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Migration Patterns of Brachymystax lenok tsinlingensis Using Radio Tags in the Upper Part
of the Nakdong River. Yoon, Ju-Duk and Min-Ho Jang'* (Department of Biology, Pusan
National University, Busan 609-735; Department of Biology Education, Kongju National
University, Gongju 314-701)

The telemetry of eight adult manchurian trouts (Brachymystax lenok tsinlingensis)
in the upper part of the Nakdong River, which is the southern limit of distribution of
manchurian trout on the Korean peninsula, was used to examine migration patterns
and evaluate characteristics of over-wintering and the spawning season between
December, 2007 and May, 2008. Based on the tracking data, the tagged fish showed a
limited migration between adjacent pools, moving only up to 8.6 m day™! during the
winter season (December to February). Hydraulic conditions of over-wintering pool
areas were, ca. 1 m depth, slow moving surface water with areas of sand and gravel.
The migration of tagged individuals was successful, moving up to 96.2 m day™* during
the spawning season. Two tagged individuals (BL4, BL6) exhibited upstream migra-
tion, whereas others showed downstream movements. The timing of upstream migra-
tion of the two individuals was consistent with an increaing phases of water level
and discharge. The fishes migrating toward the down stream moved to the wide pool
areas downstream, where they spent the summer season for the growth.

Key words : Brachymystax lenok tsinlingensis, radio telemetry, migration, spawning

(Myers, 1949; Moyle and Cech, 2000; Lucas and Baras,

Mo 2001). o1 F2] o] 5 A3l HhEE A ofFe] YR

E Aoz mAEE WY RE, oA 8] A u|d

o] olF> AR oA, w3t 53 At weg A= WY 55 714 Aele A 24
MAIH 2] Al - FzEA Q] WEke} SHbE o] Yjelde) (North- (tag) & o]-&-3F HP‘{}% AF4-5 37 9)o) (Lucas and Baras,
cote, 1978, 1984; Lucas and Baras, 2001). o] A o] 9l 2001). Hx2] gt] 9 ¥FAl7| (radio tag)s |AFS-E3) A)
o] e AAbel wet FA] 7R Z el A 1 BA o A=A FHE A7 }— 7o 2 RE ARE Q. o] F
o we} nictel Ml o] s Ao} e &) k3]FAd o ofAdel]l H-8-% 712 FM (Frequency modulation)S- ©]$§-
F (Oceanodromy), doliu} Zo]e} 7ro] w49} 42 7] A12FsF 1960Wd] xXR-E{9it) (Kenward, 2001). o)
71 T 53544 o] F (Diadromy)e} ol A at 23k A712 ] WS o] 83k 2 L H4l7] (radio tag)
o] 53l 3HA 3]fAd ol (Potadromy) 2 = 4 Sl o] Wbk o) 5 ool A3 ATl viS FQ
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5t ARE 71A 9 (Trefethen, 1956; Stasko and Pin-
cock, 1977; Baras, 1991, Priede and Swift, 1992; Winter,
1996). 2} 2 ®HA17] (radio tag) S &3+ $*F3-2 1A
o} T AFANA ol F ool W A7E a7lol
A =72 4 oo AR} lFPe 3
o}sl= o &I el v o]vh (Kenward, 2001; Lucas and
Baras, 2001). o] g olut Hu|, eAfeffe}l FA]eA
t de) AhgE I glert e ZRE opAlel Sl
A Bt w4 ok

B AFYgAte s MAE oEoe] (Brachymystax lenok
tsinlingensis)= HH}A1S] YA o]F o2 thFel AW
2o} x|9] A Bx3ly 3l= F3(Li, 1984) T
B 27§29 ol ol Folch Yo g
T 0] 20°C o]3)e] Ao &2 AkAS] %7} 10
ppm &8 §AF 4 i FolA F= A4 B,
57 AR Sl BEsl(H, 1977 3 5, 1984) )
o, 457 FAAGE B ol AT & e P
Adez Fod 44 oulg Aum sleh B4l 29
AAe] Aol ARG FAN LT Al Fo
2 yobdl FALl 23 AA7t FHE AL W4
AL WA AFAGeNA] A o] A& T3] NAEE
B3 et (A A7 EAE, 2004). 2 F-2 Sl Al
= P29 7])Fe =EZ o] ¢l o (Yue and Chen, 1998;

Wang and Xie, 2004) ZHoj| A= 3A BeZFoz XH

=
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Fig. 1. The map of study sites (S: sampling and major detection sites; T : temperature logger installed sites).
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Table 1. Details of the total length (TL), standard length (SL), total weight (g), radio tag frequency and migration distance
of Brachymystax lenok tsinlingensis captured in 2007 and 2008 in the upstream of the Nakdong River.

