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Age-structures and catch fluctuations of Arabesque greenling (Pleurogrammus
azonus) in the coastal area of southern Hokkaido, Japan.

Noboru HOSHINO*!, Takahiro TAKASHIMA*', Masamichi WATANOBE ** and
Takashi FUJIOKA **

We investigated the age-structures and catch fluctuations of Arabesque greenling (Pleurogrammus azonus) caught in
principal fisheries of the coastal area of southern Hokkaido in order to understand the resource dynamics. The age-
structures of the fish products from the south of Shiribeshi and coastal area around the Matsumae Peninsula included the
newly recruited (1-year old) and adult cohorts (2-years and above). In the coastal area around the Kameda Peninsula, fish
products consisted of immature fish that were 1-2- years old. The age-structure of the fish products from the Tsugaru Strait
had a higher proportion of older fish than those from other areas. The trend of catch fluctuation has been declining since the
1990s in the Matsumae Peninsula area, in contrast to the Shiribeshi area, although the rate of annual catch in both these
areas has changed in a similar pattern. The difference in the catch fluctuation trend between the Matsumae Peninsula and
Shiribeshi areas may have been due to the unusual recruitment of the 1991 -cohort because of a remarkable change in water
temperature during the spawning season after 1990.
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Map of study area in the southern Hokkaido. The
star symbols indicate the locations of sampling.
a,Syakotan; b,Kamoenai; ¢, Tomari; d,Iwanai; e,Suttsu;

f,Shimamaki; g,Setana-Kitahiyama; h, Taisei;

1, Kumaishi; j,Otobe-Esashi; k,Kaminokuni;
,Matsumae; m,Fukushima; n,Shiriuchi-Kikonai;

o,Hokuto-Ishizaki; p, Toi-Esan; g, Todohokke;

r,Minamikayabe; s,Shikabe; t,Sawara;
u,Mori-Osyamanbe; v,Okushiri; w,The purse seine in

Tsugaru Strait.
Table1 Sampling information of P azonus used in the
age determination by otolith.
Sampling site Fisheries Fshing season ~ Sampling date ~ Samples(N)
Suttsu Bottom set net Spring 11-Apr. 2007 178
Suttsu Bottom set net Autumn 5-Nov. 2007 151
Shriuchi Bottom set net Spring 8-Jun 2006 215
Matsumae Bottom set net Autumn 20-Nov. 2006 208
Sawara Bottom set net Spring 25-May 2006 106
Sawara Bottom set net Autumn 13-Dec. 2006 45
Okushiri Bottom set net Spring 15-May 2007 302
Esan Middle class purse seine Spring 9-May 2006 174
Matsumae Fish pot Spring 28-May 2007 164
1,543
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Fig.2 Catch of P azonus by district in the coastal area of southern Hokkaido (cf. Fig. 1).
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Early growth of sand eel (Ammodytes personatus) 1in the south coastal area of
Shiribeshi, Hokkaido based on daily growth increments in otoliths.

Noboru HOSHINO™', Yukio MIHARA*' and Akihiro INAMURA***°

We investigated hatch date, individual early growth, and the effect of water temperature on the juvenile sand eel
(Ammodytes personatus) that was caught in the south of Shiribeshi, Hokkaido, using otolith microstructure. The hatching
period of A. personatus, caught by commercial fishing in the 2008 fishing season, extended for over two months i.e.,
from March to April. The frequency distribution of hatch dates showed a polymodal form, suggesting that spawning was
intense at several points during the 2008 spawning season. A positive correlation was found between the hatch date and
individual growth rate. The daily growth curves for each hatch group (i.e., middle March, late March, and early April) were
estimated to be BL=46.7/[ 1 +exp (-0.05 (t-38.3))] , 40.4/[ 1 +exp (-0.06 (t-29.9))] , and 41.8/[ 1 +exp (-0.07 (t-28.7))] ,
respectively. The daily growth rate was estimated to be 0.5-0.7 mm day" based on the growth curves of the 2008 fishing
season. Daily growth characteristics depended on the hatch time; this was attributed to the water temperature after hatching.

This result suggests that the water temperature in April may have a strong effect on the timing of the fishing season.
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BT 78 CTlE, SMEBEH OG0 H R i used in this study.
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Wkt % & 7 o 7220084 1%, 4 Ak 5 HRETD iiﬁg 3 ;i;ié?
17 F M ASSE B0 % M T do o 72 Table 1 12 ARSI I5May 17 296462
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WY 72 5 O Fig. 11RO KIE 5 ~20moif 17-May 20 25.545.5
WTH b W, FEAIE LCEH, %MD 18-May 12 35.3£5.0
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Validation of daily increments in the otolith microstructure of sailfin sandfish,
Arctoscopus japonicus, larvae in Erimo, the Pacific coast of Hokkaido

Keizo YOSHIMURA*!, Daisuke TSUTSUI**, Keiji MAEDA*’,
Mitsuru SAN-NOHE**, Kohsuke HAGA**

The otolith microstructure of larval sailfin sandfish, Arctoscopus japonicus, was studied at Erimo, on the Pacific coast of
Hokkaido. Compared to the populations in the Sea of Japan, this local population experiences noticiably colder water
temperature during eggs and larval stage by the influence of the Oyashio current. We attempted to find an appropriate
ageing technique for this population using artificially fertilized eggs in December 2004. We reared larvae from March to May
2005, aged 0 to 60 days and examined at 10—day intervals.

The lapilli provided apparently lower incremental counts to age under optical microscopy (mean=SD: —21.1+4.5), in spite
of a previous study had recommended as precisely representing daily increments. We hypothesize that the relatively
smaller size of lapilli to the body and very cold rearing water temperature resulted in narrower increments. In addition,
there were many invisible increments around the hatch check, resulting in considerable counting error.

In the sagittae, regular concentric rings were found and increment counts were closely correlated with age (-2.8+1.9).
Again, some increments around the hatch check were difficult to resolve, but the estimated increment deposition rate
between 30-60 days was one per day. The sagittae of larger juveniles (N=5: 30.5-35.7mm in TL) exhibited some
accessory layers around the edge. However, these increments had regular deposition and it was possible to track growth.
We conclude that in this population, the analyses of daily increments should be performed with sagittae, not lapilli.
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* 3 AviEE ST AHEPRI K EE B (Hokkaido Wakkanai Fisheries Experiment Station, Suehiro, Wakkanai, Hokkaido, 097-0001, Japan)
4 20 LM%Y (Erimo Town Office, Erimo, Hokkaido, 058-0292, Japan)



22 HNEZ FIRE, WHER, =5 FEEN

NZIZHT B I NETOMEIL, BEEZIEICOETSHH
RUEBITZ BT 2 b OD% , KPS 2 51 R
L VOPBIKRTH L, LAL, TTIZZOHTY
HER % &OIduEE KPR ISR T 2Ny 21k, H
AUEFEN T N xR EICEE @B ST 5 2
ENEREN T VDY, F e ISR TH B LD
KL, BEFRORE L 1 5 H AR CIlEILE Y EE CH
BOICH L, AERTFETIIEROEEIZLY, LITL
EEES TELE L WVERRTRET S, 2T, BAD
WROER Y — 21k, FH—AEICZBNTh, BREHRES
WX TEET A EMENTWAE T, Doz &
MH, HESRNT NG O RN 2 A 5124720, 5

