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Mark-Recapture Estimates of Escapements of Masu Salmon in a Small River

Yasuyuki Miyakoshi*', Tatsuya Takami*', Kiyoshi Kasugai*', Hajime Omori*" ?
Katsumi Takeuchi*' and Mitsuhiro Nagata™'

Abstract The numbers of masu salmon spawners Oncorhynchus masou returning to a tributary (Hidarimata
River) of the Atsuta River, Hokkaido, in 1998 and 1999 were estimated by mark-recapture experiments. Adult
masu salmon were captured by electro fishing in July and August, marked by placing a punch hole on the
operculum, and released. Spawning grounds were surveyed in September, and marked and unmarked masu
salmon spawners, including carcasses, were recovered. Numbers (% standard errors in parentheses) of masu
salmon estimated by the Petersen method were 344 (+80) in 1998 and 412 (%£61) in 1999. The recapture rates
of the marked fish differed by gender, which would be caused by the difference in their post-spawning be-
havior. Spatial biases in the recapture rates were detected, as was the incomplete mixing of marked and un-
marked fish indicated. Mark-recapture can be an effective method to estimate escapements of masu salmon
in a small stream where intensive sampling is possible. Stream surveys should be arranged carefully to sat-

isfy the assumptions of the mark-recapture method.
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nTns,

KEEBIROEEIZRNT, EIHAROHRITRD
FERPPOHEERBIHO—DOTHD (K=, 1996),
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Prouzet and Dumas, 1988), #7% « < ZHHDHE il
R EHE ST A HELE LT, WEEHWT 57 =
AN RE, M2~ a T X —&ffiofe F2E

U JbHgE N K EMEY; (Hokkaido Fish Hatchery, Kitakashiwagi 3-373, Eniwa, Hokkaido 061-1433, Japan)
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PO ORFE, EEREHEH, B, ARSRAEORNRLE,
WAL DOBHFEEN TS (Irvine and Nelson,
1995) . FaRECM)INT & v ¥l ERE, pEINSGT, Mk
YA Rig EITENBD B 78, #8724 E kS IR
TR TERDN, —KIT, 7= AW EENS
D EEEOEmWEE HTEE ShTnd, LirL, 7=
VADEKIE, HEFRRHTITRERNS A, Ee, MKk
DHEREIR DT DICHE R ARERITR D L b D
RV —7, FEFERIIRE A M 20T L L
Wi, 7z RAICEBDREICRDAHEE ke L
THEIZH AN TS (Cousens et al., 1982;
Irvine and Nelson, 1995).

—J, HAROWINCHE L3597 5 < ABlfaEER
IR U2 ZRIX IR e i, 7 F < 280
FI~OM EIZBRFITHEVKE TORYITHRS
(FrE5 - INjgk, 1985), Fiz, Ml EZ2IFHITNY OY
7 T AFRBRRETH Y, BELSLT WD, fil
HEIZ XD HREEZITRTV. TD KD REEsY 7 S5
~ AP O EEEOEEZRNEICL TnD, JbiEE
SUF - TS (1969) 1E19654F 1Ak 8 o0 1463
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Fig. 1 The location of the Atsuta River in Hokkaido, northern Japan. Marking reaches and recovery
reaches (shaded areas) in the Hidarimata River are indicated.
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nsd EHEs5, 1999). LBRINTIEFN L 200 k%
RRHY, ZZIbY 7 I AR ET S, KL D
HRAE X V1 km BEFEOHSIITY 7 5 < 2035
ETERVWERD DD, Y7 F<ADERBIZZ D
WLV D RO TH D, LI O)IEIE T
(B EOHFSNEL) T10 m 2, LRI GEo
FHM) TiX4 mBEETH D (199946 H HIE) . [T
FHNAS 3 IR 1965 4R IR K I IZHRE ST Y, A
L, V7 T ARE T T OKIEBRY OB H3 8k
CHNnTnd, iz, FERIITIEY 7 5~ A0
IXfTbNTnianDT, AFZEOR4 & Uik
FTRTCHREIIC L DY 7 F7<ATH 5.

