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Vertical Distribution and Feeding Habits of Japanese Sandfish
(Arctoscopus japonicus) Larvae and Juveniles off Akita Prefecture in
the Sea of Japan

Ryota Komoto!®™* | Hironori Kupou! and Tetsuya TAKATSU?

Abstract: To better understand the bathymetric distribution and feeding habits of Japanese
sandfish (Arctoscopus japonicus) larvae and juveniles off Akita Prefecture, their abundance, diet,
and prey size distributions were investigated from February to May 2009. Larvae and juveniles
were distributed along the sea floor at temperatures of 7.3-12.2°C, and they ontogenetically shifted
from the coastal spawning ground (0.5-5m bottom depth) to offshore areas (bottom depth
>60 m). Juveniles were not found on the bottom at temperatures >13.2C. Newly hatched larvae
had a notochord length of ca. 12 mm and morphologically well-developed compared with other
marine fish larvae. Pelagic and demersal copepodites were dominant in the diet of 12-30 mm
long sandfish larvae, and mysids were dominant in the diet of >40 mm long juveniles. The mysid
Xenacanthomysis pseudomacropsis might be an important prey item for sandfish juveniles in their
nursery ground because it is larger than other pelagic and demersal crustacean prey, and it

co-occurs with sandfish juveniles.
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Fig. 1. Location of study area (left) and sampling sta-
tions, bottom depth contours, and bottom sediment types
off Kitaura, Akita Prefecture (right). Solid star, sledge net
sampling station; solid circle, otter trawl net (A-type) sam-
pling station; open circle, otter trawl net (B-type) sampling
station. R, bedrock (enclosed area with an oblique line); S,
sand; FS, fine sand; M, mud; SM, sandy mud.
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Fig. 2. The three types of sampling gear used in this
study.
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Fig. 3. Measurements of A. japonicus larvae and juveniles
(a) and various prey items (b). Notochord length (NL)
for preflexion and flexion larvae, standard length (SL) for
postflexion larvae and juveniles, and mouth width (MW)
and body depth (BD) for all larvae and juveniles. L, D and
W, body length depth and width; Dp and Du, prosome
and urosome depths; Lp and Lu, prosome and urosome
lengths; DDi, DRa and LIn, disk diameter, disk radius and
interval length between two lateral arms. Abbreviations
that are underlined indicate the second largest length
(SLL) of three-dimensional lengths.
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Table 1. Prey shapes and volume formulae defined in this study

Prey type Shape Formula
Balanidae (nauplius) pyramid V=1/3-L-W-D

(cypris) ellipsoid V=4/3 -7 L/2) - (D/2) - (W/2)
Mysidacea two cylinders V=r- Dp/2?% Lp+m - Du/2)? - Lu
Cumaceae ellipsoid + cylinder V=4/3 -7 - Lp/2) - Dp/2)*+ 7 - (Du/2)* - Lu
Gammaridea ellipsoid V=4/3 -7 - (L/2) - (D/2)?
Eupahusiacea (calyptopis) ellipsoid + cylinder V=4/3 -7 ALp/2) - Dp/2)* +7 - Du/2)* - Lu
Decapoda ellipsoid + cylinder V=4/3 -7 Lp/2) - Dp/2)?* + 7 - (Du/2)* - Lu
Myophiurida pentagonal prism V=5-S-D

S=4y (s - (sDRa)? - (s-LIn)), s=(2- DRa+LIn)/2

Fecal pellet ellipsoid V=4/3 -7 (L/2) - (D/2)*

See other formulae in Nishiyama and Hirano (1983) and Takatsu et al. (2007).

J& & Clausocalanus J& D 3 ~XEF A4 b 1-3HIzon
T, FEREOZERDSIARAFR CTH > 72720, [[—D 7 )V —
7" (Paracalanus and Clausocalanus spp. copepodites)
ELTHo7,
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& ZDMAE LRI TT, HEEOKY 4 X%
BTIROHEE LTze 72720 NS OCHRISFRER D 72 v
A O WTIE, 7z IZFHARRAL & 24 TiE s 5 7 4F
Z Fig. 3D &)1 TE#EL, Mz HEE L7z (Table 1),
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o 2EA D A4 ZIZonTl, Ui T2H 5 H
(Stn.2,3,4), 2H25H (Stn. 2,3,6) B & T2 5
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WESIN-BW T T > 7 b v Ok 4 XOBEMD S
72— EYER (Table2) (2& 0, MO »SHE
TC LR A X &7z, b, HALDSHEA TV
ENTRET & o 728 (SEAEED 9 50.09% )
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BAEY) | A O B BRI, X B EE TR RO = (%IRT)
X o THRHE L 720 31,

IRI; = (N%; + V%;) %X F%;

%IRI; = IRI; X 100 / X IRI
Thbo [THEMOBEIEE X, FHEMA 1ERS7-) 0
PIGEAE AR & P RFE TR L 72,

i (FHRE NL B L OfF#EAEE SL O#F5, BL) 1,
B2 5 VISR & 2 REOIU#E L ERE L C,
BIEEERETHE L/27T— 7 267 L7 LT 05k
W TREERZROERIZEIT L 72,

BL, = 1.036 X BL; +1.318 (n = 264, /* = 0.995)

Table 2. Regression formulae of prey shapes defined in
this study

Prey type

Copepoda copepodite
Clausocalanus spp.  Wp=0.396Lp (n=21, #=0.75)
Dp=0.357Lp (n=21, #=0.67)
Wp=0.377Lp (n=20, 7 =0.63)
Dp=0.271Lp (n=20, 7*=0.40)
Wp=0.381Lp (n=20, #=0.77)
Dp=0.490Lp (n=20, 7*=0.80)

Formula

Oithona atlantica
Oncaea spp.

Euphausiacea

calyptopis larva Dp=0.306Lp + 176.6 (n=45, ¥ =0.85)

Zooplankton samples for the measurements in mm were
collected with a sledge net.
See other formulae in Takatsu et al. (2007).
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Fig. 4. Vertical profiles of water temperature (C) and
density (number of individuals per 100 m®) of A. japonicus
larvae and juveniles collected with a sledge net along the
sea-bottom from February to March 2009 (a, 5 Feb.; b, 13
Feb.; ¢, 25 Feb.; d, 5 Mar.). Bedrock and sand areas are
indicated by oblique and dotted lines, respectively. Filtered
volumes of the sledge net were estimated from the rota-
tions of the flow meter and the mouth opening of the net
(0.50 m?).
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Fig. 5. Vertical profiles of water temperature (C) and den-
sity (number of individuals per 2,500 m?) of A. japonicus
larvae and juveniles collected with an otter trawl net
(A-type) at Stations 7-10 and an otter trawl net (B-type) at
Stations 11-13 from March to April 2009 (a, 25 Mar.; b, 13
Apr.; ¢, 17 Apr.; d, 28 Apr.). Catch efficiencies of the two
trawl nets were assumed to be 1. X, no catch.
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Fig. 6. Vertical profiles of water temperature (C) and den-
sity (number of individuals per 2,500 m?) of A. japonicus
larvae and juveniles collected with an otter trawl net
(A-type) at Stations 7—10 and an otter trawl net (B-type)
at Stations 11-13 in May 2009 (a, 7 May; b, 21 May; c,
27 May). Catch efficiencies of the two trawl nets were
assumed to be 1. X, no catch.
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A (14.4%), "VosoF 2 ZAH 3R TH (25%), T
SH1R3H (24%) THo7zo HREOMIZD B
HH 28 2HE (1.9%), £EM (1.2%), —HHM (0.8%)
LIHELTBY, RWFFETIH46HOE % FE L 720

