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2 FAANAE dojat oo AT FAE A AESHE w022 JAF F-E4 el thEQitt Al

T8 Aele st me} ks, EH ‘ﬂ% BARog Nz AR A8 E48 7Y g Arie &3
glolx AAE WA 71sdle) YRE E A1 I U dE AAEY B ATCE Agosta it o]
ATS Belshe 4 A&AA At i‘ﬂ% sk Wi FQ3k 56 Aoji olF A2 Zao] 2|4
AH R E st AFAow XoE WRa glod, o) ZHe) AMte R FEER F3) Aol 74 AT
TAEstelof gt} Al ke HhEE Wi °o}%}131'. AF ®A], 7T e AESHE B4, o4 24, v)
5 B4, $845 B4 59 Wpio] e, 22k AT Bgo] Q1o o] FollA ZAET e gESH m4)
& HEY vjgo] 2] feths ARlo] Qitk. 7[4%0] EAlshs S AaAo] e A B of o] VA
Zoll Aol Dt o], AFE oAF7E olFdte 7Bl EABHA iz TN £E8E A9, o] A 71T

of TABk= XYL SRS HF3l d 7 Uk Wb o] Al 718Fl sl ARAS] FAEHE Aol k.
et o] A9E FaetA] o2 AAlE 71T el EAEA) ket 28 BR o) AEEA BAS T 7Y
ATE TR 7 ey olg ARk F3o| 7hssitt o7Me Ao} ol ATE FAo® IS HETH
IFAo7 /\}%-’GP ZVE B 59104, o] Wy ;?:W b ek Mttt Aol (Oncorhynchus ketaye =)
o] Adeh= FH Aol o Folw, BejE Y Aol Fxgrh et Aol L 2TNE AX BAHEE 2 Al
g2 ol%?fl F 3ok Ao® Azt 1‘“’47‘]“]’ Sl Aoje] Fa Aella] B 9 3 Az disixe
s gBiAA e o] Bon skl Aol Al B At e RS £ Qv BAE o rAE
EAHA etk o7ioM 718S o] B HRE TS kA Ao AT Ao i H2e AT Al #
sto] viA[Hto 2 AFslg

=lcA

This paper reviews the use of parasites as ‘biological tags’ for studying stock analysis of salmonid fishes.
Numerous definitions of stock concepts exist, but most of them essentially define a group of fish as having sim-
ilar biological characteristics and being self-reproducing as stocks. It is important to manage fish stocks for
human consumption and sustainable production and especially for salmonid fishes. Because these fry are con-
sidered as each country’s property, it is necessary to identify and discriminate each fish stock in the open sea.
Methods of separating fish stocks are very diverse. Artificial tags, parasites, otoliths, scales, and genetic char-
acters have been used for stock analysis and each method has advantages and disadvantages. Of these, parasites
can be good biological tags because they are applied by nature at no cost. Parasites can be infected with sus-
ceptible host fishes when they enter into certain areas. Then if they move to the outside and are caught,
researchers can infer that the fish had been in the endemic area for a period of time during their life. Hence,
the host fish can be considered as naturally ‘tagged’ by parasites. However, if they do not pass the parasites-
endemic area, they will harbour no parasites. Therefore, researchers can discriminate each fish stocks and
trace their migration routes with these biological tags. In this paper, several examples on the use of parasites
as biological tags for studying salmonids, as well as other species, are listed. The advantages and limitations
of parasites as biological tags are also discussed. Chum salmon (Oncorhynchus keta), the main salmonid spe-
cies migrating to Korea, is distributed all around the North Pacific. Korean chum salmon are generally
thought to move to the Sea of Okhotsk, the western North Pacific and the Bering Sea. However, there is no
clear information on the distribution and migration pathways of Korean chum salmon, and no markers exist
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for separating them from others yet. Recent Korean chum salmon stock analysis including parasites infor-

mation are mentioned.
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o) (chum salmon, Oncorhynchus ketay= EEIEF X Hofl A
2l5h= Ao ofF FollA 7H WAl B2 Qlo] AFoEE
e, ARoARE 2Alole] wigs)], es=T8), A, #j59)
LETF Ae7iA] BESk Qlth(Salo, 1991). THE o] - £
o7} vEWAE o5 T ARRE 3t BAHe R I3t
T 88 AYa gloH, why Faide) dojed ARk $i8t
o Az g BHeE s Frt IR F3) AdelA
A5 Bt o] AlTo] EFEHY e Alo] HW, A= A
ol wEhA ok BHoE AT %S A Y Kol #
ok 294, 2F2te) ATl Sshe ol B 39 A2t A
B HAE A7 2Ask B3 7 =7 AR wigkEl A
AFes 8 W LH e Jojxdel g It olal#
A7y AE3e Aeso] BTt

Ao AlFte] R B A AEE FH] A9HA ¥

) 3ol et ARG doln, B4 AT g Al

549 ALGAE 98] 7 S} Dol olFel
ZRE X370 YRetn it B, Tl 2281 9)

& Aol BYR7) AR AbolEE Qo) AT-E TR

&2 Al

72 Al (stockyel]l T = gAje] wef g thE,
Hilborn and Waters(1992)°l 2J3} zpA|2 o= W 2lo] 7ha8 4
59 283 AR T8 o F9 3 FeE vl ol ¥
g AL = 7 AIEe] FEEHOE AN o]E e 71
I lofof B, o] T AAMIE Sk o) ot F &
Zell 3] fxEe Alols wWEkA 3 ARr Jlo fAHeE F
FH= T A% wH(subpopulation)©] $1E 7o) AtH(Begg
and Waldman, 1999). ¥bd, 42407 2 E31E#] o+ A2
Hog Ay P AT R Fosh= e ATHOvenden,
1990). T3 AIZHY B FHEoR Ao} 9loma FHo)
T2 Ausy EE Y59 $E5] 5o g2o] o]Fo]
Al Aeg ATC R FoEP|% shH, ol#fdt Azt Aole
AAAQ] B 2 715 AYEEA Ao)|Z 1Y 5 YUt olA
H AT dAlel wel, 22 @l wE gkl Jos U™
T 9lom, B4 ATFS Fosla B4, AT A%, 714, &
A AFGE, o Fol 2% APLE, ol% BE 55 A5 AT
Tk A2 AlTo] nAHA ¥a AEA] o]F1E &Y

sleld Besid.

