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Trophic positions of jellyfish, comb jellies and epipelagic fish
in Hiuchi-nada, the central Seto Inland Sea, Japan:
Evaluation based on carbon and nitrogen stable isotope analyses

Hiromu Zenirant! T, Naoaki Kono!, Shingo Wartar1' and Youichi TSUKAMOTO?

To evaluate the impact of jellyfish and comb jellies on the fishery stock, the trophic positions of these animals as well
as epipelagic fish species in marine ecosystems are to be clarified. Trophic positions of copepods, jellyfish and comb
jellies, and epipelagic fish spices collected from the Hiuchi-nada, the central Seto Inland Sea, Japan, were examined
based on carbon and nitrogen stable isotope distributions. The carbon and nitrogen stable isotope ratio (§'C, §"°N) for
(1) copepods (Acartia omorii, Corycaeus affinis, Oithona similis, Paracalanus parvus), (2) jellyfish and comb jel-
lies (dequorea coerulescens, Aurelia aurita, Chrysaora pacifica, Bolinopsis mikado) , and (3) Japanese anchovy (En-
graulis japonicus) was (=21.9 to —18.0%0, 7.6 to 11.9%0), (=21.1 to —15.7%o, 10.1 to 16.4%0), and (—21.0 to
—15.2%o0, 10.9 to 18.7%o), respectively. We assumed that an average ¢'°N value of 13.5%0 for 10-20 mm SL larval an-
chovy corresponds to trophic level 3 for calculation of trophic level for copepods, jellyfish and comb jellies, and other
fishes. The 10-20 mm SL larval anchovy-based trophic position (TP) for copepods, and jellyfish and comb jellies was
1.7-2.0, and 2.6-3.0, respectively. The TP for Japanese anchovy, Japanese jack mackerel Trachurus japonicus, white
croaker Pennahia argentata, largehead hairtail Trichiurus lepturus, Japanese Spanish mackerel Scomberomorus nipho-
nius, and chub mackerel Scomber japonicus was 2.7-3.7, 4.2, 4.3, 4.1, 3.9, and 3.6, respectively. Overlaps in feeding
habits between jellyfish+comb jellies, and larval anchovy were detected. Regarding the impact of jellyfish and comb
jellies on anchovy stock in Hiuchi-nada, it is suggested that the effect of competing for the prey was stronger than that
of the direct predation by jellyfish and comb jellies on larval Japanese anchovy.
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Figure 1. Sampling locations of plankton and fish in Hiuchi-
nada, Aki-nada, and Suo-nada, Seto Inland Sea, Japan.
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Table 1. Carbon and nitrogen stable isotope ratios (%0=SD, min-max) of copepods collected in Hiuchi-nada.

Species

Station number

Sampling date

Acartia omorii

Corycaeus affinis

Oithona similis

Paracalanus parvus

17,22, 24, 34,37
17
17,24, 34,37

17,22, 24, 28, 34, 37

17,28

24,28, 34,37
22,24, 28, 34,37
22,24, 28, 34,37
17,22, 24, 34,37

12,17, 22, 24, 28, 34, 37

17,22, 28, 34,37

24-25 May 2006
14 June 2006

24-25 May 2006
14—15 June 2006
16-17 July 2006
24-25 May 2006
13—15 June 2006
16—17 July 2006
23-25 May 2006
13—15 June 2006
15-17 July 2006

