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Abstract

This study carried out from March 2021 to October 2021 in the upper part (St. 1) and middle part

(St. 2) section of Yongsu stream, a branch of the Geum river, using PIT telemetry to understand the movement
patterns and habitat characteristics of Odontobutis interrupta, a Korean endemic species. O. interrupta
collection was used kick net (5 X 5 mm) and fish trap (5 X5 mm). After collecting fish, PIT tag insertion was
performed immediately in the site. Reader (HPR Plus Reader, biomark, USA) and portable Antenna (BP Plus
Portable Antenna, biomark, USA) were used for detection of fish to monitoring the tagged O. interrupta. As
a result of PIT telemetry applied to 70 individuals, mean movement distance was 36.5 (SE, +6.6) m. There
was a significant difference between total length and movement distance (P <0.05). O. interrupta was mainly
identified in average water depth, 36.2+ 1.9 cm, average water velocity, 0.03+0.07 m s™' and average distance
from watershed, 4.4 +0.3 m. Extent of rock used for habitat was varied from 32 to 4,000 cm® There was no
statistical difference between the area of the first selected rock and the area of the after selected rock (P >0.05).
but there was significant difference between total length and the area of the rock except for detection before
24 hours (P<0.01). Therefore, to restore the habitat, it is considered necessary to create various substrate
structures by providing various habitat environments (water depth, flow rate, stone, etc.) for each individual

size.
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A kA nall, AETA nall, 94 wdadl
oz TREAL. Boky mRAL HE U ok, A
el T 2LHEEY Y U TS (Kelly and
Janz, 2008), &34 wH8 A AFAYL B HE=
(leisure sports)S & 9J=2 FE= vjozFog $3F
QEfF oz Qs WAYST} (Bernardo er al., 2003; Lymbery
et al., 2010). 3 B3] aHQQL T4 78 =24
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A, S 7IEAEE AFFEREY 44 seE T
o (Fukushima er al., 2007), o] &3+ wek@olEo] z+
£ 782 S0 9B Fol 24 B ¥
el G v At} (Pires et al., 1999; Jang et al., 2002).
2e)4 BUaQ) F 9, 2 9 S} 20| SHE
02 FEdt= F2EY AT 22 A9AQd B2 3
o] 343 9 =4 o5} (Connell ef al., 1981) 522 o]
Fo AARAT olF0) dFE o] FIROR 249
Hsks 23 4 otk Barry, 1990). @ AHZE Qg o7
of olE4R7} BEol Aely] 52 olRel o|Fo] et
B3 off Aebge] AL AstAA walo] G u &
em, Wel Ade A4 BA gl £ A,
3AFe] W3k 58 o7& 4~ 91t} (Fukushima et al., 2007;
Yi et al., 2010). ETF, F20} 2 ARl me] o3
HE olft aFg woul Brust] s AL w
55}3 (Hill and Grossman, 1987) |22 AAIX & ZHA Y
HdAE 27| 93 o] 5= gt (Natsumeda, 2003).

Aol o5 A A-BZHH Wbt Subelo] yt
Bl i olfol whet ol 5 Wizt Ft 2 A vt
U 5 F Pl HE ARA(ife stage)ol T2 ol S
B2t} (Lucas and Baras, 2001). ¢]5F2] 0|52 E& o w
o FREE 15 AAH Hoe I B B sl
wet Aol Aket AAAS 2] 9% 0|50 §Y
 FolehE 9 B0l neh AAAS o) gl WAl 9
27} 2R ™ (Almeida et al., 2012), o172 A2 A o]
gt A= TY A AAE Wol=d FL25tth(Back
and Song, 2005).

A EF AL (Odontobutis interrupta)~ 133 (Korean
endemic species) 22 EZo|& oF 10~15cmo]n A AA
YERA2ERY 23 olfE et $44 olf
o]t} (Han et al., 2015; Park et al., 2017). @&FAg o &
3 AF2E A PF E 27| AN (Choi and Na, 2000;
Park ef al., 2014) 52 AF7} 22 o|FojF o0, e
SAE T R digt dF2E BE (wata ef al., 1985;
Sakai et al., 1999), AFg+3)5 (Mashiko, 1976), 7} A &Y
(Iwata et al., 1988; Voskoboinikova and Pavlov, 2006), O.
hikimius®] ¥WiA|EZ (Doi and Aoyama, 2006), 4] F7]
(Lee, 1998; Lee and Yang, 1998) ¥ 32 H|il (Sakai et
al., 1993) So] 2RF gt AAHY FAMh} 0 5
of BEo] Yehte ojfe ojEe o7 welo] ol
Al Faste stHA S LFFA EEFAEY oF
4 AAA EA4] e A= AR Aotk & A
o] thi}oFel dEFAEE 27|71 A2 olFolH, olF

