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Diurnal feeding patterns, seasonal changes in feeding rate and feeding
selectivity of the herbivorous fish Calotomus japonicus held in aquaria

Tsutomu Nopa™® and Tatsuru Kaporta

Abstract: The browsing behavior of the parrotfish, Calotomus japonicus, was examined under
tank-rearing conditions to help improve the efficiency of longline fishing. The amount of a seaweed
Sargassum fusiforme browsed by the fish during the four periods (morning: 5:00-10:00, daytime:
10:00-15:00, evening: 15:00-20:00 and nighttime: 20:00-5:00) was 8.6 = 4.7 g/kg-fish/h, 8.8
+ 3.4 g/kg-fish/h, 5.5 = 2.5 g/kg-fish/h and 0.1 = 0.1 g/kg-fish/h, respectively. Browsed rates
for morning and daytime were higher than evening. Furthermore, the amount of Ecklonia cava
subsp. kurome browsed by the fish ranged 76.9-224.9 g/kg-fish/day from June to August during
the season of rising water temperature. The amounts in other months ranged 8.4-37.6 g/kg-fish/
day. In addition, the six seaweeds species, S. fusiforme, Padina arborescens, Dictyopteris undulata,
Palisada papillosa, Gelidium elegans and Codium fragile, were fed to the fish. The browsed rate of
S. fusiforme was 87.2 = 19.7%, and the rates were higher than the other seaweeds (2.4-72.8%).
Based on these results, the time period for longline fishing to remove C. japonicus is preferable
during morning to daytime in spring to early summer, and the suitable bait is S. fusiforme.

Key words: Calotomus japonicus; Diel feeding pattern; Seasonal change in feeding rate; Feeding
selectivity
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H 2013)c AME (L7 A T Fk (Siganidae) @ 7 1 I
Siganus fuscescens %2 4 A A I #} (Kyphosidae) @ /
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FTOER L (eg., Yatsuya et al. 2015; FIH & 2017),
ZOEBEEFHLBREFEOREN KT > T D
(ZJE 5 2015; /KFEIT 2021) 0 74 A 1B L T, KA
TBREMRE Lg% SV B IERR L R R A
Rt E LA A G b REDSRNE S
TWwb OKET 2021)0 L2 L, BEBETREROSE T
MEAEAE A SN DIFEETH L Ens, EHMOE
Ji 5 T e I3, £ & L CRI A3 2 Mg 0 0 E R %
Y, RN EN O 720 RS R EREIR S 0,
FROBEOMENE, 75 A OB HEMTE
wOFHZEAL, BERERN 7 & OB EREZ R 2
CENEETH DL, Bl - HEGTEO =5 1 BB X
O7 5 AR L, % oMk aEOBEH R,
EF2HFRICPITTEEICE S Z LS NTWY
% (Zemke-White et al. 2002; 1L1PY 5 2006; Kadota et al.
2021) —F, —a—Y—F Y NIZAEETANSHH
(Labroidei) # % v 7 AF#t# %8 (Odacidae) @ Odax
pullus O X 5 VPRI B 2SE £ 2O AT
% (Choat and Clements 1993), L»L, 7% AN E
DL BRBHABREZESDOPHONE R > TV
Vo 7o, BEEHEOFHELIZELT, 74 IR/ b
AARXI R EOMAENAETIX, KROLERE 2B
B EABINT 5 72 &, BEANGENIKIR & BEZ LR
LTWA I ERMLNTWS (eg, M5 2001; (LA
5 2006; ¥FH 5 2016). 7 % A Tld—M%H A A A
FERMU L9112, KinbA s &b ICEEEI T 5
WENH L (WILS 2001, RFF 5 2007), LaoL, A
5 (2001) Tix 8~12H DR & 7= [ T D iER,
KA S (2007) TIEANRIC & Y KIRZZ(L S92 35
EroTWh, 2D, BEHATIEIT VA 0EHE
DOFEFEANZDWT, ZOMMDT 52550 T
Vo S50, HEAMAEIIHEIC X o TIF RS R
LT ENHHENTYS (FFHS 2013; ILH S 2016),