BOTFHEPHEHTE L0, WOTHREL, HERISHE
L7-FhEaisL L CBLBEDXE D S,

2T, RIMETIE, HERNY NI THEROBEA
ORFEAIZDOWT, Bk s Ho R, HioH:ER
AT A LI, HARWE 0EE, RUORTFAD
EIZOWTEEL 72,

MHE S UHE

HAAS L UEFTERNS

20044E12H 3 ~10H 2, dtifEEz ) & 0 il S /e
INFNG D H NLHNZERIN - 2RSS N2z, 20 b
My vy = £ > & —T20054F 3 H26H £ THARMBKDU
K THERL 72, JNEMPOKIRIZ-0.6~7.4TC, ¥
2.6CTHo720 3 H2THIZAAL L 724F/4180, 000/ %
[t > % —A 3.3 t FRPARMIZINAE L, HIRMEKDGK
FT5H26H X T60HMEH L7zo SHMRM DK
1.2~6.8C, F¥3.3CThH o7z, Fig. 112, Rty ¥ —
D20044E12 5 B4 20 5 20054F 5 A ) £ T ORUK K
DHERE % A PIME TR L7zo B ERIE TSR D HE
HTZTHb00, fEKRIEZ D SHELOMEKRL
DFEREZBRADHE L T\ 72,

FAREFEICIE, SR LORERLLZT VT I 7Y
A, WA AT VEB L OTTIROR AR E 52 72,

fHEMES, SMEbEEDTIOH Z &2, 30~90RBDIF
AR A2 BRICL , AEEKRE TR 20, Imm B TR
s L7z ERIETHAIRA S REREE TL Lz, g
BOffE, BOIZT0% Ty / — )V CREEL, 7L
7z (DT EHE R L))o
HRORTE & &Rl DERE

WAF SN2 FFREEO A HimtElic oW T20R % ERRIZ,

JFERIE L THRAENOBA B L R FAzR) L, B
FEOWED L il OBL A7z (Table 1)o WHA

=
o

(o]

6 7
RN

0 T T T T T 1
Dec. Jan. Feb Mar. Apr May

Water temperature(°C)

Fig.1 Change in water temperature of Erimo coast
form Dec. 2004 to May 2005.

EARSMI (D % BICLTATA K7 TR RIS A
VR E 23 = RE g x e Ca Lz, HMMEH 2
L20HEOEMAIZZ0 T FHZEIM L7228, 30~60H i
OE MK~ F—r8— (1000~2000%) B L7
v ¥y 774N A (20~0.3um) EHWTHAEP G
FTELETHELLDEERE L7,

¥ 72, Tsukamoto and Shima®’ DA (95H ) DR
FAEGL L IS B 72102, 20044 6 H 29 H K UN20054 6
H22H1Z, 20 bR CHRES NN N HEMRS
FF 5 EMA (2530.5~35. 7mm, F3433.2mm) %5
AR L, BEAVEBEARZER Lz (DUMEREME
EMET) .

HAE B2 @EbRKE) OFHIB X O OB,
FHEUL, 10085 DR L > X% 235 L 72 LR SRS T CAT
o7z BAEOFHNEER< A 70 X — % THETS
CCONM AT xfEHLE=F — (2L L2W{& LT, 2
Y¥a2—%7 FACT-1C for DXM1200C (=2 > #3
St VT, WIS 1 umBALTEAINL 72,

&R

Fig. 212, »MbHZ2510H Z L ofiBFEEDOTH 2R
2R L7720 SMUFHROFIF4RITLS.2+0.3mm T H -
7oo TFHERIZHEIHEWCIZIZEEIZHEML, 60H ki
T320.5%0. 8mmllE L 7z,
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Days after hatching
Fig.2 Growth of sandfish larvae hatched and reared in
captivity. Error bars indicate SD.
1 #EA
EROREE, H4 X EHmigaE

SLH (LUF 0 Hily) OBAIIMAMNETH 55, H
AT, R AR - 7RIS LT 5 & 3k,
AIGELRBRIZ L YR L» SRR 72 (Fig. 3-
A Qo

0 HEHA OB EI339~51um, F945um T H - 77
HAFZIZIZHE ISR L THEmL, 60H# TF#H
117um % T L7245, 10H OB 13 F58umT20 H i
D5lum & ) b K E D572 (Table 1, Fig. 4). FHHERIC
x5 FHEAEOBE (Fig. 5) 1, (ZIZHAIRERT
Ho7z7, 0HIETIIMO HislZ T, ZRIINT 5
HABEPNS o720

30~60 H i O WIS AR TIIF% % ol & 3 5 EF45um
BEOF.GHMEIL, WY T A P OMHWCEEAS

20 SENTNY RO Hifs & BRmico Mg 23

bz (Fig. 3-C,E)e IO ORKNERZ
O HEE AL L /-2 A, FEAIRO SN D
572 (ANOVA; df=64, P>0.05), D &hnb, Zhbh
DGR E 5 bls & B L7z (Tablel), 7% 3B, 10, 20H
W C D AR DB SN2DS, KRITEIERD 7208
FAEF D #EC, WREEOFHINIIT b R 0o 72,

ST OAMA 5 um T IR NI & kT A b OIEW
WAL SN LK% { (Fig. 3-E), SHMbEah» sz
NS QEGHRAIE E T, AEEIH 2RISR R A BRI 72 [ B
T3~ 6 RBEBE SN, 2L ) FMINZ I bR
B CHIANG 2 Bl 3Bl E: S N A A % 20> 72 (Fig. 3
-E)o I OEmRIEIL, HEs2SH It vwe )L <
%), 30H#TO. SumMERE, 60H #TIl. 2umfEfE TdH
>72,

MU EOHARORZE L, ZOROBEDOMGE
RS 5720, 30~60HHERIZDWT, Ll BAk
DR % R~7z (Fig. 6). M#HIZIE, 30~60H DOV
2BV Th, WHERRBRIEASN L2 o7,

B & i D BaR

H i & i o B4R % Table 2, Fig. 7 12R L7zo Bl
g Himz el U<l L, mYRlY =0. 847X -13. 88%°
BHNT 20 TNTOMEK CTHHUIE H LD o7,

TSR T CRHEOTREZ RS L 0 1 AR S D
EARE L7285, Him & Ao BRI, 5% 5 6
X1OEMELLZEPFEENDL, LL, o
EWFAEFIC]L LY /INE L (t-test; df=31, P<0.05), YIFr
0L V) KIEIC/NED o 72 (t-test; df=31, P<0.01) o

IR O ZEER % (CV) 133040 H#5C1£19. 7~39.0
EREL, BERMOIELDENRENVT EZ L TV

Table 1 The results of otolith measurements.
Diameter on long axis Diameter of hatch check
Average Range Average Range

Age in days N (um) (g m) SD (pm) (1 m) SD

Lapilli
0 17 447 39-51 3.5 - - -
10 20 576 49-65 42 - - -
20 20 514 44-60 49 - - -
30 11 69.1 62-75 5.2 455 43-50 21
40 14 79.6 73-91 5.0 446 41-48 26
50 14 91.8 76-107 8.7 43.6 40-55 42
60 13 116.8 103-133 8.4 46.0 40-51 34

Saggitae
0 20 93.8 65-110 10.4 - - -
10 19 119.3 103-149 10.2 - - -
20 20 128.5 102-150 13.7 - - -
30 14 165.4 135-183 16.3 97.8 86-113 74
40 15 206.6 166—241 22.8 99.9 80-120 99
50 11 2475 179-273 29.8 95.5 74-108 11.0
60 14 323.5 290-380 26.5 96.5 81-110 8.0
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Fig.3 Otolith of larval sailfin sandfish, A:lapillus of 0-day-old, B:sagitta of 0-day-old, C,E:lapillus

of 60-day-old, ground preparation, D,F:sagitta of 60-day-old, ground preparation. Open
arrows indicate “hatch check”.Closed arrows indicate the numbered increments exterior of
hatch check. The centers of nucleus are shown as ¢, Scale bars=50um.
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Fig.4 Change in mean diameter on the long axis of lapilli Fig.5

and sagittae, Error bars indicate SD.
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300 - pilu
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y=31.94x-344.4
200 -+ R%2=0.967
100 - -
® y=9.755x - 88.21
R%2=0.935
0 1 1
10 15 20

Total length(mm)

Relationships between the mean total length of the
larvae and the mean otolith diameter.