A2, AAH 54 5 setsr] YalAE AAA L A

N
ooz
o L ok

+

[e)

Aol Hoke AAE Tl 4 9l 45T AAUHEA
(Passive integrated transponder tag, PIT tag)7} & 3}2 Q1
Yo s AREE o ok weEbd, B A9 sH WollA
PIT telemetry S o §3t0] F1) Lg5<l AZEA2 2] o
AT 2 AMYA EY 55 BAS FUYAY BRES A
o oA ol o) AlH W A4 ST BAS da Aw
£ AlFst= ol F40] o

8.34 km’ 2 A|
=27 AA 9 0.99%E Hst QU Atglo] o]= w
MAH EAe Bk A7t o]Rol7 9L S AF
A st HF - F7H AY (St )0tk (Fig. 1). 4 =
AR o] FHFAYI HE 9 Hxe ot o BAES
o} St 1 (2YR)9] A U] 4L gy & °

N |
=~
3
Jo
e 18
B /)
off X
O

F&E 4ol 2 &
%ol A9 §l EF (run) $F T 4 (pool) FE FAISH
I 9len, dF F7H2 HAR sty fio] ¢ oL
(riffle) 7 0] &A= o] Ut} St. 2 (HFW)Q HS A
& g7to] o2 35 Ao, 71 AAo 4
2 2 B0t 24Eol Aok AN A BA

o2 BHL SAlo] YT HFE B4E SZo] FoA
kU

St. I SHHEE A REEY Tk 3ow
(36°23'45.6"N 127°15'06.7"E)

St. 2: IS SEAAA e Fite] Wgn
(36°25'40.2"N 127°16'31.6"E)

ZAA GO MAA E4e whefstr] fls) d+ 71
2021 3YHE 2021 10€7HA] & 213 AMAA B =
UE RS 38t A3 A4S sty fs =
ARG a4 B f45F S ST 9 A4
= 7 52 2T 4 9 £E52 G54 (FP-111,

Global water, USA)E ©|&3l9 &4t o spttxE=
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Fig. 1. The map of study area (St. 1: Bridge of Gongam, St. 2: Bridge of Baeglyong).

2. Lab testE g|st o|F
OlFo| M= "ot

Lab test® 938t olF= 2021 7¢¥€ 20¥9 &
9] A7l A4 (FHEE =4 A A3 g
T ZAA G St 1 (FAEE 5FA] BHExdY ¥
da)olA F R2AAE HHSHAT. S (FE 5%5
< o]&ste] st n PIT tag 4ol W& dEFA
o FELS F7eH] 8 A & FFete e
s FEAHAFAANA AT 2= (23°C)7F =
AEE 10709 F24F (43.5%32%29 cm)of] ARS3FAL
o tank W *PZ.:%;—EE 7~8mg L'2 §A)3}7] Yste] &
27 AAR 25 ASHe2 FIY 4 A 19 A
A& -Z—b—ﬁPOVl A3 Aol w2k (60~69 mm, 70~79
mm, 80~89 mm, 90~99 mm, 100~109 mm, 110 mm ©]4}H)
6ho) Ao o] Agatgion 19 18] AN
(10:00~10:30)°f] ¢F 3 g9] Blood worm (DISUS KOREA
LTD, Korea)& Ho|2 g3t 2t 7HAE2 7~10¢
79 Ag 717t = PIT tage 7o Adseich At
PIT tag Biomark Bulk HDX PIT Tag (Z9¢] 12.0 mm, %
2.12mm, t7] & FA < 0.11 922, AF9 2~5%
dA = ‘%}—?401] —QQ—E NAREE AEste] A
At 7t tag®] AFHZE ofF AW AY A FEHF
etstr] §3) EH% 4=A17] (Gesreader 3S, Datamars)

