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Reexamination of the maturity rate of Ishikari stock of the sailfin sandfish Arctoscopus japonicus at the age of one

NoBorRU HOSHINO

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

The maturity rate of the Ishikari stock of the sandfish Arctoscopus japonicus is believed to be 100%. This study re-examined

the maturity rate of this stock of fish aged 1 year to determine whether any deviations from 100% maturity could be detected.

The mean values of body length of age-one fish were estimated for 2005—2008 year-classes by otolith back-calculation analysis

of fish that were sampled at the age of 2 years. The maturity rate of the 2006 year-class of age-one fish was estimated 64% in

females because of slower growth. These results indicate that maturity rates are not always close to 100%, particularly in

females, and that the possibility of lower rates should be considered carefully when evaluating the spawning biomass of this

stock.
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Fig. 1 Annual change in the catch of the Ishikari stock of
sandfish.
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* The data of isobath had been downloaded from
the website of Japan Oceanographic Data center.

Fig.2 Map showing the survey area of the Ishikari stock of
sandfish.
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Fig.3 Size at age distributions for the samples caught by
trawl surveys conducted in October 2010.
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Fig. 4 A transverse section of a sagittal otolith from a 2-year-
old female sandfish (190-mm body length, sampled
on October 21, 2010). Annual rings and focus are
indicated by arrowheads.
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Table 1 Sampling data for sandfish used in otolith analyses.

Sampling information

Number of individuals used in otolith analysis

Male Female
Year Month/days Depth(m) Vessele
o+ 1 2+ 3" o+ 1+ 2+ 3

8/20-24 196-253 Oyashio-maru 0 16 2 18 21

9/10-12 229-251 Oyashio-maru 0 29 12 41 0 4 3 48

2007 10/15 245-260 Hokuyo-maru 6 25 14 45 32 32 67 112
Commercial

11/14 230-250 . . 0 18 16 0 34 0 30 5 0 35 69
danish-seine

2008 3/3-4 224-231 Oyashio-maru 0 17 0 17 10 3 13 30

10/22-30 213-252  Oyashio-maru 0 10 34 44 22 41 72 116
Oyashio-maru

2009 10/23-28 200-255 1 131 15 7 154 1 59 21 10 91 245
Hokuyo-maru

2010 9/14-15 233-271 Hokuyo-maru 31 0 0 0 31 23 0 0 0 23 54

10/21 219-260 Hokuyo-maru 8 46 89 2 145 3 41 73 4 121 266

Total 46 292 182 9 529 29 201 178 24 432 961
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Fig.5 Seasonal change in the marginal growth pattern for
age-one sandfish.
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Fig. 6 Relationship between otolith radius and body length
for age-one sandfish.
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represent the statistics of body length sampled at the age of 1 year for each year class.
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Fig. 9 Relationship between body size and maturity rate
with fitted logistic curves.
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TR — BB R AR © ) IEIRFIZ 35 1) 2 iR EAR 2 HEE
L7,

—EIZ, HAPEDBack-calculationiZ 2 £ Vi EDOKE
JBIEZHEET DA, REIV/NIDICHEIND Z
ERDHY, FRx AN OFRRRLUGER DG S
TV % (Campana, 1990), AAFFETIL, HADOIEZREIZ &
O B KD D OEEHINZIRE T D /314 7 R & [k
L7, HABFmOmSREFNTsZ b L, F
7o, UEMKEORREZHET 272012, USKEORET
KAEOEN R ZRAHF O KD D Z & iR LT
(Fig.5), USMKEOEARDH» D BAR—KEBEREZE
7= (Fig7)., &b, BAR—KEREKREZ —20HAT
FTHT D LICL S TEL D RERERZRIRET 5729,
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Table 2 Estimated maturity rates at the age of 1 year for
each year class. Values in parentheses represent
95% confidence intervals.

Year-class Male Female
2005 0.986 (0.962-0.995) 0.893 (0.798-0.964)
2006 0.915 (0.855-0.963) 0.640 (0.511-0.760)
2007 0.980 (0.948-0.994) 0.899 (0.790-0.977)
2008 0.971 (0.952-0.984) 0.919 (0.866-0.963)

T CHETE S AT BARMIE 25 A0 D U N B L, ik
BfEIZGE bbb D B2 HND,

R — AR EFEORG (Fig9) 122\ Tk, AV
AR L CERVKIEFIZHIT CTBEIL TWAREL D15
LNTZbDTHDHTD, B L TRV MERIZFE R
BEVKERCTET D AR S 5, < b TEMED
EDENHIBESIND D, UDERAGLOFERKIT V2L,
IEARIER, BRI OB e & & B EMICFHIT 2
ZEIEEEL W, Lv L, MEORBVEEOEI S, K
140mmT Z HFESIZBBIZ AL L, & ORIt TIERRE
120%7°100% & 72> Tk D, HEIZ2ONTH, 140mmdk Y
KEWFHCTITIZIFI0% DN RAMTHD, 2O L%
BETDHE, KEHHERBEDOENZ L > THREDORE
7R U AR B R S G CHEBLT 2 & o 7o wTE PRI
WwWeEZHND,

FAERRAEIZ DT, 2% F 0D 1k e TE (R R AR & st
DIEEMEZ T 5 &, ML IZ, TH10%EE
25 B D U RHEE AR R D A3/ S & S E [ 3588
il (Fig7). & L, Back-calculationiBEIZf 9 REESCH
A B ORI L 0 KREWERBERE ST En
S Z EBNFRRTHIUE, EMH0%EEIC S RO EDN
BT DT TH DD, BEMREE - MEMEE BICRE 22T
HHILIR, HETI30mmEL T, MET140mmlA T & o7
IR DB EIRF IR Sz < <, 2RI T
BREMNRLER->TNDEBZLND, BETLIDED
72N A VTR OWRIENITIE E A E B BTV
V(BB - ZAE, 2011, Figdmnd, Zhub oA Xixl
PEREIZ R L2 W RTRRE S K & W, LR D, JRIEMA
L TCWRWRBRAD SN H DFREFEL TWDHD, Fih
DITRA O THRE S NI W DI R FRHCHESS
THE T BT BRED D B E IR DG 1X100%30T
EERITRREHREIND,

HETE S AVT2 25 0 D U IR AR 1 22006 AR A E 2 B C
HETIT%LA b, HETIXO0%RI# CTh o7, 7272 L Z D
AL, 25 Bk E CHAF LEEEXI R & 72 o T2 B IRIC DN T
DIUFFFCBIT 5 RAERTH Y, R 5 ek
TR B URAD RIS ® 5 A OEIS TlEi



WZEICHEBETRETH D, UFADAEIZ N T,
Ik TR L TZE ORZICIRIEC AR T LT BEE B8
THZ LR DDT, 2FAN OO IR OHEEE
IO R&EL< D B2 LND, 5, AR THLNL
FERZ IR S E S ORAREZHET D & &I, 2%
FDAFHIR O E I BLE L0 1R I O REAE E % T
%ﬁé@ﬁﬁa%ﬁitmi RGO EREIZ B9
DR SOIEOH DL ENTEDEEZBND,
4ﬁ}m%$ﬁﬁ@m_0wfiJmﬁ@%m¢§ﬁ
AR & H~ S <, R 364% & 3 L <RV MVE THE
E STz, REFOEREN NS hoT=oiL, & < IZomgfk
MBUSKOFBMIMAE TOREEN/NE o2
(Fig.7,8) ZXickaeEx bbb, Fiz, Fig3llmLiz
EBV2I0FE10H D b a— LB Tl L L THRES
AU 72200948 #k 1, B IR R 23 E C138.8mm, M T
152.9mm & 20065 4%FE & RFEE (Fig7) 1[2/h&<, 2
EMD S B, #19.7%, W34.0% B3 KATH-T-, ZhE
TOIHMAETELNEIRADO LY RKREDOHR
(Fig.10) % 2% &, 20024F O Uk 3725 H200 14k it
t, 20064 % BE, 20094 R HE & R I B E RN E
VN, 20065 FRFERC2009F M HE O 1k fL DR & iR o
B, &2 WIEFig DR RE BT 5 &, 2001455k EED,
ESHUTHEIZ D W TR R FRERL B D RIEIZ T3 o 72 2 &
DHELZE D, 200658 HE, 2001 ML, WL biT
FETITMAEED G WVEREETH D (REF- =4, 2011),
DT EING, ANENEORFEED BRI B SRS Lk
TR A B Y, FEAE RO OFREECIIEER O
ML L, USEFEORRBENME T 95 alREERS R S b,
F72, Fig 1023513, 20014FLLRE O g O R EHER O 1
LY RITERRBAMEmICH D L o lcb Az b, 1272
L, [AUREAROME X TR S LA E TR (p>0.05),

Body length (mm)

130 T T T T T T T T T 1
— o~ o < wn (o] ~ 0 (2] o
o o o o o o o o o —
o o (=) o o o o o o o
(o] o~ (o] o~ (o] o~ o~ o~ (o] o~
Year

Fig. 10 Change in mean body length of sandfish at the age
of 1 year sampled by trawl surveys in October.
Vertical bars represent standard deviation.
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Characteristics of population dynamics in Ishikari stock of the sailfin sandfish Arctoscopus japonicus

NoBorRU HOSHINO

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

The sandfish Arctoscopus japonicus is an important stock in the Sea of Japan, off Hokkaido. In this study, annual changes in

the population size were estimated on the basis of VPA. The population size of the Ishikari stock increased gradually in the late

1990s because of high recruitment in the 1997 and 1999 year-classes. The spawning stock biomass recovered more than 200 tons

in 2000; consequently, the 2001 year-class had the highest level of recruitment since 1995. However, the survival rate of

juveniles, as indicated by the RPS values, decreased in the early 2000s, resulting in a decline in the population size and catch.

The RPS values of this stock may be strongly affected by the water temperature in the Ishikari Bay during the early summer

season.
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Fig. 1 Annual changes in the catch of the Ishikari stock of
sandfish.
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Yk The observation point of sea water temperature by
CTD.
* The data of isobath had been downloaded from
the website of Japan Oceanographic Data center .

