Bulletin of Nagasaki Prefectural Institute of Fisheries No.35 (2009)

EIRIRINFEOEHIC BT 5 KRG EHE D
IR %%

Study on Recent Decline of Large Brown Alga Population in

Coastal Waters around Nagasaki Prefecture

BIGREAR AL EERZETFER

2006443 H

ML Bk



R B EABIGI 78 4835%  20094F

B1E CRTBEMEICTED ONTEBI 18
I 20X TIRX, AYANIBITBEREKIBEG - 18
1. BERESRIBOE L RIBHE OFSAEIRDL oo 18

2. BAMAHIZL S 7 0 X 0BG RITHARD O AL EREOHEE -0 23

%-5\?
\V]
e

DN b S

R R Y NI - R 31
RO BRI I L BT DG e 32
C HRAEMEARIC X A E AR CICHE AR O ALK OHEE e 38

B3 AR H AT BT B IEIRERRIBIELE - v 50
1. SEORWEBHEREREIC L BETOYRE v 50

2. BEMAFIC L7 XOBRAWCICHERERD O A RREOHE - 53

28 FIUEBEAEIT A S I A L TR DAL -« vvvererrrr e 56

B DRHRHEAR Y 7T SHED AL - 56
oW T UM ADODATILL oo 61

B3 R T A RFEOTEHUTOTEAL -+ v v v v 62



il RISEIR RO BT B KIE R % OTORB BRI S 58

¥
KA T BRI 37 EEh, K
BIEHC KB a THY;, TIAERY, AT
SHAERC X BT < BB EDH o HEHIIE
—WRAFERDD Y, AR TR LM E TR T 5

T

ENSEMEREEETE, Fh, TIA-HY
AMBCIIFNOEHELTCEFLTIER YR

EDads L LTOFI R KB O — RIS &
EEN B E R D Eve —T7, KIVKEEEIH
AL UCTHEEL 2w BT " S < B 5
i, 1900 EEAD S AERICBIE SN E %D
AEFIEDAT DN TE, BEBETOFAITDONT
&, INFETRRARER HRESTBY, £10- &
(1999 12 K, KR SEA8 R, Wl 72 & il
WMD), EERKEORAKITA, 7= BREND)
YO AIE, 2 T LA MO O A HE 2
EHEM AN 7 BER EEARTE WA K BB W BE DI,
B OBBRY R ER, THSEPLOPEKREA
BINRERDH S EERE LTS, EEDOHITE
T, BRI B A 7O EX (VEH 1999),
HREATREEB IR VA BEOERIZLLH
BT O - BRI 1999) &Sk, K
REREOWHRETEOBMRIVRENT WS, £
7z, AR HAER R (B2 1999) AL )T AP
FEIRE (B 1999) e EKMOBEBET T TIE, v=8
FOY =R BHOREICL LIV TRT TAEGD
D EISINTEY, TN SOBAEI LT O
FHREEZLNT WD, HMIBWTHEL(1999)
WEE, IR ISR BUR BB TS 57
TAIVETIREE A F T REBIREICBITS Kelp #
BoFRE, ToOBAEEITHEREET ORI
HIFTEY, AU 7HNV=TIRETE, IZEKR-
RSB DR DO HBIZOWT LML, vZ0EA
JE, MRS BIUTNS DA BN
DFERELTEZLNT VS, ZNSHRRLHEND
WFZEEi1 72 &0 5, BUE CRBENET O F8 4 B L UF;
BT A EIRE UCEIKIR, I8 45 &St &
=, BEGEOBETETH DI EAHEL 7R
ELTEZLNTWA(EL1999), Zofiiz, B

DB CH DI (L - 103K 1979), B (i
5 1984), BEVEE (FAS 5 1984), B IUFLHKIL
(K 1983) & TS ERICBWTADER
AR E 2 LA STV B

HAEDEE OB OEALIZOWTE, £ Ot
(& 1973 ELAED K 20 4 TH 177 ha 254 L
fzansd (Fi 1996). LHBRETHHSITIER
{, EIgs, B, FREO&RTIIRESBETOIEA A
MSNTEY (MH 1999), D TLBLTHLAH
WEhoTWh, Fiz, INEFTHEBRITINLNES
NTWRGETH, 1994 ELLRRIZZ Tk - A PR
B OMENHZ L 2-TWA (B E 2002), ElF
ECIZ PRI BB T O S AR b TBY, ]’
ZHIIAON B, FRFERIL, BERRALZZEICE
BSOS 7=, BHOBRERCHRY O
WA - BRI L AR A O e R E
Z5NTWD (I 1999) . KRR KEEESAY 1993
VAT o 7AW, BRBET L7 R O BRI IR
PR RO 20% % HDTWbEH, Z0fk, |
S TR O Rl Bk o 1| A T N = i oY (A QAT/ AR
25, Wi B2 2SR B & LY (R & DB D
B RBECH B EE RSN S,

AN, 1998 DL, RIRIR O %M TI,
INFTHALN Lo BBTT I (7T
Ecklonia kurome, 7 7 A* Eisenia bicyclis, 713X
Ecklonia cava), Y33 Sargassum fusiforme 72&
DOREGH DT B IFHRNTHIE SN DL LI
folze MAT, WERFEULLUTHUIEREN-ER
FE—H DREGE Y A * Undaria pinnatifida D %)%
IR UBEE R AT EEARE LD H R T
LTWwWh, ZD7z8, WHNZHTT IAHDEL;D
FORDSBHAILL, ABFIEALmOFEAR/MERE, &
EAO LTI NE TEPZERICEINTHE
BErch 1, 2HEOFIIMICT 72, AVX, BIU
JURESBIFEAETHRL TS, 2, eVFL
HRHET A ATIEAERILERLTB ) HER I
KEVEEZH2T0nh, TOL) R REEEHED
FEORIZINRIEORIRE A b ClFEE BREEO AL
ICEBHOTE WA LHIER R EITHRANIZ TR



i UL A R SRR TS E

HHNTEY, FBRLIZREEEHORIE SRR
ROLNT WA,

SBEE SN KINEHREO T RBZITOWT
3, TIAEEROTRRE, TRETHLNTWS
BT T Bl oHibw ) ITAL L -bNED, it
EDOBEBET LT DOETRMERIZL TV,
J6 7, PERDOBESET I, X ERRE, A AR, 1SS
BN, MEBEZBR) REITERLTWAS
WMH%% G EOBRBIIIERESET DA LN
GholeFA, MEE, Bz ZOTIASRNAE
R ATWS, FAR/MEE TIET 7 A B2

ITWHEL L7208 b oT/ aF )£ Sargassum
macrocarpum M E S TAT T BEGIZE/LL T
Bo F72, PER, BEBET LA B KB EEIH
DFRJRELTEZLNTELD, S ENT I
DeYFReVFLRAULLBIIEFTLTOAA YT
Ishge okamurae %A 7% Myelophycus simplex
SEO/NLFEEICSFROBE RO SN TV S,
BB, TIAHEFR VY T T4 Sargassum spp.
PIIZEFLTWBIGEFIIBWTIRT 7 AHIZO
AEBRPFEAEL, DR{EBFFEEMNIPNIBNT
SRV ISELEIRITEAEEBLR T EW
IRDIERDOFEPEITE IR EZRICL TS, F
72, TNHOBGEMATERT, BRI
F3H (Sargassum HiJE) &7 ¥ b2 A Eckloniopsis

radicosa D AHEWRARAN KL L HEFELN

BINIRY, BATIEBIRK LTV AT EATRIESH
720 =5, FERDF VT TSSO AWRA L,
FEHADR O B b s BlgE S iz BN KRB
ORI L OFIKSEH Z HIWIZ LTHlgE
MRDTW, WigeZ MO P THE BRI L DA TIE AL
R TUHE BT T DO RE R AR D 'Nt%é‘?m&”ﬁﬁmc%w
— DB ST LT WD I EMHEE SN, |
PR R B SR A D 53 wmwmﬂi@mm@Llé
RTDOTHY, REGHEIEEIIALGNIZINLD
ZALIZARIRBRBE D EAL 2 D B\ IX RIS
THEULBLEEZ NIz, 22T, RIFGEITEN
LR R RIS BUF B4R O KRB S 0 R
OTERIEOZALOFREE AL, ZDHEEZ W &5

