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Comparison between surface reading and cross-section methods for age determination in the flathead flounder, Korean

flounder, and scale-eye plaice in the Sea of Japan, off Hokkaido
NoBorRU HOSHINO*, HirosHl YAMAGUCHI, Yukio MIHARA AND SHUKA MARUYAMA

*Hokkaido Research Organization, Central Fisheries Research Institute, Yoichi, Hokkaido, 046-8555, Japan

To establish an appropriate method for age determination of the flathead flounder (Hippoglossoides dubius), Korean flounder
(Glyptocephalus stelleri), and scale-eye plaice (Acanthopsetta nadeshnyi) collected from the Sea of Japan, off Hokkaido, we compared
the number of translucent zones on sagittal otoliths that were counted using the cross-section and surface reading methods. The
translucent zones were counted by 4 researchers with experience in the observation of flatfish otoliths. For all species, we counted
1 or 2 more translucent zones by using the cross-section method than by using the surface reading method, on an average. The
translucent zones formed in the otoliths of old specimens were counted more precisely by using the cross-section method than the
surface method. Our results suggested that the cross-section method is more appropriate for age determination of these species.
Conversely, the consistency of the count among the readers for the cross-section method was lower than that for the surface reading

method. Therefore, training for age-reading is required for precise determination of age.

F-TU—F:

JeilEE A ARHEIC A BT 20 LA DM T, THFT LA
(Hippoglossoides dubius), & L 7" 1 (Glyptocephalus stelleri),
T aaXH LA (Acanthopsetta nadeshnyi) (ZiE DG
2534 LTV B FAD b IRERSIRELRE N O
ETHESNET AN LA, L7 ODERIIENE
N788 >, 145 > (20104F-ME © ALHEE K pEIHEADIELHL
£0), dbipE HASEO MG RAEEE CIHESNDL T 7
FLA, ebraigzhenldd s v, 171+~ (20104
fifl @ AREEFTACIRE I SE R R T - MO ATBUE NOKER
Gt > & —AuiE X AKENTSERT, 2011) TH Y, i
FRZE, WIREZEL D ICERRBEERRE > TWnd,
T72, vOAXHFLAIZOVWTIIHEITE A LESS
EoTWaRWY, §HFAL L TGEHTRTSH S Z
EDRESINTEY (BES, 2012), SRICAHERE
% LU RETED D 5B 6

JbfEE HARMEICBWTIE, Zb 3OV ToE

age-determination, 7 AL A, v ax AL A, Bf, AERHE, vl rno

WEe=%" v 7 REFFMZ I TbR TV nws, 4
PRI WA E R Age-Length Key OHEE 2 EANEDIE, 4
W— B - AR &, BROFERIFIAZKS 9 2
TEEREHREGDL LV REL 25,

71 R IV AN DN TIIMBIEE & & D A 2 AT
NIRRT WDS, THTLA, vl raizonTli
M CH A DKM BIEHE (Surface reading method) (123%
DEXEWMEEIMTOLNTEL (B, 2003; 0T 5,
2006 5 A5, 2009 ; KH S, 2010) —J5, HEL L D
T C B A O #1%21: (Cross-section method) (230
CAEMAEMTON, KEBIEETIRER TS ZRVWEA
L (SRE) OWBSEHE NS 2 LT, K
F2AT D AERATER RNV & 7 B N AEL
ZEDHBNE L 5 TET (B 21F Peltonen et al., 2002 ;
Stransky et al., 2005), 7 L A 2T b Yellowtail

(Limanda ferruginea) (Dwyer et al., 2003), ~ I H L A

flounder

HorF 5 A480 (20124F 6 H 4 HH)

*Tel : 013523 —8707. Fax : 0135-23—-8708. E-mail : hoshino-noboru@hro.or.jp
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(Pseudopleuronectes yokohamae) (Lee et al, 2009) 24 2
VA (Clidoderma aspervimum) (Fg/ll5, 2011) 7 &TC
FAEDFERDIFON TV D, MMEDRAERT LT
FLA, vlra, waaxFLAIizonTly, 8
D= H VA (Pleuronectes herzensteini) 72 L IZHR5 &5

WA OMBIHEENZ EDEE SN D (Cailliet of al.,
2001) ZEeHb, RHBIEETIIZLLRFRERETE
LWHREMEDH B, LA L, Ths 3OV TR E
FBIEHEIC X B e TR ST vy,

AFFElE, NS 3FDOH L AFHIZ DV TERAEE
DMESLAAT] R BB 255 2 L 2B E L“C
KIS & BEHE O I RED BN
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Wit % & A 72 (Fig. 1) 12T L7z I idskta
il (2010) (CHE U7z, Y00 728 % £90. 2mm DJE

& F TR~ —78— (#600) THIE L7-IREET, FRH
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IOV TIE, FilE
(Campana, 2001) f§
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Z % 100
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K BBEAR ] OVHE a2 R FHAE O R A
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GAMO OB, 124 0FHE (LI, FHHE A

Table1 Information of samples using otolith analysis in this study

Date Location Depth(m) Total samples S.L.mm(min-max)
H. dubius 21-Jul-2009 43°57'N 141°10'E 260 55 254(134-400)
G. stelleri 14-Sep-2010  43°57'N 141°9.5'E 269 47 196(90-351)
A. nadeshnyi  14-Sep-2010  43°50'N 141°8.3'E 257 63 184(89-333)




(a) (b)

H. dubius
S.L.293mm, Female

G. stelleri

S.L.202mm, Male

REESHMOTNBBETEORE 3

(c)

A. nadeshnyi

5.L.208mm, Male 1mm

Fig. 1 Photographs of (a)Hippoglossoides dubius, (b)Glyptocephalus stelleri, and (c)Acanthopsetta nadeshnyi

otoliths. Each broken line shows a cutting line.
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A. nadeshnyi S.L.208mm, Male

Fig. 2 Measurement line (arrowhead) for the growth direction
in a cross-sectioned otolith.
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(Fig.3), 10AKHHHRDS & 5IZZFDOTREENIKE L 2> T
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Table2 Mean number (minimum-maximum) of translucent
zones counted by the 4 readers
The upper row shows the cross-section ; the middle row
shows surface reading; and the bottom row shows
Wilcoxon's statistics.

Reader A Reader B Reader C Reader D

9.2 (5-17) 10.1 (5=17) 7.9 (3-15) 9.6 (5-16)

H. dubius 7.4 (4-13) 7.3 (4-12) 8.1 (3-17) 7.6 (3-16)
31.5 (p=<0.01) 3.5(p=0.01) 182 (p=0.05) 49.5(p=0.01)

7.2(2-16) 8.5 (5-16) 5.8(2-15) 11.1(5-23)

(. stelleri 542-11) 5.0 (3-9) 5.2(1-13) 8.6 (4-15)
16.5 (p<0.01) 3 (p=<0.01) 122 (p=0.05) 54.5 (p=<0.01)

94(4-17) 8.7 (4-13) 10.6 (4-20) 8.1(3-17)

A. nadeshnvi 8.3 (4-13) 7.6 (4-13) 8.9 (4-13) 8.2(4-18)
50 (p<0.01) 44 (p=0.01) 39 (p<0.01) 117.5 (p=0.05)
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Fig. 3 Relationships between the number of translucent zones counted using surface reading and cross-section

methods.
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Table3 Precision of the translucent readings between
the 2 methods
Upper row show CV, and the bottom row
show Kruskal Wallis statistics

Cross section Surface reading

16.0% 9.2%
H. dubius
11.08 (p=0.011) 1.67 (p=0.05)
31.4% 27.7%
G. stelleri
29.31 (p<0.01) 2228 (p=<0.01)
13.2% 12.9%
A. nadeshnvi )
’ 4.96 (p=0.05) 7.49 (p=0.057)
Counts of translucent
zone on cross section
H. dubius E0 01 M2 B3