BRI

AR PR AT 1319984538 L TN19994E 2 4 4R TSl L
oo 7 T~ ABAOFME X OEGRGREIX, 19984
IZIXTH28~29H B L U8 A11~12H d2[nl, 19994
1X7TH21~22H, 8H12~13H, 8H26H D3n5fii L 7z,
BUAOTIIIART L OEF A2 D 2.8 km DX [H
(FIREHBXE L) BIOARHEEOEHR AN DT 4
km OHiE S 2.3 km ORXR (LK R &
L) O2ODRMTITok (Fig. 1). Efiicixxi
L7 ka7 ¢ v+ — (Smith-Root 1%, Model-
12, DC 300V) B XOHZ%E60cm OlzbfEEH, —
L7 bu7 gy v —OMEHREE RO TR
PR LT, Sl LTcY 7 5~ RIZHME A © M %4
EL, BXEBXWPOH L 7 % (postorbital-
hypural length @ IR OHIG» S T EEHRIE TO
EX) #idkkL, POH L > 7 Z%HIE LD,
Y7 5 < ZTFEIRINIC 2 B & RS R I T
o e (FEl, 1992), METIXFEINITENIIC X Y RIEM
HELBXEZNE TERWEERL N D TH S
(Anderson, 1996), &, Fafke LT, 1RXK—V
Ny g EEITAZET 280 2Hv THIZEICHER6
mm ORZEBIT e, REBIFZMEEZEZDZ EITX
DR H S OFAMNRTES X HIT LT,

B

JEHITTOY 7 Z< ZOEINEISH TN HIA ITH
FTHRBND (KEH, 1999), 2Z°T, 9H L, bd
1R DR — 2T, 19984F1Z 4R, 19994 1F6[n1izH
TeoTH I I A ZEITo T, 7 T~ XD
TR O FIT BB X LR TA SN DT,
HAEREI ERERRM E4>0 T RLZHETITo &

(Fig. ). 2ALTRHA S BiRiZmaoTHhE,
S AR AW TEE BB TR L e, FEINRE
> T B, HEEIST 1272 EIIRLL & b
BRI T o, Bl L T2 T~ RISk,
EHOFELZHEAL, POHL Y ZZ%EHMELL, Z
NoDOEERTH, %HOFTARICF CIEkZREEL
THRABRWE S, BREIEHICESAV T AT 2T
O TIINZR L Tz,

W ERBOHEE

Y7 I ABAOM LRBOWE DTy, BEB
FUOHEMOT—2E2ZhEhE&F L, Petersen tkD
Chapman {2 X 2151ER (Ricker, 1975) ZFWCTHE
FEMEN L VIN) ZRAITE VR L 7,

AN——(ZAL+J)(Z(%+1)

B S R;+1
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V= (X RA+AD*(XR+2)

TTTC, M iZillHOESREER, CidjRHO2EE
MR (BEkfak X ORE#OOEED), RIZjHHE
OGRS OFMERETH S, KRIT, T~8H OFERE%
YXR/XCitky, IHOEAMMEL R,/ XM,
iIZX W#EE L7z (Skalski and Robson, 1992).
Petersen &2 AW 55 51Ci%, 1) MAEFIZPAS R
ThHY, BH GFHCEEL) CBRARRY, i) ik
DOPVEEFREEE 1T X BT, i) Bk &k
EHAT X IEALTRY, TXNToOMfEOHHLe
FTIRFALTHD HMZT XL TY o TiTko
THOND), EWHIENAIREZRD (Ricker,
1975), 2T, RGE DIZOWTIX, AR TS
EHIOMOE TR VED, T 0 X5 Rk,
Petersen ¥ TIE i S O FAEHE CIZ TE R VO
T (Schwarz and Taylor, 1998), A& &5kEE &5 o> ff 4k
BoaHEE LTe, IE i) I TS, BEaktk2 - AR
D LB NHEL CTRBERZMAERDE SO0, %
DR PIZT 43 127 B T & % DT (Miyakoshi and
Kudo, 1999), FE#DOBKITRND D E R LT, K
RE 1ii) DR A OFAMIINEE T H 25 2%, RITIE~DHRE
XY 20— 2L & Lk,
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Petersen IEOIRED 5B, T HE LY TV T
OIERNE T EN TV E S peRild 5720, &
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DB O REICEY, kS A3
FHCBET DB —RRITIR A LTeh & 5 D EFili L .
1) BT —&% bR TRoEHRXHE (Fig. 1) i
S, ENENOXIZR N TR S ik OB
Kr Uiz (e,
2) FHFT—Z 2L E R EH @O AFHE)
o, BTG T OBERA DIRBA K L L e
(x RAE) o