INTONTAFHEROZEFRILZ2H5HIZIE Stn. 1T
75%, Stn. 3T30%, Stn.4T15%TH V), FRAIIZHEN
2 i THEA o 72 (Table3)s 2H25H & 3H 5 HIZ
ZEEBIZINZNRE R, DRI ZEEEEIIRD
NG o72 2HS5H® Stn. 1TIENNVINT F 7 R
Ha K& A N OEEEE S B E 2 - 72 (F% =25,
N%=23.8, V%=44.7) . ¥ 7= 1 lE{A T30 D HEEH D
99 (F%=5, N%=71.4, V%=16.4) ZIHEL T/
R K OmEEI 2 vHH (F%=5 N%=24,
V%=224) #ELTCWFfad v, Stn.3TIE
T RXAHINKEY A b OFEERES L REEETE
¢ (F%=60, N%=44.8, V%=49.9), RHHED LM
WRREEI A Z R L7z (F%=30, N%=10.5, V%=34.8)
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Fig. 7. Growth of A. japonicus larvae and juveniles col-
lected off Kitaura from February to May 2009. Error bars
show standard deviations. The formula for the growth line
from 13 February to 27 May is BL (mm) = 0.293 X D (day)
+8.44 (¥ =0.994, n = 10, P< 0.001) .
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Stn.4TiX, 7VVKRE /) — T AGEFRED S
W BUEEE & A EEA 2R L (F%=70, N%=40.7,
V%=25.7), 17 XAH IR A LW D EWER
#a&ERLT (F%=55N%=19.8, V%=40.2),

2H25H 725 4 H17H £ CToOMM, 3H25H % BRw
THIRAHIANRESY A MIEFEEE T50% % 8 2
HEELEAEY?Z o7 (2H25H  F%=75, N%=232.9,
V%=80.9; 3H5H : F%=85, N%=48.3, V%=73.7; 4
H13H : F%=100, N%=36.4, V%=65.4; 4 A 17 H
F%=95, N%=61.0, V%=52.0 ; Tables 3,4), 3 H25H
O HBUHE L EABEAETHIXABIRRS A b
DEEED - 72D (F%=90, N%=76.0, V%=16.0),
ARKYA LD LKA T I B Acanthomysis
nakazatoi (F%=10,N%=0.5, V% =44.3) & f58 (FEA 5
F%=10,N%=0.5, V%=23.2) DIFEDNFRD L7270,
IRREA N OEREEEIIME o720 4 H28H LIS
RA2THE T, I XAHIANKT A MIHBBHE &
BRBEE & b B o 72 2MAEEIA T (4528
H : F%=100, N%=32.7, V%=16.9; 5 H 7 H : F%=100,
N%=48.1, V%=3.4; 5 H 21 H : F%=95 N%=82.0,
V%=25.8; 5H27H : F%=85 N%=51.5 V%=1.8), 7 3
H2MREE A THMICES WEIG 2 Ho 72 (4 H28H :
F%=50, N%=0.7, V%=32.5, [fl5E W FE7Z - 72 ik X &
C A. nakazatoi; 5H 7 H : F%=95, N%=3.1, V%=91.9; 5
H21H : F%=20, N%=1.6, V%=68.1; 5 H27H : F%=95,
N%=37.1, V%=95.0; 5SH U IZ&ETa7Te s <73
Xenacanthomysis pseudomacropsis) o * 72 4 A28 H 121
+*73IH (F%=30,N%=83,V%=26) %7 XAH
X7 IHEBEIRSEREEEELZR L, 7T IHEE
5 L 72 AR 264 2 < B A L Cu e,

Db X9, FELRMAYZ, ZEENIKDL2-
722 AORBIBEFY)OMEERVCT4AFHE T
BT XARBANRYA MAECEISEE 5O, 4HTH
DB L ) KRBT I HOBRRBEED S o120 &
FEHZBEECT, HELTWAT IHD) HI1.3%IF
SHUBEICEICHEL W za7e s <73 ThHD
BTz, 72, SHEEAYOEY A ZHEIZ L -
THESE L 72, NINIAFHERPEE L2 7 e r N~
73 VEEOFRREL, 247 VETEEHEL TV
Paracalanus parvus D190F%5, Calanus J&ED 7 — 9 i & HE
ES NI oM, FEEGIERG D OO HHHHE A
BWIEE LT, IAT7VEF U ABERIFOA
FNAAH, HATVE =T ) v A%, WREEONN
HHY, NINFFHEAIZEICHREZHAEL T,

BRERADOEENMDIENEZEIEE (%IRI)
FE299mm FTHOLODOEHETIE, HIXAHa
NRTA S 60%LL 1% 57 (Fig.8). 4K520.0-

299mm D2 ODEMTIIHA T VEH ) —T ) 7 AN
18-22%% 5, MMOEREREH LD AT EWEE
RL720 TXRTOREHFTHEN RO N AT
VHX 7 a7 ZAH Oithona J§ 3K 5 4 MIMEE30.0-
349 mm DR T28% % Ho, HENESWEEZRL
720 AAE30mm LLETIE N I X AHIRES A b+ DH)
BEDRAVART T2 LHECT I BOEET ST D,
40 mm LU E OB TIE50% % B 2 72 (52.1-84.1%) o
HILENED D) bEmwEEE Ho/zh 72 AHa
NARYTA MICBELT, 8EEILIC%IRI 2K 5
& (Fig.9), Paracalanus parvus & Clausocalanus J&
DANKY A MEITXTOREHATHEIRDO S
n, 5£10.9-24.9 mm @ 3 DO TIX Paracalanus
parvus 1384% L. I % 5, & 52 Clausocalanus &
EMBEOINKY A P1-382iNz 5 EZOHE
IR LEx 57, Z1s 2 EDEAI3AE2 mm L
FTIHET L Th6%LLT & 7% o 72 Pseudocalanus J&
FAE25 mm PLED 5 DO T41-68% % K72,
F 72, Calanus 1& B & UF Metridia pacifica 131K £40.0
—44.9 mm OB TENLEFN0S5% E31%% 5D, hE
45.0-47.1 mm TIZZNEN3.7% &£ 8.7%\ 28NN L 720