30 03030 30252115127 6 2 1
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Counts of translucent zone on surface

Fig. 4 Differences in the number of translucent zones
counted by reader A by using the surface reading
and cross-section methods.
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Translucent zone counted by Reader A

Fig. 5 Changes in the CV for the number of
translucent zones among the readers.
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Fig. 6 Changes in the average length (=SEM) of the
perpendicular drawn from the line (broken line
in Fig.2) to the edge of each translucent zone.
The line set from the otolith core towards the edge
of the first translucent zone. Each translucent zone
was determined by reader A.
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Fig. 7 Relationships between standard length and the
number of translucent zones counted by reader
A. Each translucent zone was counted using
the cross-section method.
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A, REBIZHEIC L BEHIB M O —FME b R L <
KT LTwo 7z,
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Stock evaluation using DeLury’s method for the red snow crab in the Sea of Japan, off Southern Hokkaido

NoBORU HOSHINO

Hokkaido Research Organization, Central Fisheries Research Institute, Yoichi, Hokkaido, 046-8555, Japan

Experimental fishing of the red snow crab was performed off the coast of Southern Hokkaido in the Sea of Japan from the late

1970s to 2011. In this study, we have reported the stock evaluation results for the red snow crab on the basis of analysis of the fishing

data. The fishing grounds were divided into 4 areas, and catching efficiency and annual stock size for each area were estimated using

DeLury’s method. The estimates for annual stock size in every fishing area increased until the middle of the 2000’s and have decreased

gradually since then. The exploitation rate was estimated to be 30% on an average. These results suggest that the recent TAC was

appropriately decided for the level of stock size ; however, the subsequent change in stock size must be considered.

P

N A A (Chionoecetes japonicus) 1%, HAME, =+
R 7, KIRFD O ILHEEDOMEIZE L KFED,
K500~ 1, 700m & HULZ 534S % 7 E T =R HEdH
Th b (=45, 2003). HA M b iEE B H 4 T
1%, 1978~20114ED R, F & L TKES00~1,800m D if
1 (Fig.1) BTN AT A HEOMEELZHE L
T, PO TIC & BB EE G S I, BFRERT
1~4%, i3 ~108 o CHEMAIC L > TEAL
L, 20014ELABRIGAARTIE S LB AR E 52 2 £ 0K
W, 20054ELAR1Z 3 B 1 H2*5 8 H31H £ Tl T
FEhE S N7z (Table 1), ¥T4E131,000 b > BLEDOWED D

DeLury i, 70 Zi3E, WSS, HHEHE, HHEEHE, AR, ~X=X74

D, BEREILELTWA I L &R T 220124E
B2 O HIFEFF T SE (RIR3E) ISBAT L 72,
BHEHEIIHFTOLEME LT, BETLOMEFRS
SRR O A 3 M & A &3 B YRl e
FAFHE DT 5N T B, 19954F 7 & 13 AbiiE oK
B (BUCHEE A A AT FE K EERT 72 A) 12X -
T, BT — 71230 CEFRHG & R i =
(ABC : Allowable Biological Catch) OEH AT ThIL (i
5, 1996), ABC \ZH:D ELIMEEITAYE © 5 FFaifit &
(TAC : Total Allowable Catch) % i L 7\ AT
BIFDRERO LN T D, T/, G RE 2R EEY 1L H

Table1 The progress of experimental fishing of the red snow crab in the Sea of Japan, off Southern Hokkaido

Year 1985 1986 1987 1988 1989 1991 1992 1993 1994 1995 1996 1997 1998

Catch (1) 391 781 835 1,064 1,280 1,274 1,307 913 332 391 671 755 815

Total allowable catch (t) - - - - - - - - - 400 920 1,060 1,100
Number of vesseles 3 3 3 4 4 4 4 4 1 1 2 2 2

Fishing season

Jul-Dec. Jul-Dec. Jul-Nov. Jul-Oct. Jul-Oct. Jul-Oct.

Jul-Oect. Jul-Oct. Jul-Oct.  Jul-Oet. Jul-Oct. May-Oct. May-Sep. May-Sep.

2005 2006 2007 2008 2009 2010 2011

Year 1999 2000 2001 2002 2003

Catch (1) 589 499 1,006 948 762

Total allowable cateh (1) 590 500 1,200 1,200 1,200

Number of vesseles 1 1 2 2 2
Fishing season

1,100 1,159 1,231 1,291 1,211 1,130 1,040
1,100 1,200 1,300 1,300 1,300 1,200 1,200
2 2 ) 2 2 2 2

Apr-Aug Apr-Aug Apr-Sep. Apr-Aug Apr-Aug Apr.-Aug Mar-Aug Mar.-Aug Mar.-Aug Mar.-Aug Mar.-Aug Mar.-Aug Mar.-Aug

HorF 5 A481 (20124F 6 H 4 HZH)

Tel : 0135-23—8707. Fax : 0135-23-8708. E-mail : hoshino-noboru@hro.or.jp
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* The data of isobath was downloaded from the website of Japan Oceanographic
Data center .

Fig. 1 A map showing the fishing area of the red snow crab
in the Sea of Japan, off Southern Hokkaido.

1E95mm DL EOMED AT, EOEHB L O T8, #H
MNEEIZD W T B BT OED 5 iR EFE R EEH O T 1
RasgO S, ZORIROFTEHREITONL TS, 2
BlInIhb iz @ LEETHEELTBY), —MIC100
~200fEAERE DEE & M L /IR A Fo TSR E L, — [l
DT 3IABREOMEL T 5, TOMOUZEIC L Bl
JER R T

1996 ~20114E D EEE M B & Y ABC D& &I, 1EEF S
(1996) D FEITFED T, FEAF DY) FIRALK % 1F
WA LTSRS — R T LI IEER T 5 (U
B - %A, 1982) EAK%E LT, CPUE (Catch Per Unit
Effort : —72Z 47 0) OfERT) &g, HEHE S
A AERERRBEOHER IS ZfThbh i/,

—7%, BATOFEEICOWTIE, f4E, HARBOA
M EHEHR O R = X7 A THED AR O 0] Bt AN R4
ENTn5E (FERD, 2007) Zenb, FIEHE % Fis
TR L CTIT ) HiEZ O 50BN, 72,
BEEEDOIL, BEOU - RNEIRRWEY O A ZHAK
IR EREEND L L VW) IRPESNL L LI,
AL L7 iEs 2 & iR o FIRME % B 5 0 EEIC
DVTERPHENTVE, L2L, IhFE CTOLEHEF

Mk R H I FOEEL FICBEHRT 2 2 EHFTE T
T\, G b RN 2 ERAH 2 Mo T 2ozl
TR G e eeaE L, BIRIREZE X0 FEMNICHRR L <
WS DLED B B

ZFIT, TRETERINRBRET— 7 ITEDX,
VEIZBIAT DA MG & 72 - 7220014E LU (Table 1) 12D
W, DeLury {EI2EDWT, BN ZHEE L THRED
3 B T L RO OBRRE R HEE L,
fise SN BIREE, WSS, Y O B IR O
R D & BIHFHM 2 47 2 720