INHD y METITHEREA#EZ P = 0.06& L TH
H b L7z (Dixon and Massey, 1983),

< KA T - kN

e

BRERRE L UEH

19984 1E87RE, 19994FICIF0RED Y7 T~ A Bifa %
AL, B L7 (Table 1) ¥7 J < RIFMi4E L
S THITIF IS NI CERA S ie s, 8HITI
IR TORMREEIIA R <2y, ERERXHETS <
mote (Fig. 2). fEikL7e¥ 7 7~ A OMfREIZ
19984EA31.6 1 1, 19994215 : 1 TH -7 (Table 1),

Table 1 Numbers of masu salmon captured, Petersen estimates, and capture probabilities in the
Hidarimata River in 1998 and in 1999
1998 1999
Ratio Ratio
Female Male Total (female: Female Male Total (female:
male) male)
Number of fish . .
marke 54 33 87 16 : 1 60 39 99 15:1
Number of fish . .
Tecovere 41 20 61 21:1 88 62 150 14 :1
Number of marked . .
fish recaptured 13 3 16 43 :1 18 19 37 10:1
Petersen estimate 165 179 344 09:1 286 126 412 23:1
Standard error 35 72 80 57 23 61
Coefficient of
variation 0.21 0.40 0.23 0.20 0.18 0.15
Probability of
capture (Ma};king) 0.32 0.15 0.26 0.20 0.31 0.25
Probability of
capture (Rec}gvery) 0.24 0.09 0.18 0.30 0.49 0.37
Late July Mid-August
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1998 :‘é’ 30 OFemale & 30 I OFemale
o G
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Fig. 2 Number of masu salmon captured and marked in the Hidarimata River in July-August 1998 and 1999.
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OH OFHRITIE, 199841612, 1999411502 D
Y7~ 2L (Table 1), #HHRBREOE —
7%, 1998412139 A EAIH 6 hA), 1999412139 A th
LS NPT THELNE (Fig. 3). T0 95 B3k
BE LTSNz D DiE, 1998413108 (F-_Tifh),
19994£1316)2 (ME14FE, HHE2R) Thoto. iz h
e Z<= A0 5 bR AIT19984: 319 (HE16/2,
HE3EE), 19994F1X37)2 (HE18)8, [i1928) Th-oT
(Table 1), FHfiRFOY 7 T~ 2 OMEREIX 19984 A3
21 : 1, 19994314 : 1TH oz, FAEZE L2445
&b, FBEERIRE & FHIRFOMERE B X' POH L > 7 A
OFGEIIT AR RETA LN o T (MERELL -
¥ BUE, P> 0.05 POH L > 7R :t#iE, P> 0.05
Table 2).
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19994 7337% & 72 0, FEAFHIFRITIT2ER TR E &
HEWRAZ BN (Table 1), MEEERNICHD &, Bk
K, AR R L S ITHEOIE S B3 X 0 DAER OEN
MRKEDoT, Petersen iEIZ KBV 7 T~ 2l L&
BOHEEM FEINAIL £ BEHERRE) 1F, 19984F it
165 (+35) J&, HE179 (£72) BB, MEMERT344 (£80)
F&, 19994F13M286 (£57) J8, 126 (£23) J&, Wf
7412 (£61) B THoTe (Table 1), 19984E 21X
T OB R A ORISR L Do ITHERE R
KL, BERENT40% &85 Tz,
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Fig. 3 Number of masu salmon recovered on the spawning grounds in the Hidarimata River in September-

October 1998 and 1999.