o]-gsto] gelstal 7| F5th Tagd A2 9t

ED} PIT tag 20| K2

i mlm ob i o

3 248 5o oFolHon fe I F YL s
gat7] 94 & A RE 4% A9} PIT tagd 70%
Ethanol 2 4%3}9t} Tag 47 918 Z- A E-2 Bthyl
3-aminobenzoate methanesulfonate salt (Sigma-Aldrich,
Germany)Z 0.1 g L7'9] ko2 H7}3t gHS o]-835}a]
oA AT vH F A AMEshe] BRS (FEAL
2o ef i =2ju] Abo])E 3~dmm LO|Z 7HE F, tag
Arlstar, A H&ZA 3M™ Vetbond™ Veterinary Tissue
Adhesive, USA)E ©o]&3}o] AR E S H3lslqich &
32HAIE dAL R 23] (20219 7€ 2749, 2021 7€ 30
Aol 2H FPEPon, Tag A4Y Aol 2+ A A%
(TL, mm), A% (SL, mm), FA (BW, 9§ &4 0}3137— Tag
A Foll 4 AR ES FEFRAN AT F BE
Sforg. 918 092 W4 2 IS AEEE BN
T} (Table 1).

3. 0|7 &E U Tagging
ol%
o

o5 % AAA AL gotstr] 9 dEsA Y A
e St 1 (FY)T St 2 (HFL)ollA 2021d 3YRE
20219 9¥7HA] F 133] AHA|S}FITh(Table 1). EE-FA
= ARG S (F5: 5% 5 mm)2} F (fish trap,
5x5mm)E o]&3te] PAstg o, Ee 1247k}t
A ARE ERlstfon, dE5FAEE ALt o/
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Table 1. Details of the total length (TL), Standard length (SL) and body weight (BW) of PIT tagged O. interrupta to evaluate survival rate

in the Lab test.

TL (mm) Number of tagged TL (mm) SL (mm) BW (g) Number of surivived
individuals (Mean*SD) (Mean=*SD) (Mean=*SD) individuals (%)
60~69 3 63.7£4.0 54.0+3.6 2605 1(33.3)
70~79 9 74.8+3.0 63.7+2.8 4305 9(100.0)
80~89 8 84.8%+3.5 71.3+4.2 72+09 6(75.0)
90~99 7 93.4+4.2 79.6+3.7 103+1.4 7(100.0)
100~109 4 105.0+3.4 88.5+3.0 144+29 4(100.0)
>109 1 152 130 38.1 1(100.0)
Total 32 86.5+£17.2 73.3+14.7 8.5+6.7 28(87.5)
Table 2. Body size of individuals of O. interrupta collected and tagged during tagging period (SD, Standard deviation).
i +
ate Number of tagged Body size (Mean *+ SD)
individuals TL (mm) SL (mm) BW (2)
2021.03.25 10 91.7+35.2 76.2+28.1 15.7+17.5
2021. 03. 26 7 99.7+27.7 83.1+£22.7 17.5+12.8
2021.03.28 3 108.3£29.5 90.7+25.8 21.6x152
2021.04. 11 1 75.0 61.0 5.1
2021. 04. 18 5 120.2£8.5 100.2£9.6 248+52
2021. 04. 26 2 109.0 93.5 17.9
2021. 06. 26 1 125.0 103.0 29.5
2021. 06. 27 8 78.8£19.0 63.6x£16.5 7.7£55
2021.07.01 6 83.0+15.7 70.2+14.0 7.6144
2021. 07. 02 7 102.0£20.0 85.1+16.1 13.7+7.1
2021. 07. 03 4 106.5£8.7 90.3£8.3 152+3.7
2021. 08.29 9 110.4+15.7 90.9+16.0 19.1£8.7
2021. 09. 05 7 107.0£16.9 88.3+13.5 18.7+9.8
Total 70 100.1+23.7 83.1£20.0 16.0+10.9
AEFAHE Y] o]F5-E F2317] Y3l PIT (Passive inter- W Hestd A7 Aol tat gtz 7Aoo AL

grated transponder) telemetryS AME3lHTH 5% A}
HFAIA}A] (PIT tag)2 RFID (Radio-frequency identification)
= 01%} Aoz 9y $47]|2RE
52 24717 A4
th. PIT tag tag«l A2 9o S
ahul Tag] 3|57} 7o) Brlselhe @Ol

of tag®] 11

HNAEE
she Al2go]
4717t Ba
glo

7+t (Morhardt et al., 2000). WA tage] 3717} 23l

tago] AHdE A F&t HAE werd

siche 4

HO 2 PIT telemetry= A40] 10cm W& AXMA &7

Zol, o]/l =
1A ¢l vpo|t},
PIT tag 442 o] & A & &

o d2L

U= ]