BEMDRRAIGEEY 1 X

WA AW O R A X1, 3WILHIIC
WMok 2FHICEVWES KN EZIT 2729
(Pearre 1980), /& N ZAFHEMA DS L T 7z 4
WoKESED 2FHICEVWRES LFfEAOKEDH
REME L7 (Fig. 10). A&26.5mm F TIEEFY 1
ZHPHIE IR &2 L $0.05-0.47 mm % 7R L 7275,
COERELZBZ THIWIZKREO 7 IS H T X A
H Calanus J&, 22TV HHEZHAETL L)%
B &Y A P 120.08-1.53 mm (2L K L 72e —
H, NINFEHEBOLE, FE SR ok
(109 mm NL) 0.6 mm, #HADMEAE (47.1 mm SL)
T45mm TH Y, BHELLHEYORI Y L FIZT
SREL, EAYIZAKE265mm PUF CHED1.9-
70.6%OF M, L) KEOMFHEM TL5-881%%
RL, WAV A X0 2HHEL TWiz,

BRI S BEEME L AR/ ASHEOE1L

HHA O 1EAEY ) O BAFEAEE & KEICD
W, REBHIT EIZTFHEZ RS T, BIHHRE
e L7z (Fig. 11). ¥ 3% 8 8 fll /& % < 1310.9-
14.9 mm BL @ 6.4 & /{1 £ 75> 5 25.0-29.9 mm ¢>88.9
TR/ F Tl L 7274, 35.0-39.9 mm 993 .81 &
JHEF TIEEAEELES, 7 IHOREE A
L 7246840 mm LLE®D 2 DO R Tl17.1-23.918
/M TIRT L7z HALE N o PR R I,
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Table 3. Percent frequency of occurrence (F%), percent by number (N%) and percent by volume (V%) of food items in
digestive tracts of A. japonicus larvae and juveniles collected off Kitaura from February to March 2009

5 February 25 February 5 March
Station (depth) Stn. 1 (2 m) Stn. 3 (9 m) Stn. 4 (13 m) Stn. 1 (3 m) Stn. 4 (16 m)

Food organism F% N% V% F% N% V% F% N% V% F% N% V% F% N% V%
Centrales

Coscinodiscus spp. 0o 0 0 5 1.0 <0.1 0o 0 0 0O O O 15 20 18
GASTROPODA (larva) 0o 0 0 0o 0 0 5 06 02 0O 0 O 20 33 06
BIVALVIA (larva) 0 0 0 30200 54 30 250 59 5 02 <01 45 99 6.7
POLYCHAETA (larva) 0o 0 0 5 10 16 20 23 37 0o 0 0 0 0 0
CRUSTACEA
Cladocera

FEvadne nordmanni 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Copepoda (copepodite)

Calanoida (total) 0 0 0 60448 499 55 19.8 40.2 75 329 809 85 48.3 73.7
Calanus pacificus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Calanus sinicus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Calanus spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Neocalanus spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Calocalanus styliremis 0 0 0 5 1.0 04 0 0 0 0 0 0 0 0 0
Candacia bipinnata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Centropages abdominalis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Clausocalanus spp. 0 0 0 20 38 25 10 52 63 0 0 0 15 27 3.0
Pseudocalanus minutus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pseudocalanus newmani 0 0 0 0 0 0 0 0 0 0 0 0 10 13 4.1
Pseudocalanus spp. 0 0 0 0 0 0 0 0 0 0 0 0 5 0.7 28
Metridia pacifica 0o 0 0 0o 0 0 5 06 7.0 0 0 0 0o 0 0
Paracalanus parvus 0 0 0 55371450 50 12.2 254 75 329 809 60 37.8 61.6
Paracalanus and Clausocalanus spp. 0O O 0 15 29 20 15 17 15 o 0 O 15 20 14
Unidentified Calanoida 0o 0 0 0o 0 0 0o 0 0 0O 0 O 30 40 09

Cyclopoida (total) 0O 0 O 10 19 04 0 O O 50180 79 70 21.2 88
Oithona atlantica 0 0 0 0 0 0 0 0 0 5 02 01 15 20 17
Oithona similis 0O O O 10 19 o04 0 O O 50178 78 65192 71

Harpacticoida (total) 25 23.8 447 20 86 12 0O O O 9 83 78 0o 0 0
Clytemnestra rostrata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Halectinosoma sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Microsetella norvegica 0 0 0 0 0 0 0 0 0 15 06 04 0 0 0
Microsetella rosea 0 0 0 0 0 0 0 0 0 5 0.2 <0.1 0 0 0
Microsetella spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Harpacticus spp. 20 12 295 0 0 0 0 0 0 5 02 <0.1 0o 0 0
Tigriopus spp. 0o 0 0 0o 0 0 0 0 0 45 22 35 0 0 0
Zaus sp. 20 119 15.2 0o 0 0 0 0 0 75 49 3.0 0 0 0
Unidentified Harpacticoida 0O 0 O 20 86 12 0o 0 0 5 03 08 0 0 0

Poecilostomatoida (total) 5 24165 10 29 33 25 47 31 15 05 02 15 20 0.8
Corycaeus affinis 5 24 165 5 1.0 29 0 0 0 0 0 0 0 0 0
Oncaea spp. 0o 0 0 5 19 04 25 47 31 15 05 02 15 20 08

10.9-14.9 mm ¢0.08 mm?3/{¥ £ 2> 5 45.0-47.1 mm @
402 mm?/HERFETHREL & HITHRL Twi,

hE /A ERE, HE349Imm DT OB THlE &
ELICAHBEICHEIML 722, 35 mm DO T
ML 7% Ao 72 (Williams 12 X 283257 v—7
M DOZEILE 5 34.9 mm LLTF ORI, 4T P<0.05;
35 mm L OB, 47T P>0.05),

NI NTIFREB O BHNEW I, Db b46

FEDEWAFED 51 (Tables 3-5), MDEL AT
& 5~ % T Gadus macrocephalus (307%, Takatsu et
al. 1995), A% b7 ¥ F Theragra chalcogramma (11
fii DLk, Nishiyama and Hirano 1983 ; 27 ff, &
5 1992), v T X4 Paralichthys olivaceus (237%, M
5 2006 ; 20ff, Takeno et al. 2008), ~ I H L 1
Pseudopleuronectes yokohamae (165E, il & 2000),

4 > #' VL 1 Platichthys bicoloratus (167%1L ., Takatsu
et al. 2007) FOFHERICETERR AW L H L
LCWze LI NIHFHERDOEEYIX, TN
B - KA (78, A2101991) L HEEL THHE L
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Table 3. Cont.
5 February 25 February 5 March
Station (depth) Stn. 1 (2 m) Stn.3Om) Stn.4 13m) Stn. 1 3m) Stn. 4 (16 m)

Food organism F% N%o V% F% N% V% F¥% N% V% F% N% V% F% N% V%
Copepoda (nauplius ;total) 0 0 0 0 o0 0 35 46 1.7

Pseudocalanus spp. 0 0 25 33 16

Paracalanus and Clausocalanus spp. 10 1.3 0.1

Oithona sp. o 0 o0

Corycaeus sp.
Balanomorpha (larva; total) 20 86 3 70 40.7 25 02 1

Balanidae (nauplius) 20 86 3 70 40.7 25

Balanidae (cypris)
Mysidacea (total)

Acanthomysis nakazatoi

Neomysis spinosa

Xenacanthomysis pseudomacropsis

Unidentified Mysidacea
Cumacea (total)

Bodotria sp.

