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The Study on Daily Movement Patterns of Brachymystax lenok tsinlingensis Inhabit in the Upper Part
of the Nakdong River. Kim, Jeong-Hui, Ju-Duk Yoon', Hyunbin Jo?> and Min-Ho Jang* (Department of
Biology Education, Kongju National University, Gongju 314-701, Korea; 'Biological Resource Center,
Kongju National University, Gongju 314-701, Korea; *Department of Biological Sciences, Pusan
National University, Busan 609-735, Korea)

Abstract  To investigate seasonal (summer and fall) daily movement of Brachymystax lenok tsinlingensis
that inhabit in upper part of the Nakdong River, we attached radio tags to seven individuals (summer: BL1-2;
fall: BL3-7) and monitored them at an interval of 2 h. The survey results revealed that the average movement
distance per day (m) (£SD) of B. I. tsinlingensis was 182.4£79.2 m, and most of the individuals migrated
within 1 km as their habitat boundary. The maximum movement distance per day (m) and the home range (m)
during summer season were 550.5+75.5 m and 649 53 m, respectively, compared to 283.8 £55.1 m and
186 =32 m during fall season. From these findings, it can be inferred that B. I. tsinlingensis exhibits seasonal
changes in the distance of daily movement; however, it generally covers short distances without leaving the
habitat boundaries during both seasons. The seasonal daily movement of B. I. tsinlingensis established in this
study is expected to be useful in preserving their population.
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A oFQl dAojit o]7FE FHLE o|FojF o, T
o]F o] A Siel 22 ALA QA 7HA] FHE H& =
2 A=A} (Lucas and Baras, 2001). o|& AA|A o]F
o] obd 37l adt bt FES Yo RE olF 4
T7F A=A glom, o]E Fof UEd AoE2 Abgk
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 mhof, AAR] B e A 5 EEY Hoo avt
Aoz &8E3 th (Jang and Lucas, 2005; Mitamura et
al., 2008; Simpfendorfer et al., 2010).

o159l olEaHe Fol wetd T2 Yehts 5
d F WolMx= AYZAL (life stage)ol]l wet Zpo]E Hlck
(Lucas and Baras, 2001). I3l 0]&9] o]%2 Algta} o]
=48 2Ho s et e olET A4A Y
o4 BHEHO 2 U B3 o5om TRE 4 9l
t} (Jellyman and Sykes, 2003). Hall ez al. (1979)°] 2]}
A AI71E AQdstar AAA WA Uette @A o]
T2 T2 Hol&Fh TR I Yo o] ¥HE
Aoz Uer] wZol, 4F7] olsdde gt d+t+=
sFolF ol 24, 54, FA T A2 &g it Al
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Tl oA BASAH (telemetry method)
o /S = HolA A5 ol See g o]FS &
T % G ol OBHRE FHAL o YL £2S
3L itk o] F radio telemetry WH-2 E4 FuteE W
A7) tagd] A2 E QHE|UeL 41715 o] &5t 3]
she wo® Aol el el 241 et
o offo o]Fof thajA Hedt /AE hetd 4= gl
= AA-E 7R 91t} (Kenward, 2001; Lucas and Baras,
2001). THebA §352 o] FoILIL ol 54 TFo] et of
7o AH 542 9ol o anel e R ofF o
= Ao th4 F8E 3 9ith (Baade and Fredrich, 1998;
Gerlier and Roche, 1998).
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Q& (Brachymystax lenok tsinlingensis)~ <39
Holmt o] R 2 F2 HHY ARl Mgt ¥4 o1F
o]t} (Kim and Park, 2002). S B2X = 3HA 37,
7, AR A AAske Aer ERIENeY HT
Toll st F2 7 A} 57 UF A QoA A
Alo] ZelE 3 ¢lt} (Choi et al., 2002; NIER, 2013). ©] A
H JZAQ A FAR Qlste] ESAF A HEo
7b A St T Y 4R AGE ter dAv)
s 735 (A BUA @8O AAA)), 745 (B3 did g
gEo] HAAHE AAste] KEst 9lon, ®3 20124
AR BEH7] S FTAE 25822 ATt HE
st Qith.
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(Byeon et al., 1995; Yoon et al., 2013), 7H A+ £73 (Byeon,
2011)0f gt A7F AP = ATt o] &f AbghA]7]of 9] F-A
2l agle] oste] o3t o]F HES Hole=A|of sl
Yoon and Jang (2009), Yoon et al. (2014)°] €3] HIi1%| o]
SU EEol9 o] FEA it A&7 FEEH Y W
ol A7 AL ARIE E3st= AE o]Fof Bet W
g0 o7 AZole] Y%7 oL ATH vk ¢
o w2 QToIAE BBolel ojguT Fed A%
7] ol% e e BUE st F5 B=olo] BIA 4
A 9 A4 2o £gol Hi |2ARE AFsTA