SA1el9] o5& Bt &

(Kenward, 2001), tag®] 7|7} Zto} F3o] 22 of 7o
BEHOR Z§o] 7hestal ofFolA Adstd= A2
2, B52 BolE FA Ferhe AHol Ah(Bubb er al.,
2002). =3t AEAZ 7 1m Y2 Zrot tagZt AAE
Ao Fedt HAE wefd = dor uiEsE glof &

oft

o % 133]°] Z2A 70704 (D 1-ID 70)% qw 2
% Tk (Table 2). Tage] AL Lab teste} SLT 1
72 £ES T ol FoIH 2, Tagging®] Jé‘rl
A7) 7F AR E o] Qe tankE O FAIA A

2 w7tz S83] 7t F AR G o ‘%}%3}9&1:}.
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4. Tagged fish monitoring

Tag7t A4 Y4E 74 AAES ZYERSH7] 3) Portable
transceiver system (HPR Plus Reader, biomark, USA)< ©]
€319t} Readero] Portable Antenna (BP Plus Portable
Antenna, biomark, USA)E &3] oF 3 of Agst

on, & system®] 7L AAHAZF & 30emE FHS
‘I]'E]' scandt= WA o2 RUE P FP5q. 554}
29 o]lFS Tofstal EFAE Y AAA E4L Hl
7] 918 20219 39HE 10€7HA] F 213 BYEPo| 2
= At} (Table 2). ZUE Y 5 tag A Aol A7} o]
Foizl Aol Higt +HOoRHE 9 AT 9 AAHE o]
|HIL = &Y 27 FF, EHE S5t 7155
ok 3 FAHY 4, 74, 2, 5 EE A5t ¢

E5AH Y AAAH EA4S 98| LAt st =%, 5,
FHoZHEI 7= Ag&A7] (COOLSHOT 20 GII,
Nikon, Japan)& ©]-&3}o] 2A314 2 /“J.]- 040 o
27 (FP-111, Global water, USA)S 01—9-0} =9 A=

452 HAE olgstel SASAT, ol £ A
NA G T olF S EIsty| a3l EollA tage] TA
ZALol= =5 HZHA| (SIMP AQUA SEAL 640, Korea)
o]-&3ste] Eof B&E& Dot EAISHAT AA 7} o] Fo
A Qof thet GPS AR = tag A Al readero] AEL
AE ol AP WolA AAAAE A st 7155t
Od‘:} EUEHE 2AR7E SH Yol A o]5E o A7)

Fof] Y3l o] F7t o] F e V¥ Hadst 74
ﬂEE A3l 2AA G 9 SRR A ARHFOR 53
st om, ZARRLY ZA Qe o) ojF{7} ol Fdte A

BRI Hsf sHd 14101]/\1 T Rt ol F 23S A

ot I N L >|E

NZ2E 715 Y3 A3t Lab testo| A PIT tago] 4}
4 AMAY AR FE7ZE Abol Y] ABIAE EA5H
71§13 ArHEA] (Correlation analysis)S 35t R T E
gk dEFAH Y ol EAS mosty] {8 Aol whet
578 +7F(50~69 mm, 70~89 mm, 90~109 mm, 110~129
mm, 130~149 mm)©.2 Upi=o] o] A2 Xjo|2 u]wshs
ot Z+ ARA Y ol F AR = HDEAE o83t FiolF
A2 AR dEFAHEY AAAH EA4S 34'01'51'7]
A =4, 5, SHERREY A, &9 7] T &
Astelon, £9 A7) RA ST =Y A5 ‘T’l’

29| Z]o|& o| &3ty & W HAL L5t Ao 9]

ot

% 4
NRRAE RAROH, 22D Aot B9 54
2 sobsy] 913 631 ol &Y AN A o @
22 spofsto] YR F A2AYGE B B o) 5o
Hejshe B0 WA Aol B4 B3 2 AAY
Aol tfe & WAV (Bq. DB AEHe] ofF 271 o
3 Aol2 EEIST ASFAYI A4se B9 B
=3

)
]
1=
1L
3_‘41
307
_r;

Extent of rock (cm?)