N oBC PN

5 -21.7+£0.2 (-21.9t0 —21.4)  9.3%0.7 (8.1-9.8)
1 -20.5 10.1

4 —21.2+0.1 (-214t0—-21.1)  9.9%0.1 (9.8-9.9)
6 —20.4+0.8 (—21.1t0—18.8) 10.3%0.5 (9.5-10.9)
2 -19.3%0.1 (-193t0—19.3) 11.2%1.1 (10.4-11.9)
4 -213%0.1 (-21.4t0—-21.2)  85+0.5 (8.0-8.9)
5 -21.0+0.3 (-21.3t0 —20.6)  8.8+0.5 (8.1-9.5)
5 -19.2+03 (—19.6t0 —18.8) 10.6%0.9 (9.4-11.6)
5 —214+0.1 (-21.5t0—-21.2)  8.7+0.5 (8.0-9.1)
7 -20.5+0.6 (-212t0—194)  8.6%0.8 (7.6-9.5)
5 —18.5+0.3 (—18.8t0 —18.0) 10.4+0.8 (9.3-11.2)
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OFERMEEZE LT, WMWTIFTy 7 &L, BT
7 hr w2, BECTREINAEI020mmD S ¥ 7 F
AT OREEMEEZIE L, ZOINEL KRR
Mg ERE L S51T, THREBER M DN A
3.4% ¥ M9 % (Minagawa and Wada, 1984; Vander Zanden et
al, 1997) & LC, #ATVH, 797237 T8,
BlLUiFHoREER LU TONXICXL YEHE L.

_ 0PN -9 N(a) .
- 34

ZZC, TPIZAATVHE 257 - 20 I8, EY
F, BLXUfBEIIOVWTO, KE1020mmD A ¥ 7 F 4
T Y DOSONAE & IR L U 7o RAEERE, SONDE A T Y
B, 797 - 737778 BHEH, BLUMAEDINIE,
6"N@) Z K B 1020mm®D &1 % 7 F 4 7 ¥ DS NAH
(13.5%, #RBMH) TH5.

XV rBERREYRE

IX7 T TDOEBENEYOMERD =D, 20084E6 A9 H%E
WD st 1 (Fig. 1) 1I2BWT, LH& UM ETHE
50cm DY EME G, I XS5 EREL, HERNER,
5% R V<) v AN T T AF v 7 BFEIEAERNC
L, BRAEL:. MIERICHbR o725, BEMICHS
N7®W 75 > 7 b vz EWEmMEE T T, AL XA
RS T CAE - S L. Rk I X T
DFPENEMOREZIT-7. BENEDOMKE I X7
SEDHERL TOWEEICB T 5 EWORE O KD 72
O, HENEWRENDO I X7 575 OREBRIZBITS, 7
AT VH ) =TV AME, AT VHE hF I FATY
U, BEXOA Y 7 FA4 T AT OBAARFR G720 A %
BH L7z AT VE =70y 2900 BHO
WEE, RMMEKERK N YT, EE14,28,42m (i
B F2m) DiEKENY R UK TIRAKL, 110O%RE
KaATT T 4NF— CREFEEKE, WNALEES.0um)
BLTCTAEL = —2X WG ERL, REFILIC
AT TG T 4NE =Tk 10 ml DELEHD 5-10% O i
KRBFN=) B L7z, BFRSEICRE IR - 72k, AW
WEETTHATVED ) — 7)) A%, D
LHFE L2 m EFTOFYMEE 17 (10°m®) Y4720 54
ELTHMBLE 22 IATVHE WF2FA4 T VI
HHHOREZ, GBI Vosy 742y FOEBEE2m»
LM ETTIAY =2 Ims TEE LITAHERET
RIEL, 5-10%DifEREV<Y Y THRIEL2. $72, H¥
7FA TV MBERHOREE, KTy b x il
12/ v FTHRATLDD, HHA»SHEKE L2mE T7 A4
Y—Z2f1ms ! THY)BITHOUMTREL, 5-10%D
WARANV<Y) VR LZ. £&y MIZEOEBIC I m R
M2 72 ) OEIEABEA OWAKET ZZEAE L, £%5 v MO
FTHIAR & BREEFE O YEKET O MR A Sk 2 Jl L, B

TP 3 (2)

A, BAE—

MARREY 72D DA A4 7 VHEEL IV, B X OHAHoA T
WAL 7=

w R

RERNLAS

H AT HIX, Acartia omorii, Corycaeus affinis, Oithona si-
milis, B & O Paracalanus parvus # WE L7z, THDeBC,
IONTHIE, ZHEN-21.9%5—18.0%, 7.6 5> 5 11.9% D i
P Cd - 7> (Table 1, Fig. 2a).