3ot

R

AF7E o] FolX AHL AARE 3 AxH A
(F54 AAYAA AxS Abo] F7hH 9| G557 ARt
ot} (Fig. 1). el E&Fo A2 B3 A9 (
74%)Q1 WAool RISk JloH, HeHd dH
A HFEHog 2 AR FYET. B3 RAME
7t 3FRol YA HEZAFA o2 B o7 AF A
A5kA] ohe Ae® AP A oA AL o]Fofd AF
< @509 Iy HEd AAARA FRAEE 7R A
= AF ol

gEo|9] o]F& metstr] 98lA radio telemetry W
2 A3 Ao AMEE radio tag (L@, Biotrack
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Fig. 1. The map of the study site and habitat of B. [. tsinlingensis (S1~3 most frequently detected point in summer season; F1~4, most fre-

quently detected point in fall season).
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Table 1. Individual characteristics and monitoring data of B. [. tsinlingensis used for radio telemetry.

Total To_tal Radio Tagging and Last . Averag'e Maximqm Home
1D length weight frequency releasing date monitoring movement distance movement distance range

(mm) (2) (MHz) date per day (m) per day (m) (m)
BL1 279 201 150.582.50 2009-07-31 2009-08-04 240 626 596
BL2 335 331 148.402.50 2009-07-31 2009-08-02 341 475 702
BL3 412 594 148.947.30 2009-10-31 2009-11-02 80 196 124
BL4 395 553 148.159.10 2009-10-31 2009-11-02 170 341 202
BL5 560 1,578 148.791.20 2009-10-31 2009-11-02 118 343 212
BL6 370 521 148.080.20 2009-10-31 2009-11-02 167 258 192
BL7 390 545 150.582.90 2009-10-31 2009-11-02 161 281 200

Ltd., UK)Z 17x9mmZ 190 mme] o] Q&= JEﬂUr
7b H2Eo] glom, A= 1.8gC % tago] HEH &
o] A5 1% oW e "t Fope BF 148~150
MHz t¥of 3= o] e, 520 M AsE 2
A5Gt Tagd] A8 A% @509 HPHL T o
ottt A E MAE dem iy ety F
A tags Aol Ardstaen, A4 2782 Yoon and
Jang (2009)9] Ae} FUSHA o] Fo F Tt Radio tag
o] £ (20099 7¢¥ 31¢Y; 270Ah T 7HS (20099 109 31Y;
SAANE &Skl F TAA Ol A= ATk (Table 1). Tag
o] A8 dRols FEI & T PP} FEFL
o HFE AAsHsth (Fig. 1).

R E A AL BiotrackAMe] Sika receiver (Bio-
track Ltd., UK)$} 3-element Yagi antenna (Biotrack Ltd.,
UK)E ©o|&3te] stdS wet THE o] F53tHA AA
stpow, R  3~59 F¢ 7hed oF 2A1F 1A
=2 AAstgth AR Ao Bis 5 3] GPS (GPSmap
60CSx, Garmin Corp. Taiwan) X2 A& 7|F3}F L
W, Q=olol HAH BAL Lohur] flste] 47U u
H2HRog HEE (HE LR 4 (cm), 5 (S
>50 cm; model 2100, Swoffer Inc., USA)S
E9 G (£ pool, & run, 9L riffle)E 7| Sttt =
L0 AE422A7] (UA 002-64, Onset Computer, USA)
£ AAsto] A7 Tt 22 WIS ukolshgith

