004.

19% T, YIWERALDEWIZ & > THESHEFE HiE
HRIZEEREVWNA SN, UL, FOMOET
OIS DB NI L > THENFEAERRZSTH
EREHARORL SR/, bosb, [FEBOHE
NNEWETH, [(ABRCEAOCEDOHAREEDT
ERNBOHEE, INSONMYOESBIEHTE
BTHWHDEEDNS,

BEOLLEN—ETDH, BAKOLEENNE <AL
HEORNINE /25, 2004F I ERIBEOEE
KODOEIZ1.016051.0250OM TEHL, FDEIL
0.009Td o7z, AW TIIHEDLEEN1.005& 0K
EL RO EEIZNE TS EEEL D, #HAEED
EEHOERLT, MENKE I DHEZ0.009/NE<
L099%6ET % &, HEREEHRIIBATLERMEL 2
5, Fz, 2004F6A20HIZHEL 2 VYYIIEID
EDICHENEAKITGENS O, B/KOLENTHAS
EEFELELURBLBD2OTHRNEBIZRSRND, BAKOELE
DECITRNBEORERICOEEL 52 T S EeH
NHBHDT, ZOEICEL THESHRRETT ILEND
57559,
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Table 15 Decrease in dry weight of the buried seaweed, Sargassum macrocarpum, after 10 days

Start of the Temperéture . o :Zl\%:;ég) o Pcr:;i?(;ii? of

experiment insand Start ® End seaweed
Summer Jul. 30, 2003 24°C 11.7 4.4 37.3%
Winter Feb. 10, 2004 2.6~8.9°C 15.3-16.5 11.0-13.2 74.5%

4 Dry weight at the start of the experiment was estimated by dry/wet weight ratio of

three other S. macrocarpum thalli.
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Fig. 40 Dry weight of stranded seaweed on the beach from
late-April 2003 to mid-May 2004. *; Investigation was
not carried out.
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Fig. 41 Percentage of stranded Sargassaceae on the beach
from late-April 2003 to mid-May 2004 by dry weight
(A) and by the number of holdfast (B). Blank indicates
other Sargassaceae species.
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Fig. 42 The number of holdfast of stranded Sargassaceae
on the beach of Yoro from late-April 2003 to mid-
May 2004. * ; Investigation was not carried out.
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Fig. 43 Significant wave height at Kyogamisaki from October 2003 to March 2004. Data from Maizuru Marine
Observatory. Arrows indicate the waves induced mass stranded seaweed. Dotted line represents 500 cm.
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Fig. 44 Flow chart of Sargassaceae production and outflow process in and around Yoro Sargassaceae forest.

See text for the details.
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