230703095, AT, IXU T,
THhHYI7, BXOAT M7 2 0% L BB,
X ¥ MYV A Y Sagitta crassa T WE LTz, I X7 775 %K<
7950 Yy IS EOC, SUNEIR, FhEh-21.1
D5 =157%, 106725 164% DHHTH o7z, =¥ MY
LY DFPC, UNEIE, TNZEN-1997>5-18.4%, 11.6
25 16.0%DHHTH o7z, I X7 T 7 OBHICZEBIT S
obC, ONEIE, TN ZEN-1997% 5 -16.2%, 10.12*5
16.4% DHP TdH - 72 (Table 2, Fig.2b). —J, I A7 J
TFORIEEIC BT 565C, ONMHIZ, TNZN-19455
~153%, 9.02*5 11.1%D#PITH o7 (Table 2).

FHEEBEHICBWT, =Y YHOXA T ¥ Sardinops
melanostictus, Y 7N Sardinella zunasi, 3/ > Q, 7% 7
FA Ty, AXFXFHODOXT T Trachurus japonicus, & A4 7
F Nuchequula nuchalis, > W 2 F Pennahia argentata, % 7
v &, Y T F Scomberomorus niphonius, B X O°< % N
Scomber japonicus & W E L7z, 5 7 F4 7 ¥ DsC,
IUNAMHIE, ZNEN-210%H5-152%, 10925 18.7% D
P, AE 7 FAT LB =Y Y HDPC, UNAEIE,

W Acartia 0O Corycaeus x Aequorea O Aurelia
A Oithona x Paracalanus A Chrysaora A Bolinopsis
20 20 O Sagitta
(a) (b)  Jellyfish o
15 15 .

10

2 24 -20 -16 -24 -20 -16
£
g x Sardinops O Sardinella O Trachurus @ Nuchequula
«© ® Konosirus A Engraulis A Pennahia A Trichiurus
O Scomber M Scomberomorus
20 Clupeiformes 20
Ny

(©

Clupeiformes

-24 -20 -16 -24 -20 -16
8 13C (%0)

Figure 2. The 6"C-6""N maps of (a) copepod, (b) jellyfish+
comb jellies, and chaetognath, (c) clupeiformes, and
(d) perciformes for Hiuchi-nada, 2003—2007.
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FNZEN-20805-16.1%, 10755 16.6% DHiPH (Table
3;Fig.2¢c) Tho72. AXFHDSC, NEIE, ThZ
=195 5 —152%0, 1207 5 20.1% O H P TdH - 7z
(Table 4, Fig. 2d). FBj#EIZIBT 5 4 K5 4 DsBC, 6Nl
i, FNEN-17205-15.1%, 13.67*5 14.8% DHiPHT
H o7 (Table 4).

15 ~ ® Paracalanus
W Corycaeus
g 0 Oithona
g
= 10 |
“«©
5 1 1 J
0 50 100 150
-15
°
X
-
é) 20 F I./‘
©
_25 1 1 ]
0 50 100 150
Day, t (t=0 as April 1)
Figure 3. Seasonal variation in ¢'*C and 5*°N values of Cory-

caeus affinis, Paracalanus parvus at stn. 17 and Oithona si-

milis at stn. 24 in Hiuchi-nada on 2006, where Day=0 at 1

April 2006.
(a)
-10 y=0.08x - 25.0
r*=091
I s
o /(’”'
© 20
25 '
0 50 100 150
20 B y=0.09x+43
r’=0.59
£ 15 .
© *
]
H
10 :
0 50 100 150

Day, t (t=0 as April 1)

oBC, N DOFEHEALE A L7720, C affinisB L
P. parvus D stn. 172 BT 2148 & O. similis D stn. 24 12 BT %
fli% Fig. 310" L7z, ST CHAMIC4H1IHA2IEN
(t=0) & L 7=. C affinis, O.similis, B X O°P. parvus Do
BCAEI Wi AT & 7z, 0PN, O, similis D #
W 3.5% DYEINASE - 7.

BB, 327 575000C, NEOFEHZLE
Fig. 4-a,blI7R L7z, 22Cd, MEMIC4H 1 HEZIL#EN
L7z oBC, OONfHIZ, FHioRHEE &b IS % M8
AR S 7.