Fish code TL (mm) SL (mm) TW(g) Fr(e'\c/qlL;'ezr;cy Date of tagging Datdei:;phpiglésdted/ dli\gtlggacg?g)
BL1 300 236 226 148.9075 Dec. 20, 2007 2008. 03. 08* 192
BL2 277 221 152 148.9317 Dec. 20, 2007 2008. 03. 08 584
BL3 269 210 161 148.9507 Dec. 20, 2007 2008. 03. 07% 1217
BL4 413 339 576 148.0600 Mar. 07, 2008 2008. 03. 30* 4645
BL5 298 253 260 148.0886 Mar. 07, 2008 2008. 04. 25 3743
BL6 305 263 276 148.0405 Mar. 07, 2008 2008. 04. 25 2232
BL7 366 316 470 148.0761 Mar. 08, 2008 2008. 05. 02 2815
BL8 300 242 217 148.1890 Mar. 08, 2008 2008. 03. 09* 109

#:harvest only radio tag; * : disappeared radio signal

=7} BFAGo|t}(Fig. 1). ¥ AHL AgFd 7]-29] zoate methane sulfonate salt (Sigma-Aldrich, Germany)
9.3°C (20074 71¥H)E A HEE FH3 7= S 01gL™e ko= HUIEE S-S o] f3le] mpF A7
25.8°CZ 3+=29] o= 2 de) nl& AHoz 7]L0) S A} (Total length)3} | A (Standard length), | 3
o xgolu (7] 2007AtR). W oA ZE3 = (Total weight)S =23}l t} (Table 1).
=, AP vl Ee] 23 5] FaL pAale] & AHAH gfe e "k (radio tag)E ¢4 #EdA S F3ted
 ASA A eI, 57k TR E BISEAIN & d5ofe] Brtel] A= g2 WAl (radio tag) 2]
Z3t AL WA vlE ez & %Eﬂ‘ﬁv}. o] A IRl A =] ofeFe] 7915 1om
7o) AAF} gL w17 (radio tag) B2 x4 S13} 7heke] A sk elele Whal7] (radio tag)e] AU E A
S8ell Al AXFH AT T1~Ta= A5 254717 A28 =9 F7He R F g e WY (radio tag)E H7F
A|A o]gt (Fig. 1). ¥ A= d5o19] AlRRA|7]9] o] 52 el 443k E-3HAH(SK442, AILEE Co., Korea)Z ©]
gtetalr] 18t dF3h= 719l 2007 1295 Ab 438te] Fstadet 53§ AA L A 3A (Vetbond, 3M,
A171Q1 20081 3, 443} Abato] it o] F<l 5Y7HA| USA)E o] 83te] &8s sHds] AHishr] oA
L L sunele] e wr] slshel Aol 1%el sekehe
oke] 3AYA) (Kanamycin sulfate, Sigma-Aldrich, Ger-
2. 4 %o] Tr] e WA (radio tag) ¥% 3 many) & 453-9lel Fobalich ol nlER o
PEER Aragel 283 o FelA T ole Bekad Sx (27
1x1x08m)el A 93] 3% w7k Fg 5 A
AR ANe AA/IEE RETAS AN F5F A% BT Fzo] PRIAATL AAA $EA0L 3
BRAGNNT Foi7k AN ok Fael T E oz AFels] QYT A%E 3o A w=
& olgate] ARG A%l ele WA (adio A g ANIor 4ETY F e Yelew
tag) HAL ARH WARelA A ANAAT AR AL D pAE Hase] Peke] BE FEETE 70%2]
s 5T Aol PR A5t ARH Al b olehes o gje] amshe
B2A9, 2 2AHA] 23 x9S GPS (GPSmap 60CSx, dFol] AH8-% g}e) e Wil (radio tag; biotrack Ltd.,
Garmin Corp., Taiwan)E ¢]43 =} =5 iy UK)2 17X 9mm=E 190 mme] g4 e] gl gke}r})
Asageh AN o F F Aol ALH ol A wAFe] glom FAX 1890w AF 0.7% ol
o FAY Aoz d4sE eAADer, ofE AAE Al W9Iseh 2o BA17) (radio tag) 5ol TUA 415
93t A AAES o) B uyle & WA Al 12-13F A= 5T A
ghe] e Whal7] (radio tag) -2 $ls] A" NAE o}, 2lt) 9 whal7] (radio tag) B2 & 332 VA A
o T AL BT S BehaY SR ASeen AR oA UF AES SRl 919
71:11x1x0.8m)2 o] BA|7 & H x% gHgS ¢l 30 o] 20074 1290 2096l 374Ae] e kA7) (radio

B £AAFHE o] F dA A Ethyl 30aminoben- tag)= Arelalel s o] & 2008 39 793} 84, 30
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Table 2. Stream width and depth, water velocity, substrate composition and flow type of each sites in the upstream of the

Nakdong River.