& #3575 20094F

1295 et
g%l/f:o

WZZDFR L SEEERIIOWTE

EB1E KPEEEHICROONERER
3R

i%lll%@iﬁf%f“ci 1998 4EICr X, TR, HY

DIIRERRIE, CVFOEFRR, FHTHAD
TEIRER R 2 & O R IAGHE R O TR LG 25K
WCHELKRE WL o7z, IhonBRIET]
SHENTIAELTEY, B OTRPLEEBET DR K
L, EVFBIUEMET A TIIEERIW TS
BEDSHTBY, FREIFEHEREIRO SN TS,
RETIE, THOREGHEBEOTRIZITONT,
FEARAE B L30T, TRHAGERL TV AR
EHNOBERIZEEIN TV AERZFRPIYIZEFD
SRR DWW THSE R 1T 2720
F1ET /7OX 75X, APXCHITS

ﬁdﬁ%m?ﬁiﬁ%
. ERBRIAOHHE RBRKORERR
KM FLIFREIGIT 5 13 01X T 1998 4 9 Ao |

DIERHATAAL, FH L A EEIT Lo
MDHW%’/QMJA RENize TOLH BB, FiR
ONELS 1981), &g (A - #8374 1995), HHMI(IU
A5 2000) 72 EQFIETIXEE D 5725, Rl

T ¥
E129 - 130 °
Tki Is.

N
i o
&

5=
ot \ Hirado
P
"‘1‘9& Nagasakl
D $ Shlmabara
Nomozaki
Goto Is. 0 20km /

Fig.1 Sites where observations and samplings were
conducted by scuba diving to confirm the leaf-
lost phenomenon on Eilsenia bicyclis , Ecklonia
cava, and Ecklonia kurime.
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Fig.2 A map showing the distribution (line) of Ecklonia
kurome around Nomozaki and sites where
leaf-lost thalli (open circle, scarce ; solid circle,
plentiful) were observed.
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Fig.3 Leaflost E. kurome, only stipes stood on the rock at about 6 m depth in the
coastal waters of Nomozaki (Photo-graphed on December 7, 1998). A one size

of the quadrate is 50 cm.

Type 2

Type 1

Normal

Fig. 4 Various types of leaf-lost thalli of Ecklonia. Kurome Type 1; stipe
only. Type 2; various degree of leaf-lost degeneration.
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Fig.5 Characteristic arc shapes found on the margin of leaf-lost thalli
of Ecklonia kurome at Nomozaki. A: arc shaped margin(arrow) of
leaf-lost thallus. B,C: traces supposed to be remains of fish teeth. C is
enlarged portion of the rectangular in B.
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Table 1. The Site where leaf-lost phenomenon observed on Ecklonia kurome, Eisenia bicyclis, and
Ecklonia cave along the coast of Nagasaki Prefecture.

Region Locality Site

Species
Eisenia Ecklonia Ecklonia
bicyclis cava kurome

remarks

Tsushima Kamitsushima  Waniura~Kin O information by hearing
Toyotama Nirasaki~ Kanzaki O "
Mitsushima Gaya, Miura Bay O "
Ofunakoshi, Amikakezaki~ Neo O O "
Izuhara Izuhara O
Are O "
Komoda O "
Tsutsu Bay O "
Iki Ashibe Hakozaki O "
Ikitouobu O "
Gounoura Oshima O O SCUBA diving
Hokushou Takashima Takashimaaoura O information by hearing
Fukushima Fukushima O "
Matsuura Shinhoshika(Shirohama) O "
Ikitsuki Obae ~Higashimatsumoto O O O "
Hirado Hirado O O "
Shishi @] "
Shishiki O "
Takushima (Arasaki,Sakise, Takatsuku) O O SCUBA diving
Shushi (Kaisezaki~ Shiraishi) @) O "
Nakatsura (Osakibana~Bishagose) O O "
Tsuyoshi{(Mezika~Warise) O information by hearing
Uku whole area O O "
Qjika whole area O O "
Shikamachi Shikamachi O "
Kosaza Kosaza O "
Sasebo Kuroshima, Tawaragaura, Kashimae @) "
Seihi Oshima whole area O "
Sajkito whole area O "
Sotome Kurosaki O "
Nomozaki Kurohama~ Takahama O "
Nomo O "
Goto Arikawa Akase @) O "
Kamigoto Tarumi, Hyakkanze, Orishima O O SCUBA diving
Wakamatsu Sannengaura O information by hearing
Miiraku Chijimibana O n"
Arikake  Kuchinotsu Sezumesaki O SCUBA diving
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Fig.6 Occurrence of leaf-lost Eisenia bicyclis at
various depth at the coastal waters of
NakatsuraHirado Island.
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Table 2. Times conducted for feeding experiment by seven herbivorous species on Ecklonia kurome
in the tank. One experiment time was 24 hours.

Species TL Times

(cm) May  Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Girella punctata 28 5 5
Kyphosus bigibbus 42 14 9 12
Calotomus japonicus 42 6 5 14 10 12
Stephanolepis cirrhifer 19 5 5
Siganus fuscescens 33 6 5 14 11 8 8 12
Thamnaconus modestus 22 5 5
Prionurus scalprus 24 5 5
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Fig. 7 Photographs and schematic drawings of mouth shape. The dotted lines show the teeth arrangement
of each fish. Arrows show the mouth width. The bars are 1 ¢cm long.
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Fig. 8 Bite marks left on the blades of E. kurome by Prionurus scalprus, Stephanolepis cirrhifer,
and Thamnaconus modestus in the experimental tanks. A: bite marks caused by P.
scalprus; A-1: a series of obscure arc-shape bite marks; A-2: a series of clear semicircular
arc-shape bite marks; A-3: a roughly shaped bite mark on the blade; B: bite marks (arrows)
caused by S. cirrhifer; C: bite marks(arrows) caused by T.modestus. The holes (B and C:
open arrows) were caused by pecking behavior. The bars are 0.5 cm long.
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Fig.10 Bite marks left on Ecklonia kurome by Calotomus japonicus in the Experimental tank.
A: are-shaped bite marks; B: arc-shaped bite marks that resemble the oval mouth shape
of this species; C.D: deep and linear bite marks; E: dotted line, bite marks that resemble
the teeth arrangement of this species; F.G: a sharply torn central blade and bladeless
stipe caused by biting act. The bars are 1 cm long.
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Fig.11 Bite marks left on Ecklonia kurome by Siganus fuscescens in the Experimental tank. A: a
series of arc-shaped bite marks; B: an arc-shaped mark with a characteristic small protrusion
at the distal part of the oval bite marck; C.D: fineand linear bite marks left on the blade (C) and
stipe (D). The bars are 1 cm long.
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Fig.12 Bite marks left on Ecklonia kurome by Kyphosus bigibbus in the experimental tank. AB: a
series of large, arc-shaped bite marks that resemble the semicircular mouth of this species; C.D:
deep and linear bite marks left on the blade (C) and stipe (D). The bars are 2 cm long.
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Fig.13 Relationship between mouth width and total length of the three
herbivorous species. A: Siganus fuscescens, B:Calotomus
Jjaponicus, C: Kyphosus. bigibuus.

Specise Shape Characteristic
Oval Chord length : long
C. japonicus Arc shape : large and not serial
(TL=42cm )
2 5 Section view : no line marks
2cm
oval with Chord length : short
protrusion
S. fuscescens e Arc shape : small and serial
( TL=30cm ) /\
. ; Section view : fine line marks
iem
Semiciruclar Chord length : long

K bigibbus T Arc shape : large and serial
( TL=42¢m ) /\

: 3 Section view : deep line marks

Fig.14 Characteristics of the bite marks left on Ecklonia kurome by three herbivorous
species in the experimental tanks.
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Fig.16 The cage fixed on the bed of S. fusiformis.
Growth of the thalli in the cage was clearly
improved.