(3)

013C=0.08%1—25.0 (?=0.91, n=24, p<0.001)

0"5N=0.09%1+4.3 (7=0.59, n=24, p<0.001) 4)
A% (BL) &6"C, s"NEDORIMR% Fig. 4-c, AR L7z, 4
2100 mm |l % F ToC, SONAH2SBEMT 2 sl o h
7.

(5)

0"C=0.03xBL—19.8  (+7=0.28, n=24, p<0.001)

0"N=0.04xBL+9.9  (+?=0.25, n=24, p<0.05) (6)

BB B A E 7T 4T TD6BC, SSNEDOEHELZE
Fig. 5-a,blC7R L7z, 2 2Cd, MEMIC4H 1 HZIL#ER
L L7z 68C, OPNEIE, FHioRE#E & HIZHImL 72235,
AR A 5 72,

(7)

5°C=0.01x1—19.4  (7=0.04, =145, p<0.001)

(c)
y=0.03x-19.8
r’=028
-15

8 3C (%0)

-20 M

25 | | )
0 50 100 150
20 (d)
y=0.04x+9.9
~ 2_
EE, s r =025
£ 15 .’
© ..
. e
/
Tt .
10 Y 1 *, ]
0 50 100 150

Bell diameter (mm)

Figure 4. Seasonal variation in 6°C (a) and 6"°N (b) values of moon jellyfish Aurelia aurita and changes in §'*C
(¢) and 0"N (d) values with increasing moon jellyfish bell diameter in Hiuchi-nada, where Day=0 at 1 April.
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Figure 5. Seasonal variation in 6'*C (a) and 6"°N (b) values of Japanese anchovy Engraulis japonicus and changes
in 6°C (c) and 6"°N (d) values with increasing anchovy body length in Hiuchi-nada in July, where Day=0 at 1

April.

O1N=0.02%1+12.7 (=0.08, n=145, p<0.001) (8)
T2, T ERL RO 6 BT S, HEHEKE (SL)
£03C, NMHDOBIFR % Fig. 5-c, d 2R L7z, SL OIS

PEVSEC, SPNMEOBMAS R &7z,

0"3C=0.03xSL—20.1  (+*=0.86, n=80, p<0.001) 9)
0'"N=0.09x S8 (7=0.66, n=80, p<0.001) (10)
HEREFHREBERE (Table 5)

WA T VHEOFREERZ1T20CTHo/. AT NI TT

DRFEEFEIZ26THY, KRIOmmEKRHDOH & 7 F 47
VOREEBE L FRKETH T2, AT VIR S
T I5H, vy MY AYIE, KEI1040mm DA
Yo FATY, oy, asiua, BXUOv S FFLITIT
M UREBER T30, A7 BLOH NI, KE
AAmmP DI F AT Y ERUREEBETI6TH-
2. TV, yursd, yF7F, BIOYV T T ORFEE
F123.942TH o7z,

BIEIC B 2EKE1020mmDH ¥ 7 F 47 UAFfa %3k
Wl UCEHE L2 5 I X7 T 7 05BN
20, 4 RT A DREERELI2THo72
IRV BEBEREYRE
HIENEWNEZ L2 X7 57 O4£E, 104-176 mm
THho 7z BRI MBI (% EE) %
Fig. 6 \Z/R L7z, R THA4 7 VEIESLTwi £
{ & Paracalanus J& T & V), #t\> T Corycaeus J& 3% %> >

7z BUNI SRR S w2 E3hiz, #5754 700
128 1082 SRR S 7z, IFMIITERRCE 2o
7z

IZX7IFOEBEND A A T VEOMBIEARE, 55
7 F A7 VIO MBEERED 10-1000f TH > 72. —F
SAT IR L TWIZERICBWT, A4 7 VHE —
T AE, AATVHE, AYIFATVI, AT F
4T UNFROSAEEX, ENE33.8x10% 8.9x10% 1.0,
0.6 - m>TH o 7.