THTATIE, B DWEELZIZL CIEME AT o 725
W v I % Sargassum fusiforme OIIERED I D EH o
el ENESIN TN S OKET 2021, L2L, b
SOMEII e I XR ) aX ) £ S macrocarpum =5
O —ED K L 7~ F Zostera marina % |12 L
T EICBReNTB Y, KENFEEINER L2k T
T /NGRS (P S 2023) O & L CoORME
IZOWTIEHS 22 % > TR,

ARIFZETIE T 5 A DIEMBIZ X A BRFoRFTE HiY
LT, EHOERFR, FHBIUHE T HlEY
MES9 5720, HATHEM, SEsoFELl, A
WRE LR & L7 AEIRYE I B 2 3R 2 S5 L 72
DTHET %o

M¥ B LUOHE

HER 1. BEERAM

BRI 122018455 H28H ~6H 1 H, 6 H11H ~6
H15H 3 X UF20194E 5 H30H ~ 6 A 3 H 125 f L 72
fEH L7274 113, 201845 ~6H 3 X 1M20194F 1~
5 HIZRIGE A B TR OEBEMEEB & OIEMR THRE S
N, JKERRSE - BB AERAMTF e B BT (D
T, HBTE) IZWA L2 kT 5 (Tablel),

REEITDA ORI RBEOEE (= vV 7 x
A X LF,IP) #LTCWaH2, KEICEL T
FABPolofkt (¥ —3F V724X LIF, TP)
Wb AB I EDRHSNTWD (Kusen and Nakazono
1991), AZETIE, TP % 4 f1F (40.0~45.0 cm,
fifka~d), IP % 5fffk (32.0~43.0cm, ke~
i) w7z (Table 1)o 7B, TP OfEKIZETHETD
A, 1P OERICIIEEOmM R EEN, LE 2
5% (Kume etal. 2010),

HERIZ TR ®E L 72 FRP oo KM (2 ki:

Table 1. Summary of data for Calotomus japonicus seaweed browsing experiments

Individual Start rearing Phase TL (cm) BW (g) T(:isatte I Tezgtem
a 5/19 Terminal 40.0 1,300 5/28-6/1 -
b 2018 g8 Terminal 45.0 1,800 6/11-6/15 -
c 1/10 Terminal 435 1,674 5/30-6/3 6/6-6/7
d 4/12 Terminal 42.8 1,110 5/30-6/3 -
e 4/12 Initial 43.0 1,412 5/30-6/3 -
f 4/12 Initial 40.5 1,130 5/30-6/3 6/6-6/7
o 20019 599 Initial 33.5 678 5/30-6/3 6/6-6/7
h 5/21 Initial 32.5 638 5/30-6/3 6/6-6/7
i 5/21 Initial 32.0 578 5/30-6/3 6/6-6/7
j 5/15 Initial 38.5 1,072 - 6/6-6/7

TL: total length, BW: body weight.
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NEL8m, # 208m) = v, &AKMIZT ¥ A
VAR T DOINE L 7e BRI L 72 KHE 121,
1.OkI/h TH A ik 2 ks L, KiE20.6 m IZHERF
T5EEHIT, ML ZWES R L 2w &9 18k
KHEFIZ Ay MRl L7z, &, ABFoKEIE
1H 1R, FrRIPICHEL, €o#pHI319.9~22.9C
Tholze T72, AP LHERGE TIX, RIFER
EEHRRICAET LTV e Y FBLNYIvFY
Padina arborescens %= A5~ L A DL (40 cm X
62 cm) (ZHEH N RCTRERDE L, KEDOEIZEE LT
BT L7z AREBRCHER LA, SIhoonffz |
I L Tn7ze BRBIAA D24 HT X T, KA
NI R PR T 2 2 L 2B e, KAME
O I FESRS (#1013: Earth Corporation) % 213,
AERBAMG O B & ZF24IFT & V) KA 0T 2 S =R &
PO IE3 L, KIENOEEREZ HIRIREEISED T 72,

SHEROEETTE, 5:00~10:00 (Period I), 10:00~
15:00 (Period II), 15:00~20:00 (Period III), 20:00
~5:00 (Period IV) ® 4 DDX4Z5F TEREL 720
A 5B M O B R F oo H MO REZNE 5 BE 165755 5
FE19%7, H BEREZNIEZ19RE2455 7 5 19KE34%57 T d - 72,
%8, 20194 6 H 1H~ 3HI2=F5F (DEFL2, JFE
Advantech, Inc.) % F\C, 104-HFEIZEHAIL 72 86=
1%, Period I % 0~402 pmol/m?/s, Period II %95
~1,170 pymol/m®/s, Period III 75 0~396 pmol/m®/s,
Period IV %% 0 ymol/m’/s T& -~ 7= (Fig. 1)