AA oF AT FE3I) At S 1) AL B2 (artificial
tagsys L3k o Fol] F-akel & wkFsto] YA 7 F oA £
#5]= 99 (Sanchez-Lamadrid, 2001; Welsh et al., 2003; Robichaud
and Rose, 2004), 2) o157} A& A AAs] 7dE Qe
7%} 7 MESH 2 (biological tagsyS AME3l] ZHds
718%8] F3F Alel 32 954 Aolg vlawsks M (Castro-
Pampillon et al., 2002; Oliva and Ballon, 2002; Melendy et al., 2005),
3) allozyme, microsatellite DNA, RFLP, mitocondrial DNA & &
714 34 (genetic markers)yS AMES] 534 F1r2) zjolE v, B
2481= v (Hansen et al., 2001; Gilbey et al., 2005; Schénhuth
et al,, 2005), 4) oM< BA8t] FAMHES FF Y 2l v
k= " (DeVries et al., 2002; Rooker et al., 2003; Swan et al,
2006), 5) ©19]ell FejsHA] xlolE 7131 sk W B0l itk

ol#fdt Z} WSS AAY| A, Dol stk olE E9 AEF
 BAE FalehE WS AT 248 A8 7P 2@ B A
$3) & wholH, A3 o] golstu £¥E JE7PF oY
T AE TS T F ok Do EE B 2] 93 1A
7t AR AF oS BY JheAdo) 9lon o)F Bao
A 7R SAET HIde oldd dHES /IS
B2 50| gol 7iEEe] ql7I= SR, gk o]
= AT AFTFAS obF] sttEo] QA Jrh. xI, &
A5t F- RS E Alg 4 W A B4E A oA
ok k= AAREZo] ot

AETHE EAE o] &3k WS Rl 71k 7185S ©]
L3lA Hed AF FAT o] AYHoE AR Aol B
Hashd Azl o8 Foll ZAE & 7I8FS 24k 4
a2 E AAEA ¢t Jelv 718FE ABo|EZ o5 A
v Fu e weh, a8y ase] \skE 559 A &
9] Hzglel| what PG T2 4 Qlvh TS 7| WSk S5 GA A
Eol2g FH ol wet /A ¢7F A 5 qloh ARE, ¢
AEEA B2 0 7A Y 7IAFE B 0| PR TR 3] W}
g} #Algle] Alzte] Avks /b Alo]ojob gt mheha] ZAF T
o] H= ATt 718FY Aolrt EAE o o)F RS ATzt
o] zlo| & Holel sh=A], opH 3 §79] Wil 32 V|F
9 F+ 57} He O ARY A wge] A 2N E
TRl . o F AdiME BTt HA B4 7|8F A4
£& ko] AEEA B2 O ARGl Thed 71FE A
gllof gt

A FEE AlE Hlw, BAsHE wHe] ARS ZE HAE
gold wie] /A1 Qe =
v RE AAEE EAHo ) :
23k v]go] kg EX gon fHAel FRE=
wsel 3 G WA gone U 7EE Ao
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e T Sl ARE Fohylo] A 7kA| 2] Azt gl wlgo] @
o] &g gt ¢, FEEh] FAou} o)A g B sh= w F
W 7o) Wzle) wheh v)5id] g A werw A A
ol Ag5 71slof s}

ATE TE w A S 7R el o3l a3y A 3

% A3 oAl GTh o[ HOE oW Z1Ee] o3
43 A2} AAzel B T YT FHslE AL
WS fort e B9l B Aol ) olgel AT
FHET P AAAES] BRSO B AT T B 2

o] Bajuc). mep, MH O Az AT 1) Aolrb
A W) Apolur} 955 Aok she AAEAS AT BAS

&gtk (Waldman, 1999). AAZ FUd 2] o] s M=
OF R AlTE A5t Aoldt 495 Hol: ZF9-Eo)
FF o, FZele o oFe] AL T, B8k ol 9l
olA] tjekst WS A ARE-(holistic approach)dbe 7S 3%
511 Jr}. =, Begg and Waldman(1999)2 -4 HE ALg3)l=
U VRS 2dEE V1E0E she WY 7E A AR
A& ARSI o, 2717] o)de] W& Wasle] chideA &
dH oz Ag 4, AL S TS d7=ER H2 2EHT
SitH(Larsen et al., 1997; Begg, 1998; Ayvazian et al., 2004;
Farina et al., 2004; Fritsch ef al., 2007). 9714& 7|8%S A&
82 A0 AMgste] ofFe] ATt B4 5 oY gkt B
of Abgst AE MBI 1 F Ao ofFE upoR A4S
AE FH2 o7 AuRrjZ gict

714Fold e AEY AU 2 Alxmellx] dF 71 2
e HURA 7 BeRiE FUYE

e Aol §&ue olnAlE 713 @
A dE FFE FE IR HE AL A
Aolehar shd oA] ol2|dt 7|8 VR AEo] HE0F 3
W Aol EAste ol fF W olE HFE AlgelAl & AsiE
Chal ek 397 tiF-2olnh 22 o felr ddEE
ApEA o 7 HFslo] ofFollA A BAdE Bole 7IN%
9% W] otk dfushd, 71489 didel ofFut o1 offel
718 ol TAFE AR 0R A IR ®E Al 27
wEolch 23] offel 71kl Sle VS FAToRH

AA -

HE
Ao},
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o042 My & N odi T o 1o

Flo

oY oiRe A, oI A=, A B39 WE 5 R An
g 9ol @ & gk ol E il ANFS ATAH A

‘biological tags’o[2he £01& AMESI] EH ST

ABESH 32 (biological tagsy©] 1F FATH v WS v
zZt= A& MacKenzie and Abaunza(1998)= U3} go| A&
st @ J1FEAAR0] AHAY ErFsst 23 o, A8 o]

