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Grazing Selectivity of Herbivorous Fishes on Five Macroalgae

in Sublittoral Zone at Nomozaki, Nagasaki Prefecture

Setuo Kiyomoto, Taku Yoshimura and Shogo Arai

ABSTRACT

Based on an assumption that grazing by herbivorous fishes is one of important
factors responsible for the large scale disappearance of macroalgae blades, grazing
selectivity of these fishes on large brown algae was studied in sublittoral zone at
Nomozaki in Nagasaki Prefecture, Japan. Five species of brown algae, Undaria
pinnatifida, Ecklonia kurome, Sargassum macrocarpum, S. yendoi, and S. serratifolium,
were sampled on March in 1999 and arc-shape scars on each individual were
investigated in detail.

The proportion of individuals having blades less than half of the normal blade
area was 83% in U. pinnatifida, clearly higher than that of 0 to 3% in the other 4
species. Also, the proportion of individuals having arc-shape scars, thought to be
the evidence of grazing, was 93% in U. pinnatifida, 23% in E. kurome, and less than
5% in the remaining 3 species. These results clearly indicate selective grazing by
herbivorous fishes on U. pinnatifida.

The scars on the midrib of U. pinnatifida closely resembled the tooth marks
artificially made by pressing the teeth of Calatonus japonicus, therefor C. japonicus
is thought to be one of the grazers. More researches are needed to make clear
participation of another fishes in grazing activity, and to elucidate the influences

of fish grazing on the community structure of algae.
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19984F 9 Hic RigIEEFEHE IC B W T2 v X Ecklo-
nia kurome DIERIRHIE L < KIF L fo @A 02 KR
wah, FlEHVTiTbciED S EIFR T O
T3 v 7TRHBERICFRR SRR ORENTHEES i (7
S, 1999). F# S MR ICE W TH S\ TiT-
7o AR OFEE T, T OIER O HIEE H AT #
OEICL > TRECEB L EIIKMB OV, £
<, avI7HFHAVEDOT A X Undaria pinnati-
fida La v 7R o7 ox, BLY, enxwsHEixv s
7 S5Fo /s aF ) €2 Sargassum macrocarpum, 7
287 aF¥ ) €7 S serratifolium, T K7 €7 S
vendoi O RENEHE 5 BHAKKIEICREAEL T3
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PEEAT - T RIBREFRHE O/ NS T, 19984
i EAED 7 o 2BV TEERIBOKIBER T
HEL LS, 1999), 7 o x BEOHEMGEIHS Wi
B, 1999 F CICEREIFAE L T LIE 7 v »
@@y okBcmiE L GERS, 2000).
SCUBA #kic X 2 HEZARMNTIZ 7 o * BN
[El18 L7z & Bb N 7219994E 3 A25H 21T » 72 FHEY
HZFRT10BF OSE/K AT F13m i B 1) 3 7KiRI1317.7°CT
b7,

HITE 0 M58 D A AR DL AS TR AT B I T 9 R % ik
JIBEG B 1o iT, BRE O KBS EE DS LBV 1T IR A
LTV A S 2 AR & L7z (Plate 1la), &
OEREIITPKE T Tmicd b, TOKESI13H10m
xX20m, BT BH7ax, yhx, saF¥F)VEs, U
2N aF)EY, TYRNTEIOHER, FTh
40, 30, 10, 5, 5% TH -z, FWEXIENLS, 7o
ARE, 7w xR, vA X, saX) s EZTNE
NIRRT D, RN aX)EIEIZEK, TVFY
7 EZITARBILL 72,

BREC L 7ovigseld, PRIBDOKBEEREATICRi b IR0, 1
M LI FTOEHI > WTHIE - BIZ L, B
RO WTEEREA{T>7c. 78220 T,
GH - A (1996) 1ITht - THEBMEE TV, 2
RIRIER, SAMZERZNE L, $7o, [E—FRE

FRIIBOVT, EAERINL, BANAFHORATES
RiEic>WTHEEIT-> 7. £, EEOLED SH
N3 2 EaHEHEOBEERALOTEN S OHE
AET 5.