Fig.17 A net cage covering on S. fusiforme bed to
protect from fish feeding. The cage was made
of stainless steel wire and measured 35cm long
x 30 cm wide x 18 cm high, with 5 X 45 cm
mesh length.
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Table 3. Experimental sites, time of cage fixed and observations made

Region Locality Site Set of Observation

the cage Apr. 2000 Oct. or Nov. 2000

Tsushima Izuhara T- 1 Dec. 1998 O

" T- 2 Oct. 1999 @)

7 T- 3 17 O

" T- 4 Apr. 2000 O

" T- 5 7] O

Goto Shinuonome G- 1 Apr. 2000 O

" G- 2 " O

Nishisonogi Saikai N- 1 Feb. 2000 O O

Oshima N- 2 Jan. 2000 @) O

Oseto N- 3 Feb. 2000 O O

" N- 4 " O O

Sotome N- 5 " @) O

" N- 6 " O O

" N- 7 " O O

Nagasaki N- 8 Aug. 1999 O

" N—- 9 14 @)

Nomozaki N- 10 Feb. 2000 O O

" N—- 11 " O O

" N-12 Aug. 1999 O

" N- 13 " ®)

Site: see Fig. 18
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AR T TR 5 & LT 7212 1999 4E 10 A
22 AT, 20004F 4 I 2 RS, ARTE
2000 4 4 A2 2 AL TH 5 (Table 3, Fig. 18),
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Fig. 18 A map showing the experimental sites
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Fig.19 Distribution of poor growth phenomenon of S.
fusiforme along the coast of Nagasaki
Prefecture.
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210) &M RE/RLI. F72, 2 AICEEL
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Table 4. Length and number of individuals of S. fusiformis at the sampling

sites

Sites Mean length Number of individuals /i )
(em) average A B C
Are 3.2 1703 2068 1740 1300
Komoda 1.6 1284 1484 1364 1004
Kouzuki 3.1 1604 1704 1644 1464

Kunehama 1.2 228 280 176
Tsutsuura 0.9 441 586 428 308
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Fig.20 Poor growth of S. fusiformis observed on May 14, 1998 at are along the coast
of Izuhara. A: S fusiformis bed. A onesize of the quadrate is 50 cm . B: Thalli of
S, fusiformis sampled at Are.

Fig.21 Difference of the growth of S fusiformis observed in site and out site of the
cage. The cage was fixed on the bed of S. fusiformis on December 4, 1998,
and observations were made on March 18, 1999. A; S. fusiformis on December
4, 1998, when the cage was fixed. B: poor growth S. fusiformis out site of the
cage on March 18,1999. C; growth improved S. fusiformis in site of the cage
on March 18, 1999. All bars are 1 ¢m long.
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Fig.22 Length of S fusiforme growing inside and outside of

the cages in October or November 2000. The cages
were set on till April 2000. Length is mean = SD (n
=5) . Localities of N-1 ~ 13, T-1 ~ 5, and G-1, 2 are
shown in Fig. 18,
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Fig.23 Thalli of S. fusiforme (A), S. thunbergii (B), and Ishige
okamurae (C) inside and outside of the cage in
October 2000. The cage was set in January or
February 2000. Short arrows show the loss parts of
the thalli. All bars are 1 cm long.
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A3 TlE 6 ~8cmk 0.5 ~1.0ecm&%h, Y
FLEABISEDONENTHARRIZED B 572,
LRI OW T Y FERBRIZEDONTIZIE
W Tholzh, MTIHRLEFIIRBSALN
7=(Fig. 23B,C)
2000 £ 12 AICPiEBZREL D
BRRAE: P EEE 12 HlCM L L4 A
ICBAe Y FOEAROHER = Fig. 24
IR T, AWML LARITIE, EONTI0
~25cm, AT 1~2mTho7z. EaiEL
7B HOBIETIX, N5 & N9 TIXEEICED
P o7z VDRI i 2 5 iz £ 9128

), BoONOL VFERBRIZEL ATV,
N-11 & N12 ciddticE o Ltor 5o
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Fig.24 Differences of the growth of S.fusiforme after
removal of the cages in December, 2000. Length
is mean = SD (n =5) Localities of N-59,11, and
12 are shown in
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AF LTI OEL > TNEN DB EDE
B2, N-5 TldmdHEWRENZ, N9k
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B2, 4 B> T N5 TR, N9 & NI12 TH
WEEAS RO BTz,
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LIVFOEFARABBZICOWTIREIREICS
FBIAED S ALY MV EIRICE B AR
OEEPFERTHRETHS aﬁvﬂ%hxmxé(MH
51986), 4 HOAEFTARBLEIZIRA A TR
s, i{h%ﬂ@b:&ﬁfiﬁi‘iﬁmzﬁf’)‘zﬁz‘«fw%i{ﬂ‘% ir
OB TOIEDS RSN, ThEZERERICT
BEEZONT, T2, BT E->TEEAROR
EAKECELRY, WMIRIETER LR LY EF D

RRIL ST REODOD LT THEMAE
A Eem LTIk AN D F TEHRHRIN
REAVIER SN, INHE—DDHHBLLTERXTR
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72 3 Ml 20 FAE SIC B TR R %@%k&%
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ACBi#EE R AL Lo s, £OEEIE
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7o R RGO AR WA DY, BT LoT
LU BRAESHELZ, e VFOEFARY
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BB EEZ TRV ERGH o7



SR UK i BRI 28R

2. ERUBBMICEABERAEVICERBRD S A7
[FEEDHEE
RIFEMORGROON L EF ARSI Lk
DIEDS, HFICLLAEAVFERTHEEL TS
EEZONT, 22T, BNZHTCE@EICIALNRS
EAEMAE 6 MIKMNTLYX 252, HADS
HERE IR OIFE S ICL, MATROE AR
BERFEDP o774 IO VF I B ARINEE
MA L7z, 361, CORBRTHELNMFETED
BRIROEHEDL LI, e VFOEFARRB LD A
LNz Oe YV FFEMRITESIN TV HEAERD
B B JBURRE 2 352 L7z (B S 20052,2005b) o
DG
(1) ERERRICELBEDXDEREERR
VX OAEBFTRBEHERL, K~ Gk
DRLUEAEEAFOHEELZITMENITON
BT ETHAETEEHELESIINT VS (HilILS 1999b,
2002), 22T, RIGEDGRETEHBICAONSHA
P 6 FIC W T YRR HATHNE ) B
WZOWTRERE T o720 il 6 flily, XV, /b
AARXI, THA, =L, 74D, HINFT, 2003
4.9 H~ 2004 4E 1 H 25 055 LV 4 2 B R
BTAF L7z 4B, KRBETIETAITEYET)
TA THRIET AU MDD 555, HH5(2000a) (2
EoTMfiz X7/ TE Lol AT
F, AINFIRIERKROE R CEB LU EMET
PRAHL, £ Mo T i & cHE s e
b D&M R = MPSEH AP OBA Lz, A

H535% 20094

F L 72 BT R IR R BN O B L KA~ NE R
L, 1HAMY Lo #HEE (TL:cm) LAREBW:
g) ZEFI U CRRBRITHI 720 DI R r b 1 45
Bahz, EROH S EIED 217572
BRI OEMITE LT 2003 49
H30H~2004 41 H 28 HORMIZAT 5720
L7k, 16t KXok (72Inary Ry v b
R 10 X2 XX 075 m) 2 E 1.5 micig
T o7 /NR T (S 1.5 xIE 2.0 X% & 0.6 m)
STHRARUT L2 1T tFPERRT, fafkoRES
WKLo TV 720 &4 ORAITHER AL 1 B
FTOWNAEL, 1AMICOX6RB%E ML (Table
5)o - U7z VR IZIRRRFIT T 2003 429 H
~ 2004 4£ 1 FHITEREL 72 B51%, 1 Mo
S5MlfkEL, arry—bray 2 K& ou—
TV FOERT LM TR ->TEHLIETT
Ty 7 EIRAERTNC AR E L, 24 eI B
L7z e VFOHRGIFICEAREEBERZFHIL,

B#EBE L, T2 Tuayrou—7 ks
L7ce v o Rfrm), BRI - ORRNICH
HmL7ze Vo (Biga) bEHILA, EaEE,
it iRy & R O FR O E w2 A E =55
— WA - BiER) &L, o720k E 100g 4
7o DICHE L CHA w7 ) o AR D7,
BEENDPLVPELPRD N D o7 MFE
WZOWTIZZIHIZ6 HMMEREL, 7 HRICL Y *%
L7z %238, #RERIIFEHT (2003 4£ 9 A 29 H~

Table 5. Fish species used for the feeding experiments on Sargussum fusiforme. Experimental
fishes were contained individually in a tank, and observations were conducted for one
day or one week depending on the intake amount. Experiments were conducted from

Sep. 2003 to Jan. 2004.