7275, 50-60 H i Tldd. 5~6.0& /NE o7z (Table 2)o
EOMEAZE L, FHET R A O MR % LIRS %
72912, 30~60HHEZDOWT, HAZEHBIHOBEGRE
F722 2% (Fig. 8), 40H I CTHE 2 IEOMAA LD
517z (r=0. 83, df=5, P<0. 05) o o> H i T WHE 7 24
FRIEA SN D572,

2 R¥E
BEAEDOWEE, Y1 X EHmEE

0 HiORTFAIIMAMIET, SHEICZ 2 12w
rostrum (Fifg) #a23bHFcEZH LT 505 Bidig
WIHUOICALE L 720 60HEGE TOTRTOERT, #%il

Table 2 The results of otolith Analysis.

20 SENTNY RO Hils & B Rmico Mg 25

B2 1Xaccesory layers(3 %2 & L2 - 72 (Fig. 3-B, D)o
FEMEDOR AL, ¥ —rostrum 510 (K#E 1) 128
A2 RO~ 2 AR L 3567, BR&EHRO 1~
3HFTIS, 2B E L E L TRIRIZZEH$ Saccesory
layersS T2 S T 7z a0 hr i L 72 (Fig.
9)s

0 Hisk A O AE1265~110um, FI594umTH -
7oo HAEHERIZILE L CHM L, 60H ¥ CF35324um
\Z3E L 7> (Table 1, Fig. 4). FHEEITHT 2 HAH
ROBRI, 1 ZIZRRBIBRTH - 7205, BEA & RS,
0HETIZERICNT2HARENRLR /NS o2
(Fig. 5)o FREMAEDOE FHEIZ741~909um, FI854um

Variation
Increment count from actual
Age in days N Average Range SD CV(%) age (days)
Lapilli
30 6 14.2 11-18 2.8 19.7 -15.8
40 8 17.9 11-32 7.0 39.0 -22.1
50 7 26.7 25-29 1.6 6.0 -23.3
60 11 38.3 34-40 1.7 45 -21.7
Saggitae
30 12 26.9 25-29 1.1 40 -3.1
40 15 37.7 32-40 1.8 49 -2.3
50 11 471 42-51 2.9 6.2 -2.9
60 13 57.1 54-60 1.8 3.1 -2.9
A | @ 30-days-old O 40-days-old ‘ A
_ | A50-days-old A 60-days-old
140 A y=1.129 + 64.39 £ 60
< A a R?=0.193 3
S | a4 Aa y=0.905x + 52.85 <
.,g 110 A‘ﬂ’“‘A/A R2=0.224 § 40
3 Y o y=0.169x + 72.06 £
¢ 80 1 A R?=0.007 20
8 e y=0.847x-13.88
a ® ° y=0.246x + 57.87 R2= 0842
R2=0.009 X
50 : . 0
35 45 55 20 40 60
Dlameter of hatch check Days after hatching
B ‘ @ 30-days-old O 40-days-old ‘ B
400 - LA 50-days-old A 60-days-old y=0.789x + 247.2 - 60
- R2=0.056 3
5 y=2.315x + 26.45 .2
£ 300 - R2=0.731 g 40
g y=1.840x + 22.72 g
2 R2=0.635 £
2 200 o 20 y=0.997x-2.63
& y=1.564x + 12.39 R2=0.970
e R%=0.507
100 L L 1 0 1 1 1
60 80 100 120 20 40 60

Diameter of hatch check

Fig.6 Relationships between the diameter of hatch check
and the diameter of otolith, lapilli(A) and sagittae(B).

Days after hatching

Fig.7 Relationships between age (day) and increment
count in lapilli(A) and sagittae(B).



26 EHMEZ FIRREL ATHER, =5 K FHEES

TdH -7z (Table 3)o

30~60 H i T3 % ol & 3 5 EE100um AL E D[] L
MOALEIZ, T2 b T A N OIRWIERATTRS 57 (Fig.
3-D,F), BEA L HMIZ, 2N DIHHORKERE,
O HInE AL L, FEENBOLNZ,ro/2720
(ANOVA; df=73, P>0.05), 215 OFa#l & 5Ll & 7
L7z (Table 1) ¥REMETIE, Bz dle$ 5 EEL23
~141lum (F313lum) OFEEIZ, 22 FF A N OHRV
RSTED BTz (Fig. 9)o NS ORI, filH M
ROSLEHZE LD A EITKE D o 72 (ttest; df=58,
P<0.01),

fE AT, St S MUl O i S A1
NTCHS 2NZEEAC, #ICEL F TR TH Y, FF
BDWESTH o7 Tkl SMLimEL Tl 2umfEfE

THho72h, FEIEDNIDONTIAL %Y, 60HEED
A @ 30-days-old O 40-days-old
A 50-days-old A 60-days-old
60 1 y= 1.074x-70.36
€ 50 4 R%2=0.681
3
S 40 - y=0.032x + 34.47
= R2=0.023
g 30 7 B
£ y=-0.014x +28.07
S 20 A R%=0.003
£
10 - y=-0.318x +36.75
R2=0. 229
0
50 100 150
Diameter on long axis
B y=0.034x + 45.88
A R%2=0.273
60 —w y=0.043x + 36.39
£ 50 /r‘/‘i‘/ R?=0.195
3
o y=0.046x + 28.16
- 407 /W R?=0.332
H o
g 30 - ../ y=0.049x + 18.58
[7) R2=0.588
5 20 A
£
10 4| @30-days-old 0 40-days-old
A 50-days-old A 60-days-old
0 1 T
100 200 300 400

Diameter on long axis

Fig.8 Relationships between otolith diameter and
increment count in lapilli(A) and sagittae(B).

Table 3  Saggitae measurements of juveniles.

AT TIE 3 ~ 5umfEETh - 72, FREMATIZ, i
BEMAEFERC, T2 bT A NOBWEEE L ) 7N
FLO PR DEREABLHI T S LT 7228, il
WG TIE, HAMPBIIIZEILT 5 2 &2y, G
FEIZHITE#M AR OELIEIR A %o 7,
accessory layers CIZEDOHLADZALT H L DD, Ty
LR L CHAIIS R S 1, R %500 F T8
B9 % 2 EDTUBETH o 7o HfliElL, I P T A D
B\ ERRCA T T 2umAR B, AR O BT 7 ~
9umﬁfﬁh“f“25)of:o

Fig. 6 |2, fBEEMAEOMURE L BEAEOMBRERL
7o T'LE—J%A@F'EJ 1330~50 H i THRV IEDOAHBIATED 5
72 (30H ##; r=0.71, df=13, P<0.01, 40H ##; r=0. 80,
df=14, P<0. 001, 50 H ##; r=0. 85, df=10, P<0. 001)
B & i D RaR

H 5 & it O B2 % Table 2, Fig. 7 (2R L7zo Bl
BuxHEgIZ B L TgmL, mYEs
Y =0.997X-2. 63035 51172, (T & A & DR Tliaick
EHEE D AL o708, TOREBEITHA LD /S
"oz,

FROMEIZL EEFELRZTASN D572 (ttest;
df=50, P>0.05). VI IZBERIZILRTEEZ DL D57

Fig.9 Sagltta of juvenile sandflsh(35 7mm in TL)
Open arrows show “accessory layers’ .
Closed arrows indicate the numbered increments.
Scale bar=200um.