Diastylis alaskensis

Unidentified Cumacea
Gammaridea (total)

Pontogeneia sp.

Pontogenediae

Synchelidium sp.

Parapleustes sp.

Melitidae

Unidentified Gammaridea
Euphausiacea (total)

Euphausiacea (calyptopis larva)

Euphausiacea (furcilia larva)
Decapoda (total)

Caridae (zoea)

Anomura (zoea)

NI

DN DN

SO DO O DD UNOD D OO DO UNUTD DD ODDODODODDODDODODODODODODOoOCcOCOC O

I OO OO O O R OO OO OO OO OO O R RO

(=]

C OO0 00O OHOOOOOOOOOOOOoO0OO0OO0OCOOoCOOoOhMohMooc oo o

1

— =
R NI i I LI S R I W I I W S e B e B W B e B e B e B o S e R e B e )

o
I O 0 0O 0 OO0 0O UNNUNOOOOODODOODOODOODOODOOOODOO

I OO MO N OO OO OO OO OO0 ORROOODOO D
I OO W O WO OO OO0 OCOoONNocooco O

0
0
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
9
0
0
0
0
0
0

SR =R=ReReReRoNoNole oo le oo NN Ro e leleleNe oo RN e el el e R ol o)
[ RN Rl Rl el i N e R e N e I I I i ol e i e B W e B e R o B S S B B = Nt e N el Rl
R =R R Nl Nl el i N e R = I N = I I I e il el = i B = R B e N e B e S e W e S o o B B e Rl
0 0 D D 00O OO0 ONNCcoo O
C 0 00 00O N OO0 0000000000000 UOUOODOO
RN NNl el S WS Bl e i N i I R W S W R e B o S B W B o R = )

CRUSTACEA (egg) 714 16 35401 1 25 40 0
Myophiurida
Appendicularia (total) 30 10.5 34 40 7.0 21
Fritillaria sp.
Oikopleura sp. 30 10.5 34 40 7.0 21
PISCES
Fecal pellet
Unidentified food 1 25 3
Number of fish examined 20 20 20 20 20
Number of empty digestive tracts 15 6 3 1 1
Mean and SD* number of food organisms 21+£76 53+5.0 8.6+8.6 32.0£33.0 7.6+5.4
Mean and SD* SL (mm) of fish examined ~ 12.6=0.90 13.6+1.07 14.3+1.06 15.0+1.52 17.1+1.73
Range of SL (min - max., mm) 10.9-14.4 11.1-15.2 125-16.9 12.3-18.3 14.3-20.2
Percentage of developmental stages (%)**  75,25,0,0 35,65,0,0 20,75,5,0 20,65,15,0 5,15,80,0

3 . .
Standard deviation.
sk . . . . .
Preflexion, flexion, postflexion and juvenile.

EREIZD Tz o Tz, B D N7 N7 (TR,

FIIE 0 L C1.5-88.1% & KW ERAE O 1 X & Il &
LTWw/izZ ehs, FEZITTIER YA XIZOonT
LIAHPHOEEZFIHT A EPHShE ol NY
NIHHEREIHA T VIR A MR T IFEL S
WET 2 LR, o KAFEOITHEAIZE TR
TEHEHAMEYZHAELTBY, ZOMAEWEOIED
JEEH, RWZEEH = (Tables 3-5) & 7o CTENLTW
L2HbDEEZLND,

ING NTAFBIIWEALE 4 2> & /NEL D Paracalanus
parvus WL ETENA T VHARRY A MR E
fr & L (Table 3; Fig. 8), 299mmBL ¥ T (X & £#
TH5aAXEKEYA boEEEEENSE (Fig 11),
26.5mmBL DLETIE A 9 X AHOH TG IR
® Calanus 1&=° Metridia pacifica D137, 7 I HRLHF
F7IHFELXEMT L L) 1% o7 (Fig.10), &5
1Z40mmBL DL ECT7 I FxEREETHTEHLH
L% o7z (Fig.8). % O, WLERIZH
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Table 4. Percent frequency of occurrence (F%), percent by number (N%) and percent by volume (V%) of food items in
digestive tracts of A. japonicus larvae and juveniles collected off Kitaura from March to April 2009

25 March 13 April 17 April 28 April
Station (depth) Stn. 7 (11 m) Stn. 9 (41 m) Stn. 8 (19 m) Stn. 9 (40 m)
Food organism Fo N% V% F% N» V% F% N% V% Fo N% V%
Centrales
Coscinodiscus spp. 0 0 0 0 0 0 0 0 0 0 0 0
GASTROPODA (larva) 0 0 0 0 0 0 0 0 0 5 <0.1 <0.1
BIVALVIA (larva) 0 0 0 5 <0.1 <0.1 0 0 0 10 0.2 0.1
POLYCHAETA (larva) 20 1.2 05 35 05 1.0 15 03 05 20 04 03
CRUSTACEA
Cladocera
Evadne nordmanni 0 0 0 0 0 0 5 <0.1 <0.1 25 4.0 6.1
Copepoda (copepodite)

Calanoida (total) 90 76.0 16.0 100 364 65.4 95 61.0 52.0 100 32.7 16.9
Calanus pacificus 0 0 0 0 0 0 0 0 0 0 0 0
Calanus sinicus 5 02 18 5 02 49 0 0 0 0 0 0
Calanus spp. 0 0 0 0 0 0 10 01 0.5 0 0 0
Neocalanus spp. 0 0 0 10 0.2 10.6 0 0 0 5 <01 0.2
Calocalanus styliremis 0 0 0 0 0 0 0 0 0 0 0 0
Candacia bipinnata 0 0 0 0 0 0 5 <01 21 0 0 0
Centropages abdominalis 0 0 0 10 <0.1 0.5 10 03 0.2 10 02 03
Clausocalanus spp. 15 14 02 30 03 03 90 7.7 45 95 47 15
Pseudocalanus minutus 5 02 03 10 <0.1 0.5 10 02 0.2 10 02 03
Pseudocalanus newmani 25 50 09 85 11.6 30.4 95 36.3 37.8 55 99 69
Pseudocalanus spp. 0 0 0 0 0 0 0 0 0 10 06 03
Metridia pacifica 0 0 0 0 0 0 10 02 09 15 07 25
Paracalanus parvus 80 674 12.8 90 94 124 60 15 1.3 95 51 25
Paracalanus and Clausocalanus spp. 25 1.7 <01 100 145 5.7 90 10.2 29 90 99 21
Unidentified Calanoida 0 0 0 15 02 02 95 45 16 40 14 03