Table 2 Post-orbital hypural lengths (cm) of masu salmon recovered on the spawning grounds in 1998 and 1999

1998 1999
Category Female Male Female Male
N Mean = SD N Mean £ SD N Mean £ SD N Mean £ SD
Marked 13 384 £ 34 3 323 = 173 18 383 £ 3.0 19 333 £ 34
Unmarked 28 409 =+ 51 17 359 = 48 70 394 £ 33 43 347 £ 52
Total 41 401 = 47 20 352 =+ 52 88 391 =+ 32 62 343 £ 48

s

marked fish.

Differences in the length distributions were not significant (P> 0.05; Kolmogolov-Smirnov test) between marked and un-

** The relationships between fork length (FL) and post-orbital hypural (POH) length in July-August were;
male: FL(cm) =-1.11 + 1.31 POH(cm) (R*=0.979, P<0.001)
male: FL(cm) = -0.65 + 1.30 POH(cm) (R*=0.984, P<0.001)

1998;
1999;

female: FL(cm) = 3.92 + 1.13 POH(cm) (R*=0.968, P< 0.001),
female: FL(cm) =5.89 + 1.08 POH(cm) (R*=0.855, P< 0.001),
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EHA L REZHADEAESDE BEREIHR DN P TD (BEL P = 01168 X
PRI & B R A O FERT R, B L O Wi AT CHE2: P = 0.171), Y2 FAEBRDPRNDIT,
2k BEERADBARITIF2HAEL DR EREND R =005 LG A& 0BT 210.348 £ 10.27

51 (Tables 3&4), 19994EICIZTWVWFHOBRETDH Lo Tz,

ARRAERZLNTE (P < 0.05), —J, 19984121

Table 3 Numbers and recapture rates of masu salmon marked in the upper or lower reaches in the Hidarimata
River in 1998 and 1999

1998 1999
Marking No. No. No. fish No. No. No. fish
site fish fish not Recrzzllt)éure fish fish not Rec;;}géure
marked recaptured recaptured marked recaptured recaptured
Upper reach 50 12 38 0.24 68 34 41 0.50
Lower reach 37 4 33 0.11 31 3 21 0.10
Total 87 16 71 0.18 99 37 62 0.37

Table 4 Numbers and mark ratios of masu salmon recovered in the Hidarimata River or its sub-tributaries in
1998 and 1999

1998 1999

Recovery No. No. No. fish Mark No. No. No. fish -

. . ar . ar

site fish marked  unmarked ratio fish marked  unmarked ratio

recovered fish fish recovered fish fish

Hidarimata R. 33 11 22 0.33 106 32 74 0.30
Sub-tributaries 28 5 23 0.18 44 5 39 0.11
Total 61 16 71 0.26 150 37 113 0.25