Total length of

Otolith diameter on

juveniles long axis Increment count
Date of Average Range Average Range
collection * N (mm) (mm) (Um) (Um) Average Range
2004.6.29 4 33.0 30.5-35.7 846 741-909 88 75-100
2005.6.22 1 34.3 886 102

* Collected with beam trawl net at 3-9m depth.



B, 0 X VEEINE o7 (ttest; df=50, P<0.05)

30~60 H Ol O Z R EE, 3.1~6.2T, A
WZHARTRECZEL Tz (Table 2 )

HARR LGB OBRE AL E (Fig. 8), 30H Tl
WIEOMBAY, 400 ¥ T H LD EED Sz (30H
i, r=0.77, df=11, P<0.01, 40H#%; r=0.58, df=14,
P<0.05),

LR OGHREIX75~102, FI3991TH > 72 (Table
3)s

E%

1 AR
ERDOWEE, ¥4 X LmiiEE

AL CTEIEE S 7B ORI, Tsukamoto and
Shima® OFLH & B —F L7z LAL, 0 HEERDOH
F#£1Z45+ 4 umT, Tsukamoto and Shima®’ %7 L 7255. 4
£6.4umd D b E T/ E o 7z (ttest; df=56
P<0.01) o SMUATHROTFH AR, AW TIX13.2+
0.3mmT& % DIZxf L, Tsukamoto and Shima® Tix11.9
£0.4mmTdh O, HAFEL Wl L 2BEETH 72, RIF
FEIIBWTHRBEO LN L)1, BT, BEat
A RNIET A R BIBRICH B & X b H™ (Fig. 5),
EEREIZ L > THA XWDEAT A2 &b HMEN T
500, KR TIE, IIEIIC B A BREEARIRAME L, TP

AR b Tsukamoto and Shima® X W# 1 » HE» - 72720,

B & FERIS, FEAEEEOEWAE ORI T 5
A RN BE L eE0sE 2 5N b,

I0H#OEARIZ20HEL D O RE o7 T8 /) —
)V E R O3 4 FIXI0H #514. Omm=0.5, 20H #q
14.3mm=* 0. 5 FEFWIED o 72720, o 7)) v 7D
RO ITERT 2 EE 2 b7z,
His & SR DR

H#im & WA o R 2 58 6 zEsiE, |, )
FIIZHIFF SN AY=XD b K& </, EfkiE30~60
Hlt o &BEARFY T, HimE D 32110 % o 72
Tsukamoto and Shima® Tl%, 95H DA T Hiim & 1212
M0, 94.6x7.7 (CF¥=£SD) RO AFH S 7z
B, AWFROMRIIKRE SRR o7, HEE LTHEITS
NB0E, FiRO &) ISR OBEY A XHVNE 2
o722 kb SR O fEE KA Tsukamoto and Shima®’
D9 ~20CITHRTL.2~6.8CLE L {I&L, HADH
M EEAV NS Doz eI NDL I ETH D, 10HE

BLU0HEEOFIHHEAENPS 0 Him P AEZ L,

2THRLTAELNIZEERTOIEIE £
6.5, 3. 3umEHEE SNz 1 H 1 ROIARDTEHR S T

2 SENT NGO Hils & BAlsBoBm 27

WL EMRET S L, HEE S DI RCE FX0. 2~
0. 7umAERE T, BB OMEIREY LLFCTh 5 720
FTRTCOWHHEIBRT A EIETERVWEEZ SN L,
ZOZ kL, 30~60HEOHIEEARIZBWT, SHftimo
AMAL 5 um B F TR EE T, ifiE S 4B <
Hotzlbb—FK L7 EoTC, JLHEEATFHERED &
NI~ F A O KEAME A, D7 < & B20H
BEFTIIEAICL 2 HBHCIRETHL LEZHN
5o

30 - 40 H G CIIERIC X 2 BB oIE 50 & 033 L <
KE&holzo FRE LT, 40HEIZB W THAE L IR
BOBIZIEOMED D SNz X912, R ED R
WBER TUEBRAUIR DS <, BT RE 2 i S Ao 72 2
ENEZOLNDH, PR RHELER T2V, T4
bh, BAIEIEFEIS/NS , FRIZ30 - 40H Tk,
WHEDSHE Lo 72720, BEARMERL L —I124Th
N o 7R, WO RZRTEIESDEPE L
WHEED EZ 5N b —J7, 50 - 60H#ETIX, IEHD&
AN I ZE LRt R & o720 HERISK$
LEIFZFNFNFE23.3, 21.7C, WMHICHELAETR
o7z (ttest; df=16, P>0.05), 5, T %BOEAR
FENTIAUE, S0H #E L. E TR B RS
SN, FHTCELRREIC22~23F MR A2 L2 H
W aEECE L WEEMNH L, L, 20D LofkEE
At L LTS &SRO S 2 &, BREIEMFIZE -
TR KIRICELT 2R H B 2 L, MAT, &
ARAEEASEE L N s, BIFETIIHERNI N O
HENT 12, BEAIZE L 2R Clde v e E 2 5hb,

2 B¥ER
ERDOFEE, #4 X Lmiigs
FEMIRD30~50 H# T, SMLHEE L BRIV
DA LN TNHDOHERTIX, EREDL0~60% %
SMUBGEDSE D 5 720, SALH A XKD FLEITK
EmolzlEZ N5, HFAFEL&ERIIMAQLEIER
o7z, (Fig. 5), FAOEEL R, 5
bEE S DRI EINL I ENRBENE, Ly
L, K TIEAENOEE -FAEE{RLIIEL Th
57, MEHMHIAWTHY, TLEBRD LD IZWED
FAIPRIZSGRIC X > TEILT 2 WTREMEDS D 5, 1E- T, H
AF L ERIIBIT S SR O MR W E O Xt is B
£, & L THERICRIZTEIZ O WIS 0D THRES
TEUERD L, —H, HADFHINZIOWTHRE A
ZWThbo AMATIIHARERRNEL L7122, HAEFE
O3 2 ML, BRI E > TRELZ LT
N b, 30HE L E DA T ldrostrum % B 42751