HBRUFTE

BRESFOFME FHEVErRET 572008 - BES
TANANZIXE) S N7 ATEOMIX T &I E M e 2EE L
T, BENL ATONT WD BH L7z,

BIRFHE —#% 1 DeLury {12 & 5 &EHRBHKOHE TIE,
WNEBEROWEIAF OB AL BRI TEHTE, HEIF
RBEITHEEIZL > TORBMDEHIT TVLIKETH S &
WETE D EDPMHGEMEE 22 (W, 2001), #HRIC
BiLTHEBY, BEIEPTLORBRE L LA
PEMRRE R, PR O BB, BadEs AL,
EHEEL O 4 i Kl sz, TS 4o IX
FRDSKE < (Fig. 1), FFEER oM@, Msimn.
DOBER — DO DWIHN TR X T A DBFRIREDIZ L L
LT AL FEZIC 0w 2, BEREBIZBLTA
ZATABMEEHET H2EMEHETE LNV LA b,
RO BB L GRS &b b &
AbND, INLDOZENE, FBEQHEFT S 4T
I DeLury I X o TEIFREZHEET 5 L34 e
I L 720

1. RERHBOHEE BEBIVHEERL LTHIES
NLMEREET— 505, BFEOHN (BHOL - H - F
) - s O ER K A e L7,

AL 7-ERE TN SN s bIFTiE R <, FIES
mm A A LRI SN, SO ICHRERI L
TSR 2 B541%, 95mm DL Tdh - ThH/NFIgE
WIS T 25 4 AHGTHFPRITENTWS,
BILINTAMEROEFIREBEIAHTH L Z L5, KR
DB KEFHIIZ DL WL IR LD EARR L, i
R IC S N7 % & 7-95mm Ll E o Z e L7z,

FEd5 1 S N7z HED X IR O R/ANIIE U T 3 $6ii1Ic 4t
ST SN SN D . IRETRILARC & B Y O 00
Hk&Z, 20034F £ TREIAFIELZ, Ocm UL, #72510.6
~11.9m, /NEAY9,5~10.5cm, 20044FLIREIEZRIA12.0
cm LB, $5510.4~11.9cm, /MEIAY9.5~10.3cm, 7L



FEARPUIRCIE, KAIAY12. Ocm BLE, H175%10. 0~12. Ocm,
/NEIHS9.5~10.0cm TH 5 o

B DR LT HAEZEM - A - T & ICHE I E
T8 2 HWTC, ihETOE [HhR] & KA @
WHEREEZ, TNOOHADERNY A X (LR IK&EFN
LHET—FICEDVTREIE L, TNICL - T
-~ KB oMERKIC, MET—2 095 b [l
YA AL LR 123$ 5 [95mm PA_E AR A X
DR OHEEFFEL LI ET, 95mm K A XD
BRIL b GO R E L7z,

2. BIESHIEOIRE 4K, DeLury Tl CPUE
DIFA AT D FIHIE IR FL & AR =R AR R S
o LAL, MIOHEINT A — 57 IZHED TR0,
IO A ITEERSHEET 2 I EIIR#ETH Y,
TRy L INE IR R B O HE i XA B & HE o THEE S
NAEIZH S (L)1, 2001), F - R L OBEFREK
B, RHDINTG A — 5 Th 5L ifERNFE &HEE) L THEE S
NBIRFET, ZOMEICHEDVTEROELH MG 5
LWL EZ b, &I CTARRETIRIBIEMN RO A
RO, FRNEEEST A—F ELTHR, FEHISE
FREZFET L2 FIHTED 2,

F¥, RD DeLury - E TN % HWT, /M I3
K0, U, m SO q,om & DIHEIERENO, 1, m
e L7z

lOg(Ct,l,m/Xt,l,m) = lOg(QLm NO,l,m) —Qim Zf;g Xi,l,m ( 1 )

ST, CrldIm e (B 10~11H) 2B B iEREL,
X 3 B AiES R (2 2 CIERERE) <
H5,

—75, SNz Noji,m GFEUE) (38554 - HHSOH
W CPUEL m GHEME) \CHBI§ 2 2 &2t LT, X
DEE KDz

D __logNg;m—210gCPUE]
Lm — 10gCPUE)

@ _ 10gNg ave.

" 10gCPUE e, (3)

ZZC, Nojave & CPUEawe \$ZNZE1 No & CPUE D4 -
ISP 2R ¥ 2D 5T 2 H % 4 3% 4 @ CPUE
POFUMESND BRRBOMEHEE A%EE, $1H
No, i, m & DZEDS 0 VIR - SO No, o, m 13 EZHIHE
BN, RIS TR TRBHEE SN2 ERE g n
SEYURHEEME o TVDEER e 22T, qum &M
B, Dy ZHECE S 72BAAE Y DLw=0 L8725 qum
R, FOMEETXTOE - g 2@ R =R &

AR TN = 27 4 OERFM - 11

L THwZ,

3. BERERBOME HERREMM T A= L3N
1, FEIER R R L R T & VT
HRERADPHFHEDRETH 55, AT, X=X7 4
DO ATHEEDE - HERIZIE U T8 LT 5 2 LN SL
B Lo THET L EEZ, RO DeLury —f{LET
v (Phiri et al., 1999) ZH5% Z & & L7z DeLury —f%
LTIV, SRERDOTAFEE —FRT ST v 5
D53 A, AR £ CTHRIA < RIZT & % Taylor’s Power
Low ZflAANTIRMET NV TH 5, ZDILERMEIL,

L(No, @, B) =

_Pimy Pumy q g _Pimy )
Pumy, {Ctl,l,m Z—N[,me:’lvm 2+M(I—Bl'm/z)(Nt,l,mPt,l,m) " z]
tLm exp|—

21 m

t=0
= 2
Zﬂl.m(lfﬁl’"/z)

(4)

Thb, ZTIT, ol 3EYWOETELFRT LHEENT
A—=% F7,

t-1
pe =1—exp(—qX,) , NtZNO_ZCi
i=0

TdH 5o MS-Excel DV )b /N—HEkE% VT 4 o Eoe
ExRRHKILT B No, a, B ZFIRFERE L7z F 74w 8T
A =% Ny DI5%ASHEX L TCEE LLME DR A TRD 5
nn (PR, 1992), $4bb,

2Log(1iPe) < 2(095,1) (5)
[7 ) RS RIHEEM, 22(0.95, )IEHHEE 1 O 2551
TFRKT,

# R

Fig. 212, #& - #2250 ZIAOWIX I, 2001~20114F
DAEFEREN S 2 A FEMBIR S o BHET S 2T —
MR T AREEN D L OO, HARMITITFR L 56
TEFELTBY, BB L TERERROLZ VI, 1.
BRI okMamsg, T, BHERORME, M. %
HiiEG AL, V. BEVNES ChEHE) LIS T & 72,
MR I &I, MR & VT2 NI ARILAR & AR T
AR X 2HEEDPRFEZ HO T, 22T, iR
BoHfEE R, MhoRBTRT IO O 4 I L1247
Dl L7z b, HEZBRIST L2, I L
RN ORI 5 ARMEITRILE L, S CB LS
THMTIEI RV OFER IR T4bL, KiEHO
il &5 50 1 EDQADIHIZEED W7z, ZHLISHS,
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* The data of isobath was downloaded from the website of Japan Oceanographic Data center .

Fig. 2 Average annual number of fishing operations at each fishing site. Figures drawn on the left and right sides show the records
for vessel basing at the Port of Esashi and the Port of Matsumae, respectively.