ok, WSk, EBRHO 7 5 2L TV
fo 10 1 BRI R KEE BMER 0 A S IRFILR, BHiTo
PFEIC T2V TR - AR ER A O
BERN, FABTOA ZAX I DOEHMARLL TV
72V I RIBEIKEEBRFE 4 ORATE IR, AR
L TTEW 7o R IR & 7K BEFR RS o PUF B R 1t
LEGHH L 3.
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DRELLEMAEE DHIC L - T, HERIOBI LS
TEARDESUU LI T AYE L, THh A, /3 F
VEY, 9RNJAX)EY, TVFTEIIZOVT
REREZHEL, BELSMEEE OHEIC & - THARE
DEFEPEE S EROFES LI LI p 2 H5E L /e,
RO AEOHIE, 7 v AKEKICBE VW TREERS
(2000) & [alffic i & R SfTEIca T T, 7 a2
WA T RIEREBAMKT, 72 ICB VT, [IEE CF
RIE), seih, ), FIERTE JaFIED Lo SHit
IROENELES BE5), FaTHE BRFEE wHT i
N, Ja¥FVEs, vANJaF)VEY, TVKRY
EZICOVWTE, BEKOFERKIcoVT, 1 EEE
BOFERHAFHOLEERE SV B 3 KOFH Z2 R,
TR OAERESE, Ik 2IURORAE O E
AP,

Y O FERRIC G 5 e A RO B AEIR M 2 0E
THHIC, BIELERKERERED S 2 HfEKE
Fiz, Steel-Dwass D4 GkH - &H, 1997) 1Tk
D ZEIIKAET - 72,

RBICHEMIRICOT 2 RO BEAFIEE LT
T YA DPIES NIz 720, 19994F 3 H 26 H i< B-RHEHT
sk el L X v RIES Wi 7 51 2 kD 5
ETFo%EERIL, ThEANAKITT 7 A hiiicfiL
MT3ETHIEAMT, TheESNIT 41
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Fig. 1.

RonfURORARE OHEZTT - 2.

WELL7 o X ORI, 2BBERTH - 1212
W, 2O bOSUEKIC O WTHIEET-72. Thbd
DLE1328~51cn (P41 .0em) T, HURIEE (320~
47em CFg34.7cm), HAMIZER ($11~30em CF919.5
cm) TdH -7z (Table 1. HAESFREH S N7
b} 7 kT, ERAMTICE SRS -
fo. Fio, AEERBEAESLITOME L EfTH -
2.

7 aARiconTiR, HEMERShTHE LS
DIEARERE L. 2F1F 6 ~33cm (F522.2cm)
ThHy, WEAENPERTICRoN -0 2 fifkT, IE
RO LUT DK 755 - 72 (Table 1),

FEL 7 A7 430k (&2E21~116cm, F576.9
) TIRIEZL DEFETHEREAFELIRBLTVE
(Plate 1b, ¢). {HEEMS RS EEEROFZLIEL 72

Map of study site.

S

DR 4AMAEDOATH D (Table 2), LN bLES0cn
K O/NEARTH - 7. BB F28E K CTHRS
n, AR EAIZE 8MEMR), Jeim CUAMR), ilth
(10fE{&, Plate 1d), B3FEE (8 fH{k, Plate le), %
HERITER (2K DlETH -7z, Frichihics T
R DB EREMSEERE & 0 BT, Zh S oiliko
g A4 335%13 b ~48mm (SF15923.9mm) T, FRiClb~
30mm3E <, ED80% % vz (Fig. 2). 7z, 2
R iR DS E—E A O i ic 7 S h,
INSDIFZENZEN22.0mm, 13.7TmmTH - 72,

7 aF¥ ) 730K (£E13~50cm, F-1528.6cm)
TR, BENRE LLFRHISERD S BTEES BTN T
HESDOBVSDIFIIATSH -7 (Table 3). T
BENAONILGDOE L HEDOATHY, KM
EALITD b DI - 1.
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Table 1. The size of E. kurome and the proportion of individuals having blade less than half of
normal one, and having arc-shape scars on their blade.