28 HME= FIRREL ATHER, =5 K FHES

T& A7, Sikldrostrum% FHE (2 FHIEAL % 5%
LB H Do

Tsukamoto and Shima® T (395 #h, F39 4356+
2. 6mmOHER DA ORREDFLAR S h, HABEZEE
1,500 100um & ST 5, RUFFEIZ BT 2 REME
DOFHE£R1I33. 2mm TR /M S WS, FEHHEAFIL
854um & KIFIZ/NE <, &b K E 2 2&E35. TmmOEAT
3908umTH V), WIS NIZEDFRD b N7z, &K30~
35mmiEED N Ny JuM ORI, accessory layers
DI S NGO B & IITHIR TSR L, HAOIEE
WD HREEBICHD EEZObND, Ll L)1

accessory layersld 2 IRIZ & . & T A8 TH 5720,

INHDOHIZ & o T, BARIEIRLEIZ A TR
\2 K& {7 %, Tsukamoto and Shima® Ti, HA&EIZ
accessory layers ik S N7REEDTVR STV B DI
L, AWFZEDOFREM A Tldaccessory layers DT AS T B
HHEATES T, EFIICLRATV RV, ThHDZ L
»H, FAFEOERICLELL T, WEOHAEIZKE L
EMELZEEZ NS,

accessory layers® i £ JZ 5% 12 2 \» TTsukamoto and
Shima® Ti&, AHAI TR RS Z B 5 2 & 5L
s LT 5725, KRR OBREME CTIEFZLHE £ LI
PSR SN TE Y R (FHETRRTH 722 b
(Fig. 8), kB /Sy — D o TWnAHEEZ LN
5o

FREMBOBFEDICBIE SN/ b T A POV
B, B MEAROSMUEE IR CPEEESAEIIRE
o728, LS ORRRLOAMAN AR RS ELRI I
S, fEREEEFROEETH o722 Eh b, 5t
WThbLEEZDONL, AEMELD LEENSRKE VT
HIZoWTIE, SRR 205 D5,

H# & maEORR

H i & Wl o BR» o -y, ezl
ERBSIENTEL 2O, 0HEIEOERAIZEILH
AR ToH D EVZ L0 YFITARIZ0 X D/AS L, £FE
AP TEABIIHE L V2.8 o7z HRE LT,

SMERBHBE > TH ST SN B TRENE D 5 % 7%,

BEA OB 5 AT, 30HELLET DI, R H N EE

AL AR S S WD & Ve 30~40H ERICZB VT,

HAE WAL RO bz 2 Lid,
R DI ERIE SRR AR S, FHET & il
BEhollzbbEZ H5Nb,

FPATIE, BEOICRASTERIC L 288801352
EAVKRIEIZ/ANE , 30HELARED H B AR S e 2
EB, EWREIC3AREMAIR, FEEETHER I

760H S £ TIXHIEEDS MR TH L LEZ LN b,
72, REMIRTIET5~ 1028 DR AEHE S -2 L

5, 3 5IZ100HHEE F TIXHIGAEDSWHETH 5 & A

AEND MZT, WFEAITILETR & 72D AR

WHESThHh-7:2LBEETHE, HERNI Y TIX

H A2 ICHEA Cld e CRTPA 2 V72 s Lov & ilsn

T& 5,

RWFZE TR A OERITR T 54 4 X R uwho s
DWW T b, Tsukamoto and Shima®' & ZEF 5D 5 L7278,
B & RS, KR DO OB EIER P TH o722 &
WEET L EEZEZbND, o T, HERRBRICTH
DIRIBAMRN A AP 5045 % SR RS,
DINY NG ZREIZOWT S, HEEE IR Az v
HRETHAHEEZEZ BN D,

E2 )

AN HENINTHHD
WA CTIEEE21. 1, P

1) e TRlg s 7z,
Tfcid, HESISH LT,
ATIETI2. 84 7% v,

2) BEAOWmBIL HiHEERENTKE {, HEEICH
WAHIZIZFERM TR, R PA O Z i,
D7 & H60H IR £ TR RETH 5,

HEE

() K EEMFSER & & > & — JugE XK ERF FERT O Pa A
Wi ciE, BA HEWBERIZ oW T TRE, 5 L3t
2, RBIED LD T LOICHELRIHEEH 720 L&
D BFLH L BT 2 PookpEsliesg 0SB, JlEK
AR O R H ERIRIRICIE, Ao L ) FLOICH
HeZHEZTHC 2. 20 b IR HSHREG#RS, R
0 b HSE AL A K OYH s DXOREERARE% R AR5 121,
BPOMREE TRE BRI o720 L TEH#T 5,

ik

1) /AREEIE, INEES  EEE RO S NG DRESH
FEOFHEBIEE LR D SHE S N2 itk IC oW
T. JbkWrsk. 46, 69-83 (1981)

2 ) Kobayashi, T. : Variations in number of Vertebrae of
sandfish, Arctoscopus japonicus (STEINDACHNER),
correlated with water temperature in period of early
development. Bull. Hokkaido Reg. Fish. Res. Lab.,
46, 57-67 (1981)

3) Tsukamoto, K. and Shima, Y. : Otolith daily increment



10)

11)

in sandfish. Bull. Japan. Soc. Sci. Fish.., 56, 1083-1087
(1990)
AR H - mtDNADPCR-RFLPZT 12 & - THH & 2012

oty Ny EMOMER L. BKEE 70(4),

583-591 (2004)

Shirai, S., Kuranaga, R., Sugiyama, H., Higuchi, M. :
Population structure of the sailfin sandfish, Arctoscopus
japonicus (Trichodontidae), in the Sea of Japan. Ichtyol.
Res., 53, 357-368 (2006)

Francis, M. P, Williams, M. W,, Pryce, A. C., Pollard,
S., Scott, S. G. : Uncoupling of otolith and somatic
growth in Pagrus auratus(Sparidae). Fish. Bull., 91
(1), 159-164 (1993)

ViR - A HEmBSZ 00~ =27 )V, i3
BIRIIFE e, o H AR AR (28), 27-32 (1995)
R, HRE=, BAHETR 0 NT g A E
JEPA R A SR 647 BE I iF 7K R BB S s
93-101 (2005)

IR, HFE=, BAHETR 0 NT g oA E
JERUR R A SR 74 B I R K BB S s
95-103 (2006)

VS R L EIRIZE OGRS, JKEEBIY O K
RIAT (REEERR, ZARMEWR), B, HAMEA
M, 1997, 17-27

AHBEKRER, fixRIES, S0EH  axE=v >
R OF AmHcE L Him & OBFR. ALK
62, 129-134 (2002)

29



JekEiER 76, 31-37 (2009)
Sci.Rep.HokkaidoFish.Exp.Stn.

20— S X045 1%
£ 13 RRMECTHRIEDOSD O— /R

TEERENIE ", &% 1A, (RERISIE, SARFHRK

Evaluation of traits of clonal lines induced by chromosome manipulation in Japanese
flounder (Paralichthys olivaceus)
I . Differences in growth performance and disease resistance

Setsuo SAITOH™', Tatsunari MORI*?, Shingo ITO*® and Kunio SUZUKI**

Growth performance by rearing experiment and disease resistance to viral infection test were conducted to characterize
the clonal lines in Japanese flounder, Paralichthys olivaceus. Six different clonal lines were produced by chromosome
manipulation techniques gynogenetically and used as materials. Juvenile clone fish were reared in the same tank under
natural water temperature or 14 C constant water temperature conditions for almost one year. Clear differences of growth
performance were observed among the several clonal lines from six months later to the end of the experiment. Fish in no.
82 clonal line represented significantly faster growth compared with the fish of other lines and control group both under
natural water temperature condition and 14 C constant one. Fish in no. 82 clonal line clearly resisted HIRRV virus infection
and no fish died during the experimental period, but fish in no. 71 and 77 clonal lines showed as same mortality as control
group. The cumulative mortality of no. 72 and 75 clonal lines represented about three times higher than that of control

group. These results revealed that these clonal lines may be useful as breeding stock and immunological experimental fish.
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Year Identification number