Equation 1=
Total length (mm)

AFFA2A2 oI5 54 L AUA S st
SAEYL ANOVA (Analysis of variance) &4

© ™ SigmaPlot 10.0 (Systat Software, Inc.,
Germany)& B8] EE 2g Sastart. £ Aol
AXE BE 242 [BM SPSS Statistics 26 (IBM corp,
New York, USA)E ©]-&3}o] 43§ =]t

Y

2 I

1. PIT tag &0l 2 M= I}

ARl Wt (60~69 mm, 70~79 mm, 80~89 mm, 90~99
mm, 100~109 mm, 110 mm ©]4}) 67] £ 2 s 4&
Aol i3l PIT tag Aol o3t BE&S BHrist 2
I F 3270A F 4AZE HASEL 287 7F A &5}
87.5%2 WE2LL BTk 7bg Fe P2LS Ho L
7+ A% 60~69 mm F7HC 2 3A0A] F 1I7HATE AYEst
o 333%9] AELE ok AF 5% 14A17F =)
AFste] 66.6%9 BEER HAT o|F 1143kl 174417}
712 FAbete 33.3%9 AEES Ve o] A
dol T2E wWrtA HARE AAZE debdA] Esieh
gt A% 80~89 mm 7o 8AA| F 67§ A7t ABESH
5% AELS BHon AF odxtel 14A7F HAst
o 87.5%9 AEEE AT o|F 18YAe 712 1A
A7F Akt 75%9] EES UETh 1 o] F HAkgt
AAE WehdA] @gkeh YA #2H(70~79 mm, 90~99
mm, 100~109 mm, 110 mm °J4HoAE BE AdEFALE
7F RAE3FA 100%9] BEES EATH(Table 1). EE5A}
g &L Yt @29 ZF JHAES FAe] 70~79 mm
o AE At AXo] AeE BEVIZO] 1 Ao E
ettt E3E Aol 90 mm o]l A AEEL
100% 2 EFstT).



2. ZAX|He| E21H EY

5"}314 AAA A A1g 9% st 1 (FYE)
4 F7F A= FA"H 428 A
7P°ﬂﬂ1 2:2]0] 40~60 cmE SRt glon, 7o A]
o 80 cm7HA] F7F3AT 3t 4 %oﬂ FAE 29 A
0.3~1.0mE thoFst $4 L anq
02~03ms™ Wl & B EH L,] 7t A
0.1ms™' o|ate] & BTt St 1(1 by o] SHAF LR
= & E(>256mm)°| 25%, &2 = (64~256 mm)°] 60%
2 o948 2K e, A (16~64 mm), A2
(2~16 mm), E2 (0.062~2 mm), AZ (<0.062 mm)2]
AHlE F 15%2 WA et dRdes 72k A
Aol ufp- Tsto] FeAE 9 %#&%01 2Rska gl

= S Eoh S 288 m) 9] FL- St 1 (FHA)ETh

{u:

Table 3. Physical characteristics of study area (St. 1: Bridge of
Gongam, St. 2: Bridge of Baeglyong).

St. 1 St.2
Water depth (cm) Ordinary 40~60 10~20
Precipitation ~80 ~30
Velocity (ms™")  Riffle 0.2~03 0.3~0.4
Run, Pool ~0.1 ~0.1
Substrates (%) Boulder (>256 mm) 25 50
Cobbles (64~256 mm) 60 30
Coarse gravel (16~64 mm)
Fine gravel (2~16 mm)
Sand (0.062~2 mm) = 20
Silt (< 0.062 mm)
180 F
(A) —— y=0.2598x+11.1818, r’=0.028, P>0.05
160 -
[ ]
140 -
°
o} o °
£
= 100
3
§ sof
2] L ]
8 el ¢
qf e e e
20 ¢ ° e oo o P
[
ok .o o 0‘0. L] LN ® .
40 60 80 100 120 140 160

Total length (mm)
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ARA o2 4o & Aog FRIFGI &Y
o A =412 10~20cmE § Rem
30 em7H) S7ketsict. 7
& 703 umstel 44
cmE ERIEUT. 52 o4& S A st &
0.1m s~ o]3}9] h& Yetbdlon 77t 315 FAH o
29 AL 03~04ms Yo g Ho 9d0] 0L 7
Zholl A St 1 (FER)ET o WE A2 FIE ) St
2 (MER)Q] FAFTLRE 2 E(>256mm)o] 50%2 Th
2 JAP O, 2 E(64~256 mm)O| 30%, A2 (16~64
mm), Z:2Z(2~16 mm), 22 (0.062~2 mm), & (<0.062
mm)2 FAH|E F 20%2 FA Yelgth St 2 (HER)
= St 1 (FHm)e}t 28 3+ W AAo] st oer 74
55 oA o] A4 W A5 R] EAL, 77
gAY ZAY5H) SE9kTh(Table 3)