Species Number Ti(em ) BW(g) Period Duration
Girella punctata 6 110 - 262 24 - 279  Sep.~Nov. One week
Kyphosus bigibbus 6 384 - 470 935 - 1933 Oct. One day
Prionurus scalprum 6 212 - 375 174 — 964 QOct.~Dec. One week
Calotomus japonicus 6 302 - 394 542 - 1243 Jan. One day
Siganus fuscescens 6 19.7 - 320 78 — 446 Oct.~Dec. One day
Stephanolepis cirrhifer 6 106 - 143 20 - 57 Oct. One week
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Table 6. Length and weight of Siganus fuscescenhs used for food selection

experiments
Size Number Mean TL == SD (cm) Mean BW = SD(g)
10 cm 10 8.7 = 1.10 90 = 357
20 cm 10 206 + 0.77 110.0 £ 13.07
30 cm 10 300 X+ 2.27 345.6 £ 89.00
2004 41 A 18 H) ®Kilitix, 24.7~153CTH o7, L7z OB T TEAROR ) 2 BN

(2) 74 JDOE PFIIHT HIERERME

LVFRREBAELLZIFONT 4 TOEATREN
BZEP oo, 74T OV FIIHTAEE
BIMECOWTRR A 1T o 720 74 TIIREERICHE
WEI R SEFHAENE BB TH E SN T
W5 728 (A - P 1998a), HREHNCHIE L 72,
Bikfaid, AROBARER L FROSMTREL
THIE L7z 0T, JBRIX % 10cm, 20cm, B X TF 30
e A4 Z?D 3 X (LLF 10emiX, 20emlX, 30cm[X)

2, #K 10 B % w72 (Table 6)o fERIL 72
A, 10emX Tl A TEAKA (K& 30cm x I 20cm
X &S 45cm), fiiE 1t FIEAME % vy, £ THK

TU 7z MR L 72 S R IR R T 1L A~
12 BIC#iW 2 S Wigenf L ch@icabn b
71X (HIEDYMR L k), & v 77 7 IM(T
* 9 V£ Sargassum autumnale, 1 E7, /
aXFYEY, MRS, NVYRIES,TAFTT T,
7 AN/ aAF) €T S serratifolium, A VTS, T
IS A, NNIEE2TE(L 2, 93T
Padina arborescens) D 13 T&H %,

SERIE, 20034E12 17 H~2004 41 H7H
AT, e VFE LB LA 1I3HIOND 1 fiz e
WCHRECE2, 24 RHBEOBEBAELFH~N/z,
S ORIEZ, 15emx 15em (10emX) & 20cmx
30cmD 2> )—+ 7y (20cm, 30cmlX) 12X
T 72— FICEDO T EK I Z M CTHACHEMLT
B &7z, &%Lf:‘{-ﬁj:‘léfé , AR ok
TEREEDS 50emFi O 7 X (FE) FCTHAR
FEDIRK E D o 72 H3, BR~H04 O il il s ~ il igens
ICALNEEHRDIRBICBIT S VR DR
HETRD V) HIIZEDLET, BIRPEBILH
BT EOEEORETHES Lz, Zokd, #5

HY, KR o TERIREFE(E) (viev 1965) 23K
DTHIR L7 i (B) i3+ 1~ 0 TR IEDRIPEE,
0~—1TIREORIREE, 0 TIERREDORNT
EERT,
SEARVES I E= (i — pi) / (i + pi)
i 5L 2 FOWEOAFHEEEIIN Y
AFOHOEEEEE
pi &5 L7 2 FOWHEOEFTEEIIN TS
FOMOE RS A
B, EEIWIRH (2003 45 12 H 17 H~ 2004 4
1A 7 H) ki 175 ~ 158CTh o7

12'9 Waniura
—>

Tsushima Is.

T-1 e
{

T2 —> @

| 34 T~3‘/‘f

T-4

lehusonogn Pen.x._

Ned /;'fq gagasakl
N-§ —>-@
Goto Is.

Fig. 25 A map showing sampling sites.
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(3) RIFRAFRDEETTRARETIRIEHN SF
K UEFEFELECB I BREORS

e IFORE, hFTORA FRiLS 1999b,
2002) 206, AEBFARBRPABORLIZLS L
LENTWS 12 ARKIZNATH X ELT
ARDVPRINETHEOBERICI B EREN
RO LN T W ok i TiT -7z (Fig25) o
REZATo2REIE, 2004 4511 AT, BEARIZK
Wom T ZP LI FEEISAT VLA
AF—IWBDAZ VA 3= 50 KL E& E1E 2
ICHRIERLHE W72, I FLUADHHIZOW
T, WIEATFTIEYINI A, 435 A7e5'%,
iR Lo TIERBVICLoTary 7 F#H
Laminariaceae &35 % 7] 7 Ft Sargassaceae O ifi;

A HLIIBIEEL, YIMSE @?fff.liéi‘?-*‘”'vb HHHD
LI WL DB FET LNTEEARE LTHREL

7o BEAIIIY ELH‘“EMO?’J&. AR R 2
L. Ykro4E, 56, BLOTRE PR & S
WCEDBIELZ, OIS TuaEAKICOWTIE,
LR R o8 2 N SoRE H T dpey AT e DTS
2005a) DHERTE AL AEIABOMAICL L LN
WL, ZOREILHELMAMEHEELZ. &
B, KRR TIIAAZXIBICIE P A X I DS
\ZARAZXI, 7T 74%F Kyphosus cinerascens

A

dem ’ . ,. e 0.2cm 0.2cm

#35%  20094F

Girella punctata

Prionurus scalprum

Stephanolepis cirrhifer

Calotomus japonicus
Kyphosus bigibbus

Siganus fuscescens

Food intake (g/24hrs/100 g BW)

Fig.26 Average intake of Sargassum fusiforme by the
six fish species per 24 hrs per 100 g BW.

DAL TVBDS, CHREDIBIRDFHPL TV D723
FEFEILINGHFDIXHNLITER . LAL,
SN DBAAXIFDOIZLEALIR /M AXITH
D, BRABEPSHEELIAALIFIILET/ M AKX
ILELTARETII 720
¥\ R

(1ERMHABICLIEPFOHERLERRE

$e5 24 Wl OB T, eIFICHTAHER
74T, JMMAXI, 754, AINFDO 4TIk
HBENTH 7208 =5, ATV TRIERTE %
Molze 1 BE-DOFHE AR, 74T, /A
AKX, TH¥A4 T, 2.3~25g THolds BTN
FTIXO0. 1g LBOTHRh o7z RE 100g 47-

Fig. 27 Bite marks left on juvenile Sargassum fusiforme by Stephanolepis
cirrhifer in the experimental tanks. A, bite marks of S. cirrhifer on the thalli
and fragments scattered on the bottom; B, shape of the cut off portion; C, arc
-shaped bite marks resembling the dental arcade shape.
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Fig.28 Bite marks left on juvenile Sargassum fusiforme by Prionurus scalprum and
Girella punctata in the experimental tanks. A- D , bite marks of P. scalprum
on the thalli; A, thalli with bite marks; B-D, shapes of the cut off portions; D-1,
close-upcture of cut off portion; E, bite marks of G. punctata on the thalli; E-1,

close-up picture of cut off portion.