7 AT HER D24 T A H A L S &, Period IV
P ORERE B L7, SR RIGIEE BTN EICAER L
TwWiee V¥ 2w, 95 A F—TRTZRY K
W7otk HE L7, €0k, BRZIREICZS L)1
AF— VELOEHFET N RTREE L, &R
BAGAIRE IS KB DI FRE L 720 M AMEAEILIE O
REMOATIE R, FHLEHT2 L0206, EE
DR YN TFE T 2 WELE U2 W REED D -
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Fig. 1. Time series showing photon flux density in a tank
between 1st and 3rd June 2019. Each day is divided into
4 periods: I (5:00-10:00), IT (10:00-15:00), III (15:00-
20:00) and IV (20:00-5:00).

72 (BFH S 2002; BFHH S 2016), 2 D728, HHERETF
DR TR FEE B L OB Lz (DY, &f) %
S TCEILL, FREEORS & RO TR 2 T B
WRBIZENZIE Lz, BEEE, HBEE»HE
B L OEREZRT A2 2L )R, iR
(Mean * fE#E(F# [SD]) 13154.6 = 4.6 g (n = 144)
EL7e B, GRAEHOREITTIVAPERXRLT
CENHERLWETH o REE L ARE O
118.6 = 33.8 g, #iPH:46.2~167.0g),

KA TRHBERAORETSIIEN D22 &,
Period IV Z DA X 53 DREIIC D H - 72 2 &
5, R OEMEEICE L T, DToxXzHwT
fRE 1kg, 1FfIY47-0 OBAIRE (g/kgfish/h) %K
D72,

1IEH 272 ) o & (g/kgfish/h) = (fAfl= -
Pl m - i) RRE v Y OB R

F72, WBRICH W2 9 BRSBTS 5 K REHEH O 1
70 OBMHEIZOWT, 4 HHE OIS Z R EE
ELTCRELAZET, FEMFOBEMEOEIION
T Wilcoxon fF 5 A7 #%% (Bonferroni k) %17~
720 £ 512, Period IV 225 Period IIl ¥ TOR% 1 H
ELT, HHBHEEBLOHMAEREZ K72, Iz
T, BEEODHEHED 4 HHMOFHEEEH L
72 BT, AKE L OBI4RIZE L T Pearson O FHERE
ROz, B, FHEHENTIZIE R (version 3.6.3) (R
Development Core Team) % I\ 72,

HERD. BEEOEHEIL

IR DR TH W2 9BED TS A D) 5, Hkfii
BOHHETH -7z IP @ 1Mk (fEfk g, Table 1) (2
DWW, 20194E 6 H 225202046 HE T, 2 7 HB X
IZ3HM (20194 6/27~6/30, 8/24~8/27, 10/7
~10/10, 12/8 ~12/11, 20204F 2/22~ 2/25, 4/27
~4/30B £ 1°6/12~6/15) @ HHEMH = % L7 L 72,
BRI H WA ORI K=, EOE=OHIE
ik, BERET O LSS, KImOWEE TR, W5
I EFfRE L7z, fEHIM P OKiRIZ15.3~28.0C T
Holze B, REERELIANE, THEZ S horneri 55
DTN, LT 54 A Mytilus galloprovincialis <5
DHEIE, A = Hemigrapsus sanguineus =5 0 H#E4H
AL, REICHW TSNS ZEBAL W
2o F72, ZOMEDEEIZS P OREBEH T 2IZHE
L7275, 563~878g O CTHIMEITH - 722 & »
5, UToRXzHWT, Z#HOMEME S &ITKED
720 o HEEEE (g/kgfish/day) % K72,