Tagging site Over-wintering site Spawning and after spawning site
S1 S2 S3 S4 S5* S6 S7
GPS N 37°0338.1" 37°03'61.5” 37°03'56.8” 37°03'41.5” 37°03'94.3” 37°03'92.5” 37°02'49.3”
coordination  E 129°03'21.0” 129°02'52.0” 129°02'95.6” 129°0324.2" 129°02'30.7” 129°01'93.5” 129°03'33.7”
Width (m) 145 15~18 40~45 16 35 3 56.6
Depth (cm) 15~63 81~151 0.92~1.46 101~115 77~99 58~110 40~81
Surface water 0.13~0.34 0.03~0.23 0 0.11~0.2 0.09~0.27 0.01~0.13 0.01~0.04
velocity (m S™)
Deep water 0.08~0.14 0.01~0.07 0 0.08~0.16 0.03~0.09 0.01~0.08 0
velocity (m S™)
Substrate
composition 45:25:20:5:5 20:10:10:20:40 20:5:5:10:60 20:10:10:10:50 10:15:15:20:40 20:10:10:10:50 15:40:10:40:5
(B:C:P:G:9)
Habitat type Riffle, run Run, pool Pool Run, pool Riffle, run Pool Pool

B, Boulder+bedrock (>256 mm); C, cobble (64 <C <256 mm); P, pebble (16 <P <64 mm); G, gravel 2<G<16 mm); S, sand (<2 mm), *: weir

height=130cm

A7) o5& Tetslr] Sl F 5/0Alel 2he e ialY)
(radio tag) 2 F-#slgl on] 7k o] e whxl7] (radio tag)
o] F34E 87l BF 148 MHzH| & o] 1t}

2] 2. 7] (radio tag) 4 W91 ©HEE B8 4
Bol7l EARQGE 1 g elel S3elol 4 E
FEE(EHEDALAA oF 198kmsl ARA = 2
SA gl WAAT 2 $4LIH T2 1TkmE F
31.5kmE dAte = slgtt FHx g e Hxl7] (radio
tag)E Baale] WFT ol F3E A7} B A
¢l 2008 44 H7bA] wjF 2he] e 417] (radio tag) 7}
A= NAES 3435130t BiotrackAtel| A i3l Sika
oo $417]¢F 3-element Yagi QLS o] £-31e] 3}
e wel =R oA whe L 417 (radio tag)
A58 Selsiglon], d%elsl WA A GPSAR
2 Al 7 922 7)1 %),

A5ole] AAA BAE shetel] $istel ABelrt 7
7 PR ARE e TR 24, 457 B
29 Jele 24 AH) BAL sk 4%
R 2] ALgEE oA (stafl)E o] 45te] 74 X4
H2 =A%l on §42 544 (model 2100, Swoffer
Inc., USAYE o] 4-3te] 4emle) $43} A2ie]
& 77 AT wD 2R e e 4L 99
AE2-2217] (UA 002-64, Onset Computer, USA)Z
RAshe] 1A17F A 0w o] M3kEE e et
shodeh. =3 dFol9 o)FA7]e BAE Fotatr] gl

909t 7 v AR ES B R} TIYAAAM &

$59 2AYARE o g3le] Aol ALgIHeT

1. D Eoje] A

Abl7] o] Ae| gl wHAl7] (radio tag)E H-FE o
Fo7}l F2 MAlsta Iyl A9 F2 oL (riffle)o] F
o] A o] Q)= A (pool)Z ¢F 1m A% Zold Smw

o) §42 tha WA AZR 45w e

Hele W glgieh =3 PRy 2 st Agea 9)
£ Aom bl ofe) fido] e Ao el 9]
o AN S FEE AR 544 27k 50% 3

X
=2 7P B2 vEE AR EE A YAV FaE E
Z3l3 9)glth(Table 2, S2, S3, S4). Alel7)7} 7}74¢) %)
WA o]F Folx A HFEE A9 gRE w2}
W 2 A de] fro] =7 AP L]} (Table 2, S5,
S6). &t Y FE] PEojEo] AlEY] o] Fo 7 Y
o] gksl X Go g o] F3lgu)

2

2. 9Eele] U57) oI5 54

FEole] Akt7] oA UFAI7]E Y5& TetE] ¢
3] 20079 12% 20l =l ¢ Hhxl7] (radio tag) S H-2F
& whAlel Asjol SJsi R 2 At Fs
Al ol Fdhe FFE HelAl stk Y%7 5 =EHe
wk27] (radio tag)s H&A3 dFolx o5 slHzl=
QA3 &8} 4 Abe]E 97} A xglon], 8.6mday tE
o] 53k 7oz vepdeh BL1L 2] e 417 (radio tag)
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Fig. 2. Detection of three tagged Brachymystax lenok tsin-
lingensis during winter season.