z =

—WREEHTHDHM T T v 7+ v DSPCHEIZ, O
HEOHIME & I AT A2 5 (Takahashi et al.,
1991; Laws et al., 1998). BB, WY 77> 7 h v
DOBEFHEE X 1-6 H T TIRIZIEFAETH HH%, 107122
RELLLEAZIINT 5 2 EAVREN T4 (Tadaetal., 1998).
AN L % 2 51T 5 P parvus (Uye etal., 1987) ?6"C
BOFIORMIZLE ) B, S %8 U Chi 75
Y7 N OCHDEEMOEEN KM THL LEZ LN
5. WEMEEEZS5N5C affinis (Uyeetal, 1987) ?6'"C
HOFHORBIZEE S B, MEdo7s 2 bro
OBCE DT OB HE D WM Y E 8 % 8 U 7 [0
BRMCTHHLEEZOND. MAEVED O. similis (Uye et al.,
1987) DSBCHOFH ORFMIZHE) B, wWh~>7 > -
FYBIOHAEND TS > 7 b DSPCIEDFTHIOFHIC
PE B E AWK L7z Z 2 N5, 72 HErD
BAZT T D 0. similis DOPNE O BEMIE, 3.6% T 155
BROCHY LTz, MEWTH S 0. similis 1, Z OKf
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Table 5. Anchovy based trophic position of copepods, jellyfish, chaetognath, and fish collected in Hiuchi-nada or
Suo-nada. BD (bell diameter), TL (total length), SL (standard length), PL (preanal length).

Area Species N Body size (mm) TP
Hiuchi-nada
Copepods Acartia omorii 6 1.8+0.2
Corycaeus affinis 12 2.0+0.1
Oithona similis 14 1.8+0.4
Paracalanus parvus 17 1.7+0.3
Jellyfish Aequorea coerulescens 8 53.8+6.9 (45.0-65.0) BD 3.0£0.1
Aurelia aurita 24 66.0+22.2 (28.5-113.1) BD 2.8+0.6
Chrysaora pacifica 17 112.3+38.0 (56.0-180.0) BD 3.0%£0.5
Comb jelly Bolinopsis mikado 14 51.4+6.4 (43.0-64.6) TL 2.6%0.1
Chaetognath Sagitta crassa 20 9.4+33 (5.6-18.5) TL 3.0£0.4
Fish (Clupeiformes)
Japanese sardine Sardinops melanostictus 10 151.7+5.6  (143.3-160.5) SL 3.6x0.1
Japanese scaled sardine Sardinella zunasi 2 99.7+4.5  (96.5-102.9) SL 2.9+0.03
Dotted gizzard shad Konosirus punctatus 19 92.6%104.8 (4.5-217.9) SL 3.0£0.5
Japanese anchovy Engraulis japonicus 28 5914 (43-9.4) SL 2.7+£0.3
13 12.6+1.5  (104-15.4) SL 3.0£0.4
41 34527 (27.2-39.5) SL 32104
64 92.8+28.5 (41.3-133.7) SL 3.7£0.4
Fish (Perciformes)
Japanese jack mackerel Trachurus lepturus 16 144.6=77.7 (48.9-261.0) SL 4.2%0.8
Spotnape ponyfish Nuchequula nuchalis 5 75112 (73.4-762) SL 3.00.4
White croaker Pennahia argentata 7 153.0£11.9 (143.0-169.9) SL 4.3%0.2
Largehead hairtail Trichiurus japonicus 16 501.4+230.3 (630.0-800.0) PL 4.1+£0.3
Japanese Spanish mackerel Scomberomorus niphonius 17 309.9+31.8 (276.0-423.0) SL 3.9%0.5
Chub mackerel Scomber japonicus 18 116.0+48.6 (79.5-144.7) SL 3.6%0.5
Suo-nada
Jellyfish Aurelia aurita 31 161.7£63.3 (65.0-290.0) BD 2.0%0.1
Fish (Perciformes)
Japanese butterfish Psenopsis anomala 14 117.3+19.2 (81.0-1432) SL 3.2%0.1
W Copepod nauplii O Copepods W RLET A & WA E RIS 2 o TV 2 TTREMEDSD 5.
B Other g Otherplankeon I X7 57 DOCHOFEH OIS B, 747
100 — VHDOSCCEDFF OFEMIZAE ) B2 KL T % T hE
P WD d 2. Tz, SUNAOHNNIZ D TIL 40 H AL O H
sg ¥ V2 1R BE R VT 4 5 B 3-4% LN AT L T B
SE 60 2, CNEREELRMEEMTH LA AT HO S NAEO B
2, m A X2 T OEEEM L% R 5D Oithona
£< (Han et al., 2009) D& NN % KBe L T s 2 ] Rt ¢
g 20 BB NI IFATINIONTH, HFHHEFINE
0 DEEMABA SN, FFEPOSEFIREICBV B I N
g g g § § g %‘ E % g g g AT VHEOSNBEOWME XM L72EE2 N5, &
SSTISIEISZES B, EBETAIIE SRR 125 mm B L0 A ¥ o
S S22 22222 FAT Y ONCHA120mm L DI & 7 F 4T kK