FEo]Y o] FEALS YY B+ ©]5 A (Average move-
ment distance per day, & ©]5 A8 ZYEHH d$+E Y

,9d HY o]= A8 (Maximum movement distance
per day, 14 we olFo] veht Ul o[ FA ), o5
9l (Home range, FAH AH F 7P A7t 7V st7
Atolo] A= FLEste] £ o] &stitt. olF A=
ArcGIS 9.3 (ESRI, Redlands, USA)E A}&-3}o] AR5}
ok 3 d&o] AAZ7]¢} ol F A AHAEES aofst

(3

24311 5

7] 9314 Spearman rank correlation24]& A| 3§35} Th.
Ao B2 AAE=R Qg et LFE glolr] Yl

A7) MY A A olFRSY FETS AREslgoH,

SPSS 18.0 (SPSS Inc., USA)E ©]-&35}e] B = Qch

Zm ¥ o

2 7714 Q=olo] Al AAE 3~5U7 mUEY
g At F ol A7t Fa 318 m (BL3)olA | 1,200
m(BLD)E Uetglth o] 7WA19 4 Bt o]lsAD (=
standard deviation)= 182.4+79.2 m=Z YEGOon, A
o ol sA = Al weh 24 196 m (BL3)oA] Z )
626 m (BL1)Z &1 = 1t} (Table 1). Yoon and Jang (2009)
of Aol ejshel F) AAshE BBl Akeklol Atet
A& ROt AAAZRY akm o2 W A2l E o5}
Aoz REStEAE, B ATATE B Ale
2 o2 X719 o|EAE 1k U AA BES
2% - Sk

2 A7} olRolW Y4B ARTFUOINE dBo] 2
2 Y 9= Byeon (2011)°] SJsiA LR Br&EF 2™, radio
tagS Z-&317] 93t A ZA} (Kim’s unpublished data) %
Zu0] JEZA | o5t AE =AY Q2o A FF A
EARL7A o sk TN ARol7t BEelT i
Aoz uehgrh. ofeigt d=ole] B2 W9 el radio
tago] HEH 7R o]FHHE 31832128 mE EQl
59t o] 29| o]EW L o] o] F7|9 ABA o] 9o
o, WA 2717 A-SE 2 o|FHAE d= Aoz &
A ot (Kramer and Chapman, 1999). B, 2 A7tof
A g5 (547 570ANY AR ol Sl 4B
o] gl ZAoe=Z FolE It} (Spearman rank correlation,
1,=0.400, P>0.05). ZAFZE Woll A FAA A AAA 2
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Table 2. Habitat characteristics of most frequently detected point of B. [. tsinlingensis during summer and the fall seasons.

Summer Fall
Seasons (sites)
S1 S2 S3 F1 F2 F3 F4
Depth (cm) 19~36 47~65 20~33 107~131 35~92 78~84 102~116
Water velocity (ms™)  Surface 0.6~0.96 0.95~1.41  0.32~0.46 0.24~0.35 0.18~0.75 0.22~0.33 0.07~0.23
>50cm - 0.44~0.63 - 0.14~0.2 0.07~0.18 0.16~0.27 0.01~0.08
Habitat type Riffle Riffle Riffle Pool Pool, Riffle Pool, Run Pool
717F 2= st JHAA7Ik ol s T A s] AR 3 AR I7HR] e 220] A& H T Ak