7047 APe 4TS © S8 29 £ Ytk @ AF
NS RS A9] YD g B wEeo] AgHn
DEl A2ARAYBOT ARE HA BE % k. Uk
Gslo} Q= 714FS A ZARIe] BN B 0T AEY
ABFE QS U o) F AYe 1EHAL @ ATHAS

g
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Ao w RANS o B 7l o] Qe ofFel n
BE-S s & 4 ok
T, 718SE B EA 07 AL gsl & A% RE

o] AEEH BAHo® AREE Qs A2 otk F &
of B3 sh= 7|AFY] AP} ul$- B35l o Foll vzt
Tk 7Sk s 7)) ol E Wuhes A9, B U1A8FY A
A 7F S8 LA A G A9l AESHE F2 0= o
3717F sieh. &3, 78S 5 o R MBS galo
F AR YA 1 o Fell 718k Qe 718l w4
At AR, AF 5o AT oJF 7185 = 718FY F
7 2 3, YA 55 & Slefof = Zlo) AA) 2ol B
o}, wEbA] offel] 71k ZFe] B ABESE B o g
AREE ¢ 9lE AL ol H MacKenzie(1983)Ys AEEHA 1A
o2 AME 9l VI8EY 2ueEM O 51 HE oR
o 7|43k 718F 2] 71 Ee] Hlwdkuxt she A9 il xjo)
E UERlE 718F, @ AR AR 3 ol A $5ERE
gt £AEA o 718%, @ diFe] AEE AR, Ast
= A7t dFEo|EE ARdA 71A%-E AFshe We] b
dshe, 713 57 Folt 7 she 718E, @ degizog
- FALSE ThE Fo] EXSIR] kol FAo] ol E, ®
ATz Fo APEEA) k3 23] oW 77 AEsHE 7
WA U8 S5TE AHEC] o)FsA W 714, ® HeAdo)
FolA] kow &3e] A}, % Sof JEke T o= |AE
FeAo] Asto] JAT 558 JARIAE 7L QEEE
BAo® AMEE g Qlth, @ BT 53884 &2 7148F (Y
Pt Gdle] S5FE 4o A $E 7|AFolgd ol
EHog 7149 olfe AAHA & oF Y B2l A
7t FREA] & g 7ol EVEdtnE AR B o7 A
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AT EAH o8& = Uh T =k
oiftolls EFIFORE HHE AE &b ATF, B,
mEARE FollA ThIE B FATAS, T35, A%, 25, 7

A Rl o]27|7HA] thekst Wi
Asta Stk Tl AAEL] A-olle A T3
T4 AFFES TR FHePaA] o7 7k 714Ed
ZEo] Boy, o5& AEEE HAO0F o|gshd 1 o|FI E
A5t wo| Y= Fi, AR A 5 gobd § glow, Hol
7F HE AL AAl B T oidt ART of&e] dojd
a Slrt.

AAE ool 7188k 718%0] o) A AT H 40
AFEE & Table 19] AT BA tjAloke] Aalet=
Greenland halibut(Reinhardtius hippoglossoides)l| 71288h= 7128
Z& A Aol oletH AFFoll &3 dnisakis simplex,

Ascarophis sp., Contracaecum sp., % F57ol &3 Brachyphallus

crenatus, Steganoderma formosum X Stenakron vetustum®] 7148
9] Ao|2 FAENE A9E FHoE & At At AL,
WA JHRE A9 FAH0F o AT, FF 1UUE W olo]
SAE Ao FHoR e AT VECR TEE F UY
©HBoje et al., 1997).

A Akl A2k B2 UFR Sebastes capensisS] AT
B4 94 7FS ABSY B 02 ALgsle] o] Tolzlo
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Table 1. List of fish parasites as biological tags mentioned in this study

Fish species

Parasite species

References

Stenakron vetustum (D)
Brachyphallus crenatus (D),

Greenland halibut
(Reinhardtius hippoglossoides)

Steganoderma formosum (D),
Anisakis simplex (N),

Boje et al., 1997

Ascarophis sp. (N),
Contracaecum sp. (N)

false jacopever (Sebastes capensis) *NL

Oliva and Gonzalez, 2004

Southern hake (Merluccius australis)

. *NL
Argentine hake (Merluccius hubbsi)

MacKenzie and Longshaw, 1995

Loma branchialis (P),
Ascaridoid nematoda (N)

Atlantic cod (Gadus morhua)

Pseudoterranova decpiens (N)

Khan and Tuck, 1995

Echinorhynchus gadi (A)
Lernaeocera branchialis (Co)

Parahemiurus merus (D),
Lacitrohunchus dollfusi (C),

Pacific herring (Clupea harengus pallasi)

Anisakis simplex (N),

Moser and Hsieh, 1992

Contracaecum sp. (N),
Hysterothylacium sp. (N)

Cardicola grandis (D),

Indo-Pacific sailfish ({stiophorus platypterus)

Callitetrahynchus gracilis (C),
Otobothrium dipsacum (C),

Speare, 1995

Penella instructa (Co)

Patagonian grenadier (Macruronus magellanicus) *NL

Oliva, 2001

Diclidophoroides maccallumi (M),

white hake (Urophycis tenuis)

Capillaria gracilis (N),

Melendy et al., 2005

Hysterothylacium aduncum (N)

Note: (P), Protozoa; (M), Monogenea; (D), Digenea; (N), Nematoda; (C), Cestoda; (A), Acanthocephala; (Co), Copepoda.
*Not listed in this table. To check the detailed lists of parasite species in each study, refer the literature cited in the table.

W, F 2NN ZHH S capensisolA LAE = F 1859 7148
Z ZFAAN A4S AQefM gt dAEE 7]8%0] 105 9 3F0]
B2 o|l5& ARSI S capensis?] AT o) rlesitia st
%tH(Oliva and Gonzalez, 2004). MacKenzi and Longshaw 2
o] @ o= JNE L} Aotol] M) sh= Merluccius australis
Merluccius hubbsiv= Be|SE 0% w9 fAldle} 7280] 7] &
ok #rado] Qe 71 48% A (parasitic fauna)?] xje]Z o] 7}
BB AF8I5ItH(MacKenzie and Longshaw, 1995). 5:3F, Khan
and Tuck(1995) = 7 Hoke] FREAT Adell A8k X
YN (Gadus morhma)?] AT 228 $3 A= e 7148%
& AN A3 A5Fol £ Pseudoterranova decpienss W)
T8 5 FY 78T AGES Aold wet AlTE RS A
o, 71EY ¥ FAE ARES Aldre] TR X FTha S
o}, Ao} Aol A A= pacific herring(Clupea harengus
pallasi)®ll 71838k 71 4%-& 2418 Ao E 23R/l &k

Lacitrohunchus dollfusi, 555\ 53R Parahemiurus merus, 3

5ol &3k Anisakis simplex, Contracaecum sp., Hysterothylacium
sp/t AESHE B202 24 7ol AFE T (Moser and
Hsieh, 1992).