Cyclopoida (total) 45 95 0.9 65 19 06 100 11.8 54 100 384 115
Oithona atlantica 25 38 05 5 <0.1 <0.1 90 76 43 95 28.0 9.7
Oithona similis 40 57 04 65 18 06 8% 42 1.2 100 104 1.8

Harpacticoida (total) 35 21 09 20 0.2 03 10 0.1 <0.1 8 6.7 06
Clytemnestra rostrata 0 0 0 0 0 0 0 0 0 5 <0.1 <0.1
Halectinosoma sp. 0 0 0 5 <0.1 <0.1 0 0 0 0 0 0
Microsetella norvegica 10 05 <0.1 0 0 0 5 <01 <0.1 65 34 0.2
Microsetella rosea 5 02 <01 0 0 0 0 0 0 65 15 02
Microsetella spp. 0 0 0 0 0 0 0 0 0 5 03 <01
Harpacticus spp. 15 10 06 15 01 03 0 0 0 5 <0.1 <0.1
Tigriopus spp. 0 0 0 0 0 0 0 0 0 0 0 0
Zaus sp. 0 0 0 5 <0.1 <0.1 0 0 0 0 0 0
Unidentified Harpacticoida 5 05 02 0 0 0 5 <0.1 <0.1 60 14 02

Poecilostomatoida (total) 35 33 05 50 0.7 1.0 80 33 27 85 4.0 1.1
Corycaeus affinis 5 02 02 35 05 09 75 31 26 65 14 0.7
Oncaea spp. 35 31 03 20 03 0.1 15 02 <0.1 8 26 05

ATVHE ) —T) T AMEERHEL, ZOBRIAT
VHOORY A MBI, 7 IMESEICRIET Ll
W%\ (P 1980) 0 —H, NF T IZIRSHERAY R
EITH Y (Okiyama 1990), i ffiZ#~TILERHIC
SEEAHEAFZIREETHALL (2 5 HOKE2m Hisi
O¥IHHEFRE, 126 mm), PALEEICEEICI8AN21F
SER LT b (Morioka 2005), = D7z L% 2 H
H2 O\ Ccx (thi 1983), BN T5T25 L9
27 o 2R R CIIE WIS e T3 5 (B b#25H,

18.9 mm BL Fii#%, Morioka 2005). it > CTAMDIF£
WEHATVHHANRKRT A N EEREBEH L5, g

FEHIEIZ D ) NEREDFIHT A2 LT, BB
OB CEEEIE o TnbeEZ 6N, L
L, i Fa OB EDR 5% Ero722A 5 HD
Stn. 1 TZEHEDT5% & @ o 2 HRIZOWTE, F
O OERRTI R B RE MR o 72720 D, TREE
R DA B FEDSHIX VAR D2 o 72 72D B & 0 T
E 72\,

PG RE TIL19844E 5 HIZHRE S Loy Ny
MBOHNEYH»TALNTEY, & (UFTL &
F50) 29-42 mm OfEIRD F 2 fH 1 Paracalanus 5
& Centropages & x £ & 55715 2 AHB LU Evadne
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Table 4. Cont.
25 March 13 April 17 April 28 April
Station (depth) Stn. 7 (11 m) Stn. 9 (41 m) Stn. 8 (19 m) Stn. 9 (40 m)
Food organism F% N% V% F% N% V% Y% N% V% F% N% V%
Copepoda (nauplius ;total) 25 45 0.1 90 59.0 6.1 40 23 0.1 10 01 <0.1
Pseudocalanus spp. 10 0.7 <0.1 45 1.7 05 10 0.2 <0.1 0 0 0
Paracalanus and Clausocalanus spp. 25 3.8 <01 90 572 5.7 40 2.0 0.1 10 0.1 <0.1
Oithona sp. 0 0 0 0 0 0 5 <0.1 <0.1 0 0 0
Corycaeus sp. 0 0 0 0 0 0 5 <0.1 <0.1 0 0 0
Balanomorpha (larva; total) 5 02 02 5 <0.1 <0.1 10 0.1 <0.1 5 <0.1 <0.1
Balanidae (nauplius) 0 0 0 5 <0.1 <0.1 10 0.1 <0.1 0 0 0
Balanidae (cypris) 5 02 02 0 0 0 0 0 0 5 <0.1 <0.1
Mysidacea (total) 10 05 44.3 20 02 213 20 04 34.0 50 0.7 325
Acanthomysis nakazatoi 10 05 443 0 0 0 0 0 0 15 03 175
Neomysis spinosa 0 0 0 10 <0.1 34 0 0 0 0 0 0
Xenacanthomysis pseudomacropsis 0 0 0 0 0 0 20 04 340 0 0 0
Unidentified Mysidacea 0 0 0 10 0.1 179 0 0 0 35 04 150
Cumacea (total) 0 0 0 10 0.1 35 0 0 0 0 0 0
Bodotria sp. 0 0 0 5 <01 3.0 0 0 0 0 0 0
Diastylis alaskensis 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified Cumacea 0 0 0 5 <0.1 0.5 0 0 0 0 0 0
Gammaridea (total) 0 0 0 5 <0.1 05 5 <01 1.9 5 <0.1 <0.1
Pontogeneia sp. 0 0 0 0 0 0 0 0 0 0 0 0
Pontogenediae 0 0 0 0 0 0 0 0 0 0 0 0
Synchelidium sp. 0 0 0 0 0 0 0 0 0 0 0 0
Parapleustes sp. 0 0 0 0 0 0 5 <01 1.9 0 0 0
Melitidae 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified Gammaridea 0 0 0 5 <0.1 0.5 0 0 0 5 <0.1 <0.1
Euphausiacea (total) 5 02 <01 0 0 0 0 0 0 30 83 26.0
Euphausiacea (calyptopis larva) 5 0.2 <0.1 0 0 0 0 0 0 30 51 7.7
Euphausiacea (furcilia larva) 0 0 0 0 0 0 0 0 0 25 33 183
Decapoda (total) 5 10 132 5 <01 0.1 5 <01 05 5 02 46
Caridae (zoea) 0 0 0 0 0 0 5 <0.1 0.5 5 <0.1 25
Anomura (zoea) 5 1.0 13.2 5 <0.1 0.1 0 0 0 5 01 21
CRUSTACEA (egg) 0 0 0 100 0.8 <0.1 100 19.2 03 100 4.1 <0.1
Myophiurida 0 0 0 0 0 0 0 0 0 15 0.2 <0.1
Appendicularia (total) 20 1.0 03 0 0 0 40 12 24 0 0 0
Fritillaria sp. 0 0 0 0 0 0 0 0 0 0 0 0
Oikopleura sp. 20 1.0 03 0 0 0 40 12 24 0 0 0
PISCES 10 05 23.2 0 0 0 0 0 0 0 0 0
Fecal pellet 0 0 0 0 0 0 0 0 0 0 0 0
Unidentified food 0 0 - 5 <0.1 - 0 0 - 0 0 -
Number of fish examined 20 20 20 20
Number of empty digestive tracts 0 0 0 0
Mean and SD* number of food organisms 21.0+30.2 121.2+68.7 78.2+279 91.2+66.5
Mean and SD* SL(mm) of fish examined 24.0+2.65 30.2+3.92 29.7+2.98 32.4+2.15
Range of SL (min - max., mm) 19.4-29.6 24.7-38.3 25.0-354 29.0 - 38.7
Percentage of developmental stages (%)** 0,0,100,0 0,0,65,35 0,0,60,40 0,0,5,95