DOFEARTIE, 74 TH 4.3g Lo 3 Fid 0.2 ~
0.3g IZHARTHIC L -7 (Fig. 26) AR DT
DTOBRST N INF LB AR TE Loz
=YL, AVFO 3FITOWTIE, §lEKEE 7 Hi%
OBAIRMZBE Lz TOMER, ATNFTIE6
RETHeIFZEAL, N1RBREIFOIEER
WIRIAZ AL S22 o 5 RBide U FEmD
— 2D LVINBDAT, ERISEEERIZTES
BRI 2 B h o7 (Fig. 27) . =HF4TiX, 6
B4 RS IF2EAL, W1 RIZeIFOER
D—EERED T E WL LD, 3RBIILIFDHE
KAk DT PIRIBSEOATH -7 (Fig. 28A ~
D)o AVF T, 6P 1RBILIFEERLAD
Feh L5 ko Y50l 1 ko 1 oL
FRIBEE-OAT, {ARIIMETHo72, BLE
DEIZ, AINE, =FFL, AT FIFeTFEbT
PIHEER LSRR EZWIT S L) el 2525
kot MEREPEPSLTAT, /A

A3, THLOWT, BROGHAEHTLELT
DEHTeBo
o743

FRKR L6 BRETHeIF 2 HEAL,
EAIN e VX R ERRTEI LD T HHY
Mo XIKIEL, PEVLDOTIEENDT D
I HDAER -7 (Fig. 29AB)e TAT1RED
24 IR 7= D PG ARIL 25 (£ 22)g T K
100g % 7= Tix 4.3 (= 29) g THho7: (Fig. 26).
F7e, B LA VFEROH 10%2HEEICIDK
RPCHGR L, Z7aX0REICRbE %P7
5, AR ORI IC 52 A B AR Z Rk
I ESY AL

BEE: HAIC Lo TRBLAZERPLTED YN
ERoy R FD SRS 5 &, BHIIZIE A 7S v
FHIRD M TS M 7zR D IR BFA RO H 7z
(Fig.29C ~ F) o SHERROMIMIZA LY AERO
B Lo THERD SRR F TSR H o 7298
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Fig.29 Bite marks left on juvenile Sargassum fusiforme by Siganus Fuscescens in the
experimental tanks. A, B: bite marks of S. fuscescens on the thalli; C-F: serrated
arc-shape bite marks on cut off portions; E-1: close-up picture of cut off portion;
G.H: tooth mark on the leaf and branch ; I: streaky bite marks on the cut off

section.

MY ER D ZF R Zh OO RMFEE 400 ~ 500 4 m
R DEIRET (Fig. 29E-1), fltikL 7274 T
DM Lz 2, FHERIEO YR,
WORCH % 77 T MM D IR OIS L S 5 &
tbdHosze IBEOES RN TICHASR
e B R B L G 73 Y (e 2 St e

FHBD T 728 A L 72RO IR BiA3%% - 7= (Fig.
29F) o MAT, EOMMRZEITIEA L YIS
Wiz b A BIOIRIED %5 Z &b H - 72(Fig.

@/ MM AXX

BEEXR L6 R THheyF 2 EAL
720 BRINIZLVFEEHRENEROS A5
PHWMHN/- LKL, DEVHDTIEEND
FTERDDA LR -7 (Fig. 30AB). 1RD 24
EEY 72 ) P AL 25 (£ 21) g T 74T
(F KR TH 7228 A 100g 24720 Tid, 0.2 (=
0.2) g&743ID1/20 TH-7=(Fig. 26), %&B, /
FAXITRTATTASNLEILERICES
RO IZ A 5720
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Fig.30 Bite marks left on juvenile Sargassum fusiforme by Kyphosus Bigibbus in the
experimental tanks. A, B: bite marks of K. bigibbus on the thalli; C-F, I: bite
marks on the cut off portion; G; arc-shaped bite marks on the branch; H: tooth

mark on cut off portion the branch.

BRE  BAICIoTRIBLAEHRIED Y
o KA SIS B EABLANZ MM DS AR S,
ZOWRRIZE LW 72D DDLU A A
7ETA TIZHARBEA DD L OHRT, SR O# L
AR M DS b7z, BN IS IZ A
LI BB Wiz e b Al R[N %39%5% 5 =
EbdHY, FORKIITA TITHRTRIBEEOR
FElEIA D o720
@740

BEEKR: L6 R 3RPLIYFRER
Lize BEINIZEVFERWVTRLESDTPIRE
DA ELRSTz (Fig. 31A) . 1 BD 24 K247:D
FHE AR 23(£17) ¢ T, 743, /JMAZXI
ERFEE B orzhs, AR 100g %720 TIX 0.3 (=

0.3) g&. 7ATD1/15 THh-7=(Fig. 26). F7=,
PG LR R O 4% O BERE S HAICLD
KA ZHGR L 22 AR I3 R d o7z,

BRE  EAICL o TREL- RO Y)W
o K ST HE, AR S M2
0 (Fig. 31B.C), JERZLINr Shizbwv) L) idi| X
T-UoN7 L) RIBIRERTHDOHEh -7 (Fig.
31C) 0 ERIRMADEH R FATICH L SN
i, 2LOVIZ BRI E b 2 RSBk
BEAHZEL DY, ZORIKIEITA TR/ MM AXI
IR B EAHNAITH -7 (Fig. 31D.E) o

PLEDIHZ, TAT, JPAAXI, THLITEST
ERAINZZVFIE, UBRBS 2 LICAfIcLoT
BB IRWIPRENDZEWV G o0 TOREE
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Fig.31 Bite marks left on juvenile Sargassum fusiforme by Calotomus japonicus in the
experimental tanks. A: bite marks of C. japonicus on the thalli; B, C. E: bite
marks on the cut off portion; B-1: close-up picture of cut off portion; D: tooth

mark on the branch.

1Z, 74T TIEHRALE LWV 2 E AL
TR, /4 A X I TIER R MY A5 A B e
TIRILL, EADL R CHRDIREF, 754 TIEE5H
AR MY E G ET- Uo7 X9 i, L4kn
TAHIEITE,
(2) 74 AN FICHT HERBIRE
RN 10 RO TA T 24 BR ] CRE L 72- 1
MORELTOMICOWTT L H7 (Tables 7~
9) HARIZ10emXTO01~12¢g, 20cm[XT 3.0
~11.0g, 30emIXT 0.2 ~54g L ZFHREXELIES
DEVHRSLNTz. AKE 100g 247- 9 24 REf 1
AR 10em X T 0.6g, 20emlX T 052, 30cmlX

T 0.1g &/pWRIHA X3 E%D -7 (Fig. 32)0 10cm
XOIVEY, AVEY, J7aF¥)Ey, 7ar(EK) &
VXL OMEE TG Lok i I m#3t
W27 01g (STl 7R o7z 7z80, BIRPED T A
HIXERA L 720

LV F LR OBARLILELT, vIFX
DEEEDP S -72DI2 10X TIEYI 5/ 4,
20emXTIE7I NI/ A, A VEZ, 70X (idf), 30
emXTIE I b5/ 4, 7 ax (k. Sk o 4 fiT,

il 57z (Tables 7~ 9, Fig. 33)s &5612, &5-L7-
i O AR E ERZED AT T H AR ORD 246
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Table 7. Food selection experiments on S. fusiforme by S. fuscescens 10 cm size