Spearets =5 FF At MA = E=AA Isriophorus
platypterus®l] 7138k 71858 A1) S0l £33 Cardicola
grandis, % 48R= Callitetrahynchus gracilis, Otobothrium
dipsacum, 27N &38R Penella instructas] 71452 o1&

A2 T H o5 AR 0] skl sith(Speare, 1995).
e, A G- Aol M A= Macruronus magellanicusll A
AR 718 MR AT ol5AR F¥o) 7hssitkn
3F31. 2.1 (Oliva, 2001), ZHLHche] MQJIEFARE AQke] A28}
+ white hake(Urophycis tenuis)® ©15 4% F8& Y3l &S
S50l &8K= Diclidophoroides maccallumi, %9 £:31= Capillaria
gracilis, Hysterothylacium aduncum& BESH B2 0F ALl
ATE UthMelendy et al., 2005).

HyE Ao R dofd = Qlok &

e B e PNy § iy 1«61}
3 dolrh iz o) B3 el B RS tRE 24

7
W, A 25 o) HEES Wnd 0B T AEGH o)F
o Agelr] 2 AV} feE e AT W o8
oItk e, itk o) 54 ol Thakel slrial 1 AES 7
o WAek] ol5g ZARORH AR ) 24 © ol

o}

@ > rlo i
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BEe) AFHo] hssitt. dela) offi gl °W717P d
B F, sirR olgshdM Fof AolM A= fAE Belshs

ALEo] £3Eo] EABIER Aol EFY] o] %Xé A
ollAet ZAEE 718Fe) Ak AESE 202N AT
Tl A8E ¢ S Aot} T3, o] 7|AFL Aoy} djgol)
A AgsHE Bt APERA] $E TR 3] o] Hojok
St} Margolis(1998)= 401 oJF & 4sH o7 A&
FANoT ARE F Qe 71T 2o EA O E5elA R
o] AgEojof ah alipollM Bl 52 HAHA U= 71T,
@ =7 Aol#} offgl FUsHA %*#%”oﬂ Agtz o2 Fast
= 7]*@%— ® Frgo] w5l Aoji} o7y} srell A=
F3| Adohg g Xti 0 718%F 55 3t olgje

7IRHER
202 WEAIE B oz B o, 2l o
Tl e A9 ol Bt Welel AR A 2 5 )

4 HA0R AR 5 98 AER AR A7

Aoizh .;oa% o] sl Al Liehlietel o S8 27
Selof shme gste Hao] B £ Adeks AL A

Q7 @ 7Tk BA| Rt Atk Ay ESkA ;<]_L5_o] AAEH o]
9] AL AR AR F N8FY I ES Al HER
H]—UQ &7 ds z]sg‘dl & Q= ;%} < 7].7(]_,__ h;]..

AT} of el Z1¥EHE 718% o 3 F49=EAM = Buchmann
et al.(1995)°] F27) Folol] 7|1 qsks 7)1/4%o) B3t check list
£ 4215199 2, Nagasawa et al.(1987)°] YE Ffjof] M2alEh=
Aoja} o) ol diste] Fulist E5-g wxsigitt. old = &
18 39 AojF} o] Foll 94F2) 7| QFo] 7| sk= Ao 4dA

3

o, o] FolA] el FE WHRSEE Sl 1010, keta)E
AR of 4059 25 7)4%o) Z1A8lAL Sitt. o] FellA &
T i 71ASE 168019, g FaHle) 78S 24F oIt
(Margolis, 1982). 7|52 #7814 912 & o] A== 7
7} FF AR ER TolE dAAghe tha et S Vs

7do] et
Qlofz} o] 8] Al Mol AMLE 7|A8ELE Table 200 Hals)
§lom, o]3f3t A= 5 sockeye salmon(Oncorhynchus nerka)s:

A3t 3 Margolis(1992) @ Konovalov(1995)2] A7} 5
Gttt ol &2 0. nerka®] Alv-& APEsE7] Hstel diits AF
T A= ' 7IAFES 2AE E4S A oprlol A H e
0. nerka AT-ole 283 Yo AEol &3 Truttaedacnitis
truttae’t S X O R 7148 B AR 0. nerka Aol F
-501] &3 Trigenophorus crassus?) plerocercoid’} 71483811 Q)
S gt o5 BT g4l 718ZelH, bk o] 2 F
o) 71788 ZaE2 Aelol Wt Faldolr] EHER= O. nerka
o] AT o] 7Fsee ARSI 3 Awakura et al.(1995)
& Al Oncorhynchus masou) = 4 2ol 7| &= oAl
Abslod Aol uh

dAtellA] =&

FAE Mywobolus arcticusS: M. neurobiuss 3

o AR AVl sltin . %, Sl

_l

B Al olE M newrobius’t 5 G 9oy, 4 A
QoA T AE= AlmpAojolli= M. arclicus?t & 73950 9
S wEin} w3 0 F=Tsol L= AulddolellE F &

=l

o} Myxobolusell ZYZt g =] Q= AAEe] E8E] rtn
ST Myxobolust= B il 71AFC|EE o] ARE EUE

Table 2. List of salmonid parasites as biological tags mentioned in this study

Fish species Parasite species

References

Myxobolus arcticus (My)
Triaenophorus crassus (C)
Truttaedacnitis truttae (N)

sockeye salmon (Oncorhynchus nerka)

Margolis, 1992; Konovalov, 1995,
Urawa and Nagasawa, 1995

Myxobolus arcticus (My),

masu salmon (Oncorhynchus masou) Myxobolus neurobius (My)

Awakura et al., 1995

chinook salmon (Oncorhynchus tshawytscha) Myxobolus arcticus (My),

Urawa and Nagasawa, 1995;

Myxobolus kisutch (My) Urawa et al., 1998, 2006
. Myxobolus arcticus (My), Urawa and Nagasawa, 1995;
coho salmon (Oncorhynchus kisutch) —— \ o oo kisuteh (My) Urawa ef al., 1998, 2006
pink salmon (Oncorhynchus gorbuscha) *NL Urawa and Nagasawa, 1995

Brachycephallus crenatus (D),

Lecithaster salmonis (D),

Pelichnibothrium speciosum (C)