REH7-0) o HMEME (g/kgfish/day) = GREH
w - lE - &) & HoffkE

XA AFD e e Koy RS L O BT84 O
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WitEfE L7z 7 1 X Ecklonia cava subsp. kurome O 51k
RV, BERBAZGH O HERISKIEISHE L7z, 71
A DT HERICFEm L, BAREIEHER] & SO
FETEB L7, B, 7o X 3RERT & HEE 4
[ZAE I N FTHOD AHT TR DRI 7R E L TR L
720 ¥ (CFI9fE = SD) 14357.3 + 1338 g & L7z
B, COMETTADPERRLTIENTELVET
Hote iR L EHEOEFTOFEME = SD [#iF]:
314.1 + 130.0 [41.0~665.1] g)o H BT = & KR &
DOBFRIZEE L TlE, Pearson OMBIRE % K720

BRI FERESRIRMG

HKERI THWZIBEO 7Y 1 D5 b, 5K
fke, f, g, h, i) &, FEmLz 1EE (EE
i) OEEr6 k% T (Table 1), 201946 H 6 H
~ 6 A 7HICAHEOEA R 2 HRL 720 DRER %
FEhi L7z RERIZH WK ORI KR, HED
HEEOWERE, REROMIEO SN, KoMzl
Fd, RBIBION LRMEE L, BRSO
KiZ, 21.8~221°C TH o7,

T RIFRAETRREICES L T KRR
L ERBIOVNNGRESE (BEE vIvTFT, ¥
7 X N X Dictyopteris undulata, #FE3H: XY 5 V)
Palisada papillosa, ~ 7 4 Gelidium elegans, #HE4:
3V Codium fragile) % FH\ 720 WENDWFEIZB W
THMEEII00 g 12%5 X ) ITHEL -1, R
B LOREE I &, SMICHEHR/ Ny R TR £
720 S OBE, 6 FEEH MRS 5 B 2> D NEAS [ CHC
B L7z, oMz ) A1) 72848 % a8 Kb
9 REDO NI AKAE DI TE U CHRE L 72k, 1R
3 WEfH %, S5.5WFHIZICEMAILY BIF, &iciko 7
WA B, WEEZE L7z, WE#ET RIS
PR BUEMICIU) (1T, 24RefH fie 3 CRUBRE Ak L
720 B, —EOUEE TIZEE S NBEDKIEN D
L IEAKENZHFAEL TW2hS, 784 ~OEE L EE
L, 20X %A EUE 248K £ 0 s B TR
1Totze T2, 7HADAS TR WIKIEIZKGEY
BT AR AT 2. MK % & &KEICBY
5 EWEORPFIILU TR RO (1LHS 2016
FIH & 2022) 6

WA (%) = GRERBIAGI O E & — & E I T4
2o T /cdEm) ERBH G O i % 100

Mz <, REETEICIIHEELZ U TOX TR,
BHEREOMEIZEI LT Steel-Dwass D712 & 5 £ E
a1 72,

R (%) = GRERBGROEE - AR THIZE
HFE > T cEE + Als) ABRBRRE O E & X
100 — A HRIXIZ B 1T % il BRE T HRE O Ji A3

HER 1. BEEAEM

TEAO 1Y) OB s S £ SD) 1E
Period I 'T8.6 + 4.7 (#iffl: 51~16.7) g/kg-fish/h,
Period II T8.8 + 3.4 (4.7~13.8) g/kgfish/h & %75 -
7zo Period Il 135.5 = 2.5 (3.0~11.6) g/kg-fish/h T
HY, Period, I LI L THEIC D 2o
(Fig. 2, 3, n=9, P<0.05 Wilcoxon 5 IE#5E,
Bonferroni #iiF). F 72, Period IV 1£0.1 = 0.1 (0.0
~0.3) g/kgfish/h TdH ), EHIIfEZRE ST, o
BT e ORICEBERZESR SN (n=9, P<0.05,
Wilcoxon 755 IE{7 %7€, Bonferroni #fiiL),

75 A OXMERO H B R OFIMHEIL, KRED)
HEWIIELZWEINSE S NH, FETIER»ro72
(Fig. 4, P=0.084, Pearson DHERED . 1AEdH 721
O HHEHEE CFHSME = SD) 12110.0 = 43.6 (HipH:
63.9~199.9) g/kg-fish/day, H [ & # & 13108.2
51.8 (46.3~190.9) g/kg-fish/day T »72o & 512,
H B E & & HE a0 4532182 £ 85.0 (131.7
~360.9) g/kg-fish/day T&H - 7z,