Figure 6. Composition of the prey zooplankton in the stomach
contents (percent number) of moon jellyfish Aurelia aurita
in Aki-nada. Numerals in parentheses beneath the x axis are
the bell diameter of the jellyfish.

LT &2, 4 AIRE125mm L ETH 5 ki
AZEOMEWIIB T 5 B0 E R LT FILEBIC
BALTELMARTH S LRBEEN TS (Takaietal,
2002b).
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L2L, AHTRLZ6HDEE125mm Ll EOMAED
0BC, OUNMHIZ, A5 120 mm DT OEDSPC, SUNfE &
WL T IR $ 5 2 &1 %o 72 (Fig 5¢,d). 1K
F125mmPlEoh ¥ 7 F4 7 I DMRICSKFEER» S OB A
HTho/z LTh, 6 HITREIHM LT BTt
FEOARBRICY AT h, ZEFRMARLLOETRES N
LAFEOMEIIB 2 BEOREFE T TITHEL TS
WHEVED D 5.

IREBIIBWT, S A7 ITDMNIEDFN, 75 o F
AT NFHOSPNIEL D) BEEDIRE NI LAVREN T
% (Shojietal., 2009). ARMOFMERTIX, HF¥ 7 FA4 T
DOEFENPLEFIIBIT AN 1 H G720 8L, 3
277750 b, EYoOFHRMEORE - EEPAN
BbLERM (#—rvF—"—=% 14 L4 :65C, "NEidsth
HOVHTOWIH O A Z KL TWa52%2mY) 13, I X
7 7 OEFEBRTIE, o) EzIi2Xhselc, sUNE
M5 HTEALT S ORAIEA, 2005). —T5, H &7 F
AT LOREEADPSEBADY = F—N—=F 4 23, H
PLbEHEm SN T 5 (Tanaka, 2006). H ¥ 7 F 47 i
HREZEAZHEIHDHDOD, I X7 545 L L THPN
EDOZFE R EEHIP % (Fig.5). INHLORFRIE, B
WEC B BRI RERIE RO LTh Yy 7514
TYNBEYTHo7Z L ERLTWVAS.

RS THREE S N7z Calanus )& (Lindsay et al., 1998), 47
BHHEZ B B A. omorii (Suzuki et al., 2008), JABEIZBIS
%7147 ¥ (Shojietal, 2009) DF3C, SUNE & AKH T
WE LA T VHDSC, NIHIFIFIZFRAKETH - 72
(Table 6). JEBETHREINTI X2 5% (Shojietal,
2009) D6"C, SUNE & AR THE L7z X7 77 Ds1C,
SUNME D FIZFIAKETH 572, RROBHICHITH I XY
ST ARERIL, BEDI X7 550 FIRENRLE R
B, 22 52 A AR B AT @ WF 22 45 & (Ishii and Tanaka, 2001;
Uye et al., 2003; Shoji et al., 2009) & F UL, # 4 7 HA
IXVGTOEERMENTHLZ L EMNTFLEERE
otz ZTOREREE»SHE LT, BEICBNTIXY T
FRROREEEEMEDST LN, B F T FA T L
EHERICHD. B, IXTITFOFENISH Y 2 FA
T IVINE RN ZE NIz, AP RSN o T F
72, IR IBENICBT A0 A 7 EIBIKRICHT 5
HEy7FATVIOMBEBOLD, REESICBITE N1
T VOB BN T B A F 7 FA T VIO AEED
WWEDHREL LZoTBY, IXT7ITFBPAIATVHELY
DAY FAT VI BIIHEL TV LHERE R - T
Wb, I X7 T OEMBOMIETIE, EKIVDH S A
A7 VHERFAIIER IO AL ) i w
ZEDIRIEEINTW D (Costello and Colin, 1994). F 7z,
HY T FA T NGRS A T Y ELBINDZ N
ERIRLTNES oz, I X757 L 0#EBHERIZ/N