Fig.2 Map showing the distribution of the Ishikari stock of
sandfish.
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Fig.3 Annual changes in the catch of the Ishikari stock of

sandfish. Graph as measured by (a) the estimated
number of females and (b) the total and female catch

weight.
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Fig. 4 Number of females caught for each year-class of the
Ishikari stock of sandfish.
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Fig.5 Annual change in female population size and stock
size of the Ishikari stock of sandfish.
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Fig.8 Annual changes in the exploitation rates for female
Ishikari stock of sandfish.
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Fig. 9 Changes in the RPS value and seawater temperature
of the Ishikari Bay in early June.
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Fig. 10 Relationship between the RPS values of the Ishikari
stock of sandfish and sea water temperatures of the
Ishikari Bay in early June.
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Maturation and age of the male Japanese common squid, Todarodes pacificus, from the Japan Sea off Hokkaido and the

waters around the Tsugaru Strait
KENJI SAKAGUCHI
Kushiro Fisheries Research Institute, Hama, Kushiro, Hokkaido 085-0024, Japan

The relationship between maturation and age for males (in days) of the Japanese common squid Todarodes pacificus was
investigated using counts of statolith daily growth increments. Squid were collected from the Japan Sea off Hokkaido and the
waters around the Tsugaru Strait in 1991-2003 and ranged from 165 to 339 days in age. The maturity rate increased with age,
and 50% maturity was estimated to occur at approximately 255 days (eight and half months). The youngest mature squid and

oldest immature squid were found to be 220 and 297 days old, respectively. Therefore, the age at maturation for male 7. pacificus

spanned over 2 months.

X —U— K : Todarodes pacificus, W, A/vAA 71, VEREN, Him, P, JbiEE
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Table 1 Year, months and sample size of immature and
mature male Todarodes pacificus collected from the
Japan Sea off Hokkaido and the waters around the
Tsugaru Strait.

Year Month Sample size
Immature Mature Total
1991 June 30 1 31
1992 June and October 28 2 30
1993 June 34 34
1994 June 43 43
1995 June 37 1 38
1996 June and August 87 10 97
1997 June and August 78 34 112
1998 June 22 7 29
1999 June 23 23
2000 June 22 4 26
2001 June to November 51 52 103
2002 May to October 118 13 131
2003 June and July 19 1 20
Total 592 125 717

Fig. 1 Light micrographs of a statolith from Todarodes
pacificus showing daily growth increments.
(A) Whole view of the statolith, (B) postnuclear zone,
(C) dark zone, and (D) peripheral zone. Scale bar =
10 gm in (A), (B), and (C). Arrow in (C) indicates the
nucleus of the statolith. Figure modified from
sakaguchi (2005).
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Fig. 2 Relationship between mantle length and maturity rate
of male Todarodes pacificus collected from the Japan
Sea off Hokkaido and the waters around the Tsugaru
Strait.
Open and solid bars indicate immature and mature
males, respectively. Numbers above each bar indicate
sample sizes.
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Fig. 3 Relationship between age and maturity rate of male
Todarodes pacificus collected from the Japan Sea off
Hokkaido and the waters around the Tsugaru Strait.
Bars and numbers indicate the same as that in Fig. 2.
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Fig. 4 Relationships between age and (A) testis weight
(TW), (B) testis somatic index (TSI), (C) accessory
gland weight (AGW), and (D) accessory gland
somatic index (AGSI) of male Todarodes pacificus
collected from the Japan Sea off Hokkaido and the
waters around the Tsugaru Strait.

(¥): immature, (O): mature with spermatophores.
TSI = testis weight/body weight x100
AGSI = accessory gland weight/body weight X100
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Fig.5 Relationship between age and mantle length of male

Todarodes pacificus collected from the Japan Sea off
Hokkaido and the waters around the Tsugaru Strait.
(¥): immature, (O): mature with spermatophores.
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Fig. 6 Relationship between age and maturity rate of male
Todarodes pacificus collected from the Japan Sea off
Hokkaido and the waters around the Tsugaru Strait.
Solid and broken lines indicate logistic curves fitted
to all data and a subset of males aged less than 269
days, respectively.

Bars indicate the same as that in Figs. 2 and 3.
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Wada et al., 2006), Z DATENIHEN B OR+%2 L0 %
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NTW5, £72, YU A BIZBOTIE, MEEE S EED
AT L CEIfSE, HlA 0 20N oib L=%h
EOBIETIRIT 21TV, SHEORBOA T 2 HE$ D0
TG SN TV 5 (Iwata ef al., 2005), ZDFEEMND,
R DBE & A58 LIS EA TSIV T, PESFELRTIC

TEA IV A A T OVERA L Biln 21

B LT HER BT > TWAD Z DN b2 2 L VR
ENTND, INHEDZ END, HEOIRRERE O (k2
WEIR~DOZAEE BB E RFTEFEO D EZ LN
D

— 0, WEAVAA T OPERRIZET DR A X2 h,
SERETImL, EOMEEN LN, YU A ORI,
NER LBROESICTMRGH Y, ThENNRR Dk
KCRBET D 2 Lt KRIEUME &/ NELEDS B 7 2 Bk
B %> TV AEE 2 BTV (Iwata and Sakurai, 2007) .
AR TG L LT IEAR IV A A F1 OBFHEREIZ DOV T,
INFTITEAEMBN T2V, MHkENIET S A
Wi AR A XOMEIRZED AL A A T DBGEERNE (2 58S
DRHEMEDR S D72, T b ITARES: E o BB GRS
EEZLND,

AREFTE T 72 o T-MEA IV A A T3 DR R IR IZ DU
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EtE i Cunan, Mo s A o2 kiE, FEIIHI D%
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ARFZETIE, BRI A A T OPERIAD B i & AAERE D
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HEA LA A TZBNT, TRHOERBED X 51T
L CTHERRAHEI T3 D DT L TR VLD, Zhbo
SRS HE O E & bi2, HEEORE L PERE O
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A OPERRIZ SN T S BB Z R HITIE, MR
FEBaY br— /L LT DRI DWW TR 2D D
VENDH D,

B &
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W2 W e AW E RO RER R &, B0 i~
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Bt ek B AR AT AN B AL, HEPN /K PE BRI s B o A i A
M, WK ERBRIGHEBRF A L 2010414 H
WPEIL) OFFHE OB EHZ R L L5, Fo, &
ARINESCE T ZE a2V 2 727z ok sE B 5 o 2
JRFEIC A 13 U 6 & 3 28K e Oy i 9e 7
N—T DX FIZEBILF L i3,
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Proof test of the rearing technique based on DHA requirement during larval period to prevent the morphological

abnormalities in brown sole Pseudopleuronectes herzensteini
NOBUKAZU SATO™ ', TosHi0 TAKEUCHI®

'Mariculture Fisheries Research Institute, Muroran, Hokkaido, 051-0013, Japan
*Graduate School of Marine Science and Technology, Tokyo University of Marine Science and Technology, Minato,
Tokyo, 108-8477, Japan

The purpose of this study was to evaluate the suitability of a rearing technique and to prevent morphological abnormalities in
juveniles of the brown sole Pseudopleuronectes herzensteini by fulfilling their DHA requirements during the larval period.
Treatments of enriched larval food included 4 different rotifer preparations and only 1 preparation of Artemia nauplii with a
commercial product. Larvae at 15 days after hatching (D developmental stage) were fed for 11 days with rotifers that were
treated with different materials and enriched-Artemia. During developmental stages F-I, larvae were fed solely with enriched-
Artemia. The incidence of normal morphology and survival rate in larvae fed with rotifers containing enough DHA to meet
the DHA requirements during the D-E stages were significantly higher than those in larvae fed with rotifers containing
insufficient DHA. Therefore, these results confirmed that this rearing technique, based on providing enough DHA to meet
requirements of larval brown sole during the D-E stages, successfully reduced morphological abnormalities to approximately
10%, yielding a normal morphology rate of 90-94%. This study also indicated that the rearing technique may be used to prevent
morphological abnormalities in juvenile brown sole regardless of the enrichment material used, since both commercial product

and DHA oil were effective.

X—U— Nogeskulb, EREREE, AWATE, milkseEmies, Rath~x¥=, (DHA), HEAT—,
<A

~ A OFEEAEPEIZBWT, AIRMRERE B IO % —iR v b (Reitan et al., 1994) 72 & o FAKKE T3,
IR RFICRRINDBREAEFENRELSLT L, 208 PO Fad~FH 82 (DHA) 72 & & Al
Bl & L CaKEfEIC L 2 FENHE SN, JBRRE  IRE 8 ETEERb ST E OBBREATS T
WARIISEI LR (AHED, 1996), TERRREEIRBAE Wb, UL, ~F LA THEHh ODHAG & & @ik &
— DML Z FrTm, UL, ZO% BARFOIEREIL F R OBREFANRIZM AN 2 otz, 22T, FAeBITED
1323~69% L RE LW EAHE SN TEY (AR ‘W T U AR ENREAET HEINNZM LT 572
R ZET 221999~2002), 2O OB ONENSLET HIZ, ZHETICDHAD D WEIx= A a Lo & o g

H5, (EPA) % @iz & TeimiE 2 W C, B ODHADNE
b < A (Takeuchi 2001), = =4 L 1 (Kanazawa 1993), RESLH R HLIZ 29 5 J&k 52 1] (Satoh and Takeuchi, 2009a),

OCE S A466 (201145 H 18 H 32 Fi)
* Tel:0143-22-2320. Fax:0143-22-7605. Email: sato-nobukazu@hro.or.jp
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~ 7 LA OFERE R E B HTE P ODHASPEPAL KIE T
% (Satoh et al., 2009b), FE LB T & ODHAZ K &
(Satoh ef al., 2009¢) ZHHLMIZLTEZ, ZhbHOMER
Nh, AREE HWEOXS (Aritaki and Seikai, 2004) D4
ST O~ T L ARSI T 5 A TR O 5 4% 58
b (BLF8fAb) @ IE&ESRE S, DHAA A W X5
(LTI REIE R HNRSENLL | & 72 B S F R R TE Sz (1
J#2009) .,

BE, M AEEOBRE T, AWiTE~DDHALIX
Hi AR D2 % A A i > THEM STV 5, DHAF A
WE, AT R0 CLUTCRFTIHILERDHD, DX
IIRRRAE A IR WA, T IREREICAE S 2 A M ERA
Enb, £z, DHAF A VD A —H—ZENIZD 7L,
ATFRTROFERIEA L DEELV, ZO7D, ZivE
TILBE LN~ T LA OFRREFERICEE T 2 5 /4 8
BTl RIE M 2 X 5 72 121%, DHAA A LTl <,
RS A T A 2 FA 72 SEBRC RN SLAS S & 1 ELT 5 B
Bd 5,