HERI. BEEOFHZEIL
TEADKESH-)OHHMBHREIZIAICL > TE
ftL7- (Fig. 5)o 20194 6 HOfiE ((F¥4fH + SD) &
107.7 = 27.4 ( #5 PH: 85.2~138.2) g/kgfish/day, 8
H13174.7 = 66.6 (99.1~224.9) g/kgfish/day, 2020
46 H 1381.6 = 7.7 (76.9~90.5) g/kgfish/day & 7
D, o H (8.4~37.6 g/kgfish/day) &Il T%
WA R SNz 72, FBFKIEIHWIZEHM
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Fig. 2. Means of feeding rate (g/kg-fish/h) of Calotomus
japonicus in each period: I (5:00 - 10:00), II (10:00 -
15:00), III (15:00 - 20:00) and IV (20:00 - 5:00). The
species of seaweed was Sargassum fusiforme. Bars indicate
standard deviations. Different superscripted letters show
significant difference (# = 9, P < 0.05, Wilcoxon signed-
rank tests with Bonferroni adjustment).
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Fig. 3. Change of feeding rate (g/kg-fish/h) of Calotomus japonicus during each period (7 = 9). The species of seaweed was
Sargassum fusiforme. Each day is divided into 4 periods: I (5:00-10:00), IT (10:00-15:00), IIT (15:00-20:00) and IV (20:00
-5:00). Open shapes and solid line: terminal phase fish. Black shapes, cross marks, and dotted line: initial phase fish (refer

to Table 1).
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y =0.0856x +27.28
r=10.6048,n=9
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(g/day)

0 . . . )
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Fig. 4. Relationship between weight of Calotomus
japonicus and means of daily feeding consumption (P =
0.084, Pearson correlation coefficient). The species of
seaweed was Sargassum fusiforme. Open dots indicate
terminal phase fish. Grey dots indicate initial phase fish.

BHEILVEV) FELRMBEPR S 7 (Fig. 6,
P=0.001, Pearson OFHEMRED o

AMER. JEEESRIRM

LoF eI F R, REREBE» S 3R H
T CREBICEAD L, miEoRdxE Pyl £
SD) 1390.6 * 9.2%, % 1364.5 * 33.4%I|2E L 72
(Fig. 7)o —7, Y TXNZRENE TSI ORPEL
19.5 * 225%3B L Uf16.8 + 381%CTH V), HAFHER
MCTHolzo 72, <27 HI39.7 = 139%, 3 )V136.8
£ 6.7%TH Y, WIARIEKNMETH-720 B, &

240 8 .08
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Fig. 5. Seasonal change in daily feeding rate of Calotomus
japonicus and mean of water temperature during the
experiment. The species of seaweed was Ecklonia cava
subsp. kurome.
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Fig. 6. Relationship between water temperature and daily
feeding rate (P = 0.001, Pearson correlation coefficient).
The species of seaweed was Ecklonia cava subsp. kurome.
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Fig. 7. Changes in decrease rate of algal species
under browsing pressure from Calotomus japonicus.
Black, dark gray and gray lines indicate Phaeophyceae,
Rhodophyta and Chlorophyta, respectively. Species
name abbreviations: Sf: Sargassum fusiforme, Pa: Padina
arborescens, Du: Dictyopteris undulata, Pp: Palisada
papillosa, Ge: Gelidium elegans, Cf: Codium fragile. Bars
indicate standard deviations.
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Fig. 8. Browsed rates of algal species in 24 hours after
exposure to browsing pressure from Calotomus japonicus.
The cross marks indicate the mean. The central line
represents the median, the edges of the box represent
the outermost values within the range of 1.5 times
the respective quartiles. Species name abbreviations:
Sf: Sargassum fusiforme, Pa: Padina arborescens, Du:
Dictyopteris undulata, Pp: Palisada papillosa, Ge: Gelidium
elegans, Cf: Codium fragile. Different superscripted letters
show significant difference (# =6, P<0.05, Steel-Dwass
test).