P& 7 o 72X % G0 7o iR 3 1R D 5 % HE
BECTholZhb, HMREOMIFUIIKRECHEL RN
&R LR & D 72

Table 2 12, 20014ELIED 4 sz NF I BT % s
Rk, ¥R, iE T %ECTHR L CPUE E%
R U7o, BRI 2 ~ 1705 B OB THEE S, 4,
WHIZ X o TRECEH LTz, RN T
b % h o7z, CPUE IZAHHE & b 1220044F 2> 5 20074F
EIZATEIINL, ZOMRITMHEN & v CRAMEm & 7o
72 (Fig.3)o

1RICEDE, 4 - T L ICRFERES IE (BE
m%0) 124 L C CPUE X 8 fif % AR G35 &, 20084F
DR T % B < T TOEHE TRYUFEROM X T A HE
E7: ) (Fig.4), 20084F - #Ed 1 % Bk < 37TD4E - iz >
WCHIHIETRR L L R 2 g L72e 2 OFERIL Fig.5
WRTEBYT, 2 NOFEM &R REE L,
BRRDOIXEDEPRE L, MERREIRE VT EOH
GHRRBEIINSCHEE SNz, EBEEEZLYTRD X
& DL ERDI-E 2 50.00663 8 7 o7z, F I TURE
DEIFBIDOHEE TIIEAE - IEHRO IR % 0. 00612 Ht

—LTHwAZ L LT

FAE - WO BRI L F DB EHEXE, EIFFRE
B & MRS (Table 2 B18) L DT 2 ififkEE
A3, Table3ITRT LB VHEESI NIz, 4 THRRHEE
ENENTA—=F (a,B8) 1%, a$%0.016~15.86, 80
~1. 96D CTHEE S 7o BIFRBEHMEMEIZOVTIE
FOHEHMERE 7T 7 TR LT (Fig.6). BiFEEIE CPUE
DR (Fig.3) SHPICHER L TBY, Wiy
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Fig. 3 Annual changes in CPUE on the basis of estimated
catch.
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Table2 Estimated catch in number, frequency of the fishing operation, and CPUE for every year and fishing area

Area | 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Catch in number (A) 189524 81,524 68,659 270383 296402 17,254 148569 528896 509,092 237,715 0
Frequency offishing operation (B) 38 19 15 56 51 2 17 70 72 55 0
CPUE (A/B) 4.987 4291 4577 4.828 5812 8627 8.739 7.556 7.071 4,322 -
Area []
Catch in number (A) 219615 274837 339067 283805 439204 548737 B98426 591,509 585447 570340 421271
Frequency offishing operation (B) 62 106 57 T2 76 71 132 69 81 94 71
CPUE(A/B) 3,542 2,593 5.949 3.942 5,779 7,729 6,806 8573 7,228 6,067 5933
Area I
Catch in number (A) 0 0 0 507,758 653,815 1,738355 941235 682018 577,020 588513 291,197
Frequency offishing operation (B) ] 0 0 61 64 123 72 75 56 67 39
CPUE (A/B) - - 8324 10,216 14,133 13,073 9.094 10,304 8,784 TA467
Area [V
Catch in number (A} 178.841 520,007 63,020 428497 621014 419513 918393 910051 559083 434967 673962
Frequency offishing operation (B) 34 62 14 66 78 43 80 104 69 41 70
CPUE(A/B) 5,260 8387 4,501 6,492 7,962 9,756 11,480 8,750 8.103 10,609 9628
Total
Catch in number (A) 587980 876367 470,745 1490444 2010435 2723859 2906624 2712474 2230641 1831534 1386431
Frequency offishing operation (B) 134 187 86 255 269 239 301 318 278 257 180
CPUE (A/B) 4388 4,686 5474 5,845 7474 11,397 9,657 8,530 8,024 7.127 7,702

Table3 Estimated stock size in number, upper confidence limit (95%), lower confidence

year and fishing area

limit, and exploitation rate for every

Area | 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Stock size in number (<10%) 878 774 964 1,143 1,526 1,562 1,465 821
Upper confidence limit 905 910 1.018 1,204 1,798 1,674 1,542 914
Lower confidence limit 852 657 910 1,084 1,292 1453 1,388 728
Exploitation rate 022 0.09 028 026 0.10 0.34 03s 0.29
Area [1
Stock size in number (<10%) 711 578 1,165 809 1,205 1,569 1,674 1,750 1,512 1315 1,226
Upper confidence limit 758 626 1.265 871 1.278 1.684 1,755 1,839 1,578 1.370 1.298
Lower confidence linut 667 533 1.075 752 1,137 1460 1,598 1.663 1,447 1.260 1,156
Exploitation rate 0.31 048 0.29 0.35 0.36 0.35 0.54 0.34 039 043 0.34
Area 111
Stock size in number (<10%) 1,692 2056 3337 2,689 1.913 2,059 1.826 1415
Upper confidence limit 1,793 2,156 3432 2,773 2,021 2203 1977 1.536
Lower confidence linut 1,597 1,956 3,243 2,607 1.809 1,922 1685 1,299
Exploitation rate 0.30 032 0.52 0.35 0.36 0.28 0.32 0.21
Area [V
Stock size in number (< 10%) 982 1,744 861 1,345 1,666 1,842 2428 1,973 1,653 2,036 2011
Upper confidence limit 1,223 1.934 1,063 1.388 1,793 1,905 2,558 2,049 1,776 2247 2,156
Lower confidence limit 775 1,574 669 1,302 1,548 1,780 2306 1.898 1,536 1,839 1,866
Exploitation rate 0.18 0.30 0.07 0.32 0.37 0.23 038 046 0.34 0.21 0.34
Total
Stock size in number (<10%) 2,571 2321 2,800 4810 6,069 6,748 8316 7,199 6,689 5998 4,651
Exploitation rate 023 0.38 0.17 0.31 033 040 0.35 0.38 033 0.31 0.30
T 20044F- G 2> 5 20074 LIS 201 THEIMET A ASER & 17z &, 1 FEACOMETIEME 2R L7228, W8 TiE2006

B, FOBRITHEBRI % By TRAMEE & 72 > 72, R
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BEALMBEMERBES TET - AKEKERRS
Downstream migration of chum salmon released in the Abashiri River
Yasuyukt MIYAKOSHI", Daisel ANDO, MakoTo FUITWARA, HiIRoFumi HAYANO, AND MITSUHIRO NAGATA

*Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido 061-1433,
Japan

To investigate the downstream migration of chum salmon Oncorliynchus keta in the Abashiri River, eastern Hokkaido, three groups
of otolith-marked juveniles were released and sampled using cast nets in the lower reach of the river in 2004 and 2005. Marked
chum salmon were recaptured within 2 weeks of release, and thereafter the numbers of fish recaptured quickly decreased. Our study
indicates that most of chum salmon juveniles (over 0.8 g in weight) released in the Abashiri River in May migrated seaward immediately
after release. Only a few of the marked fish released at the end of May were recaptured and the river water temperature exceeded
20C in mid-June, indicating the survival of chum salmon released at that timing would be low unless they migrate immediately

after release. The release timing in each river should be considered by examining the river and coastal water temperature around

the release timing.

F—oU—=F: Wi, B, Yo, R
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*Tel : 0123-32-2135. Fax : 0123-34-7233. E-mail : miyakoshi-yasuyuki@hro.or.jp
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Fig. 1 Location of the Abashiri River in Hokkaido, northern Japan. The arrow in the right panel indicates the sampling site in

the Abashiri River (~5 km from the river mouth).
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Fig. 2 Number of chum salmon released in the Abashiri River
from 2004 to 2007.