EEZOND, AR TITNG LT HMEFORE X

E = 12300~400BFE L K E IFRWH DD, NIz
DEAOBBFMBR S, T, EINBROT > B
19984E3 & ON9994E, JEHI ik A2 i) Iz B8 TR FUT IR S IR TE B 2 b, Bk X
WEHIC X VY T < 2B DM EREOHERE i, DHERICHE R R 2R N TERLLDO LA
ZORER, MDY Y 7 5~ 280l R bhd,
1319984 A3344k8, 19994E 341208 L HERE Shiz, 28 L, WERERNTER D &, ool bR o R
BEIFZENEN23%, 15%THY, ZOMIYY - < SR BN E R T, HMEORERR, BEARTERITIX
AP0 FREOKERE L L TUIEL RNV DL 2HFETRERENRE LN, EERkAOFHREED 1998
¥z bz (Cousens et al., 1982), Petersen 3T FITITHEIF3R U <, HEERE GIRWEER & 2o
X BB E T, HEEREEIEEL LB A O 7z (Table 1), 19984E 0 ffk o>yl b F& BHE 2 i 13 i &
RIS S (Hrh, 1998), AWFZE I/ NI D KRERBMEEL 2> TS (Table 1), Kl
JIICHibi, MEHESHHT25~26% DIEHEE I L 18 B T < AP OMEEL (77 - INEE, 1985) 6%
~3T%DIEATNER L W S HWIRE DT> 7)) v 73 2C, T, KMRIZBIT2RHERBEN»SAHTH
TXRZEN, BIFREECOREETRIZLEZS O (Table 1), HERMEEI D L VWEITEZIZ< W, Lk
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D30T, L REGRARTFITRAL TR LT,
ZORER, 19984 OREERA OFMEIFMELS 9%), #
121999413 m < (49%) ZeofebDEZILND, K&
WOV 7 Z < ZTMEE & b TN TR Z# 2 2RI
. WEIXPESNER, PESNRORLICE &%, BT
EREHLTHILEDS (BN - K, 1967) DOITR LT,
Tt VX RE NIRHA DRI TN T OB B FE AN A NS D & & %
b5 (Miyakoshi et al., 2003). AHfZETH, 3
L LTROP L DIIREVRHETH T, TD X
5 7RI INIT IS 1T B RE B4 OBl DT HSEEA H 2K
DMEREF B B W IFEER A & KRR DR A 6 Ok
TP THEL TS bDEEZILND, Y -
~ A DMEREF OH 5109 S DV ITM EEREEEIA I
BOTLELIERZTION84LTHY (Farwell et
al., 1996; Schwarz and Taylor, 1998), ¥l ERE#IZ
WERERNICHEE T B NERH D DD EEZBINLD,
BRI & o TEHBUN 2 HEE 215 5 T2 IR
REBRDWENMIEENDZEBAAIRTHY, ik
L RGBS —RRITEE T2, HDVIET U E LR
YU TINPELND ZENREETHD (Ricker, 1975;
[, 1998; dbi 5, 2001) . ASHFZE TIZAERGG I X
ZHHEDEY, & DWIEFETOENT X 55k
BOBEARDEBNZHETDHI LITE-T, T2 X4
PN TORED—FRZMEEL e, £ DR,
1999 ITIIAEFRIG AT IT K B PSS TS AT IT X 5 4%
A ORBARIII AR RENRA DNz, 19984F1T Y
TNERINS L, BRBIBPBENeOFRERAZTRBE
RIpo T3, RIF 0 BERSTIT X 2 AR Bl
IR DEGRADBARITRERENR AL N, Th
HIZK Y, AL RERAPGITICE > T, 400
IFRAL T aWnBEME A R_ S Sivie, Bl oM L2
BOWEFHOLNILRTHY 7Y > F DR 257
fli U72WFZepil 2374 5 41 (Schubert, 1992), A7 T
ALY, T—=2noF 0 ZLF TV 70
K ZWAET D HEIINWLHSbEZBND, V7 F<
ABAIZRS T, FUELY T T OWGE ZiiTe
FTZEEFEHTRNZ B (Ll 5, 2001), 7
AW D A5, SRR, Rk E
BRI L, BHiRY 24 TRnE 5, 2L TT
VERRY T ADMEEND K O AR A A e ah
FERH Y, AR T—HIER LT L D ITEERFR 0K
EORRZERICTMTHIZLEHERETHA 5,

1. 19984F & 19994 1T JE I S FR ZE M NN NI B TR
HFAZITV, Y75~ 2o RE A
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19984F 1387, 19994 1X99)2 21k Lz, 91
iz, 199843 S 76120 5 B 16/,
19994E 13RS N T2 150 B D 5 B3TR IR A T
BT,

3. Petersen {EIT X 5V 7 5~ 2l L RBEOHEEAE
(RPN I + R RR25) 1F, 1998413165 (+35)
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IEME286 (£57) FB, 126 (£23) E&, #1412
(+£61) BCThHotz,
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