X Ol O R B TR O I, ¢ FTLO%
v 3ITFITLI%, YINXYNABLIUINSES V)T
0.0%, ~7HT-20% INT-62%TH-7,

4FE OB EZ CF¥HfE £ SD) X, eI FT
872 = 19.7%Th 1, ~7H% (24 £ 32%) BLUI
V(9.8 £ 89%) LILEL THEIZE -7 (Fig. 8,
P < 0.05, Steel-Dwass test)o &7 I 7 F 7 (728 =
35.8%), ¥ TJYNX (359+ 36.0%) BLU/ET Y
V(278 £ 342%) 1%, e VXFLOFEEIIAONE
o7z (P>0.05, Steel-Dwass test)o

B - P

% { ORAMAEOBEETIL, LRI XY i
DHRFEMATE T 5 IEFDSF RIS TR R D &
ENTW5B (Zemke-White et al. 2002) . = DA I,
Bl LB - B SA R 8 H, 751
BoMBLOTA TRHOTAL ITR4 ZAXIFD /) +
L AR ETHEDNDH S (Zemke-White et al. 2002;
LI & 2006; Kadota et al. 2021) o HAS TREREL T 1256 <
MO 3 ofEEaEo L, 74 T % (13:00~
15:00, *&\»T15:00~17:00), / b4 A X334 )
(14:00~18:003 X 1°18:00~22:00) 2B =A% <
B ENWSRIZR->TWD (1IN S 2006; Kadota
etal 2021). —F, RABOMELS, 754 100
RO EMEAF L TEZ D, 8 (5:00~10:00) 25
B (10:00~15:00) 1M=L L, & (15:00
~20:00) IZIZHAT LI ENHES N E R o7 HE
LU 7@ iE, Faid (6:00~8:00, %\ T8:00~
12:00) [ ZHEEEEI SRS D, TO% (12:00~
15:008 & 1'15:00~18:30) (IANEIEIZ R B+ 5 v 7
ZE® O. pullus T LS5 CTHB 5T (Choat and
Clements 1993), HARRFIZERT A EMAEHTIE
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PHFOEREEN 2 BRIZ 0o T WS, IEM
MIFFICFERT 22 & T, REEZRHRWGICHEETE L
BEMEASRIE S 7z,

A D@EY, 7514 OEHOEEHELICELT
&, KiRO LAV 2 WA 228 (M1l
5 2001; AR5 2007), ARRERTIIHN 1FEIZHE-> T
k% HAKRCHE LR, KESEATLI3E
BHENLL R EAPR SN, #BEORBERE
XHTLILE RS, TA ITIELG~27C, / M
AR I TIH12~30COHPHIZ BT, KiAEL &b
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5 2006; BFH S 2016), 74 A b [AEEDMEH|N 2 F - T
WAHTHREM DS H B L E 2 Sz BT ICHT A HEA
PAEEOMINE, FAEICTS T2 HaE L S &
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(R% 2006, K% 5 2010) . 7% A OFEIIHIZ, B
PRI ETT~8 (N 1975), KRETETT
~10H (Kume et al. 2010), FEEBECOKEETETS
~8H (%¥5 1994) tiEanTwa, ko L
Mo, AMNRLIVUNOIRFETIERZL 12X ) Ao ks
AT BRI, KR EF IRV ESEESEIL, %
BrOEINOR THLEPOMENLE LnEER
SNz