72, HROZERICANT, ERSSTESZEGESN
THY, 22—V —3RK® HDHATR(L L~ AW ATEL 2
WMETE 5 L9, WAWAZRENRIEENL TS, £
T, AWFETII~ T LA i L= B iR b T AL
L, £WEEE ODHAS &4 EICEHE L7 5GE1,
AFEOTERERFBABRN A TH H 2 L 2 FET D701
ER AT 7=,

AMEUVAE

TR, v T VAFHAEED S A I XY RT LY (L
Al SENRG X A7, LLFY A3) IZxk L CDHARRL T
LB, S TW DT CEIEIRIA] (PS4 A — X
—VI2, 7rLIZT¥ () W) CTLELEZKExRX
ICRRTE L= (3/KH#), & L CDHAMLZ HA & LCGE
EN TV DL A — B — O2FfEE D 538 LA, BA
W (A, BX), HIXZNEN2KERE LT-, 512, DHA
44 /L (DHA70: DHA 70.7 %, EPA 5.2 %, vitamin E 0.3 %,

Table 1 Design of experimental treatments

KIGHARSRL) 2 L7 ERX (CX) & IR E Lz,
KRR D A —/8—= VI121%, UL DOAPEHI A2 DK 7
2L LTC~ A7l 7L LI=DHAA A V%
BAFERNEY A 7O/ THD, TOD, Ui
O OMERFE R L RIFFIC U A 2%k L CDHARRE (90.6%
) TEH LI bEn TS, —F, AKEBK
TU LT ORI W= R ERIEANE, KERLD
HERME LR THY, A—D—I2 XD B
HIZXBE, 452 212> TY LAV ODHAS &
EHR2~3%IZTHETEZ D LI NTVD,

Z R OB O LIRSS %, Table 1128 L7, *FHEXIE,
1,000LZKAEPNIZ T U A o OfEARE B 53800~ 1,000 {4/ml
(2% L C800~1,000mld A —/3— V1241 H2[A&% 5 L T,
HEGHCET L CWA U AT &M L2, AX, BRKB X
O CXTHULERG 2 T L N2E, BRERKZ o LT 525
L CHEEMIZERE Lo b o2 M L, AR, BRE LW
CRIZRBIT 5V LY OMERTIE, B KEIZ30LAME (K
F20L), U A B LT 1,0001E (4/ml, f7E KR IE20°C,
ALFRIE 1T 18~ 2205 Il Z N E AL IEERR E LTz, & XD
TR A O WM E T ZNENRR Y, AKX D 40ml,
BX7¥g, CRA2mITH >7z, AR DIl IE b AIX
WIRZA FD TR AZDEEHREG L, BEOHES
FIRALANTI AR 22 O CULRHEK & & DI
JEH S X —TRSEHRLEDOBICHREG Lz, ARB X
UBR O ER L ORI EIT A — B — OHEGER |2
U, CRIZHT DMBGIEOFEMIL, MO FIEICHET
TATo 7= (W - 71N, 2009).

FEBRIZHE U7 ST, &/ NBGE~ T LA BRI D
HARPEINEIC L O BIP L 72 FEON 2 15 C TR L, 5
L TB3H R GHE, FAEREI I mm) Lizbo
Thbd, ZTN6DIFREZFREKRISCIZERE L 725000
FE KRR KAEIZ23,000 2T DINAE L, DAT— (E#)
FE6.0mm) 12725 £ TETOERXICA—/I—=VI2T
L L7 T AV ARG L CTREAE Uiz, $9E o
MDAT —UICHEL-Z 2R LEZEA (158 E)
525 A E TTable 1OFMFTRUIR L 72T AV ZAGEE L

Rotifers Artemia
Enrichment conditions Control Group A Group B Group C nauplii
Treatment tank (L) 1,000 20 500
Addition volume 800-1,000 ml 40 ml 4¢g 2 ml 35¢g
Density (ind./ml) 800-1,000 1,000 100-150
Temperature (C) 21 20 20
Time (h) Constant 18-22




7o S DR ILEO TSR (A—/ =D 7k
v, 7 LT T () ®) CRB LT VT T (Table
1) 22 TOERKICOHIAE L, Table 2050 CHE
L7z, 260 EARETIE, WL VT I 7 OHRERTO
FBRIXICHEAT L, 52HEE CRE L1z,

B W 268 I TR E, BEAT —Y (K
ﬁm%)% ﬂH%KMé@%,%E(%m@m%)%
K OIBHEIE # R (B /KM 5804~1,341 ) 2T, %
%XT—V%iU5% DIYFEE, ATRE - HEO&L
#E (Aritaki and Seikai, 2004) (ZfE>7-, T 7ebbH, FiE
ATF—V%, CAT—y (BN, LEpifral), DAT
— (RIEFEHE, FREAifrad), EX7T—Y (B&

fFaH), FAT— (FfEnn, ER%ra), GA7—
v (R, ERZBIFAW), HAT—Y (£ m*%
JEBATAW), AT — (s TH, #Aal) |

iz, F¥77,
NIER (XA T7A),

Tetie B %6&47i,¢éEﬁ#0ﬁ
IR LD D RRALASRFE D By (X

Table 2 Rearing conditions for larval brown sole

Body length of initial fish (mm) 6.0

Initial developmental stage C stage:13%;D stage:87%

Tank volume (L) 500
Water temperature (‘C) 15.5+0.3
Water exchange (%/ day) 200-300
Density of live food (ind./ml)

Rotifers:8

15- 25 days post hatching ) .
Artemia nauplii:0.3
26-52 days post hatching Artemia nauplii:0.8-2.0

Feeding frequency Twice/ day

DHAZ RN S iz~ LA OTERE bR 27

A4 7B), KA NEEORE (X4 7B), it
HAGBORE (44 7°C) 2L, ABFECRIT S
FERERH PR T, ¥ A TAT b LFIEIEH R TR
fli L7z,

R, TWRRIEEROMIT T, v = v 7 = ORI
ETEEMEOZT OV THIE L. (FEAKEE%), BX
WX, 2K D S BRI 17TAE TR LIz (Tt
W), 1K OB L OIREEIE R R & o F25RIX &
g Lz, EEBRROEBEIZONTE, Fa—F—0%
EHEBREZIT o7 (FEAKES%), 7B, hET—H
IEWOERA L Lo Bt (Wl - A6, 2003) &1T
77,

T Ly ETNT I TR IOMFRT OIS fA2 i~
L0, DX I T v T EtTo0-, LWk
WL, BN SET L2 b O 2R B sy 7y v 7
L, TNoE2 77— U Tobricfi L7z, 7/l 260
DIf T EBRIKXKAE 2> & PRI O AR RTIZ2,000/2 Y
TV 7 U, AR X MR O ik, T
kaéif74fX%C®7)*%—f@ﬁ%ﬁbto
BH IOV TR i Lotk AL,
AF LD ATV, HA7a~< 7T 72 HWTE
Wil & BOEREITo72, ST FEOFMITEEHRICHE T
7= (e 52006)

#w B
Table 312K FHEBRX DR OMRIFE & f, EPAS B

Y ODHAG BE/RT, 4ERX DT LAy ORIGE S BT
11.0~18.1%, [REPAS 130.5~1.1%TH 7=, 7 L

Table 3 Crude lipid and fatty acid contents in rotifers and Artemia nauplii

Rotifers Artemia
Control Group A Group B Group C nauplii
Crude lipid (% d.b.") 18.1 11.9 11.0 16.6 26.0
Fatty acid content (g/100g d.b.™)
EPA 1.0 0.6 0.5 1.1 1.6
DHA 1.7 2.3 0.6 2.6 1.9
! Dry weight basis
Table 4 Crude lipid and fatty acid contents of fish at 26 days post hatching
Control Group A Group B Group C
Crude lipid (% d.b.”) 18.8 19.6 19.7 2.7
Fatty acid content (g/100g d.b.™)
EPA 1.7 0.7 1.0
DHA 2.9 1.5 3.6

! Dry weight basis
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Table 5 Survival rate, body length and incidence of normal morphology in each group

Control Group A Group B Group C
. . 19.9 B 555 A 21.3 232

Survival rate at 52 days post hatching (%) .

(22.7,21.2,15.9)*  (49.2,61.7)
Body length (mm)
26 days post hatching 7.8+0.4 a” 7.740.4 a 7.740.3 a 7.840.4 a
52 days post hatching 12.3+2.1 a 12.3£19 a 11.3+1.7 a 12.442.0 a
Normal morphology 83.6 B" 924 A 37.2 90.2
at 52 days post hatching (%) (85.7, 83.4, 81.7)%  (90.6, 94.2)

*1 Significant differences between Control and Group A are indicated with different letters (Scheffe's test, p<0.05)

*2 Values in parentheses indicate rate for each replicate trial

*3 Values having the same letters in the same line are not significantly different (Tukey's test, p>0.05)

DDHAG EIZAK ECEMRFE <, ZILEN23%E2.6%T
Hot, FMBXOFREREITT% TH -7, BROFE &
1%, EBRXE TR LILL0.6% THo7z, ZOFEIE, A
— B —ARMEOK2~3% LV LK T2, TATITD
WIEE & &, EPAG B L ODHA G &1L, £ 2126.0%,
1.6%E L 1.9%Th - 7=,

Table 412 EBRX D26 HIRIZ I 1T 5~ H LA DR
JEE &, EPAS B L UDHAG B4, MIEE S &
BLUEPAG &L, TNEI18.8~22.7 %E L1V0.7~1.7
% Td o7, DHAG BTV L v ODHAS & D FHEER X
MICBIT b 2E KL, AR ECKN3.6%Em <, SHRX
M2.9%EHeE, BXIXL5%E Rk bIEN>T,

S2HERCI T B AEKERE, AKX LY b AEEIC
772 (Table 5), BEIT2AKIE D 5 H 1K AN15 B i
HI6HERZ /T CTRESEIE L, 17HI TR L, CKX
WX & FREDATRRTH 7122, NS Bl s

E 100 r
3
g 80
=3
=
v~ 60
S ° 40 -
o gD

<
2 %20 t
wn
o
g 0
8 Control Group A Group B Group C

Experimental group

Fig. 1 Developmental stage of fish at 26 days after hatching
in each treatment.
Developmental stages (E-G) were modified from the
study by Aritaki and Seikai (2004) and were
classified into 3 categories (Stage E: flexion larva;
Stage F: post-flexion larva, onset of metamorphosis;
Stage G: post-flexion larva, early phase of
metamorphosis).