EDoltEZbNA. ZO2O00ERIZLY, I AT
TOBMENTH Y 7547 MNFABRRWEENT, 257
FAT VIR A T VI D B ERWICH A S 7RI
Hol:bZ26N5. IAXAZITFOWEINYIFATY
DI OBHERD1DEEZOENLED, I X7 F5WA
Y FATUMFHRERHAETAZLICEY, ZORFEBREIC
T A REIIRNEEZ SN,

ARBIID B VD, AT NI TFBIR Y PV A VDR
ZWHEBRETHDL EWNESNI:, AT M2 57 (Uyeand
Sano, 1995; Kasuya et al., 2000), ¥~ MY AT WEH A T ¥
e BTELMELTHBY (Murakami, 1959; Nagasawa,
1987), ZORIEAERICIE, I A7 75 LRRICH Y 7 F
A D IFROBEBEE R DI EDRBEIN. T2, TH
25750, IXAVITFBIAT N SFOMAERTDH D
TREMEA B ERETRBEIN TS (E#EIEA, 1996 ;
Kinoshita et al., 2006). L 2>L, Z®D3FEEM 5B L
T, TH297, IAX725%7, 7257 MUEL
KEBETHD, THIITEIXTITRAIT V57
OBFRBREICHALE L LTIRE L 2Vl S 5.

KBE (Z8 - 2, 2002), B#E GRHE) CHRES
N7z~ A 7 DNEIEE, KFERRETIRES NI AT
¥ (Takaietal.,2007) LD dEWHE Lo TV T/,
RRHE (RIS TRE SN OSSN IZ A ERER
TIRE SN2~V (Takaietal, 2007) £ 0D HFEWEHT
Hotz. KB (ZE - 20, 2002), JAEE (Shojietal.,
2009), & (QUA - Fil, 2012 5 RHEHE) CTRESIL
hEoFAT Y DN D KRR (Takai et al.,, 2007)
THREINA Y 7FATVEN DB METH /2. B Y
7 F AT D6RC, SONMOIBLRHE DL, I R%
DC, NED T AR AR E Y E NI EEIRLT
W% (Tanakaetal., 2008). il (K oHh ¥ 754
7h, BEIMEBIIOATEA Y 2 FA T Y EREELT
oBC, SONMEASE o 7z, IRRDO AN ¥ 7 F 4 T v Ds"C
AR A L D b B EaNE, BRSO s ¥ 7 5
AT ERMTHEHAT VM, PlEE, HEEZE
ORBWET T 7 F TMAT, oPCHENEVTHE 7
M, WHE ZTBHEZEONRY P ALMELTHHLT
WL ZER—HERHBINTYS (FIH1EH, 2003). —
i, REBBRRERTIE, BYEoREE R ERDO
SSNAEAS A O A TEHE KR IH OSSN 2 S L TRs <, iR
FEIToOr XY ¥ KV A F Loliolus sumatrensis D5 N i
A, KFEHEOMAEWOEEHI VD XY@ 25 —HTH
5 LHEREIN TS (Takaietal, 2002a). BEEIZHAIT 5
ATy, BETFATY, PO INAEAE G M A8
XD d\EVERE LT, AMOEFIAREIEDS NAE % K
WL T A RENED S 5.

Bl CREINTZA T Y, KEAOmMmU Lo v o
FA T VIIKEEREL SR 5 L, ZRIEEED» S =K
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WG EMEOT N, A4 T YHEUSNOBADOKT (7
HAEA, 2003) WL TWA MRS S, —J;, a7
u, By NEARERAOmmKMON Y 7 FA T ERD
TRIEBETHD. WA T VHOGREREIEAI Y 7 FA4 T
OREREEIEOLE R PET S (Zenitani et al., 2011).
asvu, uRbhA T VHOKREEIC, TOfHARE
RIS SN DU MDD 5.