Tentacularia sp. (C),
chum salmon (Oncorhynchus keta)
Anisakis sp. (N),

Eubothrium sp. (C), Nybelinia sp. (C), Unidentified cestoda,

Urawa and Nagasawa, 1995;
Kim et al.,1990; Kim et al., 2005

Anisakis simplex (N), Contracaecum sp. (N),

Hysterothylacium sp. (N),

Lepeophtherius salmonis (Co)

brook charr (Salvelinus fontinalis) *NL

Frimeth, 1987

Brachycephallus crenatus (D),

charr (Safvelinus alpinus) Eubothrium salvelini (C)

Protocephalus longicolli (C)

Prosorhynchus squamatus (C)

Dick and Belosevic, 1981

Note: (P), Protozoa; (My), Myxospora; (M), Monogenea; (D), Digenea; (N), Nematoda; (C), Cestoda; (Co), Copepoda.
*Not listed in this table. To check the detailed lists of parasite species in each study, refer the literature cited in the table.
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Urawa and Nagasawa(1995)2 SE%5 < 2 W 3)|oA] chinook
salmon(Oncorhynchus tshawytscha), sockeye salmon(O. nerka), coho
salmon(O. kisutch), pink salmon(O. gorbuscha), chum salmon(O.
keta) 5 552 Oncorhynchus & 7% A5l 2ARE A},
chinook salmon, sockeye salmon, coho salmon®AE M. arcticus
9] Zrdo] #A =gl or} chum salmonT} pink salmonol A=
M. arcticus?} BAE A 99k ™, chinook salmon®X M. arcticus
9] zrdgo] Arel wel xpol7t drta Sigict. &, Wi 2 &
ghagb x| HoflA EEE chinook salmondll= M. arcticus’} 7
o] 714881A] kot EATeE <) <] 9ol|lA LEEE chinook salmon
oAl H2 BIEE 7Stk S8itt. oot XS Al
FEol 57-94%C1AT Hoprg)7h A9 A2 wlg- =EA
o] WFAR Y 2 (Urawa et al., 1998), chinook salmon®] o}rlo}
AT AESE BX 0T M arcticus’}t S+83H AME s
“do] it

Myxobolus kisutchi= chinook salmon % coho salmon®l] 23}
o, u=2] Agule} 7 5 YW o] M F2 AN E
AAxEARFo|), ofrlot 219 chinook salmon Al A2 2
AxR] gormg B ALL T Jed £2 YESHE T4
O % AMEE = QItk(Urawa et al., 1998; Urawa et al., 2006).

sk AT 1 ¥ oo}t Aol o7 ofF AR, A F
o] ZALE SIBIME 7% e] BESH B2 07 AR 5 Qitt. o2
=01 Salvelinus %9 43F= brook charr(Salvelinus fontinalis)2]
B SEHE TES] Yot aAE 718TY 2 A%-E
ZABIAH(Frimeth, 1987), $U 3 Salvelinus &9 E31= S, alpinus?)
ZFelET S53E R3] A 718TE AL, A AE
8] A F2A Sliko 2 £l £81= Brachycephallus crenatus,
Prosorhynchus squamatus 5°), 5859 AWEEE Agas o
A 2570 &3 Eubothrium salvelini, Protocephalus longicolli
So] AR 5= QITK(Dick and Belosevic, 1981).

2817 WEES Ao 24 doji} o 7o) HolYES vjo}
g & AL, RS off V| A% 0] FUETE R3] o R
o dEE AMdE T AdEH e 71A8%E AR
o9 A4S gohlle R ettt 2ev 7S] 4
AL A B A qlofolt #40] rbedH, kTl H
T AEAM2 718 9 ATl AFE Fo) AEE 5 240
QES E F Sl QAE0] BOUT olF7lA] o]ET It &

Tel] T2 245 AoY(0. keta)ell 7183z 7] 48%l Bl
ZARE =R Al A 5(1990)0] AR =Ho] U3l &
Sl &3= Brachycephallus crenatus, Lecithaster salmonis, 5=
F5oll &3k Pelichnibothrium speciosum, Tentacularia sp., A1
5ol 3= Anisakis sp. 50| Aol LAET) 015 = B
crenatus 2 L. salmonisc A3} ol Foll E31A Bd=H = 7|4%
o™, P speciosume 017} o}FollA Z4do] RuE o7} & 3
H wlell glo)(Scholz er al., 1998), A AA7} Bedsic), A2
Kim et al.(2005)2 Sl A&7dshs A9(0. keta) 80 7RA|lA
EF2F &3 B crenatus, 2F 570 &3 Eubothrium sp.,
Nybelinia sp.&} V39 25357 15, 45F &31= Anisakis

qe 9% 1B B 17

simplex, Contracaecum sp., Hysterothylacium sp. & 5, 325
ol £8H= Lepeophtherius salmonis 5 & 82| 7|55 47,
ZAEE ARG ATER @77t st A7 dslo|m® g
Akl Blas SRbetn], 2o gt E g7l 3 A =
AP o), g, 77k dielMe A Al 7 dee A
FAE M. arcticus®] FREE 2ANE A7 A7) 9o](Urawa
and Nagasawa, 1995), =it 910jol] 7| 88k= M. arcticusS] 7+
AEE AP "Havt gledlz Add).

=L Hojat o /el Al 24

FElvet Falgtell Addhs Aol o] f= Aol (Oncorhynchus
keta) 2 AWFAY(Oncorhynchus masou) & 25577) 3 oH, 2
gHAzRs & ootk 5, 2001). Aoj= BEA|Yo] Fh=to
A Bollg]gt QuliFof o227 \74A] )% 5 0 ™(Salo, 1991),
2315k AA7E kR Wiedrt 4Ast & oA Elold 2o R 3
AT wi7A] ATl wel es =3, W U dekar) v 5
W2 2] X Hof|A M3t o] uf, AT wal Hax]e)
A2H oz YIEA] BASA T Aol ohdgl X wket
171 olde] ATolrd falshe AAEe] A Sk F9-E0)
gt ueb, FadelA ZEE AL A= 7k sl
Aah=rlell fet Bl Fadt BAr € 4 gloh dtht 2
A JI9F o2 FRE i Akl d530% WEsta
UOEZ Zh=o] AfAE T8 F Sl T2 dbdo7 )% st