N-FER T PEfAE M ThH D 14HMETTH Y, TD
BTSRRI & RO TR TH > 7=,

REIL, 268 #R X OS2 BIICBW TS ERK M %
138 B A7 hr o 72 (Table 5) . & FEHRIX. D26 HERIZ I 1T
DIFEAT — IHARIE, WTHOEBRKX BEA T — VL
M CRENEATEY, BAfpdEL R L7 (Fig 1.

FEBRXOVREIER RIE, AKPHRX LI b HEIC
E<, CRERBICOBILL Lo R LTz, —J7, BK
1337% & BEE TR <, ERRIXH CTHRAK & 72 - 72 (Table 5).

5 B

< H LA OFRERFBHRR T, (FRODFEEEE & R it
SHERNEIICFBEKIREZFE LY (Aritaki and
Seikai, 2004; £ 7{E2008) , ALK ODHAN AR FHEHIC
A L EZW(D~EA T — )OI LT s
DODHA% 5.2 % Z & (Satoh et al. 2009a,b) NEETH 5.
RO~ LA T, MOREEEITERZRY, (FRDHE
BEpElZ KX o> CDHAZLR EA T 5729 (Fig2), =0
ZAIZHR G T D & DODHADO b B2 HET 2 L E N H
% (Satoh et al. 2009¢), AX 35 L UCX DT AT HODHA
GElE, D~EAT —VOENREE oW L, MIEIER
FH90~94% LMD T -Tz, £72, ARKOFRRIER
R, FEE LD SARICEPST-. S HICBXOE{L
U LY ODHAS B130.6% & A — 1 —AKE (F12~3%)
F VIR, FEREFRLIEN-7-, ZhbiE, miRimk
FNZ L BT A ODHAS mORFEN, ARD X HITAR
fE ODHAZE RIZ K L TV 284 13T 1B IE & £ 5390%
PLEERELSZEL, BRO X DIZH L TR EJETE
WRMED TR 72D 2 L 2R LTV D,
AFER O XX & [/ UHildh O A —3— VI2Thfk L
72U LY ODHAE B130.6% T, TN ZMHH L5500
BIHE E W F1L63% 122 2 ¢ HESINLTWVD
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Food Rotifer

schedule

)

1.7 - 3.2 % (% d.b. in rotifer )

Artemia nauplii >

/1.4 -2.8 (% d.b. in Artemia )

about 0.6%

DHA requirement
(% d.b."")

Days post 3
hatching

Dvelopmental
stage”3

E-F stage

Normal juvenile

Fig. 2 Proposed DHA content necessary in live foods to achieve normal morphology for brown sole (Satoh 2009 in Japanese).

*1 Dry-weight basis.
*2 Feeding period of DHA that affects morphology.

*3 Each classification of developmental stage was modified from the study by Aritaki and Seikai (2004). Stage D
indicates pre-flexion larva and the other developmental stages (E-G) are shown in Fig.1.

(Satoh et al. 2009b), AERR TILFHIFRE LR F1383% &
FR0BRA > bEL o Ty, ZHUTAE O RIX DU L
YV ODHASG BMAD~EA T — Y OEKRE (Fig2) O TR
E17%IZ 7> TN DT EB R D,

AR O TERT & 5K TH U g i Al 2 — 3
— VI2IE, U LT O—REREE & RARTR b 2 W [R5
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PLEo X9l milceERbA %2 H W TY AT ODHA
GEREFELESGATYH, DHAZA LV EFEHLTY LY
ZALBRE U 7= & [FERIC, REEERNE L{&ETHZ
ERBIEMNE ol —T, BRO X S ITELD S
Ko T A= —RAFMIZDHAG BN KXW r— A
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Auvailability of sea star (Asterias amurensis) spicules as a marine biological filter
TATSUNARI MORI

Mariculture Fisheries Research Institute, Muroran, Hokkaido, 051-0013, Japan

To elucidate the possibility of using spicules from the sea star Asterias amurensis as a marine biological filter, changes in
water quality were examined in experimental tanks containing coral sand versus sea star spicules after adding NH.Cl. In
addition, to test the effectiveness of sea star-spicule filtration for fish cultivation, the black rockfish Sebastes schlegeli was reared
for 40 days, and water was circulated through sea star filters under the 3 stocking densities of 10, 20, and 40 fish per tank. In
both tanks containing sea star spicule and those containing coral sand, ammonium nitrogen (NH4-N) concentration decreased
to 0 mg/L 19-20 days after the addition of NH. Cl. Nitrite (NO--N) concentration increased and reached a maximum at 20-24
days and thereafter dropped to 0 mg/L at 45-53 days in tanks containing sea star spicules and at 44-48 days in tanks containing
coral sand. In the stocking density of 10 and 20 fish per tank, NH.-N and NO.-N were maintained at less than 0.5 mg/L. Final
body weight of fish in tanks with the stocking density of 40 fish per tank was significantly lower than that of fish from tanks with
lower stocking densities. These results suggest that the nitrification ability of sea star spicules is similar to that of coral sand and
that sea star spicules could be useful for filtration during fish cultivation.
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HE 1 HECAEOEBEHROICE HBEME LT, b
FFE R (Kla, FEES2.4mm), EREFT3ERBREIC
BT, BEEIRA L ClommEEICRA Lzt h T8
FEELE (K1b), Yo 2w/ (Kle, “FHES2.3mm)
FOW v aih - K (K1d, FHEES9.8mm) O4FE A F
Wy ZHUHIEM ORI R LT,

BRI & LT, 6007 7 U LKA Z FV, KAl BERIC
WBKAAT A K7 44— 6008 (NISSO) ##%iE LT,
TRERAN 7 (Wit ; £9100/43) 12 KV B KSS0% FERIE
U7z, 72, HAWMEKIE, ARMEE AT S EK
L, KI£20.8mm~35mm O WP IR 2 /i L 72 &R K <
H5,

ARERTEM I, RBRATICKEKR TR IEF LT, MO
AEIT500me & L, RV =F Lo ®MofEs (HA526um)
AN, BEHATA K7 4 vZ =Nty kLT, 184
v hLIE, 7T HEEFE (NH.-N) BETI0~
12mg/0 & 72 % K 5 kT =7 4 (NHLCD) ZifEK
WM L7z, 2ok &, HROMIE (A—s—s31 2
LT78 (BR) NA 2 k) ZEEKILE 2 D0 ImoiRN L
72o NH.CIIN#%, fBH~1HB X2, #HKDOpHEpH A

Fig. 1 Photographs of the filter media used in Experiment 1.
a, Sea star spicules; b, molded product using sea star
spicules; c, coral sand (small); and d, coral sand
(large). Scale bar = 10 mm.

— 4 — (IM-22P, TOA DKK) # W\ CillE L7, 7=
TUE=THEES (NH-N) 242 R7 =/ —vik O
A H, 1988) T, fiffEE=EH (NO.-N) &7 V1kik
QA 5, 1988) 12X W HIE L, NH.-NKLUNO.-NJE
A30mg/QIZ 78 A £ T OHIM Z fE AN 250 £ CoO M &
L, ZhaERdi-, ok, R ORGIERRE T
SEH7.45mg/0, EEIKIRIZ17.3°C (16.5~18.0°C) TH -
77

HE2 OV ORREBEAT HEUKWEIZIL, 6007 7

YLK Z B, AL, RO TH#2EM, NH.Cl
OFMEMGE L TS DIk SE-e M7 REM (X
la) i L7z, & b7 ERIEM O &I, 400me & L7,
RBOKIEC, 7 v Y A Hef CPEIRE23g) #1082, 202
KOG/ DOBEETINA L, 40HMOEE 1T -7,
BlAfaEl () eH <) B0V CEIZsEIOMEE T
FREE L, EARBRIE 200 T o 72, fRE IR R oK 21X
1Tole oz, WIC1E], % K OERmBRIZ KLV Kbl
725y DAKREE (1~20/KH) OIS A Z AT L7z,

A B X DOpH, NH.-NiE & ONO.-Ni & 2 351 &
FERD UL T, MIBEEESR (NO-N) Z KE 5
(DR-2000, HACH#L) (2 & 0 @B E Lz, s
T, BRBRX LSBT DY &, BAETLE NS,
ASRY AR MO Y P A D TR U, Sy B
(10,000rpm, 557 BALER) (2 X 0 M BR & i i 2 438l LT~
~ k7 Vv (H) flEzRDZ, £72, ~E7/ B EVB-
T AR a— () FOCHIZE) IRk ~E 7 2 e (Hb)
BERE L, 612, KRBEOKREZE L, 72
B, R PO FEHKIEIXI84C (174~19.0C) T
HoT,

LS

HER 1 HEHEOREHBOEE NH.-NEZIL, #E
& BIZHBRBAATZ10~128 B (10~12 mg/0) 7> HEd
L, 19~20H H COmg/o k72 >7= (X2), —J, NO.-N
IREEIE, NHL-NERE ORI, £ & HIZ12B B
B DL, 20~24H T14~16 mg/l %R~ Liz, ZDtk
AN L, Yo a/hK T4, HHXT45H, T

Table 1 Charactenstics of filter media used in expenment—1

Filter media Major axis [mm) Minor axis (mm) Walume (ma) Weight (g)
meant 5. Dok meant 5.0 / filter media / filter media

Sea star spicules 24+083 11+£044 500 2h6

Molded product 12.0x029 109044 500 196

using sea star spicules

Coral sand (small) 231045 161043 500 527

Coral sand (large) 98+332 A5+1.16 B00 F32

* standard deviation



TRXTI8H, H A AL X CIES3 H TEILEHL0 mg/o
Lipois (K2), fABEKOpHIZ, B M, oI
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A2/ 0V A/ DOREREBEAT NH-NEREL, &K
KIig & < HER Lic, WEHIHETOFERED, 102X
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b7 (IX3), NO-NEFEIE, 102 X & U202 X T
120.5 mg/LL T Th o7z, —H, 402X TIE, 1 mg/%x i
ZOEAEBHY, FH0.64 mg/t TH 7= (X3), NO,-Nij
FEIE, £ E LRBRBMAD OB TR E Tl L,
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Fig.2 Changes in pH, NHi-N, and NO:-N in the rearing
water of Experiment 1.
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Fig.3 Changes in pH, NH.-N, NO:-N, and NO;-N in the
rearing water of Experiment 2.