ERIIE, FEEKIRAB00CHI# T 28 (F Ak
ET DUHHDOREETAVNE Y (Small) DT S BEEIESR),
FEHEA40CHIB TR T 28 (B AIEAET 2800050
AR E W (Large) DTLEEEIRER), FEHEKEAB20T



BLU0CHI D 2 MRS 28 (H A OGS 55755 2
& (Double) 2B 5720 DHRELITER) D3 DD/ —
e L7z,

3ODERBEOTRING X O FIL 2 #n4EL L

L, RDOEIHIEELT,

SHE D 10HHAJICERIN - 5 A WA
LAE D 11 8RN - 5 H s
D#E . 11HHAJICERIN - 5 A FHAICHR

IS DOIERR L 72N OB IS KR 5 M4 5L
LRSS TIT, MEROFETE I A 5L T%E
B L7zo SHEEORINA 0, Bt H B, ok, ot
MORBYE, KE% Table1 IR L7, T XRTOEFY
RE 1 g METHITT 22 L2 HIEEE L, JIEBTOKE
BRBETHILIZEDREEIIEEZDTT, BIBAHOR
b SEHELBEEZFELY A XTH—OBFEHE IR L,
—7J7, WINAAE L L #E DB B 28 2 A
LLCHEUY A A CHKTAZ L HIZE LCTHEZ L
Too EBICIZ2 2L DI0HERIN - 5 AP AWK D S
RO O PR ENIIT 1 g OB Z TS 5 2 &8
TED, 11PN L#E L DT EYAEIR 1
gIILEL oz, MAEL S 3HM T PIAREICERE
TSRS N (—ICECE AT, 20044 D F(2,281) =
38.04, 20054F : F(2,297)=94.11, w¥h b P<0.01),
1A OR—H B ORIP Tl z 227228 (L
TEL D#E) WCIELL 7281, 20044E 50 2 BT
EAHERZEDR S NI2H, 20054E it o 2 B T3 A &
%7213 7 2 o 72 (Fisher @ protected LSD, 20044F : P<
0.01, 20054 : P>0.05),

HEENS LCHEEBRTOY SFHADRE  2004~2007F-D
4 A TS 6 AT, H 1R, f@EINOm
5% 5km Lo CRIAGOE T, M ; Fig.1) T

HGENNC BT 2 ritfhoETES 21

B (HA12mm, #2.4m) #HVTH iz iREL
720 727201, 20044E I3 EERREE R MU L7265 AR 55
ARG L7, MEM LY TRMOMENTIX, Wi
AT DTTRAT B 72D I & o THREI K E < E1L
T 5, FAEMETIETRATANDTRND D 51T 7
MEMDTENZ R L CiEIk S 5 25, Wl CRldEAN T & A
7 ARERIRT IC AN 2RSS, T
BEALRETEI LD o7, ZO-OEIRORG %
WEVT IR 2 & IZHRAIRE (8:00~16:300 ) % #%E
Lo ABREZERLIZAFELD, TrHANITEALR
WHENB o726 A TAICAEEZHRT L7,
BHIOMBUIFERDERERTIC L o THEL, M
RIERBDL VL 348, P wIFIZI0RBEE L L7z,
RESN-H T HERIEG CREY Bz, mAR00EH-E
THEREARE LCHRL, FoMId L, Wi
ARG C2-7 =/ F 2% ) — )VTHEEE 2T 72
#%, 5% RNV YCHEE LT, 2Dk 4 ~ 6 FrifH
LB TARL ) YOO L T0% T VI — VT
B LB L72e EARIEAGRE Vo RER LY B0 Es -
WK EERERYS) OFEBRECRLE, KE, HNEW
OEsLHEL, SOICEATHE L TGRS T ALC
W OE YRR L7z ALC ERAICOWTITH A O
I TR DR & & S EERREE & A L7,
FEAIREDOBIIBIERE R TR O AR % JI%E L
72o F 7z, WIKIRD HEZALZ FR 5 728, 200545
L U20064FE D 4 ~ 7 AIZIZHEAEN ORO22 55, 5km i
DHh LD NN H60cm DALE |ZKIRFLERFT 2 3kE L, 15
SR CARIRE LR L 720

i 5T & A HEEW T OV r MR OER IR 2 PR
A728, 200445 H19H L A4 6 H18H, T AHFB LU
I BFREFE A& KER LY, 2006) THE
B L7288 (4F55m, MIFEOH A 2mm) 12 & 0 R

Table1 Date, number of fish, size of marked chum salmon released in the Abashiri River in 2004 and 2005

Mark Date of Date of Number of Fork length (mm) Body weight (g)
o fish released
+ +
group release fertilization (thousand) Mean SD Mean SD
2004 release
S 16 May 2004 15 Oct. 2003 784 4825 = 197 1.08 £ 0.17
L 16 May 2004 15 Nov. 2003 886 4679 £ 1.65 090 £ 0.11
D 30 May 2004 15 Nov. 2003 671 4783 £ 218 097 £ 0.15
2005 release
S 15 May 2005 18 Oct. 2004 1,766 5023 = 1091 1.02 £ 0.16
L 15 May 2005 15 Nov. 2004 810 4727 = 175 080 £ 0.10
D 31 May 2005 15 Nov. 2004 842 4794 = 202 082 £ 0.11
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Table2 Number of fish, size, and stomach content index (SCI) of marked chum salmon recovered in Lake Abashiri in 2004

Sampling Dates after ~ Number of  Fork length (mm) Body weight (g) SCI (%)
date Group release fish captured mean + SD mean =+ SD mean * SD
19 May 2004 S 3 46 4822 = 329 0.89 0.21 058 = 041
L 3 33 46.61 = 224 076 = 0.11 057 = 041
D - -
unmarked - 112 51.03 £ 405 1.08 £ 027 not measured
18 June 2004 S 34 0
L 34 0
D 19 2 5294 £ 4384 1.25 = 0.30 1.02 = 026
unmarked - 24 5176 £ 9.26 127 £ 0.68 not measured
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Fig. 3 Number and mean fork length of chum salmon captured in the Abashiri River from 2004 to 2007. Vertical bars
indicate standard deviations. Open circles indicate river water temperature at the sampling time.
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Fig. 4 CPUE (Catch Per Unit Effort ; number of marked fish captured per cast net), fork length, and stomach content index
of marked chum salmon captured in the Abashiri River in 2004 and 2005. Vertical bars indicate standard deviations.
CPUE was expressed as the number of marked fish per release of 1 million fish to compare the CPUEs among the

marked groups.
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BEALMBEMERBES TET - AKEKERRS
Changes in water quality during long-distance transportation of chum salmon juveniles
MakoTo FUITIWARA™, HAyaTo SANEYOSHI AND Kunio SUZUKI

*Hokkaido Research Organization, Salmon and Freshwater Fisheries Research Institute, Eniwa, Hokkaido, 06 1-1433,
Japan

Changes in water quality(temperature, pH, electric conductivity (EC), dissolved oxygen (DO), and ammonia nitrogen NH4-N
concentration) in fish tanks containing chum salmon juveniles were examined during long-distance transportation by car. From March
through April in 2011 chum salmon juveniles (mean body weight 0.7-0.9 g, total number 860,000) were transported while supplying
oxygen from a hatchery to 4 distant rearing sites in Hokkaido, Japan. Duration of feed withdrawal for fish before transportation
was one day. Densities (total fish weight per tank volume) in the fish tanks were maintained at 6.0 to 7.2%. Carrying distances
were 227 to 340 km (5 to 7.1 hours by car). The water temperature was nearly constant. The pH decreased rapidly at the early stages
of transportation and then remained constant. The DO increased and reached supersaturation. The concentration of NH4-N increased
in proportion to the transportation time (hours) and reached 6.38 mg/1 (0.0009 mg NH3/1) 7 hours later. Moreover, EC was proportional
to the content of NH4+-N. The fish showed no mortality during and after transportation. These results suggest that the conditions of
the long-distance transportation were appropriate for use in chum salmon juveniles and also that EC would be a useful indicator for