1995 G2 71 72 75 77 82 83

v

1997 Line Clone Clone Clone
(71 (75)  (77)

1998 Line Clone Clone Clone
(72) (82)  (83)

2000 Line l l l

Fig.1 Schematic diagram for the production of mitotic-

gynogenetic diploids(G 2 ) and clones(No.71~83).
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Fig.2 Changes of rearing water temperatures during
experimental period.
NWT: Natural water temperature group
CWT: 14C constant water temperature group
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Fig.3 Growth of clone hirame under natural water temperature condition. Different letters represent
groups have significant differences among groups (p<0.05). Vertical bars indicate standard
deviations of means (n=25~30).
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Fig.4 Growth of clone hirame under 14C constant water temperature condition. Different letters
represent groups significant differences among groups (» <0.05). Vertical bars indicate standard
deviations of means (n=25~30).
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Fig.5 Survival of clone hirame reared under natural water
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Fig.6 Survival of clone hirame reared under 14 C
constant water temperature condition.
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Fig.7 Cumulative mortality of clonal hirame strains infected with HIRRV by intra-peritoneal injection.
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Evaluation of traits of clonal lines induced by chromosome manipulation in Japanese
flounder (Paralicthys olivaceus)
II. Differences in gonadal sex differentiation and morphological development

Setsuo SAITOH*' and Tatsunari MORI**

Gonadal sex differentiation and morphological development by rearing experiment were conducted to characterize the
clonal lines in Japanese flounder, Paralichthys olivaceus. Clone fish produced by chromosome manipulation techniques
gynogenetically were artificially reared to juvenile stage and examined their sexuality and morphology. Female rates of
no. 72, 75 and 82 clonal lines were high values (70.8%, 77.8% and 88.5%) and those of no. 71, 77 clonal lines and control
group were almost 50%, but no. 83 clonal line showed the lowest rate (27.1%). Pseudoalbinism on the ocular sides of
clonal lines were slightly (0.0~6.0%) observed compared with control group (35.0%), but the ambicoloration on the
blind sides of them were recognized severely (57.5~100.0%) except the no. 82 clonal line (2.5%). Severe vertebral
fusions (abdominal region 36.3%, caudal region 53.6%) were observed in no. 83 clone fish which body proportions (body
height/standard length) were significantly different from other clonal lines. The appearance of no. 83 clone fish showed

so-called shortened trunk.
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* 1 AviEiE TR K EE B (Hokkaido Mariculture Fisheries Experiment Station, Funami-cho, Muroran, Hokkaido 051-0013, Japan)
* 2 dviEiE 7 A gk EE B  (Hokkaido Central Fisheries Experiment Station, Yoichi, Hokkaido 046-8555, Japan)
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Fig.1 Schematic diagram for the production of mitotic-

gynogenetic diploids(G2) and clones(No.71~83).
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Fig.2 Female rates of clonal lines in Japanese flounder.

Different letters on histograms show groups have
significant difference among groups (»<0.05).
Asterisks indicate significant difference (p<0.05)
from theoretical 1 : 1 sex ratio by yx” test.
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N7z /AR R OBHTEAR R LA B o F

HAEL, —TCEESFS T (ANOVA) %17 o 7214, Tukey

1) & DL EIBAREIZ L V1T 72
Table 1 Occurrence frequency of abnormal coloration of clonal lines in Japanese flounder.

Clone Pseudoalbinism on the ocular side (%) Ambicoloration on the blind side (%)
71 0.0° 60.0°
72 5.0° 57.5%
75 2.5° 72.5°
77 2.5° 67.5°
82 2.5° 2.5°
83 6.0° 100.0°

Control 35.0° 20.0°

Data are mean + standard deviation (n=50).

Different superscripts in the same column indicate groups have significant differences among groups atp <0.05.
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Fig.3 Comparison of BH/SL and HL/SL as a morphological
characteristic of clonal lines in Japanese flounder.
Vertical bars show standard deviations of the means.
Different letters indicate groups have significant
difference among groups (» <0.05).

BH/SL: Body height/standard length ratio
HL/SL: Head length/standard length ratio
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Table 2 Vertebral number of clonal lines in Japanese

flounder.
Clone Abdominal region Caudal region
71 10.9+0.3° 26.6+0.7°
72 10.840.4° 26.0+0.8°
75 10.940.2° 24.8+1.8"
77 11.0£0.5° 26.740.5°
82 10.8+0.5° 26.1£1.0°
83 9.3+1.6" 23.742.3"
Control 10.8+0.6" 26.0+0.7°

Data are mean + standard deviation (n=70~80).
Different superscripts in the same column indicate significant differences
at p <0.05.
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Fig.4 Occurrence frequency of vertebral fusion of clonal lines in Japanese flounder.

Av: Abdominal vertebra
Cv: Caudal vertebra

Normal: No fused vertebra observed
Slight: Only 1 or 2 vertebral fusion observed
Severe: Over 3 vertebral fusion observed
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The symbiosis of the bivalve-inhabiting hydroid Eutima japonica in juvenile of
Japanese scallop Mizuhopecten yessoensis in Funka Bay: preventive measure against
the symbiosis

Katsuhisa BABA*', Akira MIYAZONO**, Shoui KOHNO** and Shin KUBOTA**

To make preventive measures against symbiosis of the bivalve-inhabiting hydroid Eutima japonica with cultured juvenile
(age zero) scallop Mizuhopecten yessoensis, we investigated the ecological relationships between the hydroid, the main
host Mpytilus galloprovincialis, and the juvenile scallop in Funka Bay, Hokkaido, Japan. Interannual variation of the
association rate with juvenile scallop was very large; the mean rates were between 9.3 % (2004) and 69.5 % (2006). The
period of the inhabitation in the juvenile scallop was from September to February, and the spread and cessation of the
inhabitation occurred rapidly within about one and two months, respectively. The peak of medusa bud was July in M.
galloprovincialis, whereas the inhabitation occurred from beginning of September in the juvenile scallop. The symbiosis
probably initiates when the juvenile scallop encounter with the planula larva. Since the hydroid does not inhabit in adult
scallop nor age zero M. galloprovincialis, high age M. galloprovincialis, especially inhabiting at the culture facilities of the
scallop, is probably the source of the planula larvae of the hydroid for the inhabitation in the juvenile scallop. Therefore, the
cleaning up the facilities after harvest of the scallop is considered to be effective to prevent the inhabitation of the hydroid

in the juvenile scallop.
F—U—Frasnygy, ZHEABMe Fuad, g Ky T, =R

W %o —Ji, Eugymnanthea®® 7 5 7\ 3 H & 7z
BERUCE CTITHEA L 72 AR 2 F5 5, T & I 562

HA&RIZWE, 3/ ,7 7% (Eutima japonica) & 7 A X
U v NF 27 5% (Eugymnanthea japonica) O 2FED H
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ATHY), BELEELLMTLONER>, CO7 77
WAL 2SR THRIAL, BT T%
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KBTI NT 75 OKRFFERM ORI ALES %o
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T TA440 (20004F 7 B 2 Ha23H)

* 1 AviEE 7 R 7K EE U3 (Hokkaido Hakodate Fisheries Experiment Station, Yunokawa Hakodate, Hokkaido 042-0932, Japan)
* 2 AviEE 7 A gk B (Hokkaido Central Fisheries Experiment Station, Hamanaka Yoichi, Hokkaido 046-8555, Japan)