o T

3. gESAtE|2| 0|F

HUEPHA dEFAH Y o5 ¥ 70704 5 3871
A 9l 128ﬂ =2 ol AA = 2E HlolE FolA H
Argt Ao 2 A== A Hlol"E At 1153
A tﬂOlEi% 240 o] &3ttt MAE olFAF Ao
£ B43517] Y8l AA dlol"E A&l wheh(50~69 mm,
70~89 mm, 90~109 mm, 110~129 mm, 130~149 mm) 5
N Fe R Yol olFAZ zo|E H et (Fig.
2A, 2B). 50~69 mm F+7to| A 670AI7F F 25%], 70~89
mm 7| A 1270417F & 393, 90~109 mm F-7Fo|A] 5
AAZF & 123], 110~129 mm FZH)A 1174A7F & 31
3], 130~149 mm 7t A 470A|17 & 83 A= ¢k

120

®B)

léi
100 A "

40 (
20 4 J]: J‘ T
L

0 T T T T T
50-69 70-89 90-109 110-129 130-149

@®
o

Distance (m)
(2]
o
'—

——

Total length (mm)

Fig. 2. Length-distance relationship (A), Mean value of length-distance relationship (B) of O. interrupta (*, P=0.05; Not significant,

P>0.05).
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(Table 4). YRAYOZHE 9] Hyt o]FAZ= 36.5m
(SE, Standard error: +6.6)2 YWEFGTE 130~149 mm +7+
oA B o]5AY7} 77.3£27.3mE 7P Wol o] FHL
™, 90~109 mm 7l A 18.6+6.5mE 7P AA| o] 53
o} (Fig. 2A, 2B). ANOVA E423} A&7} Fol5Ag=
90~109 mm$} 130~149 mm Ato]ofl Al EAZH o2 §-9on|
gt 2to]7F UEHTHP =0.05).

4. MAIR| e

dE5AE 9 AAHE AR R H diste] 4, 44,
SHREZRE A, 9] HE 5& FA3te] 49 o]
4319} (Table 5). 412 F2& 5cmollA 2 92 cm7}
A epgton, J4gke] F$ 36.2+1.9cmZ UERstTh.
ZARAAY 442 0~04m s Ato]o]n] FF 0.03+0.01
ms 2 o] Ao Q= FolA R FAHYUT &

Table 4. Number of detected O. interrupta, mean movement dis-
tance and average movement distance per day based on O. inter-
rupta total length (SE, Standard error).

b

X .

- 3ol

Nl
fob

=
T

Ho

HaBagol Ag: 4 0.1 mollA Hd 18.0m= byt
onf, B 44m S| ML TS SR 22
Fols gt 2N B Fof ot A%
FAE) ANA FRE B o1 A54E 424E 5
oz ggstA Uyttt F 1153 FA] 5 86.7%7F S
A gAHG O, A 13305 FEAR, B4R, ot
o SolA BAHUT BA A B2FARF 93T 9
o2 FlEE B9 WL A 32cm’oA FHo)
4000em7HA] Thbet 1719] BolM AAeaL Sk AL
2 Ugon 5o AL 543.5+70.9 cm’E UERy:
on, Zt JjA 9 Aol tigt & HAHE A& At F
2 0.64cm’ mm”', ) 16.41 cm® mm™'o]H B 5.140.6
em® mm' 2.2 Ueheh, 9SEAIE AAE B A9
937} vhero] wH sl Bt oRE sheto] Foiglol
wet 5 Atolo] Sol Ml B B HER Aol
gl it

ASFAET At Bo BAE Ttsl] st
AR B wet 247+e] & WA AolE H|wsHgith (Fig.