£ BAT MM A9 el gk, 2 %@ =%
BolAE gkeh el o L2k 41714l 20084
14 2597 °F 100m = FF2 o5 ﬁvg Bl
A%k o) % 29 193 4] 80m A% ShelA 257k

AR o] F 39 8Y o FEHE Feld tage] 35H
o} 593 2 o] e 1Y) (radio tag) F-E-2 AAIAW
BL2: o] F 19 447X FUsIX|o] W& e} 14
119 520m AfF= o]gdte] o2 Aol nls| Ao
2 g3 72 Ao (Table 2, S3) 1Y 25U7}%] 71A]=
Aet 29 1Y °F 60m A= 352 o] 53 o] F 3Y 8Y
AR 7L d-g koo Al WA E AT} BL3 ®=3F 149 44717
TY Aael] MEE F o]FEl] AlRtsle] 149 114
630 m 3172 A= o|F3 Zeo] BI=Ee 25U7HA|
TLE Aol HETE 24 14 430m A= S o]
3193 39 THA] 90 m FFRE o) Ed F 3y 79 70
mAE 3FZ & o o5 o 5N A e
2 A7) o)A™ells FA| o) Fdhe AFE HolXe
et HEE o] 5 slelel® AT Ao} & AbolE
7he Axgon ARl WE2ye A9 B2 A4
o] 71¢] FYU3 A B9 F=2 o] i AA
o PAE oM F2 57} IAEA QIsic(Table 2,
S2, S3, S4). 24 %—HPJ}X]—L— 2o Tyasek gk 2297}
A WEA] kAL 249 WHE] o] Y AF5EH]
ARFAEE ZF A 7L el B o] FE BolAl skt
(Fig. 2).
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Fig. 3. Detection of 5 tagged Brachymystax lenok tsinlin-
gensis during spawning and after spawning periods.
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13l /RA|Q BL6S 4157} Alexl el 49 199 oA
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Al ] W A (Table 2, ST)2 o] F3te] 54 A
A715 BflE Aoz vepytt

S

Northcote (1978, 1984)cl] 2]3}H o] F7} o]%sl= dl
F23F 37HA] 24 AR} 24, A A A oo 53] o F
ARRS 98 Fell wel AAE 2 A melM @A
A kmE o] 53h o] o] g vek3t o] H 3o 23
Aok o] 953 29 F FhAHACdAME a2
I kel Az UAT AAE P glomA o] o7
o5& e aclozr Fog dJ¥¥E I (Banks,
1969; Northcote, 1984; Hawkins and Smith, 1986; Jons-
son, 1991). & AT d5eio] ARtz FRAste] o]
ZA3ES mlelslr] 93] radio telemetry S o] &3} o]
FAI71F AFAE Ztaat =H 3o JAzkA] Al vt
o 213k el MAslE dEel 4U3 5Yeo] Al
Al71eE =& deH (33 B 2002). ¥ tracking A I =
o9} w|=3t A3ts Mo, Ao 3¢ FE7bA =
O o]ES HelA gyt 3d TARE AW el
B A7)l A ARERE 913 e AAAHE Fot
ol Aoz yehdtt o Al7lE 7 Asez <l
3 AW o] Ha w3 o] A7le WiR w2 3}e]
frigel S7kete] Agset Ao d=e] - S5t
A Fo] o]ejx= Al719A (Fig. 3). G- dejzte] o

28 wol %8 Aol AR ol FW F AR
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Fig. 4. Water temperature of four locations (T1, T2 : Nak-
dong River; T3, T4:Byeongo Stream).
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AR WAAZ o2 o Faledeh ol BE AFolr} Al
& g8 WAAFo= o)k Aol obdE Jmah
Aoz Aol AT Aojel A} wal7h A4 &
A= o] A= AH (F 5, 1990; 713} v} 2002; Esteve and
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& of 24 A3, e W47 (radio tag) S
NAE F A7t ARE ol sshAl 2 AL 2o
F2 ol 53HA grlEls AlRtA 7S 2FWE SherH
oM = Algte] 7Fs3t7] wtol vl ¥
olg3 AE nigto s WA Foz AR
o7} btk AR gl AL AL
312 Ro|x] gwl dFo7t AlRb|el] 2AXo=w FEd
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