*Standard deviation.
**Preflexion, flexion, postflexion and juvenile.

B ELTHHMEATD - 7 (Zeht 1984) o #2111 (1991)
(X, 19884 4 H T4 5 5 H EAIZALHIR DK 5
-10m THEL MM ZHA L, 33-41 mm TL O
RCIIBf3E Podon &8 X O Evadne J& &, A7
$H Centropages J&, Acartia J&, Paracalanus J&7HSE%
L oTBY, TIHLEROONL I L EH
HLTWD, T/, KR (2002a) &, £)lFEFEE Y
BIRRICRRE L 2 E TR ICBWT2H T2
AR, LS HEDO N NT %, HEIFERAIC

AT HRBEER TS 27 b OAEREEL T50H
MEAEL, TOHNEWEREEOBBREHRN, 20
KR, NINFIESLEIHBH2OEELZHGL, 4
H A F TlaAi A% Podon J& & Centropages J& 7% T &
TAENAT VEIECEASE YD, 27mmTL MLE&
o7z 3ATHUREICIE, 37 IFREZEROL)
AEPEREERIIE N D OOEREILFETHVEG 2R
L7222 LT b, RIFFETIE, #EICEEL
fif & S N72A M H Podon ESEL RO LN D572
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Table 5. Percent frequency of occurrence (F%), percent by number (N%) and percent by volume (V%) of food items in
digestive tracts of A. japonicus larvae and juveniles collected off Kitaura in May 2009

7 May 21 May 27 May
Station (depth) Stn. 9 (40 m) Stn. 10 (59 m) Stn. 10 (57 m)
Food organism F% N% V% F% N% V% F% N% V%
Centrales
Coscinodiscus spp. 0 0 0 0 0 0 0 0 0
GASTROPODA (larva) 10 <01 <0.1 5 03 <01 0 0 0
BIVALVIA (larva) 0 0 0 0 0 0 0 0 0
POLYCHAETA (larva) 80 3.7 0.3 15 1.3 0.3 0 0 0
CRUSTACEA
Cladocera
Evadne nordmanni 10 <0.1 <0.1 0 0 0 0 0 0
Copepoda (copepodite)

Calanoida (total) 100 481 3.4 95 82.0 2538 8 515 1.8
Calanus pacificus 10 0.1 0.3 30 3.0 13.3 5 0.2 <0.1
Calanus sinicus 0 0 0 0 0 0 0 0 0
Calanus spp. 0 0 0 0 0 0 5 02 <01
Neocalanus spp. 5 <0.1 <0.1 0 0 0 10 0.5 0.6
Calocalanus styliremis 0 0 0 0 0 0 0 0 0
Candacia bipinnata 0 0 0 5 0.3 2.0 0 0 0
Centropages abdominalis 0 0 0 0 0 0 0 0 0
Clausocalanus spp. 100 9.1 0.6 80  23.1 2.3 50 6.3 <01
Pseudocalanus minutus 5 <01 <01 0 0 0 0 0 0
Pseudocalanus newmani 100 15.5 1.2 95 33.9 4.1 80 27.6 0.4
Pseudocalanus spp. 0 0 0 0 0 0 0 0 0
Metridia pacifica 20 0.3 0.2 15 0.8 2.6 50 4.2 0.6
Paracalanus parvus 75 2.1 0.2 45 3.8 0.6 45 6.1 <0.1
Paracalanus and Clausocalanus spp. 100 17.2 0.7 60 124 0.8 35 39 <01
Unidentified Calanoida 80 3.7 0.1 40 4.8 0.3 20 24 <0.1

Cyclopoida (total) 100 20.9 1.2 40 3.5 0.3 15 1.2 <0.1
Oithona atlantica 95 11.2 0.8 35 2.2 0.2 15 1.2 <0.1
Oithona similis 100 9.7 0.3 20 1.3 <0.1 0 0 0

Harpacticoida (total) 65 1.3 <0.1 40 3.2 0.1 20 1.0 <0.1
Clytemnestra rostrata 0 0 0 0 0 0 0 0 0
Halectinosoma sp. 0 0 0 0 0 0 0 0 0
Microsetella norvegica 5 <01 <01 15 08 <01 0 0 0
Microsetella rosea 60 1.1 <0.1 15 0.8 <0.1 0 0 0
Microsetella spp. 0 0 0 0 0 0 0 0 0
Harpacticus spp. 0 0 0 0 0 0 0 0 0
Tigriopus spp. 0 0 0 0 0 0 0 0 0
Zaus Sp. 0 0 0 5 03 <0.1 5 02 <01
Unidentified Harpacticoida 15 0.1 <0.1 20 1.3 <0.1 15 0.7 <0.1

Poecilostomatoida (total) 80 1.9 0.1 45 3.8 0.6 50 5.6 0.1
Corycaeus affinis 50 0.5 <0.1 25 1.6 0.3 50 5.1 <0.1
Oncaea spp. 65 14 <0.1 25 2.2 04 10 05 <01

T DT 5Tz (Tables 3-5), fFAEIAIZIZY
AT VAR A Mo, HEAICE 7 IFEEO LY
KIOFEFNE IR T L2 L 13— THTEh 0,
INFONFIIAGERIINC BN THA TV FHa Ry A
M7 IR OISR FE AN L L Tw
LWz b,