32 36 40

Tahble 2 Growth, survival and hematological characteristics of black rock—fish in the rearing experimant

Group Body weight (g) Hematocrt (%) Hemoglobin (/48] Survival (%)
Initial Firal Final Final

10 fish /tank 23x0224 101 X1723 2851498, 68251079, 100

20 fish /tank 2310435 94118614 2687124 £811%164a 100

40 fish Sank 2310.Ma 6E6X1.02b 252 T6.82a BO0E1.014 100

# Different letters indicate a significant differencs (2<0.08)
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Age composition of chum salmon returning to rivers on the Sea of Japan side of Hokkaido

YASUYUKI MIYAKOSHI*, ToMmoyA AOYAMA, Makoto FUJIWARA, Hayaro SANEYOSHI,
SATOSHI KUSUDA, HiLosHI KAWAMULA, Tatsuya KOYAMA, HirokAzu URABE, AND DAISEI ANDO

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

Numbers of chum salmon Oncorhynchus keta returning to Hokkaido have been at a historically high level since the 1990s;

however, recent return rates in the Sea of Japan area fluctuated within a low level. To assess the difference in the return rates of

juveniles released in each river, we began to assess the age compositions of chum salmon returning to rivers in the Sea of Japan

area. Scales of chum salmon in 10 rivers and 14 rivers were sampled in 2009 and 2010, respectively, and ages were determined.

Similar trends were generally observed among the age compositions of chum salmon captured in rivers in the same regions in

both years. In 2009, rivers in the same regions generally clustered together in the cluster analysis. Post-release survivals of

hatchery-reared juveniles are different among rivers, hatcheries, and fish quality. This study indicates environmental factors, e.g.

coastal sea water temperature, would affect the survivals of hatchery-reared chum salmon commonly within each region of the

Sea of Japan area.
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Fig.2 Locations of rivers where scales of chum salmon
were sampled to examine the age composition.
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Table 1 List of rivers where chum salmon were sampled for scale to detemine age composition in 2009 and 2010

2009 2010
Gear to
Region No. River collect Duration of Number of Number of Duration of ~ Number of Number of
broodstock broodstock fish days scale broodstock fish days scale
collection captured sampled collection captured sampled
1 Teshio River Weir 26 Aug.- 4 Nov. 51,935 7 26 Aug.- 5 Nov. 101,625 6
Northern region 2 Enbetsu Ri\./er We%r 11 Sep.- 30 Oct. 18,103 14 Sep.- 31 Oct. 32,177 3
3 Nobusha River Weir 10 Sep.- 23 Oct. 17,366 - 13 Sep.- 25 Oct. 13,988 5
4 Shokanbetsu River Weir 13 Sep.- 24 Oct. 25,048 4 15 Sep.- 27 Oct. 16,286 5
5 Hamamasu River Seine 4 Oct.- 20 Oct. 108 - 14 Sep.- 25 Oct. 3,164 4
Central region 6 Chitose River Weir 21 Aug.- 18 Dec. 78,735 9 21 Aug.- 18 Dec. 113,422 12
7 Yoichi River Weir 10 Sep.- 7 Now. 12,775 2 * 6 Sep.- 13 Now. 22,876 6
8 Furubira River Seine 19 Sep.- 24 Oct. 2,910 2 17 Oct.- 7 Nov. 2,009 1
9 Nozuka River Weir 9 Sep.- 23 Oct. 12,136 2 * 21 Sep.- 31 Oct. 6,736 3
10 Shiribetsu River Weir 21 Aug.- 27 Oct. 20,511 6 23 Aug.- 2 Nov. 9,348 6
11 Tomari River Seine 17 Sep. 393 1 - - -
Southern region 12 Toshibetsu River Weir 3 Sep.- 5 Nowv. 33,786 5 7 Sep.- 6 Nov. 19,642 6
13 Ainumanai River Weir 8 Sep.- 31 Oct. 7,804 - 18 Sep.- 31 Oct. 5,343 2 *
14 Assabu River Weir 5 Sep.- 31 Oct. 9,613 5 11 Sep.- 31 Oct. 7,387 4
15 Amano River Weir 30 Aug.- 31 Oct. 7,247 - 7 Sep.- 31 Oct. 5,233 2 *
* Asterisks indicate scales were not sample every 10 days
2009 0%  20%  40%  60%  80%  100% 2010 0% 20%  40%  60%  80%  100%
1Teshio k. 1 Teshio R. (I ez
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Fig.3 Age composition of chum salmon returning to rivers in the Sea of Japan area in 2009 and 2010.
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Fig. 4 Dendrogram for rivers surveyed for age composition of chum salmon in 2009 and 2010.
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Evidence for existence of wild population of pink salmon in the Tohoro River system flowing into Nemuro Strait,

eastern Hokkaido, Japan (Short Paper)

MiITSURU TORAO™, MITSUHIRO NAGATA, YOSHITAKA SASAKI, Karsumi TAKEUCHI AND

KiyosHr KASUGAI

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

The homing migration behavior of the pink salmon Oncorhynchus gorbuscha was investigated in the Tohoro River system in

eastern Hokkaido. Juvenile pink salmon were released into the Tohoro River after their otoliths were marked with alizarin

complexone (ALC). For this study, the number of returned living adult pink salmon and their post-reproduction carcasses were

visually counted, and fork lengths of the carcasses were measured. Otoliths were collected from the carcasses in the Tohoro

River, where the marked juvenile fish had been released and from the Sakura River, its tributary. It was concluded that the

marked fish selectively returned to the Tohoro River and that unmarked fish selectively returned to the Sakura River.

Furthermore, unmarked fish were significantly smaller in body size than marked fish. These results therefore suggest that the

unmarked fish were a wild population that had been reproducing independent of the released fish.

keywords : ALC otolith marking, homing, Oncorhynchus gorbuscha, pink salmon, wild population,

Pink salmon (Oncorhynchus gorbuscha) form an important
fishery resource in eastern Hokkaido. There have been
increasing population fluctuations in these waters in recent
years, and resource management technique is therefore
needed. However, biological information on pink salmon in
Japan for realizing the management is insufficient. Because
pink salmon generally have a fixed two-year life cycle, it has
been suggested that odd and even-year populations of pink
salmon do not interbreed and have different life history traits
(Heard, 1991), and two-year cycle dominance in pink salmon
fisheries tends to persist (Nagata et al.,2008). The population
size of pink salmon started sharply increasing in the 1990s
and this is believed to be mainly due to an increase in the

wild population (Morita et al., 2006). While, salmonid fishes

tend to return to their natal site for reproduction, but among
salmonids, pink salmon have a greater tendency to stray
(Quinn, 1984). However, a distribution of wild population
and degree of straying of pink salmon in Japan are still
poorly understood. We attach importance that knowledge of
information of wild population and a straying is important for
the resource management of a pink salmon. To investigate
whether a wild population was present or not in the Tohoro
River system and the homing behavior of pink salmon, we

released the marked fish and studied their homing behavior.

Materials and Methods

This study was conducted at the Tohoro River system in

Accepted:May,18,2011.Contribution A469 from the Hokkaido Fisheries Research Department
* Tel:0153-72-6141. Fax:0153-72-5188. Email: torao-mitsuru@hro.or.jp
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Fig.1 Area surveyed for adult pink salmon in the Tohoro River and Sakura River (a tributary) during July-October 2008
and 2009. Marked juvenile pink salmon were released from the Tohoro Hatchery in 2007 and 2008.

eastern Hokkaido, where it flows into Nemuro Bay (Fig. 1).
To enable identification of the released fish, the otoliths of
all 2006-class and 2007-class pink salmon to be released
were marked at the eyed egg stage using alizarin complexone
(ALC). Altogether, 4.8 million fish of 2006-class were
released to Tohoro River, 2.3million fish (48.0%) of which
derived from the Tohoro River adult pink salmon. Non-natal
fish ratio was 52% (Nishibetu River; 26.8%, Shunbetsu
River; 25.3%). Of the 2007 year class, 4.4 million released
fish were comprised of 21.2% (0.9 million) of Tohoro River
fish and 78.8% (3.4mmillion) of juvenile originated from the
transplanted eggs from Nishibetsu River. Between late March
and early April in 2007 and between early and mid-April
in 2008, the marked fish were released into the Tohoro River
from the Tohoro Hatchery of the Nemuro Salmon
Enhancement Programs Association.

Surveys on the adult returning were conducted every 10
days between early September and late October in 2008 and
between late July and late October in 2009. Two river
sections were surveyed: an 800-m section of the Tohoro
River including the release point at the Tohoro Hatchery and
an 800-m section of the Sakura River (tributary) starting at
the confluence of the two rivers (approx. 10 km downstream
of the former section). Along these sections, visual counts of
live adult fish and post-reproduction carcasses were
conducted. The sex and fork length of all the carcasses found
were recorded and their otoliths were collected. The otoliths
were observed under a fluorescence microscope to check for
the presence of ALC marking. Temporal differences in the
sightings of the returning pink salmon in the Tohoro River

and the Sakura River were analyzed by the chi-square

test. Differences in the mix rate of ALC-marking of the
otoliths collected from the two rivers were also analyzed by

the chi-square test.

Results and Discussion

Figure 2 shows changes in the sightings of adult pink
salmon and the counts of post-reproduction carcasses. Based
on these trends, the peaks of reproduction in the two rivers
are inferred to have occurred approximately 10 days apart
from each other. In 2008, the number of sightings was the
highest in the Tohoro River in late September at 166, which
decreased rapidly to 98 in early October, to 18 in
mid-October and to 0 in late October. On the other hand, in
the Sakura River, the highest number of sightings was
recorded in early October at 1,014, which rapidly decreased
to 388 in mid-October and to 20 in late October. Counts of
the carcasses peaked between early and mid-October,
approximately 10 days after the peak of the sightings. Based
on these results, it was suggested that the peak spawning
period in the Sakura River occurred approximately 10 days
after the peak spawning period in the Tohoro River. In 2009,
however, few adult pink salmon were seen in the Tohoro
River (two sightings and two carcasses). On the other hand,
in the Sakura River where a sufficient number of live adult
fish was sighted and post-reproduction carcasses counted, the
peak reproduction in 2009 was approximately a month earlier
when compared to that in 2008.