*3 bR AL DR EE R K RS T

(Hokkaido North Hiyama District Fisheries Training Center, Setana Honcho, Setana Hokkaido 049-4811, Japan)
4 FEKRF T 4 — )V FREEEVIE L & — il B R
(Seto Marine Biological Laboratory, Field Science Education and Research Center; Kyoto University, Shirahama Murou, Wakayama 649-2211, Japan)
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B, REBRAMLAERY, WEZHAEST 2, 72, &
FTFAADOREIIEHAEL RV, 2B, IAY R
SHITEMEE FRMEE oo 8138, K TFTA
AT S B R (RE SRR & L) (iddAE L
TWRWZ EDbhroTWwbh,

AWFZEILF IZBaba et al. (2007) MLRIZATHN7ZH DT
HY, IINT T TFOFMERERNELHO TS
I, FoAEEZHLPICL, RAEOBBREEERT
LT ExHMET S,

MHE S UHE

1. HERREZS

2003~20084E D[, E4FE10H F 721311 H IS KB
~16#XIZB T, HEEAERA08 7 Tk FEA 530
MOMERZBRILL 72 (Fig. 1), #ERIZS %D FNv~1) »
THEER, FARBEMEE T CHARAKS Loa s sy 57
EIgE L, AN L IERERA L, 2, 0T
W O—FR % FARBEMEE T Cge L7z,

2. HAERA - BT

20064F 8 H~20074F 3 HIZEH I X 12 B\ T,

LA L RO TEICEY, IRy~ 7))
Y 7RIV, EROFHIELE MRz, S IRARECHE
HI0RORY) 7THAE$Z, R THOFEHE(L % ik
L7ze T2, B)TDI L7 S5FE2FHEOLOOHEKR(Y
FHRAR) KD, KT HAHE TOHE AT
WA L7,

3. LIVXAHMIIBWIHER - VS5 HERAR

20064F 5 H ~20074E11 B I AERT NEH#EIZB W T,
FHEETHLLIV AT AT 7L, 3
HFRER) T D7 T rHEREROFEHEALE HA L 72,
F 72, 200645 HIZ 1Ry 744 LB L CTWAF
¥ 540, Omm (SD=3.9) DA T4 F 1 H 1 20f8k D3k
R L2 BB, 27V F AT A1HET LR
TOFREIINEE R 720, B TD R o T2

ERBLVER

1. A/NTSTORREELEEBM

TN T OR) TIEEIBIAERTH S L
(pedal disc), BHEBIZfT (tentacle) %#FH, AU <12
27 773 (medusabud) ZIHKT % (Fig. 2a). I/
770D 77 OAERFMTIE (perradial tentacular bulb)
WIERWEEIH ), COFBMTAIAY I 25
PLRHITE S (Fig 2b)o KV FIREHKTHY 74 4
DRI E L TB Y, ELETMIIIIO”Y) 0
(lip) - & (foot) DEHB - FJ1 (labial palp) TH 5 (Fig.
2¢)s
2. HERROFEESH

JLAROEZETNIIRNE <, 20034E & 20064F 12 JLA =8
o7z (Table 1, Fig. 3)o 20034F1ZI1 KI5 5 \E
W2 THER O REAWIEDS L S 7228, 20064E1213 H
Vo leANWRITHE SN TBEHY, a0y 775 odg
EANWIEE R Tld 2w & HBF S 7z,

WTNOFE S NEMKX (Ba~EHE) (2000 THE

Fig.1 Location of Funka Bay and sampling
sites.
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BEwItERPE SN2, Zhid, AZIXOEGHIEE
ENERTIE R L, ZOMXOMIZE 2 F AR K & &
Abitb, DFD, NEMXITIEEHEZTH D, WK
DL RIENN ZFDI28, 7 T35 75 X T HEN
EFHLRLT WD, TN I TFORERNEL DL
EZOND,

Fig.2 Eutima japonica. a polyp, b medusa, ¢ polyp
inhabiting a juvenile of Japanese scallop Mizuhopecten
yessoensis. mb medusa bud, p polyp, pd pedal disc,
ptb perradial tentacular bulb, # tentacle (of E.
Japonica). dg digestive gland, g gonad, [ lip, [pi inner
labial palp, Ipo outer labial palp (of M. yessoensis).
Bars are Imm in a, 0.2mm in b, and 5mm in ¢
(from Baba et al. 2007)
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3. HERREOEFFHZEI

A7 7 OEAETI AMHrHEE D EHT 2 A
W TS5 (Fig. 4a). T72, HAEOIKIGHEL,
1 HHTOD5100%I27% - 720 HEKTIZT T X5k
DHEIETIUE, BVIERTERY T A I AET S &
EZbNDL, Fiz, HERPMKTT L2008, 1 H»
52HO—PHRMT,96.7% 7% 56. 7% KT L7ze RV
FTORREG ML, 9 ARSI P THER 1
824 72 0 357, 8UE 2> 5563, 5PE I HE AN L 72 (Fig. 4b)o
F72, LIAVERA L, 2 HiZikiziznwitoz (GF
Y ofER 14720 2.000) o KR T AN ST &
R TWADEREEZ S5,

7 I ERFEEOR) TOE (7 I 5FHEAE) 129
AHICE =2 25% 0, 12H121313130 % & 7% - 72 (Fig.
4c)o RETHAMRIIBIT AR 702 5 rFERAER
ERATHIOREETH Y, KBOM TR E b ER S
Hro, HEHMTORFEEREZIZEAERVWEEZ LR
%o
4., LIYXAAMICHEIBIHER - VI 5FREXR

AT FATANIBITHHEAEZRIT4HE S5 AL
(50~70%), % Do H121E1290% U ETd - 72 (Fig. 5).
7 I FEORARITT HAE — 7 T26.3% (20064F) &
10.3% (20074F) Td o720 72, 20064E 5 HIZEREL
TR T A E L T2 T F 4 WA DIk
RIT0%THolzo AINTIFTTDOTIHETVNTIT

Table 1 Association rates (%) of Eutima japonica with
juvenile scallops Mizuhopecten yessoensis

Areas 2008 2007 2006 2005 2004 2003
Muroran 0.0 16.7 — — — —

Date 0.0 233 133 0.0 0.0 0.0
Abuta 3.3 133 26.7 0.0 3.3 14.0
Toyoura 13.3 10.0 — 10.3 0.0 5.3
Shizukari — 30.0 833 20.0 3.3 531

Oohama 6.7 10.0 43.3 6.7 3.3 55.0
Kunnui — 13.3 76.7 3.3 3.3 3.4
Kuroiwa 26.7 16.7 53.3 30.0 36.7 60.0

Yamazaki 26.7 70.0 100.0 26.7 36.0 63.2

Hanaura 16.7 6.7 100.0 20.0 13.3 50.0
Uchiura1 3.3 333 100.0 133 3.6 550
Uchiura2 53.3 — 66.7 233 14.8 100.0
Hamamatsu 26.7 23.3 100.0 13.3 17.9 65.0
Nodaoi 0.0 10.0 633 6.7 — 30.0
Otoshibe — 6.7 833 6.7 0.0 35.0
Mori 0.0 20.0 633 0.0 3.3 0.0
Sawara — 3.3 — — 0.0 0.0
Mean 13.6 19.2 69.5 12.0 9.3 36.8
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# BRICKI20C CREIBERETH ), 2 BEMARE TR
5V LIV XATANIBITLR) TOr I riEfa®s
D=2 (TH) x5 7 HAMBEOIHERG (9 H)
WZIE 2R DENRH D "y THAME LTI X T4
OMEBIIEISRE THWDEIDITTIERL, 7T XTHENRN
HEH OFFEY; i3l L CE BRI iR x5 62 5
N5,
5. A/NISHFEDRETHAHENDOHLERK
WEOPE L SES N RN bEZ N, T )
ING T DRY THAMEANOLAFER T Fig. 6 12RL
720 AN THELTHFATADRERETH S,
INEL (O f) OLATHRATAIEHEL W 2%
Mo TWVDY . Ky T HAFBHBEEIIBWT, Hik i
1 L TWAHEYITHTR D IEER (0#2~5H) 12k
FENDLD, 1Ky T A OHBRBIUOERY O —
2k Y TFHA LDOLT