NH.-N content.
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Fig. 1 Map showing producing (W) and transporting (®) sites
of chum salmon juveniles.
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F 72, EEHEELED S & BENEE B H%230km,
WNFEES553320km, ERIFIEH3340km Tdh o 72, i
BIZHWZ Y 7 OFEIMEWD 50 & BEFFAFTEH
3m® (LLF, Tank I &0R5), WILIBIEIE Y & aplfE Yy
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Table1 Summary of long-distance transport of chum salmon juvenile

o Distance . I\.IO.' of Mean Total ~ Tank volume Density
Date Destination Hours (km) individuals l?ody weight (kg) () (%)
(thousands) weight (g)
March 19,2011 Nobusha 5.2 234 280 0.7 196 3(Tank 1) 6.5
March 25, 2011 Shokanbetsu 4.9 227 270 0.7 189  3(Tank I) 6.3
April 1,2011 Shosanbetsu 6.4 320 160 0.9 144 2(Tank I)? 72
April 14,2011  Enbetsu 7.1 340 150 0.8 120 2(Tank 1) 6.0

*1 Canvas tank
*2 FRP tank

*3 Density(%) = Total weight(kg) / (Tank volume(m®) x10)
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~7.3C) Tholzo WHFEHNOWHEREIZBNWTY >~
JAOKIEDT.3CETLEAL2bDD, #fh, 71,
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mg/l THY, HIHED Y > 7 P90 DO %l L 7240113l
B~ OERE S TR L R L72 (Fig.2-b)o —
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Fig. 2 Changes in water temperature (a), dissolved oxygen (b), pH (c) and NHs—N concentration (d)
during long-distance transportation ; Index P indicates values measured in the pool on arrival . NH4s—N
concentrations (—Nobusha (<{>) and Shokanbetsu ([J)) measured in the pool at departure were
omitted. <> ; Nobusha, []; Shokanbetsu, 2 ; Shosanbetsu, O ; Enbetsu
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Fig. 3 Changes in air-and water temperatures during long-distance transportation. (Data were recorded at ten- minute
intervals). € ; Nobusha (air), < ; Nobusha (water), Il ; Shokanbetsu (air), []; Shokanbetsu (water), A ; Shosanbetsu (air),
A\ ; Shosanbetsu (water), @ ; Enbetsu (air), O ; Enbetsu (water)
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Fig. 4 Change in estimated NHs concentration during long-
distance transportation. <> ; Nobusha, [] ; Shokanbetsu, A ;
Shosanbetsu, O ; Enbetsu
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Fig. 5 Relationship between electric conductivity and NH4—N
content.



Z %

KB Fx AR U 71E, FRP ¥ 7 IZH~EHEE
PELC, [IROKIBNDZEIRKREVWEFHEEIN, L
ML, WHIZBWTKRISTTE2RROEZEITIZEAL
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Starvation limits of newly hatched larvae of wakasagi, Hypomesus nipponensis, and their downstream migration to
Lake Abashiri

MitsurRUu TORAO

Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research Institute,
Nakashibetsu, Hokkaido 086-1164, Japan

After hatching in the rivers flowing into Lake Abashiri, it is vital for the survival of Wakasagi (Hypomesus nipponensis) larvae
to arrive at Lake Abashiri with yolk storages. The present study aims to estimate the time required for the newly hatched larvae
of wakasagi to arrive at Lake Abashiri. Yolk absorption and starvation tolerance were examined in the reared yolk-sac larvae, and
sampling surveys of drifting larvae were conducted at the inflowing river. Newly hatched larvae completed yolk absorption by six
days after hatching at 13°C. The point-of-no-return (PNR) of yolk-sac larvae was found by the five day mark. The results of a 24
-hour sampling survey for the drifting larvae show the larvae hatched just after sunset and immediately migrated to Lake Abashiri.
Judging from the yolk volume of these larvae, the time required to reach the lake was estimated to be from 0-1 day after hatching.
Newly hatched wakasagi larvae are considered to have sufficient yolk volume for starvation tolerance at the time of entering the

lake, even though arrival and first feeding at the lake are required within four days of hatching for survival.
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7 714 ¥ Hypomesus nipponensis 1%, b L OAIM
OFARN LA & BARE DAL O IE, PERRRICE
ROAT T Ao NERTH L (HA, 1961 ;&
FH, 1980 ; Saruwatari et al., 1997) . ERBEIZ6Hd A @A
BWZ Lo HERSHOMNRWE, ¥FAMIcBHs

(&M, 1980 ; %A - Hrh, 1986), MIKIfASERCHEMIC
Co TEELRMAME o TWh,

7 71 FIIAETE L O — KB 5 b O Rk E
FHAT 250, WA TEFEZERHTS b 0% ENE
oL %EFoOH (¥H, 1953 | Arai et al. , 2006 ;
Katayama et al., 2007), D EIISATIZRAIRICERE S I,
A BRI X o THBRM & 5\ IZZ O ISR &
N5 (&M, 1956 ; b H - G, 1960 ; %5 - 4,
1960 ; Frilis, 1996 ; RS, 20025 AT, 2006; Bk - B
M, 2006 ; ¥ - B, 2008 ; &7k, 2009).
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Hypomesus nipponensis, WM, 17, MEmvE, PbFA, IR, wEmRAMII, 743 F

WL TR oSS & g oif5)sg o s s» o % 51K
KiTH B0 (4HS, 1995 ; €55, 1995), 7 HH
FOREINGHTIEE ST AN & (8 - K
W5, 1984), AP BIT B EINLAIITOZ IR THE
LA RnwEEZLNTYS (B, 1999), s
\2 & B TEAT O FEIBREEEAL AT 7 4 F &I O
ORDVLEFL DY (AR, 1994), HEEMRE T 7 F12
BWCHMTHROBELHLNIT S 2 LITEHEED)
BRZRE T2 ECTHEELREETH D,
HWEMANOWAMNTH HHEEN - L7 & T5
~6 I L L7227 A4, 7272618 T L
BN CRUET 5 (0 - 3B, 1983 ; Tk, 1988),
WAL ZBET 4 5 7 7 3 5 T AU 5 E BRIy
WISIIFAT SIS L, R EE D MR ENOR
T E L TR EDOTHTHRE RIS TH L, — i
ICHBTE, R DINPRIEN DM 2 2 AT

HorE 5 A484 (20124F 6 H 4 HZH)
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AROEEREKICE > TEETH Y CEH, 1972,
Miller and Kendall, 2009), 7 44 CHEEHHIEDOEN
DMIRFEE BN S 5 2 L PEREA T CHMSLTW»
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Fig. 1 Map showing the sampling stations at Abashiri River.
Solid circles indicate the sampling sites.
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Fig. 2 Daily changes in the total length, yolk volume, and yolk
retention rate in newly hatched larvae of wakasagi reared
at a water temperature of 13°C. Solid circles show the
yolk volume. Open squares show the yolk retention rate ;
the number of individuals having yolk by the number
of samples examined (n=30). Vertical bars are
expressed as the standard deviation.