—75, ARHRETIE, 10813 KIEDHI26°CL & -
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IV EDLLT, 7HYADOEMESKRT L, 74
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/BT 5 e pIEEI N TS (Bl s 2009;
Yatsuya et al. 2015) A D, 10H IZRIFE B
AT TADOEIOBRCH-5HZ Lnn, EBifE
DA ZFEII D BR L T A WTREED S 5 25, AR
BRCIERBRICE A L 7o R Al O IREEIZHERE L C
WV, AT, 784380 E L BT, &
DHERENTHB Y (Homma et al. 2022), filH L T
727 AT HERLHBRELEH LTz, Dozt
NS, WADKEOBAGEOMEIRIZE 2 %8R, &
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AL T, 744 OBMEFEIL e O F THE ],
NEREEES T L TR W S R s L, e ds, KR
Ko< 7B X003 )V TIREBR T EICHE 8
L7278, THURFEOMEIZL 2 b0 g s ni,
F7z, Wl I TH 2 il oREIZ611 £ 08¢ T
HY, ABIICBITL 754 OBAH=IX110.0 £ 495
(27.5~219.5) g/kgfish/day THo7-Z &0, 74
ADFIEDIRTEIZ Y, W2 &% L2tk
v, lEoZ s, 74T/ P AXI LR
B (RPH S 2013; L S 2016; FIH S 2022), 741
2BV THHEMRREDRD L 2 EBHL N E o7,
T, MoK T IHE N7 54 OFEFRET
b, e VEPROPERPE LS NS OKET
2021), 7 XA DIEMIZ BT AL, KEEE, N
HEEYEOHTO VI PRDEL T0D LIRS
N7ze B, AR CIINEEOFHTY I 7 F I
WOBWEBRIREEZR L, 202 ERs, BUF
BRIZASZWIR T T, wIvF I EEEOMN L
LTHATAZET, BEOMELEDLI LN TE
B REVEAVRIZ S 7z — T, KEFT (2021) B LUK
KEBETHOWSNMEL L NEEIZEDbETOMER
LNTWEZEND, SHIT L) BERERIRE) E R
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Terazono et al. (2012) &, 7% 1 OBFHNEWDOH
FIZBWT, BEED 0 L EEPMMOWREIC LN
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TIVFTERBLTHEEEIE,LS2bOD, v
ES RSNz, BHS (2013) 7T 4 - 1Y A
ERRICT A TOEALGRIREZFFMHL, K) 72/ —
N DEH R OWEFIE B B RElE & RIE L C
Wb T, YUNYAHNZIZEAEHEREE L TCER
FTFNVRYFEEMRLAG L, TV T 7Y Haliotis discus
hannai 7z & OFE B33 5 AL BG EEIARAS 2 i
ATCWHLEEZLNTWD (5 1993), & 51,

TYA PR B EFGREFT T, sax)
IX ET ORBMEEIERL72HTH 7YX
BT A EDHRINTYS (FIHS 2023), hnz
T, NESYVERL 7YY ERALEHEOYFL
" Laurencia saitoi 1%, T>)7 7 V7 LR 548
BHEWEE LTI TARYR M) FARVEEAL
TWAH I EDRERINTVE (BI5 1994), AER
T, fLEEONE S Y BIO~Y 7Y, FEED 3
VOBERIZ, TN L YENEAIDH 5720 &
DEHIZE L IS ERFADPLETHDH, 7511
BEAHEWE * FOoWEH T 5l L T 5D D
N, 20X RHITIEMOEE L THI R WEEZD
n7z
HARIZBIT2REN AR IEDOH L, 71
TBLV M AX AT & > CTHMEH=
BIOHMEBESTHRSNTEBY (Table 2), Th
O OMEIZEHGO LB BB 5 7201 HE R RIE &
% ho RHERTIE, 7 1I2BWTHMHE OEZ IR
L7722 &5, 3B OB THHEE o7z,
INnFToHEICEOL L, EAEOKESH-YDOH
HEHE ORI, 71 TH2.7~43.0 g/kg-fish/day,
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199.9 g/kgfish/day & 72 1), [H UFEANTH ZESH SN
7z (Table 2)o & 2T, (AR 7% BEGDREE A S
5720, #EFEOFHEOH B REIZOWTRAMEL I
BL7AER, 75 AP RbDEC (199.9 g/kgfish/day),
J M AX3 (619 g/kgfish/day), 71 = (43.0 g/
kgfish/day) DNEE 725720 72, HHEEHEORK
filiix, 744 b < (1909 g/kgfish/day), 7 1
o (75.0 g/kgfish/day), / b4 A X3 (36.6g/kgfish/
day) DL 72 - 72 (Table 2), MAMMAEOEH &
IR, ARERICE L i oM Bk, K
FNOERE R I RETLLEZLNTRL T Eh
5 (FPH S 2002; BFH 5 2013; B H 5 2016; Kadota et
al. 2021), FABRBEOSMOE D FEL TV 51
PR ETE 2\ (Table 2), 78 A41E7 4 T/
M ZXI LT, HHEME HMaEHRELD
IZZ W EEz b7z, s (2001) &, 754122
O AR L7, MEEADIEHEEL L9120 T
AMHITEN R R L CBY, 751 OHHEBRELN S
WERHHIIRTIR O X 9 ATENICRRE L T b LR SN
bo Tz, RHBOKELS, FETIEZVLOOD,
RESEVITEHMEHESS MERPR SN, 2
DEFNZDOWT, RRER TR ALY 9 1k & A7
Mol b, Sk, BEHEBEZHEP LTRSS
2L, KO EEE S NS TTREED D 5,
DEDZ Ens, 754131 RS20 OFIER 72 Y
NOFENRE C, BRI BV CORTE D KHE
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Table 2. Food intake and scattered seaweed values of harviborous fish