TLEDOLTFAHT A0,
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@ o
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Fig.3 Association rates of FEutima japonica with age
zero Mizuhopecten yessoensis from 2003-2008.
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Fig.4 Seasonal changes of Eutima japonica. a association
rate with age zero Mizuhopecten yessoensis, b
number of polyp per an age zero Mizuhopecten
yessoensis, ¢ proportion of polyp which hold a
medusa bud.
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Fig.5 Seasonal changes of association rate and medusa
bud holding ratio of Eutima japonica with Mytilus
galloprovincialis.
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Fig.6 Life cycle of bivalve-inhabiting hydroid Eutima
japonica and its pathway of the symbiosis with
juvenile Japanese scallop Mizuhopecten yessoensis
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Migration between inshore and offshore of shishamo smelt (Spirinchus lanceolatus)
in the Pacific coastal waters off southwestern Hokkaido (Short Paper)

Yoshiyuki UEDA*! and Yukio MIHARA**
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Variations in egg size, hatching larvae size and otolith size of sailfin sandfish,
Arctoscopus japonicus, correlated with female parent age (Short Paper)

Keizo YOSHIMURA™*', Daisuke TSUTSUI*?, Nobukazu SATOH*',
Shin-ich TAKABATAKE*'

FoT— Ky PR, G BB, IME EA

TANE TenNI NE K)38IE & KEERERIG A L, M, AR,
RE N OEBREEE Y Z N2 1mm, 1 g0, 1gi iz
INFONFITICHEE I BT A IR DN E 00 L e & THIZE L7z (Tablel)o S 512, MEIZOWTHATRN %
STHEERBEDO—DOTH L, NINTIIRELERE  HEEEEY 217, 1 EA10E, 21 RBR
BaRy ZEDHbN, FOREKNE LTFfMloAE O3mAa3REEEN L, F7o, Moo X, 20
PEETHLZEPIHRMIN TR s NI NY IR FOIRELZ TR A 7 1) — » FT0. 0lmm Az Tl
BORRITHE - TR 2 @A 5 1Y, M B35 L3, 1 goiadl UCEHL, 1R%D
HORRIFIFEIRICL > TRECRLLZ MDY, Eils  OFHERLAFREE>SBINM L HIN L7 (Table
WD IR T 2 SMUTAIZIE R ECTTREREH 5. 2).
ORI BT, Ry 4 XIFEFRICK S (B2 FH, Moz EEIcE o, 6RO ZINZ
FTHENTHDLIEDSY, NINYOEREHENEY 720 FEPRIHONEE TIRET 5 L5 123t
Bt 3 572901218, MEBA O L SMUTFROkT A X L7z, ZNZNOINLE KR TRFICHAZE =—
DOERZEHS 2T B LERD S, VO — T EIANE S, L 2kico— 72k &
Z2T, FBHEOLIIE/NGENI N OMEBRAOFRENC WY, BB 2R L 7z. BB L 720080, 1A
BROY - ANLEHEL 2002 T, IR SMUFAEED O (LLTF 1) & 2~ 3mAanisl (BT 2 7m0
PAERICLDERAME 5L, SMEHOERIIMES  ROY) 120, 2N 200LH KNI RE L 72Ny
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AW HEATIG A T 272012, HAFRIZOWTHIRE  FTEHLZ, 28, AT 2RoBars1BL»,
L7co ZOMERET ORANIMFON 2O TLUTFICHE T2, oM rolz/zd, 3LAEbETHR, 1Dkt
WA E, NI B E TRMETAC MU B R To 7z, IIEHP OKIREZEEFg 1IORL72. %
¥ EALE, W ONTEHRERC T THC 3K EREYy BEHO12H 6 HIZ—HOIIBIZ oW TAFE 2l L

DR B A IR 50 72825, WAa80% L ECTHIZEEIIRRD LN ho Tz
(Table 2 ),
MRRUOHE 1 IME20074E 2 H22H, 2Pl EURZ 2 H26H 205

SMEPIHET Y, RT3 HTH, 3 Ad Tl 7z,
20064F121 5 HIZ /NG oe CRIAEIC & b e s SALRIMG A 5T E TORMAKIIZFI530~650T TdH -

WorF5A442 (20004 7 H 2 H#)
* 1 AviEE T kR K R 3R (Hokkaido Mariculture Fisheries Experiment Station, Funami-cho, Muroran, Hokkaido, 051-0013, Japan)
* 2 deilEEAE T ER (Hokkaido Government, Department of General Affairs, Sapporo, Hokkaido, 060-8588, Japan)



56 EMES FIRRHL KRS, mEE—

Table 1 Measurements of sailfin sandfish collected from Tomakomai, southeastern Hokkaido
in 5 December 2006. The otolith was used for the age determination

Body length (mm) Body weight (g) Gonad weight (g)

Fullage N Average Range Average Range Average Range
1 10 166 154-178 76 62-99 214 16.3-26.8

Female 2 1 211 - 166 - 45.0 -

3 3 247  216-253 275 177-309 78.6 54.6-91.5
Male - 18 180  141-207 87 48-144 6.6 1.9-14.2

Table 2 Number of eggs, fertilization rate and egg size in each age of female

Number of eggs

Fertilization rate (%)

Egg diameter (mm)

Age N Average Range Average Range Average Range
1 10 940 360-1,530 81* 56-96 280 2.68-2.89
2 1 2,390 - 82 - 2.80 -
3 3 4,370 2,950-5,580 92 89-97 290 2.88-293

*estimated for four individuals
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Fig.1 Daily change in water temperature during

lavoratory experiment, 2006-2007.
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Fig.2 Relationship between the body length and mean

egg diameter of the female sandfish. Symbols
indicate the age of female, @:one age, O:two or
three age. *Significant correlation, P<0.05

Table 3 Measurements of 0-day-old larvae originated
from one and two or three age female eggs

Female age Collection Total length (mm) Otolith diameter (1 m)

of eggs date N Average SD Average Range SD
23-Feb-07 12 12.87 0.41 132 121-132 9
28-Feb 12 1291 0.42 - - -

1 9-Mar 21 12.73 0.54 132 107-160 14
16-Mar 21 13.10 0.40 - - -

23-Mar 20 12.94 0.62 139  111-154 14

Total 86 12.92 0.50 134 107-160 13
28-Feb 12 13.19 0.32 - - -

2-3 9-Mar 15 13.53 0.27 154 133-170 12
Total 27 13.38 0.33 154  133-170 12
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Fig.3 Size-frequency distribution of artifically fertilezed
eggs, a:one age female, b:two or three age female
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Feeding, nutritional conditions and survival of juvenile barfin flounder, Verasper
moseri, reared in small net cages (Short paper)
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