ol FA ekt olft= A o179 A717F & Fol
7h 997 Wi AeE AlmHTh AA FE7]) tagol
AgH A F 1744 BL5E A st Aol 400 mm
Welz zpo|7k A 9kSkth Byeon (2011)9] Ao &5t
H JEol= Ao wa}t 80~180 mm THWAY, 200~300
mm TR2EAY, 300 mm o4 T3 oe s FEEH, o]
Sk RO 9t 2 A BE A= W3 o4 A
A2 A Sk B AFoA dEojo] YA Ag
H oY AMBO R tag HEA| A7|E AEE = IS T
=Y FES MAZ A=A @okh mebA A JHE
AAE YR tago] ALEGom ojfgt oz <l
sto] JAE FHOE A7t AP v o F= A
ojet A 719 §95E, Hold, ZAYF | ztel7t U]
2ol AgAate] wt o]FaE 9 o] 5o Zpo|7t 9l
= Aoz 4#HA ot (Lucas and Baras, 2001). 335 A
Aol olgdt A st Ty, 2" Aol thgt o F
ATE F71E ool gloH, ol B8 dEol9 A%
of I olFHEE ERlo] 7Hed Ao R wtHETh
Al71E EEoj9 o]F mjEle Fig. 29 o] UErytTt
54 (BLI1, BL2)% 7}=3 (BL3~BL7) ©]5 #9 B
Al QB0 AFHeRE AU HH oA (95, 2905+
50.5m; 7}, 139.2+35.1m), €¢ A ol5AF (o
2,550.5+£75.5m; 7}, 283.8+55.1 m), | EHY (4=,
649+53 m; 7+, 186+32 m)7} Zo] Tl o] 5L HY
T} (Table 1). A|7]"H o] &9 Aol F2 20 oA 1t
B, W2 =22 o] 79| o] 534S HaAZIT (Wieser,
1991; Prignon et al., 1998). & AFoA] 0] Yo 7}&
(13.1+1.3°C)Et}t A FHoZ 00| =2 o2 (21.2+
1.7°C)oll oS st o] FS AT & slen, 1 2
I dY Ht o]sAY 9 Hdf o]5AL, ol ¢
3A Yetd Aoz godc £20] ¢ A9 FES
dAlo] o]FojR) 2] Eat7] wiiol oA gHEof o
£ A=t} (Cunjak et al., 1987). Kim and Park (2002)°] €]
St FEolY At7|7} 3~49E THSRE £ Ha

L ouA 287} 37 Aol wEe] A1t H7] A
of o]F= THE Al7|¢} Bt o R] 4H|E Folal B
Z3}jof 3t} Berman and Quinn (1991)2] dTto 2lsd
Chinook salmon®] Z-$- 4F47] o] 4=2o] W2 A]7]e|
NIRE HES7] 915te] FAA (refuge area)oll A =LA
F2]0]A] -5& BTt o] Y S5 AHE T T=
AL AqUAE EEst= aEQl o= o] g4 4 9]
on, & AFY 7HEE ol Al UAE SESHA E
E357] 913t A2 A E 4= Qi

NAE ol FHES ERls) & o o5Ho ZYEHT
BL1 /A= WHF & skF 60m X -9 o2 0|53t
Al 10m ARE ol ol F BRAH 2R
= 180m(S1), 300 m (S2), 350 m (S3) &&= HH2-3] A
ot Fs HES UEdTh BL2 7iA 9A] BF & St
F 180 m (SOl ARG A&NA AL Felo] HHUL
o, o]% g NHFORZHE 60m AFE olF F 5AZE
o] At} thA] 9] S1 AH 22 o] Fskrt o] F S2 A
A& A 702 m 3HF AFL 2 o] Fsit o|AH E&
of A9 AEH A4lA] o] & EAS EH 40l 50cm
el o] mE o (S1~3)oA g2 AIZE Y
131t} (Table 2). 7H&E 2UEHE &
Ao 2EE 200 mE Hojuhx] &9
o, A 7+ Wl A - HRE 27t BHEFQL 9
T HES ZAT 5 AT (Fig. 2). o= A, 24Z
$3 22 A 0|12 nefste] 72 AYH 7 74
9l o]F HE& Holn (Burke, 1995; Clough and Ladle,
1997), & A A o]¢t 2 YRleE EH 37+ f ®F
E2Ql o]Fo] Uehd A2 AtrHth B3 A Aol
= Aoy qEEY AMA7L a7 W 2 A o] &K
2 AIZHA = EFAdo] wig- WolXl vhAH W AIZF (A
BAI~2.% 8A]) wof H|wA FF/Ao] 2 AZ AT
T AT 7HEE AAEA 9 A tREY AE =4
Im ]9 o] =7 4 (F1, F)olA Blj= Aoz &
AEUoY, dAF LR AF (F2)} 5 (F3) A& Al
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Fig. 2. Daily movement of tagged B. [. tsinlingensis during each seasons (a, summer; b, fall)