Figure 3 shows changes in the number of ALC-marked and
unmarked pink salmon among the carcasses. The number of

marked fish that returned was significantly higher in the
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Tohoro River when compared to the Sakura River in 2008,
indicating that the released (marked) fish selectively returned
to the Tohoro River and that the unmarked fish selectively
returned to the Sakura River in 2008. In 2008, otoliths were
collected from 80 fish in the Tohoro River, 47 of which were
ALC-marked (58.8%). On the other hand, in the Sakura
River, otoliths were collected from 175 fish, nine of which
were ALC-marked (5.1%). In 2008, returns of marked fish
were significantly different between the two rivers (chi-
square test, p<0.05). In 2009, the number of adult pink
salmon returned was much smaller than that in 2008 both the
Tohoro and Sakura Rivers. The two carcasses found in the
Tohoro River was a no tagged fish in 2009. A total of 23
carcasses found in the Sakura River in 2009, of which seven
fish were marked fish (30.4%). In 2008, therefore, although a
small number of marked fish appear to have strayed into the
tributary, the marked fish seem to have selectively returned to
the Tohoro River (where they had been released) for
spawning. There was also a significant difference in the
percentage of marked fish found in the Sakura River
between 2008 and 2009 (chi-square test, p<0.05). These
results may indicate that the proportion of stray fish differed
between year classes. Meanwhile, based on the sightings of
returned fish and the counts of carcasses, we infer that the
peak spawning period differed between the two rivers. This
was because unmarked fish spawned later than marked fish,

and returns of unmarked fish were higher in the Sakura River.

The unmarked fish were smaller in size than the marked
fish (Fig. 4). In 2008, the average fork length of the female
carcasses was 45-51 cm for the ALC-marked fish and 37-46
cm for the unmarked fish in both the Tohoro River and
Sakura River. Of the male carcasses, the average fork length
was 48-57cm for the ALC-marked fish and 37-47 cm for the
unmarked fish. For both females and males, the average fork
length was significantly higher in the marked fish than in the
unmarked fish. On the other hand, in 2009, when the marked
fish were larger in the case of males only, the fork length was
not significantly different in females between the marked and
the unmarked fish. This is because, in 2009, in both females
and males, the average fork length of the returned fish was 10
cm longer than in 2008, thereby reducing the relative size
difference between the marked and unmarked fish. In both
females and males, the unmarked fish tended to be smaller
than the marked fish. Also, there was a size difference
between fish of different year classes and the even-year fish
were larger than the odd-year fish.

In this study, it is suggested that the marked fish mainly
ran the Tohoro River and the unmarked fish mainly ran the
Sakura River for spawning although there was straying each
other. There is a notion that pink salmon are more tend to
stray than other Pacific salmon species (Quinn 1984). The
unmarked fish found in the Tohoro and Sakura Rivers in this
study may be the strays of the hatchery fish released to other

rivers. But, the Sakura River population had life-history traits
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differing from those of the marked fish (i.e., body size and
reproduction timing). Therefore, we conclude that the
population of smaller pink salmon in the Sakura River was a
population derived from naturally spawned eggs. It is
possible that such populations have been reproducing
independently of the current artificial hatching and stocking
program, and it is necessary in the future to quantitatively
monitor these populations and identify how they contribute to

the fishery.
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FEABEN 2 3029 10 FEAKI 1011 1 10120 11020 14539297 142.04852
3029 20 EEAEII 101 1 10120 1
REH 23032 10 RERI 1012 4102 24530323 14201782 10120 2
il 13033 10 %Il 1012 2 10120 1
3033 20 ==l 1022 3 10220 1
3033 30 I 1022 1 10120 1
3033 40 maN—-EHI 10120 1
303360 AV ARSTFAN 102 1
JAL)11 23034 10 &I 102 3 10/20 2
3034 50 AR 102 3 10120 1
3034 70 I 1012 1
3034 190 pm)ll 1022 1 10120 1
3034 320 LRF AV 102 1 10120 1
ikl 33042 10 R4 102 30102 1 44.98924 14253986 10/20 31020 1 44.98924 14253986
3042 30 M) 1022 1 10120 1
Yy ANl 1 3049 10 THYYE AN 102,101 4 111 1 449282 14255231 10120 3
7=yl 13070 10 7—Ly 7N 102,10 3 11l 1 4473261 14274049 1019 31019 34472882 14273061
I 13075 10 HFHI 102, 11113 102, 111 2 44.69466 14278410 10/19 301019 2 44.69433 14278391
rFA 13076 10 MFAJII 102, 11112
3076 20 S A 1022 1
ik ERAI 1 4008 10 FART)II 102, 11710 3 10/19 3 WI0913~1201 4 4458285 142.86626
4008 20 ERAE LRI 102 1 10/19 1 MMM 1 4462340 142.89609
TERRIE)| 14010 10 FERRAII 102, 1110 3 10/19 21019 I 4459938 14294028 2010/11/24 1 44.59938 142.94028
4010 20 TEMASTI 102 1 10119 1
BRI 44014 10 BRI 102,107, 1110 2 11/10 1 4454784 142.95352 W1007~121 3 44.54925 14291376
4014 20 41l 1017 1 WO~ 1 4454986 142.98725
FrakyarYll 1 odol6 10 AAabvasY)l 107 2
TERAN 14018 10 FERAJI 107,11/10 3 1019 5 20101124 1 44.52481 144.04307