Herbivorous Seawged temvllgt*:{ure Size of TL Weight Number Number Feeding rate Scattered rate Reference
fish species (cm) Q) of fish oftanks (g/kg-fish/day) (g/kg-fish/day)

oo e 109229 Gozoal) (e iuy 1 9 (10046 (032 45Lg  Thisexperiment
fui%"r%’” 153-247 30'2(:)39'4 o42 8'243 1 6 0= 30m o egtf,‘;‘l‘le Kiriyama et al. 2005
%j;ﬁ;ﬁzides 16.0-25.0 (:) 3(?)0 1 1 900 _(})6 0.0 (:) Kimura et al. 2007

,fjfc‘i’ﬁfins ;i%ar%m 15.3-247 19'7(:)32'0 b (;1 1 1 6 30+ 200 fe?(ﬁiegtgiﬁe Kiriyama et al. 2005
Ecklonia 95.7- 288 o 800 -(3,400 8 1 21 '(?)9'7*2 o Yamauchi et al. 2006
bieyels 230 (30=16 (607 +120) 19 v RO BRI Notaetal 2002

g;,:;;bus ;ul;;?mme 153247 38.4(:)47 0 935 ‘(;'933 1 6 @0 . g Not observed Kiriyama et al. 2005
pargs " 1607300 oo pupea 3 S Nodaetal. 2016
bodis 0730 4eeTon a3 - Nodaetal. 2016
Padina 24.6-26.7 42.0- 43.1*2 1,390 - 1,520*2 10 3 48.4-61.9*2 26.2 - 36.6*2 Kadota et 2%14 2021
arborescens 42,5 = 3.3) (1,469 + 344) (57.2 £9.2) (30.2 £ 11.3)  (Including unpublished data)

In the table, the range of data (the mean value = standard deviation) is described. TL: total length.
The table is based mainly on data for temperatures ranging 15 - 30 C in previous studies.

*1 The data calculated from text, table and figure of past study.
*2The data described the range of the mean.
*3 The experiment was performed for 10 hours.

RERETEXDIEMORE L RSV EHERIN, [l
DY, RKABROKENS 751 DRF07-H DIt
M, BoroWEOFRIHIC, LTy FaHn
TEMTAHAZENEZT LW EEZ N DS, &
BB TR B VT, ZOLRMGTT 51 OREH
RS RED R FERET A LED D Do

N

WEEME LIRS L B 751 OBz
A7z, BAAERRICET L EERBREITo 72, #
(5:00~10:00), ’& (10:00~15:00), % J7 (15:00~
20:00), &M (20:00~5:00) ORFED & ¥+ D EH
BRI AEE, $138.6 = 4.7 g/kgfish/h, &138.8
+ 34 g/kgfish/h &% <, # 771355 * 2.5 g/kgfish/h
WA L7ze 7B, %RIE0.1 = 0.1 g/kgfish/h TH
N, L TCWwhwetEzohi, £/, 7514 %1
FEHEEL, 27 AIZ1E7 0 X oEEE 2 EE L 72
FER 6~ 8 H DB E1376.9~224.9 g/kg-fish/day
Thh, o (84~37.6 g/kgfish/day) & LKL
TEh otz S5, BVF, TITFT, TN
X, N¥ET U, oY, IO 6HOEEY 75 A
ZHEE L 7o kE R, 24RO ARIIL V35872 +
19.7% L %20, o (24~72.8 %) &L TE
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FEIE TR P RN EZ R BN,

# #
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5¢ - BB MK EE RN 7T O 3 B AL, BRI
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MBS 4 7V — 7 B X R RIS 2 &
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THW2, S 512, FBEATa A 7V — 70 B4
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2T, * 74 A MOBA Ol FIK, i3 R
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$ R R FRRLAWS ST O if3EE T H A REFAIK
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720 2O EfED) TELS BB L BT 5,
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