Fragment Food
Algal spoies L Cem) BW (g) scattered intake  Selection
(g/24 hrs/ (g/24 hrs | 1
Start Finish  Start Finish iy g s ndex (£)
Padiana arborescens 3.1 3.1 1.1 1.10 0 0.01 -0.93
S. fusiforme 52 5.1 1.98 1.19 0 0.79 0.22
Ishige okamurae 2.1 2.6 1.14 0.99 0 0.15 -0.54
S. fusiforme 40 24 1.57 0.51 0 1.06 0.20
Ecklonia kurome(adult) 34.0 34.0 42.84 4246 0 0.38 -0.46
S. fusiforme 46 2.8 1.32 0.63 0 0.69 0.91
E. kurome(juvinail) 9.9 9.9 203 201 0 0.02 —*2
S. fusiforme 1.5 1.5 0.75 0.68 0 0.07 —
Sargassum autumnale 190 190 393 379 0 0.14 ~0.56
S. fusiforme 35 34 1.09 0.60 0 0.49 0.56
S. hemiphyllum 8.7 8.7 218 2.10 0 0.08 -
S. fusiforme 35 35 2.28 221 0 0.07 —
S. macrocarpum 8.3 8.2 1.75 1.73 0 0.02
S. fusiforme 48 48 1.42 1.37 0 0.05 -
S. micracanthum 12.4 124 1.86 1.68 0 0.18 -0.25
S. fusiforme 46 3.6 1.26 0.71 0.23 0.32 0.23
S. patens 29.0 28.3 6.50 6.36 0 0.14 -0.62
S. fusiforme 54 3.9 157 096 0 0.61 0.61
S. piluliferum 11.0 11.0 2.32 2.05 0 0.27 -0.20
S. fusiforme 6.0 6.0 212 1.62 0 0.50 0.15
S. serratifolium 114 114 480 452 0 0.28 -0.27
S. fusiforme 52 49 1.38 1.03 0 0.35 0.43
S. siiquastrum 18.3 18.3 4.61 459 0 0.02 —
S. fusiforme 4.7 47 1.11 1.03 0 0.08 -
S. thunbergii 8.6 8.6 1.65 1.34 0 0.31 0.17
S. fusiforme 52 52 1.21 1.14 0 0.07 -0.39

Experimental period; December 22, 2003 - January 7, 2004.

*ISelection index (E) = (ri-pi) / (ri+pi) ;ri, ratio of the intake to total intake of the two algal spcies;
pi, raito of the given amount to total amount of the two algal spcies.
“Selection index was not calculated when both intakes were under 0.1g.

ELABIRERE (B) 12X, eI FEboficx)
THEARIRMZ IR THE, XD EfEvEE
molz®iE, 10cm, 30cmXTIX 7 Ih7/4, 20cm
XTRAVEZETINT /A DATHY, 13 FDN
NiEHLINZ 12 TCLIFOEMAIEE R T
(Tables 7~ 9o INHDOIEHS, T4 TIFHEKE
DR 5T e VFIT UCHEARRE 2R
L7z
(3) RIFEREOEHFEBTFREARETRT A
BHSRELEREEICH T AERROBRER
BRBEBXTREL-e Y FOBILHERE
Table 10 \Z7R 3% SFlOR LI TIE, SPIgEEA
Fld 14.8emTH o 7228 MO HIX TIZ 0.3~ 04
cm&E MDD TR -T2 AFRE, GO T-3 T

1998 4 12 DA T 900 K /md TH o 72 H3 4 [0
1 ARBRETELVIFETORL, 1o 9 AL
KT 50 AR EOREARFREICH R THIZEE
HROBS Lo THY, SFEMEFTEREOKT
UL TH o770 EADIREHLTE 11 AN
XTiE, eVFEL, MY fiizonz &) aiElz
RLTWe, I, USSR S—RRICUIWT
ENTWABLDT, ZOL) RN S flfkog)
AR IC LY 92% (82 ~100%) TH -
720 BIWF STV ARWIEARIZAETAID Hi R S 7z
S TOECERTHY, e VHF| i:@*ﬂ]li-‘f‘b:io
THEZHEINTVWEZEZHLNTH o7, U
Wi BlgEcix, £ &Eﬁ@tiﬁl&@%ﬂﬂa’m%b?ﬁﬁ (2
Lo TN sz & Hl L7 AR O & &3P 59%
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Table 8. Food selection experiments on S. fusiforme by S. fuscescens 20 cm size

Fragment Food
Aleal spcies TL Cem ) BW (g) scattered intake  Selection
gal sp — — (e/24 hrs/ (g/24 hrs index (£)
Start  Finish Start  Finish 10 num) /10 num)
Padiana arborescens 4.0 1.3 5.05 0.43 0.12 450 —0.01
S. fusiforme 7.3 1.6 5.86 0.35 0.10 5.41 0.01
Ishige okamurae 50 47 2,92 2.70 0 0.22 -0.75
S. fusiforme 42 1.7 5.11 1.00 0.02 4.09 0.20
Ecklonia kurome(adult) 470 470 108.14 10047 0 7.67 -0.15
S. fusiforme 6.4 45 7.25 3.94 0.01 3.30 0.65
E. kurome (juvinail) 220 17.3 6.94 5.26 0 1.68 -0.36
S. fusiforme 3.9 1.1 5.06 0.49 0.03 454 0.27
Sargassum autumnale 304 26.7 7.90 747 0 043 -0.76
S. fusiforme 3.6 1.6 5.64 0.56 0.06 5.02 0.38
S. hemiphyllum 7.7 5.9 6.25 340 0.90 1.95 0.15
S. fusiforme 9.9 99 6.70 5.64 _*3 1.06 -0.19
S. macrocarpum 230 227 6.57 6.21 0 0.36 -0.76
S. fusiforme 7.2 3.8 6.11 1.37 0.04 4.70 0.32
S. micracanthum 238 220 662  6.08 0.03 0.51 -0.59
S. fusiforme 3.9 3.1 5.74 247 0.07 3.20 0.30
S. patens 25.0 250 545 453 0 0.92 ~0.51
S. fusiforme 6.2 2.3 498 0.38 0.15 445 0.27
S. piluliferum 10.5 8.7 267 161 — 1.06 -0.18
S. fusiforme 52 2.9 564 1.95 0 3.69 0.07
S. serratifolium 22.0 200 8.43 6.31 0.03 2.09 -0.32
S. fusiforme 5.4 22 5.06 0.69 0.01 4.36 0.29
S. siiguastrum 31.2 298 9.51 8.89 0 0.62 -0.54
S. fusiforme 57 3.9 5.05 248 0.01 2.56 0.40
S. thunbergii 16.2 8.0 509 158 —_ 3.51 0.03
S. fusiforme 4.1 3.1 4.81 1.87 — 2.94 -0.03
Experimental period; sea Table 7.
*3Incapable measurement (under 0.01 g).
(49 ~ 83%) THolzo INZEEIMD 41% (17 ~ D12 FAEMKIE, 7IbF/ A TIE37m& 07~15

51%) OfERIE, BIRIRORR2TBLTWAZE
LT O AR C, AEHOE A LTI
ENTZHONE IR TE LD o7,

WIS, AEOERICI-> TR Shze D F0d]
B ADLE, TATIZEDHOHE 89%
(56 ~100%), /P AZXIZEBLEDH9% (0~
41%), TATE ) M AXIOWMAEZLHH DA 2%
0~7%) &7l THNEBHDORMERINL
Polze S IMMAXIDEEGEVEPo72DIE,
D T-4 T 41%, KATHED T-1, WO N-6 &
N7 D11 ~ 15%TH -7z,

WIEAF O I b4, A7, A Ter Ok ELY
FMAIX TR L7z (Table 11)o XfHEHLIX & Al

cm, 41277 TiE3.5eme 0.5~ 1.3cm, 1 77 Tid4.5
emé 0.6 ~ 1.6emDEHNTKELE DD o7 M
TINS 12 MEBXCIE 3 FEELEFTHIBST
BB LI EARITOIWHIR A FRO ST AS, TEIRER
FAUEA < TIWrEL O B S BIEE THHIHD I D
BIREZ R TR ZRDL LI TELRD o7,
g RSO TERIEL 2T 94, AV, Z1
A, RIS MO EIZL LA DR E
Table 12 1Z7R L7z S OHOREGHEE, 5B
D T-1, T2, FEIEHFFO N-6 2 B EAEFRIIBEST,
N-2 TRAEFRALN L o7z, KX TR
T RIEREICE, £ TORIIBWTHEOE
FIRPBE SNz TIX, ATVX, ZOATEIEIR
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Table 9. Food selection experiments on S. fusiforme by S. fuscescens 30 cn size