A2 0] &3}t (Table 2).
Yoon and Jang (2009)°] ZYEF (SF 2
YBol §47|2 ol 718
Hustgon, o] o] g2 RIEHA| 3kt o]
A" 2 dFoldE 7129 A olF A9} vlaste] ®
UEE 2t (oF 243t H4)e dA ﬂ"i"ﬁ AE olF
QoA BAIEA] Skobe AHT AHE AT F U9

=2 T3

YT AYNA olRein
kel ofshel
of 29t 2 Apol9] of

TS

iy
o} (Meffe, 2002). & o= %14101]/‘1 Xl* 12l AT 7
A28 BEFOoR (Ao, getA HAEE RS
& Q= FAFHA HH 9 Mo] upHE BaAo] Yt
ol AjfollA 2 AFAIE 7|Ee ArET A 4
o] MATE BE5tE o anyoz o]8d 4 9
UF7] olF BYHIS B3 gl &
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89 4 9e Aow B,
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57 AR A4S

4 @509 4528 7 o
F71 olF HES wetsty] fste] F A E=ol
radio tags #-8-3k0o] oF 247 1A 02 BUEPE HA
sttt A A3t dEolo] A9 Bt ol F71E (£SD)9
%% 182.4+79.2 mo|H, H -] AA7F 1km o]} #
ZE AARR ol8st= AoR A A7IE 7
BA 1529 dd A olF A L ol e A7 5505+
75.5m, 649453 m=E 7HH 9] 283.8+55.1m, 186+32m
o vlaste] @A Uehgt ojAd dEole o5

2
3



144 25

1Q

=
n

Jon
Ho

7hee] oA 9 W9l ATiHQ Aol & Byoy m
5 AAM9E HoluH g B olFolgith B AT
2 Beld ABoje] A7) AF7] ofFS FBole]
AAE BES 91T m2lo] §8317 o8

e
[e]
g 5 9e Aol

t}.
Al Al
E 712 Fdgistao A £35t= 745 Eco-STAR
Project ‘A EHE LAY @%Lﬁrxﬂ«l A (FARE
EW11-07-10)& ¥fow, o]o ZrAl=g Ut}

REFERENCES

Baade, U. and F. Fredrich. 1998. Movement and pattern of ac-
tivity of the roach in the River Spree, Germany. Journal
of Fish Biology 52(6): 1165-1174.

Berman, C.H. and T.P. Quinn. 1991. Behavioural thermoregula-
tion and homing by spring Chinook salmon, Oncorhyn-
chus tshawytscha (Walbaum), in the Yakima River. Jour-
nal of Fish Biology 39(3): 301-312.

Burke, N.C. 1995. Nocturnal foraging habitats of French and
bluestriped grunts, Haemulon flavolineatum and H. sci-
urus, at Tobacco Caye, Belize. Environmental Biology of
Fishes 42(4): 365-374.

Byeon, H.K, K.S. Cho, J.S. Choi, J.H. Park, J.K. Choi, Y.M.
Son and S.R. Jeon. 1995. Diet of manchurian trout (Bra-
chymystax lenok tsinlingensis) at Jindong Stream. Korean
Journal of Limnology 28(3): 297-287.

Byeon, H.K. 2011. The characteristic of fish fauna and Bra-
chimystax lenok tsinlingensis individuals in the Bongh-
wa-gun, Korea. Korean Journal of Environment and Ecol-
ogy 25(6): 878-886.

Choi, K.C., S.R. Jeon, I.S. Kim and Y.M. Son. 2002. Colored
Illustrations of The Freshwater Fishes of Korea. Hyang-
munsa Press Co. Seoul.

Clough, S. and M. Ladle. 1997. Diel migration and site fidelity
in a stream-dwelling cyprinid, Leuciscus leuciscus. Jour-
nal of Fish Biology 50(5): 1117-1119.

Cunjak, R.A., A. Curry and G. Power. 1987. Seasonal energy
budget of brook trout in streams: implications of a pos-
sible deficit in early fall. Transactions of the American
Fisheries Society 116(6): 817-828.