BRI E NG OFFEROKEE, FLER
2 535mmBL £ THEL LR Z#EETHAKL Tw
72 (Fig. 11)o K& L Wik D OBERIZOVW T}, <
% 4 Pagrus major (Kohno et al. 1983) %+ = #+ 2
¥ Inimicus japonicus (7 ¥ - ¥ H 1998), 27 ¥ X

Hexagrammos agrammus (¥ 5 2000) OfFHEMIZE
WC, KB KEEDSGE & AR HEITT 5
LT, RBIZLZBERNVET D EEZLNT VD,
ININFTIZBNTHTRCOBEEEPERIET LD
Z30mmBL IZ2 7 CTTH Y (R%EER), hKEmok
HEI33—33 5 2 &h b, FHED OHEMIIIT
THERDZHT T, 7IHEED L) KAEIOHELE
WMeaBCTELE)IChDEEZLNDL, NI NTI
MefaSiBRE L2 a7 e <7 3 LEEOEKFEIE, &
47 VI TS B L T\~ 72 Paracalanus parvus 190
%, Calanus JED 7T-9FITHL L, HLIKRE o7,
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Table 5. Cont.
7 May 21 May 27 May
Station (depth) Stn. 9 (40 m) Stn. 10 (59 m) Stn. 10 (57 m)
Food organism Fo N% V% Fo N% V% Fo N% V%
Copepoda (nauplius ;total) 5 <01 <01 0 0 0 0 0 0
Pseudocalanus spp. 0 0 0 0 0 0 0 0 0
Paracalanus and Clausocalanus spp. 5 <01 <01 0 0 0 0 0 0
Oithona sp. 0 0 0 0 0 0 0 0 0
Corycaeus sp. 0 0 0 0 0 0 0 0 0
Balanomorpha (larva; total) 0 0 0 0 0 0 0 0 0
Balanidae (nauplius) 0 0 0 0 0 0 0 0 0
Balanidae (cypris) 0 0 0 0 0 0 0 0 0
Mysidacea (total) 95 31 919 20 1.6 681 95 371 950
Acanthomysis nakazatoi 0 0 0 0 0 0 0 0 0
Neomysis spinosa 0 0 0 0 0 0 0 0 0
Xenacanthomysis pseudomacropsis 95 3.1 919 10 1.1 551 95 371 950
Unidentified Mysidacea 0 0 0 10 0.5 13.0 0 0 0
Cumacea (total) 5 <0.1 2.0 0 0 0 10 0.5 1.8
Bodotria sp. 0 0 0 0 0 0 0 0 0
Diastylis alaskensis 0 0 0 0 0 0 5 0.2 1.8
Unidentified Cumacea 5 <01 2.0 0 0 0 5 02 <0.1
Gammaridea (total) 5 <01 <01 0 0 0 45 2.9 1.2
Pontogeneia sp. 5 <01 <01 0 0 0 0 0 0
Pontogenediae 0 0 0 0 0 0 5 02 <0.1
Synchelidium sp. 0 0 0 0 0 0 5 0.2 0.5
Parapleustes sp. 0 0 0 0 0 0 0 0 0
Melitidae 0 0 0 0 0 0 40 2.4 0.6
Unidentified Gammaridea 0 0 0 0 0 0 0 0 0
Euphausiacea (total) 5 <01 <01 0 0 0 0 0 0
Euphausiacea (calyptopis larva) 5 <01 <01 0 0 0 0 0 0
Euphausiacea (furcilia larva) 0 0 0 0 0 0 0 0 0
Decapoda (total) 0 0 0 0 0 0 0 0 0
Caridae (zoea) 0 0 0 0 0 0 0 0 0
Anomura (zoea) 0 0 0 0 0 0 0 0 0
CRUSTACEA (egg) 100 10.7 <0.1 0 0 0 0 0 0
Myophiurida 0 0 0 0 0 0 0 0 0
Appendicularia (total) 80 6.1 0.7 35 3.8 4.7 5 02 <01
Fritillaria sp. 20 02 <01 0 0 0 0 0 0
Oikopleura sp. 80 5.9 0.7 35 3.8 4.7 5 02 <01
PISCES 0 0 0 0 0 0 0 0 0
Fecal pellet 10 3.9 0.2 0 0 0 0 0 0
Unidentified food 0 0 - 10 0.5 - 0 0 -
Number of fish examined 20 20 20
Number of empty digestive tracts 0 0 0
Mean and SD* number of food organisms 112.4+59.5 18.6+16.0 20.5+12.9
Mean and SD* SL(mm) of fish examined 35.9+2.80 41.2+291 429+3.14
Range of SL (min - max., mm) 31.9-44.7 36.2 -45.5 349-471
Percentage of developmental stages (%)™ * 0,0,0,100 0,0,0,100 0,0,0,100

*Standard deviation.
**Preflexion, flexion, postflexion and juvenile.

FEAIITERENICE WIRERE D 2 2, 7 IFFOKRHM
O ZE 52 T, WERZEZHS Lo2o 5%
EOMEHEISTEAZ D5 (Fig. 11), 7 IHFHiINy
INTHHEMIZE S TEELRTHDLEEZ LN D,
NI NFAL, AR EKE 5 m DR o S HEICTE
WENT-e N~y BBEREYO XX E T Coccophora
langsdorfii 2 Y ~ ¥ &7 Sargassum patens 7 & |2
PRL (B0l 1988), M b L 7-fFfidkiE e & 1ok
DPE VKIS ZEE) L7 (Figs.4-6)0 2ANS5HF

W2 B BAFHEF O 534 KT DKiRI37.3-12.2C T
HY, 5H21HD13.3C % /R" L7 Stn. 8% 5 H27TH D
13.2TC 7R L 72 Stn. 91213574 L % > » 72 (Fig. 6) o
FIE T ONT NG A TIII3C 2B 2 5 &M ED
ST L (FRI 2002b), 14T Db TR R 29
L (Tsukamoto et al. 1991), 14-15C CTHELT A K9
% (i1l 1985), fit> T, Z OEHHOEHT~OBE)I,
B—FMIC132C U LK ZE BT 7R TH L L&
ZHN5D,
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10.9- 15.0- 20.0- 25.0-0 30.0- 35.0- 40.0-0 450
149 199 249 209 349 3809 449 471

Body length (mm)

Fig. 8. Relative importance of prey by IRI% in the diet of
A. japonicus larvae and juveniles by body length group of
the fish. n, number of stomachs examined; [ll, Mysidacea;
B8, Calanoida (copepodite); B8, Harpacticoida (copepo-
dite); B8, Oithona spp.; 51, Poecilostomatoida (copepo-
dite); [, Copepoda (nauplius); EF, Appendicularia; &,
Balanidae (larva); B, BIVALVIA (larva); B3, PISCES; Y,
CRUSTACEA (egg); [], others.