Table1 Total length and yolk volume of rearing larvae during
the rearing experiment

Date Age Total length in mm Yolk volume in mm’  Yolk retentive
(Days after hatching) mean + SD mean = SD rate

May 31 0 4.924 £0.295 0.0459 £ 0.0235  100.0 (30/30)
June 1 1 5.240 +0.264 0.0251+0.0372  100.0 (30/30)
June 2 2 5.270 £0.327 0.0076 +0.0069  96.7 (29/30)
June 3 3 5.382 £0.302 0.0034 £ 0.0019  96.7 (29/30)
June 4 4 5.382+0.313 0.0003 £ 0.0007 13.3 (4/30)
June 5 5 5.477 £0.276 0.0001 £ 0.0007 3.3 (1/30)
June 6 6 5.233 £0.278 0.0 (0/30)
June 7 7 5.330 £0.317 0.0 (0/30)
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Fig.3 Diurnal fluctuation of the number of drifting larvae
collected with a NORPAC net in Abashiri River (St.1)
on May 18-19 (upper), and June 1-2 (lower), 1998.
Arrows show sunset (18 :45 and 18 : 58, respectively).
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Table2 Diurnal changes in the number of larvae, and mean total
length and yolk volume of wakasagi larvae collected
in Abashiri River St.1

Date Sampling Number of Total length inmm  Yolk volume in mm’
Time larvae collected meantSD meantSD
May 18, 1998 7:00 112 4.829+0.315 0.0234 + 0.0130
8:00 110 4.848 + 0.308 0.0242 + 0.0200
9:00 77 4.890 + 0.301 0.0218 £ 0.0132
10:00 86 4.783 £ 0.335 0.0250 + 0.0228
11:00 106 4.733 £0.308 0.0312 + 0.0166
12:00 209 4.844 £ 0.225 0.0218 +0.0141
13:00 149 4.889 +0.273 0.0257 = 0.0141
14:00 557 4.959 +0.274 0.0279 + 0.0153
15:00 606 4.878 £ 0.316 0.0366 + 0.0226
16:00 640 4.916 +0.293 0.0290 + 0.0128
17:00 1,004 4.888 + 0.300 0.0345 +0.0135
18:00 1,371 4.841 +0.299 0.0359 + 0.0191
19:00 4,176 4.857 +0.322 0.0291 + 0.0140
20:00 4,272 4.953 +0.312 0.0367 + 0.0182
21:00 3,770 4.857+0.292 0.0349 + 0.0149
22:00 2,501 4.822+£0.319 0.0327 +0.0138
23:00 1,423 4.900 + 0.289 0.0388 + 0.0156
May 19, 1998 0:00 1,247 4.888 + (.260 0.0377 £ 0.0183
1:00 777 4.874 +0.302 0.0346 + 0.0158
2:00 516 4.841 +0.246 0.0344 + 0.0167
3:00 454 4.917 +0.292 0.0449 + 0.0240
4:00 276 4.838 +0.324 0.0334 +0.0152
5:00 237 4.835+0.277 0.0319 + 0.0206
6:00 131 4.836 + 0.320 0.0337 + 0.0159
7:00 128 4.809 + 0.345 0.0324 + 0.0140
June 1, 1998 7:00 3 4.350+0.312 0.0313 +0.0010
9:00 6 4.642 +0.331 0.0218 + 0.0190
11:00 3 4.917 +0.382 0.0255+0.0183
13:00 6 4.470 +0.373 0.0321 + 0.0091
15:00 4 4.763 + 0.206 0.0293 + 0.0127
17:00 3 4.750 £ 0.132 0.0243 £ 0.0110
19:00 8 4.681 + 0.285 0.0417
21:00 119 4.477 £ 0.226 0.0288 + 0.0178
23:00 38 4.505+0.184 0.0258 + 0.0210
June 2, 1998 1:00 27 4.639 + 0.226 0.0255 +0.0120
3:00 6 4.450 £ 0.574 0.0133 = 0.0053
5:00 4 4.425+0.393 0.0411 +0.0248
7:00 3 4.650 + 0.304 -
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Fig.4 Temporal changes in the number of wakasagi drifting
larvae collected in Abashiri River (St.1) during May -
June 1998 (upper), 1999 (middle), and 2000 (lower).
Solid squares show the number of collected larvae in five
minutes. Open circles are water temperature (C).
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Fig.5 Comparison of the number of wakasagi larvae collected
at St.1 and St.2 in 1998. Solid circles show the samples
at St.1. Open circles are the collected larvae at St.2.
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Table3 Total length and yolk volume of wakasagi larvae
collected at St.1 and St.2 in Abashiri River, 1998

Sampling Number of  Total length in mm Yolk volume in mm>

Station
date  larvae collected mean+SD mean+SD
St.1 May 1 0
May 4 0
May 6 15
May 8 0
May 11 79
May 13 392
May 15 41 - -
May 18 112 4.829 +0.315 0.0234 £0.0130
May 19 128 4.848 + 0.345 0.0324 +0.0140
May 21 107 4.478 +£0.358 0.0251 £0.0142
May 23 46 4.657 + 0.346 0.0198 £0.0119
May 26 29 4.766 + 0.283 0.0166 +0.0071
May 28 25 4636 +0.212 0.0217 +0.0096
May 30 19 4.709 + 0.257 0.0166 +0.0093
June 1 3 4.350 = 0.312 0.0313 £0.0010
June 2 3 4767 + 0.154 -
June 4 7 4.425 +0.154 0.0148 0.0114
June 6 2 4533 +£0.177 0.0073
June 9 3 5.250 £ 0.289 0.0147  0.0028
June 11 1 - -
June 13 0
June 17 0
St.2 May 2 1
May 5 0
May 7 1
May 9 1
May 12 3
May 14 19
May 16 7 - -
May 20 13 4.767 £ 0.293 0.0264 £0.0103
May 22 12 4757 +0.318 0.0138 +0.0060
May 25 2 4.725 £ 0.530 0.0180
May 27 1 4.600 + 0.035
May 29 2 4.790 -
June 3 1 4.000 0.0461
June 5 1 4.650 0.0236
June 8 1 4.500
June 10 0
June 12 0
June 16 0

-: No data caused by sample breakage.
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ftR2 L 72AHOTFHRE, BERES L OCHEREK
N7 A * CURiy =) * WHIE R H
wE EX TAGAE (em) TEHE(R 72 (em) HE R 3
2006 2007 2008 2009 2006 2007 2008 2009 2008 2009
1 KA — 580  5.56 P r o 0.57  0.66 74 116
2 568 593 596  5.71 058 046  0.67  0.68 52 73
3 552 608 577 548 058 057 064  0.67 107 211
4 KA 626 553 5.68 KFE 079 053 0.64 63 46
Y I5<vA 5 583 583 557 550 044 053 049  0.63 18 31
(O7%f) 6 6.14 575 540  5.44 043 038 053  0.62 43 130
7 6.12 495 495 534 043 015 072 051 6 16
8 — — 468  5.44 — — 049 045 49 53
9 KA REA 452 518 KRR RFEE 048 0.62 25 23
10 KA 555 535 5.20 KFE 055 049 071 11 31
11 — N N i N N — RA KA RRA KA KR
1 FFm# 1158 1193 1133 Rt 2.05 264  1.93 3 16
2 13.00 1294 1400 11.54 310 166 280 152 2 8
3 1250 1322 14.65 13.00 218 292 165 238 2 23
4 FFAE  12.60 1230 14.09 KIPAE 250 240  1.70 2 9
Vs T<A 5 1470 13.38 — 13.37 0.00  0.97 — 0.98 — 3
(17L) 6 — 15.05 — 13.90 — 0.05 — 3.37 — 4
7 — 1550 1173 11.36 — 0.00 249 263 13 6
8 — — — — — — — — — —
9 KiE# kiEE 1610 11.36 KiEA RdEE 000 248 1 5
10 KA 1155 1575 13.23 KA 194 195 0.89 2 4
11 — Kk Kk Rild — Kiflh KiflhE  Rild Kk Kk
1 RiE — — 5.50 RiE - — 0.50 — 2
2 4.40 - 500 4.9 0.00 - 030  0.44 2 36
3 4.80 - - 4.93 0.00 - - 0.33 - 8
4 FgE — — 4.15 K — — 0.19 — 6
FTA<wA S 5.63 — — 4.45 0.40 — — 0.05 — 2
(O%f) 6 538 545 — 4.67 037  0.05 — 0.69 37
7 5.55 - 467 450 0.36 - 026  0.15 3 5
8 — 505  3.97 — - 035 032 - 21 -
9 KA KT — — PN SR — — — —
10 Kipd — 3.50  3.50 KE — 0.00  0.50 1 2
11 — Kk KA Kild — KiE Kk Kild KA KA
1 K& 1390 1678 14.12 KIE 074 194 264 3 11
2 1446 13.17 17.09 14.21 202 080 332 282 9 16
3 13.60 1430 14.04 14.76 157 208 124 353 5 12
4 KFH 1263 1642 12.90 KA 111 264 1.23 5 4
FAwA 5 13.54 1413 1343 13.04 1.65 209 218 147 4 7
(1Ll E) 6 1336 1198 13.07 1241 3.18 154 429 148 7 9
7 - 1478 1150  12.97 - 0.89 351 141 6 10
8 — 13.20 - 10.57 - 0.00 - 1.17 - 12
9 KiHE RPEE 1095 1473 KA RPEAE 200 293 27 10
10 KA 1271 1790 1578 KA 089 114 3.14 4 5
11 — KE KA KilE — KA KA KillE o N
1 PNk — — — F R — — — — —
2 12.45 - - — 0.85 - - - - -
3 J— p— p— J— J— p— p— p— p— — p—
4 KFAE 1170 12.90  13.44 KFEAE 000 1.60  0.89 1 2 5
5 12.77 12,61  11.61 12.70 169 093 120  0.00 9 10 1
NFATH 6 — 10.75  14.70 — — 145 0.00 - 2 1 -
7 1268 795 1143 11.02 161 28 3.16 1.10 42 6 20
8 — — — 13.60 — — — 0.00 — — 1
9 KAwE kA 9.04 991 KA R#EAE 193 113 S 25 25
10 KA 1003 1049 1245 KL 249 100 1.36 19 12 14
11 6.92 K& KA K& 2.80 KA KA KA i} Fi e N
1 KA 12.03 932 9.94 KA 0.82 273 1.08 4 31 25
2 1020 1142 813 953 196  0.64 247 155 5 9 35
3 1037 10.87 7.64  9.15 117 348 212 176 20 65 57
4 KA 1373 9.59  10.68 KL 133 293 235 3 8 25
5 1234 9.63 1240 1033 1.08 253 000 122 6 1 8
TURYay 6 981 1256 12.83 9.86 273 139 095 272 7 3 5
7 12,72 1345 12,65 7.5 093 072 105 005 4 2 2
8 1232 1392 270  14.00 227 1.09 000 1.10 5 1 2
9 KA RFEE 1357 13.40 KR AFEE S 0.82 0.00 S 6 1
10 KA — 13.70  10.55 kAT — 130 1.55 - 2 11
11 — S o s 1 R N — B M S M S i NG N N
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fT5R3  HEE B R L 95% 13 R