AO. keta)d] AT T-Foll T3 ATEJFTEAS AN A
T(Ogura, 1994), ©]2& AMg-310] 43+ A7 (Kang ef al., 2003),
T4 JHEE ARSI (Beacham and Candy, 2005), 7|1 4&%
AFESE A7+ (Urawa and Nagasawa, 1995), o4 £4] 2 {44
BE AMEE A9 (Urawa et al., 2000) S¢] 9t} E3] F2ol=
FH2E o] 85 vhekst WMol AEH allozyme ¥4,
microsatellitt DNA 7|94 £ n|g 2 g0} DNAS o] 43
RFLP 4, n|E&=glo} DNAQ] sequence ¥4 52| Wjo=
A ] ATE4E 58519 tH(Seeb and Crane, 1999; Beacham
and Candy, 2005; Sato et al., 2004). )52 Q7 A7} Y o
Mg v]EFTzlo} DNA microarray 98 AREsle] 1415 2
TH(Moriya et al., 2007)°] 23t <ojo] AL L& F& AF,
Hoplglzl AT, 2lAlel -l ATCE digk v = 9le
o] Fa Aol A& fE AT WiHee] T 2 S &, g
Alot ARrE wEa e} A TGy g, Soldglgl Alre &
Fab € Flgd =7 2x3iy sk
UL Ao AT B4E 43 A7 ol dle 3 1)

2F ¥-43 AT (Sohn et al., 2005; Kang er al, 2003), <1
9 2% 2= 23] T 283 A7 (0] 5, 2006), microsatellete
DNA #7192 ¥ v|EZE=eo} DNAS 971y 75 248
AT(Y 5, 2003) 5ol Uk SEve} Aol Are fHgeE
U AT U3 A o7 FPEE, e & Avd FEH
T AL 538 7L e Aoz BolARHE T, 2003) oF
A7 SUAE dolg b TN fEishs doje)t ¥E
A s d ¢ ols #dE BXE ] 9l o B
Ar#e] {4 AR ofd BEskA| o) o) o] X0

o!
10,

]
>

A

d



oY
ol
‘-0{1

Fgol sirit Tkl 9izl ARk v ;Lﬂ&} H] w33
M?‘& FEA Bl F3f AelA :‘LHOHH RS NS
2 A B0l =4 ok T ole] Hlol Jfﬂ Rog 1w
th. 200472) AR 25k Aol 7<1°H RS Aol 7
Wobx oF 189 vlE, m=o] oF 69 vle, HAjolr} o 39 wia,
At oF 19 eRelld vl $Euehs 1,2005 vkelel] &3
BT} (NPAFC, 2004). 019} 2521 o3 3l gatzel Ahd &
Y AT FlolM PR o) Aol o)F HR U F3|
gellA Fuit ol AtE o ATt 7EE F sle Y
7o) A28 sttt

0
ro o mio

2

O

4 B

A% Azt SloP BAL T EANZ A4E7) 4% ¢
om0} 409 #elZ S5 #8311 o188 5 e B

o711 ik, 71852 i) ulgo] BL glo] o} FoA 4]

B S /AT ome JEN YRE L Aok §
Fal7l AEEA RA 02 ek Fololl AT 4 Stk 3, ofF
o 7VsHs 7VES BT Adslel $3 ¥, 71zl 24 o
o) NAE Astel AT 1ol BEE9] Aol Z Ukl 7%
2 Wi P79 Al AR wElg QR EE, ol
71850 4B} L BT B 3RE Qo] FE 3
71Rke) A 9 2Ab} Bkt SR ek 4B BHOE

AREE 7)8Fo] A7 o9 A Zhas)t

t‘lr O{N'

t( E;rﬂ

Qo] 3} ol 2] A, e FIAFL Mo o o] 2A AE
8HA FAoF /{]&g_‘_ FO ] R LFA] or=r} lag} gol

o) st Qlolal olfol 1Sk th-Eel 714l AR
u 37 550l Balel A AT} QA 7] W, o] #
ofel dlslel Fd Be ARE & 5 AW 48T AN
B4l @ F 9= T14ES

el AT B, T, BAE vl ol 2 e A
$3b] mrks TR PUS Aol FHH0R AT B8
ATE st BPo) glor, JERA B g W oA
CRE WPl 0 AT 4] o) g5 5ol 7kt ek, of

=

W S AESEA) 2l B2l e 5 o5l ¥ Ao
S A B4 Akl el S e, 53 Aol
Sere] Aol Batso] EAKe ATE Boms Ao
£ ) ABA) B e B gk Aol v
Sk, ek, Beel AE ZelM ek 03t AT e 2
AT Y oI BAPES Bk Zo] vikAsich T
Qole] AT BHAIE B FHE A, oY 14 F vk
AEA OlFoIAL Yor AT AET B
Hgs BAPAE FURE oo ol A= 3 B ATHY @
A 5L Wl v o) @ glole.

RO

(

e e
SELEE B

AL A

pgehes] glol thio] 24 B B T4 9
oLy 2, o8 ATAP, 4719 wWAkY

BpbA 28 AR SR

Hs

12
re

Fne

AV%, FAE, dBE,
(Oncorhynchus keta) 2
= A 1 71
15: 89-96.

471, A0, v,

1990. A% tZ oA FUgt Ao
%‘—ﬂ(Oncorhynchus masou)fll Anisakid
fERo) o 2L BRosiE,

34, 2001, &= Aoiape) 5149}

ARG A7) AE. FmeAdd S A, 4 42-50.
oA, A, 471, 257, o1dE, 2006. T=Ak Hojel

AAT: CWTS oAkt 4], At s3]
W QA 226-227.
g, ol&s, A, 298, 4719, 2003, §-14 FA 9 -
EelEk Ao (Oncorhynchus keta)?] Ad- T, =4k
s8] %], 36: 578-585.
Awakura, T., K. Nagasawa, and S. Urawa, 1995. Occurrence of Myx-
obolus arcticus and M. neurobius (Myxozoa: Myxosporea) in

FTEetad

masu salmon Oncorhynchus masou from Northern Japan. Sci.
Rep. Hokkaido Salmon Hatchery 49: 35-40.

Ayvazian, S.G, T.P. Bastow, J.S. Edmonds, J. How and GB. Nowara,
2004. Stock structure of Australian herring (Arripis georgiana) in
southwestern Australia. Fish. Res. 67: 39-53.