Age Number Length (mean®SD cm) Half blade lost* Arc-shape scar
Total Primary blade Longest lateral blade Primary blade Near growth point**
(Min-Max.) (Min-Max.) (Min.-Max.) No. % No. % No. %
41.0£5.6 34.7+6.0 19.5£4.7
2 1 1 3 7 23 0 0
(28-51) (20-47) (11-30)
22.2+5.6 20.91+4.9
0 30 0 0 2 7

(6-33) (6-31)

*Number of individuals whose area of lateral blades (2 years old) and blades (0 year old) were
less than a half of normal one.
**Five lateral blades from transit part of stipe to blade.

Table 2. The size of U. pinnatifida and the proportion of individuals having blade less than half of
normal one and having arc-shape scars.

Arc-shape scar existed

Total length pa1¢ piade lost*

Number mean®SD cm Lateral blade Top Midrib Transit part*™  Sporophyll
(Min—Max.) No. % No. % No. % No. % No. % No. %
76.9+20.7
30 26 87 28 93 21 70 10 33 2 7 8 27
(21-116)

*Number of individuals whose blade area were less than a half of normal one.
**Transit part of stipe to leaf.

Frapuiancy

0 5 10 15 20 25 3N W &4 45 i
Length of chords of arc shape scars (i)
Fig. 2. Size frequency of chords of arc—shape

scars on the midrib of Undaria
pinnatifida.
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Table 3. The size of the Sargassaceous algae and the proportion of having arc—shape scars and
having blades less than half of normal one and having the main stems without apical

growth point.

Total length

Arc-shape scars

Half blade lost* Growth point lost

Number of

Species Individuals mean=SD (cm) i
(Min-Max.) No. % No. % main stem No. %
S. macrocarpum 28.6+8.6
N 30 3 0 0 73 11 15
(vaxnEr) (13-50)
S. serratifolium 64.7+t13.4
. . 18 0 0 0 0 27 4 15
(2N aX)EY) (46-93)
S. yendoi 28.9%+13.0
. 17 0 0 0 0 41 10 24
(zvFvE”) (12-59)

*Number of individuals whose leaf area were less than a half of normal one.
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Fig. 3. The occurrence of arc—shape scars on the five

brown macroalgae. Observed (shaded), not
observed (clear). Alphabet characters above
the bars show the result of multicomparison
by Steel-Dwass method.

S.ma: Sargassum macrocarpum, S.ye: S. yendoi,
Sse: S. serratifolium, Ek(y): young Ecklonia
kurome, Ek(2): 2 years old E. kurome, U.pi:
Undaria pinnatifida.

a vs. b: p<0.05, a vs. ¢c and b vs. ¢c: p<0.001I.

v AN aF ) E 7 18f#K (£FE46~93cm, FH
64.7cn) T3, FHR2TKRD S BIEEEAIN THEES
DIV DIF 4K TH -7z (Table 3). EITIRAREM
RonkcboPEOHEBEPFESLTO DB -
7z,

v Py 71K (&FE12~59cn, 1528.9cm)
TIE, FHAIAD S B, TERESUNTERESDE L
bDIFI0AKTH - 72 (Table 3). EITIHARENR SN
72 b OPEDOHEN LT D D318 h - 72,

P bo&isico>0wT, AELLMERDS B, A
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Plate 1. Photographs of sampling site, sampled Undaria pinnatifida and the teeth of Calatonus japonicus.

(a) Sampling site. (b) Blade disappearing U. pinnatifida at collecting
site.

L

(c) Blade disappearing U. pinnatifida. (d) Arc-shape scars on the midrib.
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Plate 1. (cont.)

(e) Scars on the sporophyll (f) Bite mark found on the midrib.

B e e

(g) Artificial bite mark made by pressing the (h) The wupper teeth of C. japonicus. The
teeth of C. japonicus. length between allows were measured as
the chord in Table 4.
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Table 4. The length of chord and between teeth of C. japonicus as shown in Plate 1 (h)

Upper teeth

Lower teeth

Body length

(cm) Chord* Distance between teeth Chord**  Distance between teeth

(mm) Min-Max. (mean) (mm) (mm) Min-Max. (mean) (mm)
No. 1 43.4 18.9 0.8-2.0 (1.6) 19.7 0.8-2.1 (1.5)
No. 2 31.8 14.8 0.6-2.2 (1.2) 13.4 0.7-1.6 (1.1)

*The length between allows in plate 1h.