LEEE (R nf)

95W{EHHIE (R ni)

AL A R T A A P+ T~ A T A A
NFHTh Tr RV aw NFRTI T KV ay
(77 SV AP onkf gLl b onEf bl b (77 SV AP
1 Kt REAE KA REA Rt Rt Rk R Kt REA R R
2 0.059 0.005 0.002 0.032 0.005 0.153 0.027 0.000 0.000 0.000 0.000 0.000
3 0.223 0.014 0.004 0.042 0.000 0.060 0.062 0.000 0.000 0.000 0.000 0.010
4 Kl REAE OR#E RWA KRt KRt Kt KA Kl REA Fifds Fifds
5 0.029 0.004 0.016 0.021 0.078 0.049 0.000 0.000 0.000 0.000 0.025 0.025
2006 6 0.024 0.000 0.432 0.028 0.000 0.042 0.000 0.000 0.230 0.000 0.000 0.017
7 0.131 0.000 0.019 0.000 0.029 0.247 0.019 0.000 0.000 0.000 0.000 0.063
8 0.000 0.000 0.000 0.000 0.000 0.078 0.000 0.000 0.000 0.000 0.000 0.000
9 Kifd  REAE KA RWA Kt Kifds KRt KA Kl RWEA it Fifds
10 R#E KEE  ARE  KEE Kt Kt KiE  RWE KA RWEAE SRS it
11 0.000 0.000 0.000 0.000 2.078 0.000 0.000 0.000 0.000 0.000 0.593 0.000
1 0.000 0.022 0.000 0.011 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000
2 0.031 0.027 0.000 0.035 0.000 0.023 0.000 0.000 0.000 0.000 0.000 0.012
3 0.021 0.046 0.000 0.084 0.000 0.088 0.000 0.013 0.000 0.025 0.000 0.013
4 0.029 0.022 0.000 0.054 0.004 0.011 0.011 0.011 0.000 0.000 0.000 0.000
5 0.017 0.023 0.000 0.046 0.051 0.034 0.000 0.000 0.000 0.000 0.000 0.000
2007 6 0.021 0.010 0.010 0.047 0.010 0.036 0.000 0.000 0.000 0.000 0.000 0.000
7 0.014 0.007 0.000 0.028 0.332 0.028 0.000 0.000 0.000 0.000 0.057 0.000
8 0.000 0.000 0.013 0.007 0.000 0.033 0.000 0.000 0.000 0.000 0.000 0.000
10 0.012 0.024 0.000 0.049 0.116 0.000 0.000 0.000 0.000 0.000 0.000 0.000
11 K KA Kk R ENES ENES Kiad  RRA K RRE PN E N
1 0.237 0.009 0.000 0.024 0.000 0.135 0.021 0.000 0.000 0.000 0.000 0.063
2 0.240 0.009 0.009 0.040 0.000 0.053 0.018 0.000 0.000 0.000 0.000 0.027
3 0.576 0.011 0.000 0.027 0.000 0.363 0.011 0.000 0.000 0.000 0.000 0.027
4 0.323 0.009 0.000 0.023 0.009 0.041 0.041 0.000 0.000 0.000 0.000 0.014
5 0.127 0.000 0.000 0.028 0.064 0.007 0.000 0.000 0.000 0.000 0.000 0.000
2008 6 0.239 0.000 0.000 0.036 0.005 0.016 0.026 0.000 0.000 0.000 0.000 0.000
7 0.046 0.100 0.023 0.046 0.062 0.015 0.000 0.000 0.000 0.000 0.039 0.000
8 0.513 0.000 0.220 0.000 0.000 0.010 0.000 0.000 0.000 0.000 0.000 0.000
9 0.185 0.007 0.000 0.123 0.192 0.041 0.027 0.000 0.000 0.000 0.034 0.000
10 0.069 0.013 0.006 0.025 0.082 0.013 0.000 0.000 0.000 0.000 0.019 0.000
1 0.391 0.048 0.006 0.033 0.000 0.087 0.042 0.000 0.000 0.000 0.000 0.021
2 0.369 0.034 0.185 0.071 0.000 0.239 0.071 0.000 0.050 0.013 0.000 0.134
3 1.039 0.100 0.032 0.048 0.000 0.316 0.136 0.016 0.000 0.000 0.000 0.108
4 0.243 0.046 0.030 0.020 0.025 0.142 0.020 0.000 0.000 0.000 0.000 0.025
5 0.279 0.022 0.015 0.051 0.007 0.059 0.081 0.000 0.000 0.000 0.000 0.000
2009 6 0.857 0.023 0.405 0.052 0.000 0.035 0.093 0.000 0.278 0.000 0.000 0.017
7 0.121 0.045 0.038 0.075 0.151 0.015 0.000 0.000 0.000 0.000 0.000 0.000
8 0.569 0.000 0.000 0.114 0.009 0.019 0.085 0.000 0.000 0.000 0.000 0.000
9 0.163 0.036 0.000 0.071 0.178 0.007 0.000 0.000 0.000 0.000 0.000 0.000
10 0.193 0.023 0.011 0.028 0.079 0.074 0.028 0.000 0.000 0.000 0.000 0.023
11 R#E  R#E  KRE RWA KRt KRt KRt RWA Kt REA Fifds Feifds
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