Beacham, T.D. and J.R. Candy, 2005. Microsatellite analysis and
stock identification of Pacific salmon using Pacific rim baselines.
NPAFC Tech. Rep. 6: 48—49.

Begg, GA. and J.R. Waldman, 1999. An holistic approach to fish
stock identification. Fish. Res. 43: 35-44.

Begg, GA., 1998. A review of stock identification of haddock, Mel-
anogrammus aeglefinus, in the Northwest Atlantic Ocean. Mar:
Fish. Rev. 60: 1-15.

Boje, J., F. Riget and M. Koie, 1997. Helminth parasites as biological
tags in population studies of Greenland halibut (Reinhardtius hip-
poglossoides (Walbaum)), in the north-west Pacific. ICES J. Mar.
Sci. 54: 886—895.

Buchmann, K., A. Uldal and H.C.K. Lyholt, 1995. A checklist of
metazoan parasites from rainbow trout (Oncorfiynchus mykiss).
Acta. Vet. Scand. 36: 299-318.

Castro-Pampillon, J.A., M. Soto-Bua, H. Rodriguez-Diminguez, J.
Mejuto-Garcia, C. Arias-Fernandez and J M. Garcia-Estevez, 2002.
Selecting parasites for use in biological tagging of the Atlantic
swordfish (Xiphias gladius). Fish. Res. 59: 259-262.

DeVries, D.A., C.B. Grimes and M.H. Prager, 2002. Using otolith
shape analysis to distinguish eastern Gulf of Mexico and Atlantic
Ocean stocks of king mackerel. Fish. Res. 57: 51-62.

Dick, T.A. and M. Belosevic, 1981. Parasites of Arctic charr Salveli-
nus alpinus (Linnaeus) and their use in separating sea-run and
non-migrating charr. J. Fish Biol. 18: 339-347.

Farina, A.C., R. Duarte, J. Landa, 1. Quincoces, J.A. Sanchez, 2004,
Multiple stock identification approaches of anglerfish (Lophius
piscatorius and L. budegassa) in western and southern European
waters. ICES CM Documents. 305 pp.

Frimeth, J.P., 1987. A survey of the parasites of non-anadromous and
anadromous brook charr (Salvelinus fontinalis) in the Tabusintac
river, New Brunswick, Canada. Can. J Zool. 65: 1354—1362.

Fritsch, M., Y. Morizur, E. Lambert, F. Bonhomme, and B. Guinand,
2007. Assessment of sea bass (Dicentrarchus labrax, L.) stock



lofat olfd] AEAE A% 71¥EY B8 119

delimitation in the Bay of Biscay and the English Channel based
on mark-recapture and genetic data. Fish. Res. 83: 123-132.

Gilbey, J., D. Knox, M. O’Sullivan and E. Verspoor, 2005. Novel
DNA markers for rapid, accurate, and cost-effective discrimina-
tion of the continental origin of Atlantic salmon (Salmo salar L.).
ICES J. Mar. Sci. 62: 1609-1616.

Hansen, M.M.,, E. Kenchington and E.E. Nielsen, 2001. Assigning
individual fish to population using microsatellite DNA markers.
Fish. Fisher. 2: 93-112.

Kang, S.K., S. Kim, K. Telmer, D. Welch, J.H. Helle, Y.H. Lee and
K. Nagasawa, 2003. Identification of stocks and environmental
characteristics of North Pacific chum salmon, Oncorhiynchus keta,
by chemical analysis of otolith. NPAFC Tech. Rep. 5. 37-38.

Khan, R.A. and C. Tuck, 1995. Parasites as biological indicators of
stocks of Atlantic cod (Gadus morhua) off Newfoundland, Can-
ada. Can. J. Fish. Aquat. Sci. 52: S195-S201.

Kim, JH., CH. Lee and C.S. Lee, 2005. Preliminary studies on
metazoan parasites of chum salmon (Oncorhynchus keta) in Korea.
NPAFC-PICES joint Symposium Abstract Book. 62 pp.

Konovalov, S.M., 1995. Parasites as indicators of biological pro-
cesses, with special reference to sockeye salmon (Oncorhynchus
nerka). Can. J. Fish. Aquat. Sci. 52: S202-S212.

Larsen G,, W. Hemmingsen, K. MacKenzie, and D.A. Lysne, 1997.
A population study of cod, Gadus morhua L., in northern Norway
using otolith structure and parasite tags. Fish. Res. 32: 13-20.

Margolis, L., 1982. Parasitology of Pacific Salmon-an overview. In;
Aspects of Parasitology, edited by E. Meerovitch, E. McGill Uni-
versity Press, Montreal, Canada, pp. 135-226.

Margolis, L., 1992. A brief history of Canadian research from 1955
to 1990 related to Pacific salmon (Oncorhynchus species) on the
high seas. Int. North Pacific Fish. Comm. Special Edition 20: 79 pp.

Margolis, L., 1998. Are naturally-occurring parasite ‘tags’ stable ?
An appraisal from four case histories involving Pacific salmonids.
NPAFC Bull. 1: 205-212.

MacKenzi, K., 1983. Parasites as biological tags in fish population
studies. Adv. Appl. Biol. T: 251-331.

MacKenzi, K. and P. Abaunza, 1998. Parasites as biological tags for
stock discrimination of marine fish: a guide to procedures and
methods. Fish. Res. 38: 45-56.

MacKenzi, K. and M. Longshaw, 1995, Parasites of the hakes Mer-
luccius australis and M. hubbsi in the waters around the Falkland
Islands, southern Chile, and Argentina, with an assessment of
their potential value as biological tags. Can. J. Fish. Aquat. Sci.
52: S213-S224.

Matthews, B.E., 1998. An introduction to Parasitology. Cambridge
University Press, Cambridge, UK., pp. 11-13.

Melendy, J., G. McCleiland and T. Hurlbut, 2005. Use of parasite
tags in delineating stocks of white hake (Urophycis tenuis) from
the southern Gulf of St. Lawrence and Cape Breton Shelf. Fish.
Res. 76: 392-400.

Moriya, S., S. Sato, T. Azumaya, O. Suzuki, S. Urawa, A. Urano and
S. Abe, 2007. Genetic stock identification of chum salmon in the
Bering Sea and North Pacific Ocean using mitochondrial DNA
microarray. Mar. Biotechnol. 9 (in press).

Moser, M. and J. Hsieh, 1992. Biological tags for stock indentifica-

tion in pacific herring Clupea harengus pallasi in California. J.
Parasitol. 78: 54-60.