**The length of the part to engage with the measuring part of the upper teeth.

B RSN lFE%E Fig. 3 1oRLi. HEEDR
ONEERIREEICL > TRIE-TEBY, TV Y
Y, wRNAF)EY, JAFYVEITRIZEA
EROLNT, 70 23MEATTY, 2K T8 TH-
72D LT, 7H A TIRIZY &M ~RTIFFICS
WEIETH - 72, Steel-Dwass O hFEIC L 2L EL
BTh, 7hxRMBoOVENL D SHEEICEEIC
(p<0.001) E\WETH -7 (Fig. 3). Fto, 734 2
BTbra AWk, TV FYES, 9RNAFYE
7, BLU/ a¥) s LML TEREZE (p<0.05)
NED L1z,

754 2 kD LN OO MERER % Table 4
R, B, OBV IRECAImoRO H

z

LAl ETT - 1B R O] N IcET 9 5 KTUE
EHFICBWVT, MRS > TIHRAEDOR SN 25N
RELER -7, BBENb -2 -0 T
2T, BEL7-93% DK, IROWTEh -7t 1 i
TREMTELD, 2m%TII23%, BETRTHT
Hote, —H, FVIISEHOT Y KT EY, TRAN
Ja¥)Es, sa¥)®s CRERESHEFIZEEY S
NEERIE S BN E Dotz Lipl, dv 5y
5T RIEPH  FREREM BRI Lic< <, EHIE
AN TERSAS T DR RAESNIMEE LT
b, /aAaFYEII5Y%, AN/ IFYEIIHY, T
YRYEZ4RIEEY, EAEMEAFICKLIRAERE
ToTVWAEHDD, THATHAS EDEVEHEX
ni.

TO&HIT, EANAMEIIEESRAERTE Y H
AT LTRL, HRBREAZEC AL S, tihela

T DR R OFERE S L (Plate 1h), FHEHIZS L
TR ETo%EsAaabe i LT, FHEWNIET 3
BiErastll L e, B RO DO%1313.4~19.7Tm T dH
v, EEEE, STEESNLT I X IR SNk
FEREOXOHP (Fig. 2) 1284 L. 74 4 2l
otphicE s RO W E (Plate 1f) TR
IRBL Dz U 7o iR o BEEE 13 1.3~1.7mm (CF341.5
m, n=7) Thy, 2{H{EKDT &1 OHEMEEE.6~
2.2mEERLL TOWi, BRESNT H A OhfIcEE
SNROE (Plate 1) & Hlikd 2 & 2E&R7EE
RLWrE O WBIRDIRIZ, ARESL.8em®D 7 51 D
THEE T A ALY TSN iRl
(Plate 1g) IZEEIL TW 1z,

=

FIEIC O MATV, CORARE IR OF#Mr i
A2 LTEBY, 751 OHEEEAI LS TABMITO
FHEBCEERL TVl b, ThADRAIR T
FALICEBbDEHETES NI, UL, 7oKy
77 SHICAH SN b DN DI, REEN,S
BEEAHECTE R 2.

RS cEESHAYGHIAES N0 7 541
ETATTHD, INSDOFEITO>VWTIEe X Und-
aria  undarioides DOEFEMAZE AV 7B ERERDT
HDNTEY, 74 I TIEKE20°CE N2 &L
WEL, 1T.5CUUTTRECEHELEKLIDITXL
T, 754 3KBRISCHETL BT ZE0S (K
K, 1994). HEERFRGOH Y A BETIZ 9 ~10H 12
B7A4 T, 1I~12H1I2i3 751 ORENEA T, H—
H Y A MREDTFR D S CilifE DA AR O
T, BRI ETE T EMHHLTV S (F
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- A, 1999). KT b, 3 A O S TKE
F1T~18C &KL, RFICR 751 1T & BIRAN H#
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72ETATTA IBHBENATVWEZE (BAS
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Mo, TOWERTHL T YA DATIEL, 743, 1R
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A9,

LSEOFER? 5, FEEWAFIC IRV EERED
HDHTENEH LN, D, EAVERFEDRE
HIEREZM U C, Mg OffiEic 20 K3 3] 6E
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