56 EMENEZ, METE—, ZEERR, BEEEA, HILES, JOKMSE, BHIFR KHDGE
=2 oo
20084 20094 ZDOftE
Sy AR i At HEB L #3 aE REBHLA +3 R +3
3T KR4 [Z*// 5 %E%(ﬂmﬁ (i) ity ﬁ&i e " HE ;‘i&l WeR W !
! AH & AH*2 i%; GEC)  REC) HH ;‘( AH*R fif WEC)  REC) R H*2 ﬂfﬂ),‘f GHEC)  REC)
et ) 14019 10 )1 107, 11110 4 10119 3
el 34020 10 B 107,110 4 11/10 1 4444979 143.08108 10/16 4
HRELI 24021 10 HERELE)I 107,110 5 10/16 4 20101124 1 4444798 143.13563
pugralll 24024 10 ¥R 107,110~ 4 10/16 3 2010/11/24 1 44.42677 14322679
4024 4o R LRI 11/10 1
Bog 14025 10 Bab&a)il 10/7 1
I 14028 10 #AHI)1I 107,11/10 6 1110 2 4430971 14336677 11/12, 1117 5 1112, 11/17 4425380 14336699 20109/16~1217 4430966 143.36683
YUV Il 1 4031 10 YUvary ANl 107 4
Furany AN 14032 10 AvEkasy Al 107 1
YT IYFAN 1 4033 10 T /YA 107 2
=t B 2 4036 10 RS 109 8 109 14400190 143.75449 10/16 8 W0912~1217 5 44.00202 143.75460
4036 1100 =711 WOWB~T 1 4404760 14391188
4036 1490 #1:1] 10/9 1 10/16 1
#al 4 4037 80 hawdES Al 2007/9/18 3 4401494 144.01789
4037 230 k)1l 2007/10/3 1 43.89186 143.88734
4037 750 A1 2007/9/18 1 4379649 143.82632
JEHI 14039 10 JUENJI 10/8 3 2010/11/25 1 43.97840 144.10603
247 34043 10 AATF 10/8 30108 1 44.04862 14425671 10/16 3 010105, 1125 2 4405242 144.24579
Eralll 4 4046 230 FIA-vEEY )| 2007/9/19 1 4391799 144.11743
B 14050 10 B 10/8 3 10/5 1105 14397966 144.30175
21| 4 4051 10 #E)I 10/9 2109 2 43.82743 14430294 10/5 2105 2 43.82759 14430278 2010916~1223 12 43.79213 144.30030
iRy )1} 34053 10 WL 10/8 2 10/16 21016 1 4385370 144.40514 20009021~1215 1 43.90558 144.42830
4053 190 AFvy A< HAIl 108 1 10/16 1
LRI 4 4054 10 LRI 10/8 1108 1 4391161 14447321
4054 20 LRI 10/8 1
JIUARY)I 2 4055 10 Tyl 108 3 20101125 1 43.88759 144.59810
e 44058 10 BLEERI)I 109 1109 1 4391481 144.75084
4058 20 AN 108~9 1 109 1 4391982 144.77781
Uy AU 1 4059 10 Vb Al 10/8 3
i xill] 14060 10 Bzl 10/8, 1021 2 10/8,1021 1 43.93993 14481127 10/16 2 1016 14393989 14481124 200921~1015 4 43.93204 14482094
A74x24)I 1 4061 10 ATARZUN 108, 1021 1
FAFHATN 1 4062 10 AFAAT)I 1081021 2 1021 1 4397317 144.84983 10/16 2 010105, 1125 1 4397307 144.84993
il 14065 10 &)1l 109,1021 1 1021 1 43.99013 144.88802 10/16 11016 1 43.99022 144.88817 20101105,1125 1 43.99022 144.88817
TSI 44067 10 AV AV 109 1109 1 4401269 14491916
Fr T 14069 10 A7) 109 1
Fx7veFAN 1 4070 10 Fx7vFA) 1019 1
Fyvaav AN 1 4071 10 Avaav Al 1019 1
7yl 14072 10 7o)l 109,1021 1 1021 1 44.06000 144.97392 10/16 11016 1 44.05999 14497391 2010/11/25 1 44.05999 144.97391
Nzl 14073 10 ~vy)ll 109, 1021 1 10/9,1021 1 44.06975 144.99431 10/16 1 010105,1125 1 4406950 144.99426
EN= 7| 14075 10 Ryl 109, 1021 1 1021 1 44.08523 14501064 10/16 1 WIOYIS~IIE 3 4408149 145.02280
ATYRYN 4 4076 10 ATURY)I 10/9 1109 1 44.10770 145.04304
N x)ll 34086 10 o)l 000922~1123 3 44.18539 14521176
TSI 4087 10 TSRl WI0919~1123 1 4419973 145.20557
Al 35012 10 VIl 1021, 1118 1 1021, 11/18 1 44.13904 145.26485 10/17 1
LAY 35017 10 BRAAAYNL 1021, 1118 1 1021, 11/18 1 4408526 145.23947 1017 1
VAN 1 S018 10 AV AT 1021, 118 2 1021, 1118 1 44.07478 14524279 1017 1
Fy A 25019 10 FvA)ll 1021, 1118 1 1021, 11/18 1 4406133 145.23737 10117 11017 14406133 14523737
R 205021 10 FfER)I 1021, 1118 1 1021 1 44.03300 14520979 1017 1
RN 205026 10 kB 1021, 1118 2 1017 11017 1 43.98886 145.16189
AR 25027 10 KR 1021, 1118 1 1021, 11/18 1 4397954 145.15347 10117 1
AVENEFIN 2 5030 10 RUEXEFHI 1021, 118 1 1021, 1118 1 43.94754 145.12753 1017 1
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=2 oo
20084 20094 ZDOftE
w5 AR & A HERHL *3 A HERRHLS *3 gL
XF kR4 %”§g~z§g~(mw (X4 g ﬁﬁ — # S ;‘Eﬁ - - AR
! AH & AH%2 i%; GEC)  REC) AH ;‘( R H*2 fif WEC)  REC) FAH* ﬂfﬂ),‘f GHEC)  REC)
HRE FEERI 25037 10 BEERII 1021, 1118 2 1021 1 43.87820 145.09567 10117 21017 1 43.87820 145.09567
A 35039 10 FERINI 2005/9/27 8 43.86632 145.02844
ezt ll} 205043 10 IFEERL)I 1021, 1118 1 1021, 11/18 1 43.82175 145.08211 10/17 1
EEZ il 25045 10 HEHE)I 1022, 1118 3 10/22 2 4375372 14500904 10117 3
sl 305046 10 GBI 1022, 1118 2 1022, 11/18 2 43.72553 14503285 10117 21017 14372583 145.08480
b sl 205049 10 RERI 1022, 1118 3 1022 1 43.62777 145.11665 929 5929 1 4357712 145.07845
TRIE)I| 15051 10 7RI 1022, 1118 2 10122 1 4357574 145.18928 10117 2
FEHAI 15062 10 FEARII 10/22 2
R 45063 60 JEHAI 1022 3
Fy AN 35065 10 Ay RVl 10122 3
FR=AAN 35068 10 HAR=AAN 1022 1
agy vl 2 5075 10 2yl 10/23 1
1911 25076 10 MU 10/23 1
IRy 2 5077 10 Sy ey T 10123 1
k=428l 2 5081 10 h—HF2aKn)l 10/23 301023 1 4338959 14575045
sl 25000 10 PRI 10122 2
i Re=4A)1 2 5104 10 Ar=2A)l 10/22 1
FoFx7 VN 2 5106 10 FoFw7) 1022 1
LRl 25108 10 FIEAE) 10/23 1
Ll 4 5123 10 WA 10123 1
Ell 35128 10 #il 10123 1 10/20 1
FEEW) 15129 10 EE#)I 10123 2
FIESUES] 4 5139 10 BIEGSIAET 1023,1029~30 8
5139 330 v HA)ll 10123 21023 1 43.07136 14476707
5139 530 AvEn)l 10130 2
5139 1000 KA1 10/30 7
5139 1470 Fvo Y01 1030, 11/19 5 1030, 11119 2 4322365 144.66493
5139 1570 371 10/30 1
5139 1580 JLFEI 1030 3
5139 1940 v 77 491 1029 1
5139 2010 h7A <Y1 10130 2
5139 2770 ZyAng vl 1029 1
el 1 5140 10 i)l 1030 1
FauV)Il 3 5154 10 FapY)l 10123 21023 2 4295745 14453028 10221 21021 1 4295254 144.53090
1RSI 1] 15160 50 BRI 103,109,109 4 10/23 1 4299332 14447371 10221 2
5160 140 AETVA) 1029, 1119 6 11/19 1 43.04015 144.47977 10221 2
g1l 4 5161 20 @RI 10129 710129 2 43.14513 14422346
5161 310 #Ea)I 10129 5
fT%e)1| 25162 10 B 1029, 11119 4 10/29 1 4310191 14412717 10221 2
5162 290 )1l 1029, 11/19 5 1029, 11/19 2 43.11928 144.12065 10221 21021 14310955 144.12286
sl 35164 10 HER)I 10124 510024 2 43.08619 14405287 1021 41021 2 4308619 144.05287
KB 305168 10 &I 10/24 71024 4 4306946 14397218 10221 41021 34304030 144.00562
FRBII 15169 10 FaRAI)I 1024, 1119 5 1024, 11/19 1 4296342 144.02199 10129, 11/11 3 1029, 11/11 3 4297864 143.99201
BEKRI 15170 10 B3R 10124 4
vl 305173 10 FRI 10124 51024 5 4296478 143.88534 10221 41021 4 4296478 143.88534
RAI 2 517410 KA 1024, 1119 4 10221 3
5174 20 bRVl 1021 1
R 25175 10 ERII 1024, 11193 10122 3
i EWI 36002 10 M)l 10/7 217 1 42.80676 143.81306 10122 21022 1 4280676 143.81306
BRI 26008 10 I 107,1119 4 10/22 5
6008 1360 LI 1077 4
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£2. o5
20084 20094 ZOfF#E
w5 AR & A HERHL *3 A HERRHLS *3 HERHLE *3
XF KR4 [Z*u £8 {§g~(muﬁ Cafid)  ap ﬁﬁ e " E ;‘iﬁ e waR "’
! AR5 AE% ﬂif wEe) e A0 AR ﬂif wre)  mEe  FARR fgfu wEe) e
+ ) 46009 10+ 1017 2107 1 4294177 14334332
6009 210 FAEEHI 108 1
6009 250 AEHII 1018 2
6009 260 FEEFA4I| 1018 1
6009 310 AfRI 108 1
6009 5140 A1 10/8 2
FeHi)ll 26010 10 Rl 107 1
R 16015 10 i) 1017 1
gl 1 6016 10 AAEm)Il 107 2
il 16017 10 AAEERII 107 1
LIl 36019 10 %g)Il 1017 3107 2 4253066 14338286 10122 301022 1 4250564 143.41813
TARY~)I 16020 10 TARY /Il 1077 2
JEE A1 46021 10 FESHI 1058 6 108 1 4249395 143.27561
BN 26022 10 £CAI 108 3 10122 4
6022 20 V=v)ll 1018 1
NI 46023 10 MBI 108 3
SLU11 36024 10 BRI 10/8 3 10122 31022 14239107 143.30093
6024 20 —#JIl 108 1
51 26025 10 ERFI 1018 2 10122 2
Eall] 36027 10 H Il 108 1 10/23 21023 1 4231258 14332159
IR 4 6028 10 JERI 10/8 1108 1 42.28129 14331763
Bl 16029 10 )1l 108 2108 1 4225309 14330977 10123 1
il 36030 10 sl 108 2108 1 4222532 14331703 10123 2
B el 47003 10 &R 10/15 11015 1 42.12472 14331612 10/28 11028 14212472 14331612
el 17005 10 vhwvil 1015 21015 2 4204245 14328706 1028 3
I 4 7016 10 FAII 1015 31015 2 4200408 143.19005 1028 11028 14199548 143.16309
TRl 27005 10 7Yl 1015 21015 2 4203941 14312343 1028 21028 2 4203941 143.12343
=AYl 47030 10 =AYl 10/15 21015 1 4206297 143.06895 1028 2 1028 2 4207319 143.08244
Al 27033 10 W) 10/15 21015 1 4208241 143.03995 1028 11028 1 4208241 143.03995
R AN 1 7040 10 FrFIVAY)I 1015 1 1028 1
PRI 17042 10 MBI 10/15 3 10/28 3
BV 37044 10 ERBUII 1015 41015 1 42.15557 142.94259 1027 21027 1 4215557 142.94259
ol 17045 10 D)1 10/15 2 10127 1
H @i 47048 10 HesbEpll 10/15 11015 14222909 142.90580 10128 11028 1 42.22909 142.90580
EEL 17054 10 FIRII 10115, 11/4 7 1027 301027 1 4217828 14276672 2007/10/17 1 4220742 14278311
il 17055 10 #2)1l 10/15 4 1027 1
T 37056 10 Jci)ll 10/15 301015 2 4224688 142.75963 1027 21027 2 42.24603 14275648
YA 17059 10 ZU~A)ll 10015, 11/4 7 1015, 11/4 1 4225041 142.63815 1027 501027 2 4227030 142.68536
Exall 4 7060 10 =1l 1014 4 1014 34229460 14262040 1027 11027 1 4227545 142.60913
Epial 17065 10 Akl 10/14 2 1027 1
MBI 17068 10 B0 10/14, 11/4 9 10114, 11/4 3 4232359 14248682 1027,11/10 7 1027,11/10 4 4232359 14248682
Il 47073 10 EH)I 10114 2 1027 1 2006/9/27 1 42.38202 14244139
7073 40 HEHA) 10/14 2 10227 1 20071017 3 4236390 14238891
7073 60 Sl 10/14 11014 1 4236850 142.43052
Bl 47075 10 Fd)ll 10/14 2 1027 21027 1 4248046 14242570
7075 110 £7)I| 10/14 1 10127 11027 1 4247987 142.42794 20069129 1 4247789 142.42980
A 27078 10 FER)II 1014 4 1004 3 4247317 14230513 1027 2
7078 70 FEAR)I 10/14 2 10014 2 4246469 14231382 10127 410027 1 4246415 14231736
BRI 1 7080 10 BRI 10/14 2 10127 1
AR 17081 10 BEhEde)l| 10/14 3 10127 2
BE)I 17082 10 B 10/14 3 10127 2