Gerlier, M. and P. Roche. 1998. A radio telemetry study of the
migration of Atlantic salmon (Salmo salar L.) and sea
trout (Salmo trutta trutta L.) in the upper Rhine. Hydrobi-
ologia 371: 283-293.

. X&{H| . xtO]

fob

o O -

Hall, D.J., E.E. Werner, J.F. Gilliam, G.G. Mittelbach, D. How-
ard, C.G. Doner and A.J. Stewart. 1979. Diel foraging
behavior and prey selection in the golden shiner (Notemi-
gonus crysoleucas). Journal of the Fisheries Board of
Canada 36(9): 1029-1039.

Jang, M.H. and M.C. Lucas. 2005. Reproductive ecology of the
river lamprey. Journal of Fish Biology 66(2): 499-512.

Jellyman, D.J. and J.R. Sykes. 2003. Diel and seasonal move-
ments of radio-tagged freshwater eels, Anguilla spp., in
two New Zealand streams. Environmental Biology of
Fishes 66(2): 143-154.

Kenward, R.E. 2001. A Manual for Wildlife Radio Tagging.
Academic Press, London.

Kim, L.S. and J.Y. Park. 2002. Freshwater fishes of Korea. Kyo-
Hak Publishing, Seoul.

Kramer, D.L. and M.R. Chapman. 1999. Implications of fish
home range size and relocation for marine reserve func-
tion. Environmental Biology of Fishes 55(1-2): 65-79.

Lucas, M.C. and E. Baras. 2001. Migration of freshwater fishes.
Blackwell Science, Oxford.

Meffe, G.K. 2002. Connecting science to management and pol-
icy in freshwater fish conservation. p. 363-372 In: Con-
servation of freshwater fishes: options for the future (Col-
lares-Pereira, M.J., I.G. Cowx and M.M. Coelho, eds.).
Towa State University Press, lowa.

Mitamura, H., Y. Mitsunaga, N. Arai, Y. Yamagishi, M. Kha-
chaphichat and T. Viputhanumas. 2008. Horizontal and
vertical movement of Mekong giant catfish Pangasian-
odon gigas measured using acoustic telemetry in Mae
Peum Reservoir, Thailand. Fisheries Science 74(4): 787-
795.

NIER. 2013. Nationwide Aquatic Ecological Monitoring Pro-
gram. National Institute of Environmental Research.
Incheon.

Prignon, C., J.C. Micha and A. Gillet. 1998. Biological and en-
vironmental characteristics of fish passage at the tailfer
dam in the Meuse River, Belgium. Fish Migration and
Fish Bypasses 69: 69-84.

Simpfendorfer, C.A., T.R. Wiley and B.G. Yeiser. 2010. Improv-
ing conservation planning for an endangered sawfish us-
ing data from acoustic telemetry. Biological Conservation
143(6): 1460-1469.

Wieser, W. 1991. Physiological energetics and ecophysiology, p.
426-455. In: Cyprinid fishes: systematics, biology and ex-
ploitation (Winfield, I.J. and S.J. Nelson, eds.). Chapman
and Hall, London.

Yoon, H.N., K.D. Kim, Y.L. Jeon, J.H. Lee and Y.J. Park. 2013.
Stomach contents of the Manchurian Trout (Brachymystax
lenok tsinlingensis) and River Salmon (Oncorhynchus
masou masou) in the Odae Mountain, Gangwondo. Kore-
an Journal of Ichthyology 25(2): 90-105.

Yoon, J.D. and M.H. Jang. 2009. Migration patterns of Brachy-
mystax Lenok tsinlingensis using radio tags in the upper



E=0{9| LF7| OIS 145

part of the Nakdong River. Korean Journal of Limnology movement patterns of the threatened Brachymystax lenok
42(1): 58-66. tsinlingensis in a Korean river. Environmental Biology of
Yoon, J.D., J.LH. Kim, H.B. Jo, M.A. Yeom, W.M. Heo, G.J. Joo Fishes 98: 225-236.

and M.H. Jang. 2014. Seasonal habitat utilization and