Fragment Food
Aleae TL Cem ) BW (¢g) scattered intake Selection
& . — (g/24 hrs/ (g/24 hrs index (£)
Start Finish Start  Finish 10 num) /10 num)
Padiana arborescens 3.0 3.0 5.84 5.11 0 0.73 -0.54
S. fusiforme 6.0 2.6 5.89 1.20 0.56 413 0.26
Ishige okamurae 3.9 3.6 2.60 2.21 0 0.39 -0.55
S. fusiforme 8.0 1.5 3.50 0.21 0.56 2.73 0.21
Ecklonia kurome(adult) 420 42.0 13452 129.26 1.01 4.25 -0.25
S. fusiforme 8.1 50 5.73 212 0.44 3.17 0.83
E. kurome(juvinail) 229 19.8 9.93 7.88 0.77 1.28 -0.14
S. fusiforme 48 4.2 402 294 0 1.08 0.23
Sargassum autumnale 252 235 6.72 653 0 0.19 -0.61
S. fusiforme 44 3.8 5.59 4.35 0 1.24 0.31
S. hemiphyllum 104 10.4 6.57 6.47 0 0.10 -0.91
S. fusiforme 8.8 7.1 7.90 3.21 0.30 4.39 0.28
S. macrocarpum 188 188 330 322 0 0.08 -0.17
S. fusiforme 12.3 12.3 2.90 2.77 0 0.13 0.14
S. micracanthum 18.2 17.8 522 4.88 0 0.34 -0.41
S. fusiforme 9.8 9.0 578 436 0.04 1.38 0.21
S. patens 24.2 24.2 6.36 6.03 0 0.33 -0.29
S. fusiforme 7.7 75 5.42 448 0.15 0.79 0.21
S. piluliferum 12.6 9.6 6.13 3.91 0.03 2.22 -0.24
S. fusiforme 7.6 3.9 6.42 0.29 0.96 5.17 0.16
S. serratifolium 242 242 13.17 13.07 0.07 0.03 -0.93
S. fusiforme 7.3 6.3 6.19 3.92 1 1.27 0.51
S. siiquastrum 31.7 31.7 9.95 9.71 0 0.24 -0.69
S. fusiforme 7.3 6.2 3.98 2.38 0 1.60 0.51
S. thunbergii 17.6 5.8 4.02 0.80 0.37 2.85 0.17
S. fusiforme 54 49 4.01 2.89 0.35 0.77 -0.39
Experimental period; sea Table 7.
Padiana arborescens S. fuscescens
) Ishige okamurae B M :30 cm size
30 om size
Ecklonia kurome(adult) g7 .90 om size
20 om size E. kurome(juvinail) 10 om size
Sargassum autumnale B
10 ¢m size S. hemiphyllum P
; ' S. macrocarpum B
0 05 L S. micracanthum E4
Food intake (g/24 hrs/100 g BW)
S. patens B
Fig.32 Average intake amount of fourteen S pilllif -
marine algae by different body b
length size of Siganus fuscescensin S. serratifolium 22—
24 hrs. per 100 g BW. S. siiquastrum Bz

S. thunbergii iz

T N N S RSSO A

0 1 2 3 4

Against the rate of the intake in S. fusiforme

Fig.33 Intake ratio of thirteen species of marine algae to
Sargassum fusiforme by Siganus fuscescens.
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Table 10. Ratio of Sargassum fusiforme with cut marks by fish feeding on the distal portions causing
species estimated by bite marks

Cause of cut

Cut marks Rate of thalli with bite marks of the fish
marks
Site IMear;] ) ) Both of 5.
engt With  Without feHZi: Unknown P Slganus IZyp /_;obsus fuscescens C.:/ool;;zz‘f
eding uscescens  bigibbus L ips P
Waniura  14.7 cm 0% 100%
T-1 0.3 90 10 52 % 48 % 82 % 15 % 3% 0%
T-2 0.4 82 18 53 47 91 5 4 0
T-3 0 0
T-4 0.3 94 6 51 49 56 41 3 0
G-1 0.4 96 4 66 34 93 3 4 0
N-1 0.4 92 8 49 51 100 0 0 0
N-2 04 100 0 63 37 93 5 2 0
N-3 0.4 93 7 63 37 99 0 1 0
N-4 0.4 92 8 55 45 100 0 0 0
N-5 0.3 82 18 54 46 96 2 2. 0
N-6 0.4 94 6 83 17 87 12 1 0
N-7 04 92 8 64 36 83 11 7 0
Table 11. Comparison of mean length of three Intertidal algae
. Sargassum Ishige Myelophycus
Site y .
thunbergir okamurae simplex
Waniura 3.7 cm 3.5 cm 4.5 ¢m

T-1 1.3

T-2 1.2

T-3 0.7 1.5

T-4 1.0

G-1 1.5 0.8 1.6

N-1 1.4 0.7 1.4

N-2 1.0 0.8 0.9

N-3 0.8 0.7 -

N-4 0.7 0.5 0.6

N-5 1.4 0.6 -

N-6 1.1 0.5 0.8

N-7 0.8 0.9 1.0

Table 12. Morphological deterioration caused by fish feeding on Laminariaceous and Sargassaceous
algae in upper subtidal zone at the sampling sites

Algal spcies T-1 T-2 T-3 T4 G-1 N-1 N-2 N-3 N-4 N-5 N-6 N-7
Eisenia bicyclis ® O
Ecklonia cava ®
Ecklonia kurome o
Sargassum hemiphyllum o o o o ® 6 o o o
S. siliquastrum ® O ® O ® O O
S. patens o o o o o
S. macrocarpum ® 6 o O O
S. piluliferum o ® o
S. micracanthum o ®
S. horneri o o

@ : heavy morphological deterioration, O : light morphological deterioration
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Fig. 34 A map showing the Undaria pinnatifida cultivation grounds (line) along
the Shimabara Peninsula. Areas where the leaf-lost phenomenon was
observed are shown in solid (heavy) and open (light) circles. Small solid
circles indicate the locations of fisheries cooperative associations.
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Fig. 35 Various leaf-lost thalli of cultivated Undaria
pinnatifida. A-C, Thalli collected at Shimabara
on Dec. 9,1999. Similar thalli were widely
observed in almost all the cultivation grounds
along the Shimabara Peninsula. D, Leaf-lost
thallus collected at Futsu on Dec.9, 1999. The
characteristic marks left on the thallus suggest
that it was grazed on by Siganus fuscescens.
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Fig. 36 A hard cylindrical net made of Polyethylene
was used to cover the Undaria pinnatifida
cultivation rope experimentally. A, The
polyethylene net was attached to the rope on
Nov.30,1999. B, thalli inside (B-1) and outside (B-
2) the cover on Dec.9,1999, C, thalli inside (C-1)
and outside (C-2) the cover on Dec. 21, 1999.
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Fig.37 Characteristic bite marks observed on the Undaria pinnatifida. A-D: bite
marks(allows) left on U. pinnatifida by Siganus fuscescens in experimental
feeding Jan.29,2000. E-H: leaf-lost thallus of the cultivated U. pinnatifida

observed at Futsu on Dec. 9, 1999.
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Fig.38 Characteristic marks observed on the Undaria pinnatifida. A~ C: Bite marks left on
U. pinnatifida by Acanthopagrus schlegelii in experimental feeding on Jan 15, 2001. D.E:
leaf-lost thallus of the cultivated U. pinnatifida observed at Shimabara on Dec. 9, 1999,
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Fig.39 A map showing the experimental sites. [1; sampling sites on Jun. 2003, & ; sampling sites
from Jun. 2003 to Jun.2005. A-1; close-up picture of Oseto( []), st1-3 @ ; sampling site.
A-2; close-up picture of Kaminoshima([1), st.4-6 @ ; sampling site. A-3; close-up picture of