JEHEBIZ 1T D 3o B ARPEIMEIARTE D 537

59

=2 oo
20084 20094 ZDOftE
Sy AR i At HEB L #3 aE REBHLA +3 R +3
3T KR4 EYi) 5 %‘ég‘(ﬂmﬁ (i) ity ﬁ&i e " HE ;‘i&l WeR W !
'l AH & AH*2 ii'; GEC)  REC) HH ;5( AH*R %1; WEC)  REC) R H*2 ﬂfﬂ),‘f GHEC)  REC)
A& BEFHI 17083 10 A3 1014, 11/4 5 1027~28 2 200710116 1 4249779 142.08934
2l 47084 10 P 10/16 1 10128 11028 1 42.62966 142.14716
7084 60 fi)I 1016 11016 1 4252705 142.06001
7084 160 EAI 10116 1
%3 Ul 4 7086 10 &)1l 10/9 2109 1 4258034 141.99637
7086 60 EA VI 10/9 1
BRI 17087 10 AEERI)I 109 2
7087 40 RN 109 1
gl 2 7088 10 EEJI 109 5 119 4
ZEN 27089 10 ZE/I 1009, 11/4 4 11/9 5
7089 140 7EEE)I 109 1
7089 270 ZEI 1019 1
el 17090 10 #AJII 10114 41014 1 42.67174 141.60863 1119 3
Rl 27093 10 E/NEI 10/14 4 119 3
7093 30 I 10/14 2 119 2
A 17094 10 /Akfa)I 10/14 3 11/10 3
fae 2l 47096 10 Gz 10114 2 1014 1 42.60813 141.50077
RN 17097 10 A 10/14 3 11/10 3
Gl 17098 10 g/l 1014, 115 3 11/10 3
5l )1l 17099 10 Fl#I 10/14,11/5 2 11/10 3
A 37100 10 #A)I 1014 31014 1 4257002 14139494 11/10 31110 1 4257646 14138343
B 47102 10 B 10/14 301014 1 4254682 14134120
7102 20 Y=/l 10/14 2 1014 2 4254269 14129242
710230 7oAV 10/14 3
7102100 7hAY A 10/14 301014 1 4255804 14134478
- Eall 4 7104 10 HeE)I 10114 11014 1 4250795 14127276
7104 20 Av7)I 1014 11014 1 4249412 14126553 20101228 1 4250396 141.23581
7104 40 FRAEN 10/14 2
7anl| 4 7106 10 78I 10/14 11014 1 4245622 14120606
Ryraalll 17107 10 Ky 7an)l 11/5 2
B 4710 10 BRI 10114 2 10014 2 4244955 141.16992
TS 1713 10 [@ER)I 1014 1
TEARBR)I| 17114 10 MR 10/14,11/5 2 10/14,11/5 2 42.41399 141.08132 1110 2 10 1 4241376 141.08109
714 30 KEI 1014, 115 6 10/14,11/5 5 4242392 141.09660 1110 30110 2 4242392 141.09660
BRI 1 7116 10 BRI 10/15 3 11/10 3
SR 17119 10 FFIB)I 10/15 |
FoA-YN 3 7127 10 FeAY) 1015 41015 3 4238791 140.93383 1110 2 10 2 4238791 140.93383
7127 20 RVl 10/15 41015 2 4238517 14093386 1110 2 10 2 4238517 140.93386
Kl 37128 10 &AW 10/15 41015 2 4240061 14092647 1110 30110 2 4240061 140.92647
LSSl 17130 10 &)1 10/15 2
B 1713110 201 10/15 2
EEEI 17133 10 MR 1015 301015 1 4246798 140.85969 1/11 2 1m 1 4246797 140.85969
713320 #HI 1015 1
7133 120 X&) 10/15 1
il 4 713410 Rl 10/15 11015 1 42.49042 140.84992
el 4 714310 BZAI 10/15 11015 1 4259769 140.70113
RN 2 714410 MR 1015 4 1711 301 1 42.59454 140.64041
AL 2 7146 10 ALICEE)I 1015 3 111 3
il 38001 10 F#REI 1030 3 11/11 301 1 4259071 140.45003
8001 20 ALl 10/30 21030 1 4259519 14046210
R 38004 10 EHEI 10130 410530 2 4256033 140.34058 1 301 34256033 140.34058



60 EMEEZ, MEE—, DR, BEEEA, HILES, JOKMSE, BHIFR KHDGE
®2. OOX
20084 20094 ZDOftE
- - W,‘I AR I . Bk TR *3 B TR *3 TR *3
5353 KR4 [Z)k/lég o 4 (i) E ﬁ&i R e T ;‘i&l w2 eI e e
! AH & AH%2 i%; GEC)  REC) AH ;‘( R H*2 fg; WEC)  REC) FAH* ﬂfﬂ),‘f GHEC)  REC)
g R 8004 130 FnzKIl 10/30 110530 14259208 14031158
BRI 18005 10 #CAU)Il 1030, 123 3 123 2 4249179 140.35233 1 301 34249828 140.32410
IAN 18008 10 VAl 1030, 123 2 123 1 4246666 140.32875 1 2 1 2 4246666 140.32874
[E#E)11 38011 10 [E#E)I] 10130 51030 1 4245940 14027889 1 301 1 4245940 140.27889
vl 1 8015 10 A=)l 1030, 123 2 1 2
kil 18016 10 ¥ 7Un)ll 1213 4123 34235842 14027158 111, 11/19 3 11119 1 4235608 140.28508
1| 18017 10 (L)l 1030, 123 2 123 1 4232284 14026723 1 3
iz Sl 4 8020 50 WAL 030,123 2 123 1 42.25474 14025139
8020 60 4l 1030, 123 4 1253 14525606 14024462
8020 80 $ill 10/30 3
NYJARIN 8021 10 Y S ARY I 11/5 3
BLEAI 18024 10 BN 11/5 3
ER)I 1 8025 10 EEJI 11/3 2
BB 2 8028 10 BB 11/5 3 1112 3
il 38029 10 %Il /5 6 2 4214191 14037543 112 30m 2 4214191 140.37543
pall 28030 10 AEER)I 11/5 3
il 18035 10 )l 11/5 4
eIl 18040 10 FEJII 115 2 1112 2
#I 18045 10 &Il 11/5 3 1112 30 1m 14210734 140.58012
Fo)l 18046 10 o)l 11/5 4
RANI 38047 10 RAWI 115 5015 2 42.09600 140.60306 1112 30 m 2 4209600 140.60306
Eivalll 1 8063 10 #7771l 11/6 2
HHI 38069 10 HHJI 11/6 3 16 1 4201883 140.84618 1112 2 14201883 140.84618
B 28074 10 BRI 11/6 2 16 1 41.99333 140.89438 1112 2 14199333 140.89438
JIBI 2 8086 10 JIIRJII 11/6 3 113 3
JARN 18090 10 AR 11/6 1
FRN 38101 10 KR 11/6 4 106 2 41.82597 141.12264 1112 301 3 41.82597 141.12264
eyl 18118 10 HESH)I 11/6 2 1112 2 14178432 141.10521
JFAN 38128 10 JFAJI 11/6 716 7 4173528 141.03083 1112 30 1m 3 4173528 141.03021
8128 20 AR 11/6 1
A 28153 10 g 17 2 113 4
il 1 8154 10 A&m)I 17 5
BRI 2 8158 10 ARAII 17,1113 4
PRI 18163 10 &Il 1W~13 4
KSR 308171 10 R%H0I 11/12 412 3 4174913 140.56603 113 30113 3 4174913 140.56603
KB 18174 10 k&8I 1/12 4 1m 3 4172273 140.54771 113 30113 34172273 140.54771
1| 18178 10 sl 1/12 4 1m 1 4171475 14046581 11/13 301113 14170119 14047743
KN 18182 10 KFENI 112 6 112 1 4170898 14042732 113 4
AEHI 308185 10 A 112 4 1m 4 4167915 14038815 113 30113 14167998 140.39557
8185 20 HEFJII 1/12 2 2 41.69058 14040931 113 213 1 4167852 140.41566
ez el 1 8186 10 &A)II 11/12 4 11/13 4
Al 18188 10 Z&d)I 11/12 4 11/13 4
il 4 8189 60 WHAJI 1111 2
&l 308221 10 K 1 51 4 4145523 140.14254 10/16 31016 1 4145477 140.14123
sl 28234 10 AE 1 2 1 4150068 140.01764 10/16 2
NN 308236 10 /NI 11/11 2 10/16 2
KigE 2 8237 10 KEHI 1111 51 1 4154126 140.00160 10/16 4
HAK 18274 10 ®KI 10/16 2 10115 2
R 2 8277 10 Rl 10117 301017 1 42.11917 140.01680
8277 40 Mk 10117 1
8277 50 R 10117 |
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£2. o5
20084 20094 Z DA
Sy AR i At HEB L #3 aE REBHLA +3 R *3
xR kR4 fﬁ”gg@gﬂ”'ﬁ (KiA) gz ﬁ&.— . A W% ;Eﬁ - - AR
! AR5 AE% ﬂg; wEe) e A0 AR rg; wre)  mEe  FARR fgfu wEe) e
R FHMI 1 8278 10 FHNI 1017 3 10/15 301015 1 42.12234 140.00109
Tl 18283 10 EAW)II 10117 301017 2 4214075 13993382 10/15 301015 1 4213460 139.93184
fail )1 38244 10 FilE)I 1019 5109 4 4163337 140.08393 1016 31016 1 4166856 140.07362
8244 130 £l 10/9 2109 1 41,6699 140.08041
KEAEN 1 8250 10 KZAE)Il 109 3 10/15~16 2 1016 1 4177135 140.07250
Il 18254 10 Il 1019 3 10115 3
AR 18259 10 mRII 109 2109 1 4189831 140.14098  10/15 2
8259 20 FFF)II 1019 1 1015 1
JEREII 48260 20 )1l 10116 310016 1 41.93310 140.16045
il 38263 10 JiE)ll 1016 4 1016 3 4196639 14017992 10/15 3
8263 30 /I 10116 1
NI 1 8264 10 /NEWII 1016 2 10/15 3
rall 2 8265 10 %451 10/16~18 1 10/16~17 2 42.00080 140.12666 99 199 14200101 140.12643
8265 20 K| 10/19 11019 14200156 140.12613
BESLIL 18266 10 &I 10116 2
F5II 18307 10 FIBUII 1017 21017 1 4221757 139.86810  10/15 21015 1 4221757 139.86810
8307 30 AMEI 1017 1 10/15 1
I 18308 10 /NIl 10117 3 1015 301015 2 4222568 139.86433
ol 3 8342 10 BEA) 10/15 3010015 3 4236324 13980562 10/15 31015 34236324 139.80562
] 18348 10 KHIl 1015 41015 4 4235143 139.90883  10/15 4 1015 2 4235143 139.90883
8348 20 /Il 1015 11015 14238032 139.83358  10/15 11015 14238032 139.83359
L2l 308352 10 B 10/15 41015 4 4248148 13987421 10/14~15 4 10/14~15 4 4248148 139.87421
ISEll 1 8359 10 &I 1015 2
I 18368 10 Z5YIl 10/15 21015 1 4260582 139.83707  10/14 2
& ANEE 19006 10 /NI 101 1 10/14 1
ZEVFAN 19013 10 7EVFA 10/1 1
TN 39016 10 T 102 41012 1 4268675 140.01518 917 1 17 1 4268661 140.01476
9016 60 JLBYJII 102 1
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