Nagasawa, K., S. Urawa and T. Awakura, 1987. A checklist and bib-
liography of parasites of salmonids in Japan. Sci. Rep. Hokkaido
Salmon Hatchery 41: 1-75.

NPAFC, 2004. NPAFC statistical handbook and historical data.,
http://www.npafc.org/new/publications/Statistical%20Yearbook/
Data/Historical%20yearly/yearlypage.hitm.

Ogura, M., 1994. Migratory behavior of Pacific salmon (Oncorhyn-
chus keta) in the open sea. Bull. Nat. Res. Inst. Far Seas Fish. 31:
1-139 (in Japanese with English summary).

Oliva, M., E, 2001. Metazoan parasites of Macruronus magellanicus
from southem Chile as biological tags. J. Fish Biol. 58: 1617-1622.

Oliva, M.E. and 1. Ballon, 2002. Metazoan parasites of the Chilean
hake Merluccius gayi gayi as a tool for stock discrimination.
Fish. Res. 56: 313-320.

Oliva, M.E. and M., T. Gonzales, 2004. Metazoan parasites of Sebastes
capensis from two localities in northern Chile as tools for stock
identification. J. Fish Biol. 64: 170-175.

Ovenden, J.R., 1990. Mitochondrial DNA and marine stock assess-
ment: a review. Aust. J. Mar. Freshwater Res. 41: 835-853.
Robichaud, D. and GA. Rose, 2004. Migratory behavior and range
in Atlantic cod: inference from a century of tagging. Fish. Fisher.

5: 185-214.

Rooker, J.R., D.H. Secor, V.S. Zdanowicz, G.D. Metrio and L.O.
Relini, 2003. Identification of Atlantic bluefin tuna (Thunnus thyn-
nus) stocks from putative nurseries using otolith chemistry. Fish.
Oceanogr. 12: 75-84.

Sanchez-Lamadrid, A., 2001. Effectiveness of four methods for tag-
ging juveniles of farm-reared gilthead sea bream, Sparus aurata,
L. Fish. Manag. Ecol. 8: 271-278.

Salo, E.O., 1991. Life history of chum salmon (Oncorhiynchus keta).
In: Pacific salmon life histories, edited by Groot, C. and L. Margolis,
University of British Columbia Press. Vancouver, Canada. pp. 231—
309.

Sato, S., H. Kojima, J. Ando, H. Ando, R.L. Wilmot, L.W. Seeb, V. Efre-
mov, L. LeClair, W. Buchholz, D.H. Jin, S. Urawa, M. Kaeriyama, A.
Urano and S. Abe, 2004. Genetic population structure of Chum
salmon in the Pacific rim inferred from mitochondrial DNA sequence
variation. Environ. Biol. Fishes 69: 37-50.

Schénhuth, S., Y. Alvarez, V. Rico, J.A. Gonziélez, J.I. Santana, E.
Gouveia, J.M. Lorenzo and J.M. Bautista, 2005. Molecular iden-
tification and biometric analysis of Macaronesian archipelago
stocks of Beryx splendens. Fish. Res. 73: 299-309.

Scholz, T., L. Euzet and F. Moravec, 1998. Taxonomic status of Peli-
chnibothrium speciosum Monticelli, 1889(Cestoda: Tetraphyl-
lidea), a mysterious parasite of Alepisaurus ferox Lowe (Teleostei:
Alepisauridae) and Prionace glauca (L.)Euselachii: Carcharin-
idae). Syst. Parasitol. 41: 1-8.

Seeb, L.W. and P.A. Crane, 1999. Allozymes and mitochondrial
DNA discriminate Asian and North American populations of chum
salmon in mixed-stock fisheries along the south coast of the
Alaska Peninsula. Trans. Am. Fish. Soc. 128: 88-103.

Sohn, D.W., S.K. Kang and S.A. Kim, 2005. Stock identification of
chum salmon (Oncorfiynchus keta) using trace elements in otoliths.



120

ol

o

J. Oceanogr. 61: 305-312.

Speare, P., 1995. Parasites as biological tags for sailfish Istiophorus
platypterus from east coast Australian waters. Mar. Ecol. Prog.
Ser. 118: 43-50.

Swan, S.C., AJ. Geffen, B. Morales-Nin, J.D.M. Gordon, T. Shim-
mield, T. Sawyer and E. Massuti, 2006. Otolith Chemistry: An
aid to stock separation of Helicolenus dactylopterus (bluemouth)
and Merluccius merluccius (European hake) in the Northeast
Atlantic and Mediterranean. ICES J. Mar. Sci. 63: 504-513.

Urawa, S., L. Harrell, C.W. Mahnken, and K. Myers, 2006. Geo-
graphical distribution and seasonal occurrence of Myxobolus
kisutchi (Myxozoa: Myxosporea) in the central nerve tissues of
chinook and coho salmon in the Columbia river and its vicinities.
Bull. Nat. Salmon Res. Center 8: 1-7.

Urawa, S., M. Kawana, G. Anma, Y. Kamei, T. Shoji, M. Fukuwaka,
K.M. Munk, K.W. Myers and E.V. Farley Jr., 2000. Geographic
origin of high-seas chum salmon determined by genetic and ther-
mal otolith markers. NPAFC Tech. Rep. 2: 283-290.

Urawa, S. and K. Nagasawa, 1995. Prevalence of Myxobolus arcticus
(Myxozoa: Myxosporea) in five species of Pacific Salmon in the
North Pacific Ocean and Bering Sea. Sci. Rep. Hokkaido Salmon
Hatchery 49: 11-19.

Urawa, S., K. Nagasawa, L. Margolis and A. Moles, 1998. Stock
identification of chinook salmon (Oncorhynchus tshawytscha) in
the north Pacific Ocean and Bering Sea by parasite tags. NPAFC
Bull. 1: 199-204.

Waldman, J.R., 1999. The importance of comparative studies in
stock analysis. Fish. Res. 43: 237-246.

Welsh, S.A., A.W. Kahnle, B.A. Versak, and R.J. Latour, 2003. Use
of tag data to compare growth rates of Atlantic coast striped bass
stocks. Fish. Manag. Ecol. 10: 289-294.

20073 3€ 199 QuH+
2007 5€ 104 HE A=
G3HA Y94 o) A4