Nomozaki([]), st.7-9 @ ; sampling site.
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Fig.40 Herbarium of four warm water Sargassaceous species sampled from three sites along
the coast of Nishisonogi Peninsula on June, 2003. A; Sargussum alternato-pinnatum, B; S.
carpophyllum, C. S. duplicatum, D; S. tenuifolium. All bars are 5 cm long.
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Fig.41 Herbarium of warm water Sargassaceous species sampled at Oseto, Nagasaki, Nomozaki, Fukue,
Nagasaki Prefecture from 2003 to 2004. A-I; Unknown species (Sargassum Subgenus). All bars are
5 cm long.
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Table 13 Species of Laminariaceaus and Sargassaceous
of Nishisonogi Peninsula, Nagasaki Prefecture

H35% 20004

collected on Jun. 2003 along the coast

Sampling sites

Species Oseto Kaminoshima Nomozaki
St1 St2 St3 St4 St5 St6 St.7 St8 St9
Sargassum alternate—pinnatum O O O O O O o O O
S. carpophyllum O O O O O O
S. duplicatum O o O
S. tenuifolium O O O
Sargassum Subge. o O O O O O o O O
Eckloniopsis radicosa o O O O O O O
Undaria pinnatifida o O O
Sargassum hemiphyllum O O o O O O
S. thunbergii O o O O O
S. macrocarpus O O
S. fusiforme O O O O O
S. piluliferum O o O O O O
S. patens o O O O o O
y y EREMIC R B L E 2 5N T2 72 R AN RE K
N E129° 130°
gﬂ*;, T (Sargassum ME) A3A 57z (Fig. 41E-D,
FLNEZ RN TROEBEBICALN, 7
A I8 AR R B i 0 B BRI TR L B AR VLTI 1R e
B 5 AL Bk BT IR A CIRN ST R A
720 TAINE RGN 2 ST ICE S
Tsushima ls. ] . i e - b AT
340 TR BB RICE L, —Hid LA BA AT,
B TG R CHERR SNz, V) ESIR
TG B TR B ACAS I, T
TAr 21 By i R O B R HT ~ Rl v = FE LT
TEh o720 75T 7T BN —
EH BRI L HABERITEETALN,
o RRIG T #7388 58 (Fig. 39A-3) Tl £ L7250
wh Wdoize AFE (Sargassum WiE) 1%, Fig.
, 41IA TIEWMEH LB —% C, Fig 41BCEF
T, WEAEBIDE W, LESIBINET,
Fig. 41D T EIRE—, LEMmIL
i, B wly, FEEALNRET, Fig
Goto Is 41GH Tl A BRmIL™, WIS T, Fig
. S0km . AT T BRI, WET 4R CHER

Fig.42 The sites where the warm water Sargassaceous

species were sampled from 2003 to 2005 along the
coast of Nagasaki Prefecture.

© :sampled specimen were identified,

A information from hearing.
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BIGEICBITAT Y M7 AORERLFIL, 1942
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Fig.43 The Marks show the sites where Eckloniopsis
radicosa sampled along the coast of Nagasaki

Prefecture from 2003 to 2005.
© ; sampled specimen were identified,

A ; information by hearing, M ; Kitayama (1998).
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1996 4F G DL BUAFR AN § 2 & 320 Hii
DVEDITREILRLIEEZ OGN
E3E R EVTRERBOEMENK
Ok 3|4

RGN T, EAE BRI A > 777 5 S5
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RN 2004), AGAAHREAE ANTHAEICBUT5
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1988) & 2001 4F (92 ANT 2001) @ 3 HFT CTH o720
FIT, INOORERED ISRV T T RTE
DOMBLRINZE LK L 720 HIUIRDUIE S A X T
TN MFRA IS BT, SRR 545
SERED R 5 7 A BLL 72 B0 & (3
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75%Lh k., © 150 ~ 75%, O : 25 ~50%, &0 ~
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Table 14 Change of occurrence on Sargassum species at the coast

WLAEIZ BT B KBS BERE % O TR BIUZ B9 B AF5E

Kambara 1961 : £I&E 1980),

of Oseto. IR VT T T HEREET BT A RRHLK
7 - ST A FIT, 5
Specics To81 2003 DEALEA STz, KT, A HN], 5
Myagropsis myagroides A X ANTIZ BT 5 1980 4E 4% & 2000 4EALIS
Sergassum fileum 5 X bR O R i L7z
S. fusiforme © by AP BT HRSE © I WY e 56 D 7L E)
S. hemiphyllum O © N .
S. horneri O O M~ E BN ELORERREICS
S. X
S mioravanthum 3 " % 0 T OMAFAT 1981 45 & 2003
5 e 2 S CHERR SR Y 5T SO BRI
S. ringgoldianurm O x % Table 14 127K 9, 1981 4F 0 H 3 FH3H
S. siliqguastrum © X - . X
S. thunbergii A O BIZ 13T aLEy, vIF KFY
warm water Sargas.saceous species X @) 5. Ja¥xy 567,‘ X HELD 5 FAS
Total number of species 13 6

*'Percent of transects on which the species occurrer.

(@> 75%. 50%<O= 75%. 25%<O= 50%. 0%<AZ 25%, X = 0%)

Table 15 Change of occurrence on Sargassum species at the coast

LR 50% BL LT o7z 2003 4EIS
IR R 6 FEISRA L, ZOHOD
VAR IR PR D 7200, AR RARIE 13
28 5 A L7z BB 50% Lk

of Ukl f%d:@@it%ek% V& 7 O W) M
Myagropsis myagroides A X AT, FlIH M@{F&Q EZ#\“L TIR @TRT
Sargassum fulvellum @) X SE . RS Pl F
e 2 X WENLoTz0 1z, AEDRSIE o
8. horneri © x AL EY, KT T, AR E
S. macrocarpus o ® . . . o
S. micracanthum O A 7, MUY, AANET, VA uEs, vy
S. patens O A &% Sargassum filicinum ® 7 TdH -
S. piluliferum O X
S. ringgoldianum JaN X 72
S. serratifolium X A rL, y N

- FARTHSE : AR O 12 & o
S. siliguastrum © A
S. yendoi A A TR A AT 1988 4E & 2003 4EITHERE S
Total number of species 1B 7

nizko% ‘77#@0) HYELAIRIE Table 15

“Percent of transects on which the species occurrer.
(@> 75%. 50%<O= 75%.

TR AVEY, FAINEY, RFUF T Sargassum
fulvellum, ¥ aa-¥E7 Myagropsis myagroides,
Y354, TUNTES S yendol e D —HEHY
BRI CH o7z ZOMITHE, sEHRTTY)
A VE S, yezoense, T, B, WEMEX TS S
Y€ S, nigrifolium bROLNT Wb, HLHL
LCER~ RELREIREE TIEy~F
2 S.nipponicum, 27 7W1%E7 S, crispifolium,
2% S, assimile D5 S -7z (Migita and

25%<O= 50%. 0%<A=< 25%. X = 0%)

2R, FANMIETIE, 1988 4E M
BRI 1T, 2 axyessail
WICHEIL, RWTILVEZET HES DS
WL 50% UL E T4 o720 2001 4F121% 7 FlIZ
WA LTS, 20RO 1 FREH 7RSIz A
NIaAFYEITHolze /AFYEZITEWHT
HWHIL 1988 SEE B D S heh o727y, D 6 Fliid»
TG MBI 0 ~ 25% &7, FrF T TR
HORRALL o) s 1THSELE L T2,
HEFVRRLNGR Lo, THES, FU57T
G RAYT G, Vaa®s, A/ NEIZOS5HTH o
720
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Table 16 Change of occurrence on Sargassum species at the

coast of Tkitsuki.
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Fig.46 Monthly change of water temperature at the coastal water of Meshima,
Nagasaki Prefecture.
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Fig.47 Change of Average yearly water temperature at several sites along the
coast of Nagasaki Prefecture.
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Fig.49 Monthly change of water temperature at the coastal water of

Shikamachi, Nagasaki Prefecture.
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Fig.51 Change of water temperature on February from 1987 to

1995 at the coastal water of Ushibuka, Kumamoto
Prefecture and Izuhara, Nagasaki Prefecture.
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