100 1m

10.9- 15.0- 20.0- 25.0- 30.0- 35.0- 40.0- 45.0-
149 199 249 299 349 399 449 471

Body length (mm)

Fig. 9. Relative importance of calanoid copepods by IRI%
in the diet of A. japonicus larvae and juveniles by body
length group of the fish. I, Calanus spp.; B3, Paracalanus
parvus; B, Clausocalanus spp.; [, Paracalanus and
Clausocalanus spp.; [lll, Pseudocalanus spp.; B2, Metridia
pacifica;[], others.

FREHE IR BT BN N FHEAEDOGATIZ DN T
(&, il (1988) A319664E 7> 519684E 0 2 H F A5
3SH AT THEE L HFERE (5,10, 20m) DK
WERAELITV, oM 7KE20 m DUk o 7K
THbHIEWSNIT LT RO RA 219824 3
-5 HIZbITb N, FOBRWTRORMEKET
UAZNTRIF SN o7z (2 1984), T 7282
t (1987) 1X19864F 4 — 6 A 12, ARWFZE & IZIZFHE
DAy FZ—ra—NLty MEHOZREELITV, 2N

m)

SLL and MW (m

30 4I0 5:0
Body length (mm)
Fig. 10. Prey size (SLL in Fig. 3) distribution in the diet
of A. japonicus larvae and juveniles. The regression line
between mouth width and body length of A. japonicus
is shown, and the formula is MW (mm)=0.104 X SL—-
0.337 (#*=0.97, n=240, P<0.001). +, Mysidacea; <,
Gammaridea; A, Euphausiacea (furcilia larva); [,
Metridia pacifica; @, Calanus spp.; X, Pseudocalanus spp.;
©, Paracalanus parvus, —, CRUSTACEA (egg); O,
Oithona spp.; ], Copepoda (nauplius); £, Harpacticoida
(copepodite).

ﬁ

200 - - 80

]
(=]
)

-y
(=]
L

o
L

160 -

120

o
(=]
|

o
o
I

o
T
o
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Mean number of food organisms (O) BD/BL (%)
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o
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Fig. 11. Relationships between body length class and
percentage of body depth to body length (top) and mean
number and volume of food organisms (below) in guts of
A. japonicus larvae and juveniles. Error bars show stan-
dard deviations.

TN D ATO T 4 B TRIZKE 5m, 5H B
1216 m, H4J1238m, TFHIZ50m, 6 HH4JI21Z83 m
NERBITL, 4B HD214mmTL 225 6 H A @
46.8mmTL IZE L 722 L2 L TWw b, 19604
RALEFIZBT NI N5 EEEOmAH, 198041t
EHNICH 72, TR O R 2 1 R T289R%
DFED D B (19684, 20,223 k>, EFA 19705 19914,
70h >, EMKER 1993) . ARWFZENFENE S 41722009
EOWMER 32,648 b~ (BIRKES 2010) TEIED
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TN S ORPEEFEIZ S D, TER LI EFREDS
KELER DY, BoNT0hAKERCKEIL, 19604
R L 1980 DA R & B —F L7z, MifE
TONY NTFHEB OB DOV CIL, B - HH (1985)
AY19844F 5 — 8 H 12 HT I8 WS U ) 13T 11+ 2 C i Ml 12
Xy nsHEfAREL, 5H FA026.7mm TL %
5 TAIZIZ38.6 mm TLIZET 5 2 &, 7H FEIZIZK
#90-130 m T68-74 mm TL Offifk%, 8 H FAJIZIX
JK%E110-120 m 81 mm TL OEfAZ B L, T3
EREITH B LG L7z, 65T, 5H THLEDZE
WIKIENORENE, AR O X 9 1A BIZAEY) 2 7K
T ARBEZT TR, AR RE R KIRE A
BOWTHEEIE) BERBENBHICI>TELSL L
Zz b, OB AR AR, B
MR STH, BRMICEL L2V D EEZ BN,
MEADPEE L7 IHO) bRLEFHAESNT
WeaTe s 7 30E, BEMoNF NS FRER O
HEFRICEEREEZ R LT RErH 5, 7
AR T U, EFRISHEEDALO H AN R
WU E RN E 2 LCHILL (BB 1995), KR
BFEOEIITH 4 HEZIHO 72D KB I EE L2 T
WY 5. 4-5 B ICMRMEDEFERE2S 7-8mmBL T
BEH L 22501, 6-8 H 2 A1) TAKIFE200-250 m O
KEWFLOWEERICEE L, #HEICIEHI7mmBL &
7o CTEIED 720 R & AT I B % 3 %5 (Morioka
and Takahashi 1980). 3 A T2 5 5 H TAICEBIT S
TN T IWEOSATIIIN Y N TR S X
CHEPLTBY, NINFIEIHAT VIR A B
MO EFTH - FEICERT 2 375N~ 7 I44
WEE 2B § 5 2 & T, AR REEAS TR TH S,
iR, ZRREOATERIC e N~ & BIEELE
B L (21 1987), O HNZIZ/KE100 m fHE F T
WBEABLATRERL T, 7 I AL TE LWL
MNHIENS (FKHIE 1991, Fig.1), N¥ N5 DR
PRRATHEfL O A @ 2 BRBE S Ch B L\ 2 Do
—J, TIHOGMABEESLEIIFTELH L LB I
F5E b A& { (Morioka and Takahashi 1980 ; Ji Hi
1998), NI NZATHER ORFE SR b A B SE L
TWLH MDD 5o GHIE, NI NTHHADOHEN
B 2 EEBE D> TREL, A TEAEDD
D RAEMICHND 2 8T, RS S OBREE
(LD ARHEOWMIAAFRI AT THELHS L, A
HAENE UL RN ERERT LLEDNH L,

2 M

KRR IZ BT B N5 N T HHER O IRGERI 370 &
BEATREZ MR D 720, 20094 2 -5 HIZHFHEM D57

HERE & WA S L O 4 DM & A L 72 T
£ KIRT7.3-12.2C D JEIE 2546 L, 7K¥%E0.5-5m
DFETNI A & BRSS9 12 K60 m LLIEICHE) L 72,
T 7oMEfE, KIRI3.2C UL EDEBIZIE A L & o
720 NEZNY OIALHFAIETRESHI2Zmm H 1),
Mo FE A DTSR TIRE B L OTRRED S8 L
7B TR L L T 7zs KK 12-30 mm OO X
B B VIZEEMEDO T A T VEHIARKTA L
WEIEE D, 40mm PLETIZ7 IEIEL L2,
TATTNTT NI NFHEBORE S FEEAYIC
HHL L, MoistelEd 5 W IZEA O FREEICH AT
KEITHLZ LS, MEBOEELRBEYD—DOTH
HEEZ LT,

B
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e & BB D AT B & OB OERI L, SR AR
ERGT-RALE & R R AR ES = T ROL O Fe il B &7
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