Ji 5% (Takaietal, 2002a), %= (FIF1Z4, 2003)
TRESINZY F 7+ 0s8CHIL, FPKE (TFNIED
2012), & (RS CTRESNLFFoF LKL T
RRE Mo T2 HEWE (Takai et al., 2002a) THRIE SN/
YurFoSNCIE, B R CREShu s
FEDIBNHITNYE D - 72, T2, DEW (Takaietal.,
2002b) TRES N7 Y DSCED, Bk (R
TRIEENT VLD EWEAEH 72, 50,
MO OMNEIZ L 50PCHD L, OB L O
PR O N2 UL LT B TR D 525, HmaS
T 512, BRI L. SHOFEICHEL 2w

AL NIRRT, e N IC X D h & 7 F 4T
VOMBEEHEELEEZLONTWARPKEIZBIT L5 F 74
(K, 1978 : EJEWIT DY, 2011) DHEFERE L, —RIHE
B D DR E LR A DAL CTEIET 5 (HEN
1A, 2012). AT E LY F 3L ENIEDL
(2012) LB LTREWVWH A A THo72720, ZRBEE
BEMEDT SN HLENEWRAEICI DAY 754
JYOEEZEEFEZOLNTWS Y F (Takasuka et al.,
2003), %75 (Shoji and Tanaka, 2005) & % F 7+ L[ L
SWIHB B TH o7z — N, <N OINiE - % 2002)
LS NAEWREICI DAY 7 FA TV ORREEEE R
LNTVEA, RWOKE,HIE, R ED S =K
BFHEMEDT SN < HND, FEHOMISH VR
FELREO1ID2E LTHALTWS (UK, 1958 &b -
i, 2012) TELRHELTWEOND Lk,

4 KT L DIFHERIL, I A2 F7XOHRHNITBAL, ZD
AR AT LT a (R, 1961). JABEEICEIT 2 A
REALIXT TTFOREERBE»SHWT 5 &, FHB#EIC
BWCIAZI7X3—RIHEE, 1KV A EKEERET
HbH. AKRKFAVBIZZSTOHWEETHS L) TH
(2003) DR ERBOERIILFHTLIOTH-72. &
B, FPEECTIEI A7 975 OKBEREBEEL D D 1 B
TThas YOI XS5 3A4 T VHEERELZV
KRB D DR D 5.

IR TTFOREEDPL L CHIEOBEICB T h Y Y
FATYOMARETFINE, H57FA4 T INFaDFERE
WAT VHEOGAEEDIP LD DLBREITFHUTRETDH S
(Zenitani et al., 2011), L2*L, AHOFERIEEII75 - 7 ¥
7T BRI AE LS, BEDCAHAICEYAY s
FATVBIOZOWEZRORE, MAREEHFID %5

A, BAE—

CIWEEGALWRENHLZEZRRLTVD. 7T
T I TEBREE LG GON Y 7 F A4 T UM
DI - EERANOEHERTET VOGS LETH LD
b LNz

E

(CF) BB KE DR X O R WA R &~ & — &
MR A A ERRRC, 8, I X797 0%
) YT Belnatka At A T
FEFTSIAAT & v & — OEEREK, WIEFKICE, %
ERMARGHTI S 2 Wiz72niz, () k&0 H
BRICIE, 74 7 YEOSH, #EINZ TV Ew7z,
(M) K BERS A e & o~ & — W) N DX K RE BF 28 T T D i
[LOHSAUA] OMEDTFIRME S IMEEO LR
%, FWFFERT AR B BRBE AR e IR AT 28 = 3 I EIG, Al
FHERIELC, HEFS5 IR, T OB 2 L Cwic7iwnrz.
PDEDORMICIZRW LTI ICHEEZETS. b, AW
IAKEEIT RELHE WA A B EHE - PIFHAT B X
DEMWKESMS#E T Y =7~ REZEIE ) #eE
WRIAOTFN - FIHBMOMTE [ 7 7 X HOKFEET
- FIEEAT OS] o—&RE LTIThh/.
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