Detection Mean movement Table 5. Habitat characteristics used O. interrupta in each detec-
TL (mm) distance (m) tion site (total 115 detection)
Number Individuals (Mean £ SE)
Minimum Maximum MeantSE
50~69 25 6 29.7+8.1
70~89 39 12 37.7+14.7 Water Depth (cm) 5 92 36.2%1.9
90~109 12 5 18.6+6.5 Velocity (m S_l) 04 0.03+0.01
110~129 31 11 32.0+10.2 Distance from watershed (m) 0.1 18 44+03
130~149 8 4 7734273 Extent of rock (sz) 32 4,000 543.5+70.9
Extent of rock/
+
Total 115 38 36.5+6.6 Total length (cm® mm™") 0.64 16.41 >.1£0.6
1000 2500
—e— 59
(A)© —— pm (B)
——-9-—- 75mm
800 ——A.—- 119mm 2000 |
< NE
< 600 ) L
p P 1500
S S
k5] G
T 400 € 1000 |
Q (0]
i i
T
200 A 500 JT_ I -
o : : ; - 0
1 2 4 7 8 50-69 70-89 90-109  110-129  130-149

Number of detection

Total length (mm)

Fig. 3. Extent of rock on detected O. interrupta (A, P>0.05). Individuals that detected 6, 7 and 8 times were used for analysis. Extent of
rock on detected O. interrupta for the difference in total length (B, P<0.01).
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Table 6. Number of detected O. interrupta and extent of rock
based on O. interrupta total length

Extent of rock (sz)

TL (mm) l\cllurtnbﬁr of
ctection M inimum  Maximum Mean£SE
50~69 19 32 1,560 273.4+85.7
70~89 21 68 3,780 4845+172.3
90~109 8 119 900 526.1£107.9
110~129 18 121 1,080 604.4+82.0
130~149 6 380 4,000 1,746.5+551.9
Total 72 32 4,000 568.6+85.1

3A). 63] ol AAIE 4714 (63]: 4714, 73]: 37}, 83]: 1
AANE AHEst EolA E= F 4339 FAE o
o|-&3t3ith & WA zolE EA5HY] &l dHEAES A
Al A3 A" & HA o s ¥R & A=
=9 HAF o]0 AEsh= 529 WHo] FAHLE 2}
o7} gl AL 2 YERTHP>0.05).

B3R, dFFAEY Aol OE AAA AY EAS
wpepsty] 9fste] Aol wet(50~69 mm, 70~89 mm,
90~109 mm, 110~129 mm, 130~149 mm) 57§ F7to=2
Urol & WA Aol5 AT 2 Wi $ 244

e AT dEFAHE O Tage AFAst] HHT & 2
Az 9 ;_(;}.9_/\]7]-o§ ARt W2 5 24A7F o]
glolE el F 723 HAE 40l o] &3t} (Table 6).
ANOVA 4% S8 A7) et 28 57 3 Afel
ol & WA zolE Hu AY FAZCE [Fou|t &
°]Z LEFATHP<0.01). 50~69 mm 27| 9] 5 AtE]7}
A & WA & 32em’, A 1,560 cm’o]w F¢
E HHL 27344857 cm’E 7P WHo| FL EL AH

jof_

= Ao FQEYOH 130~149 mm 27| 9] EZAL
27} st & WAL H4 380 cm’, A 4,000 cm®o] ™
B & WAL 1,746.5+551.9 cm’E 7} WA o] Yo
£ A9t A2 & YT (Fig. 3B).

=k
=

Kl

ol59) o5& BAo| whet TRET 1 F AR 4

2 9% o5 ANA AU T Fol ¥ %’«ﬂ@l
Az AP S 27 9% ool FUT F
ot ¥l A wet HAXES ol g WA U 7

n7t e olggt JR= AWEQL ofF TElof Qo]
-9~ 523}t (Almeida et al., 2012). A4 % <] (home

AR, OB A7|SE 2L olRol A a5
stehe: ol HE /1840 408 AT T, 018
o2 el g 2aY wHASo} BeT A

4 5 % % Oy mEe ol Z8o] 7Rssith (Yoon
etal., 2012) QA=A "rajo] A}LEHA o]F o]E_L]_ )t
98 gUHe Wse Mol Asned, 2
M= PIT telemetryE ©]-&3t IL{FF< “%%*}ﬂ
(Odontobutis interrupta)®] ©1%5 AT A4x] EAHL T
SEEES

PIT tag®] 7] o|FAA ZolE
A ol Yof 4ol 753ttt &e A ek (Bubb et al.,
2002). @& oA PIT telemetry 282 &84S H35317]
A AFAA PIT tag Al e dEFA Y A&
&< B7FsHSUT HARRE 4704 5 270419 A2 60~69
mm= Ao o]-&3 dFFAY F 7P A2 27|
o o2 A Sl Bls) 57| 2717t Ao} tag AU
oAl o] &4to] dojut HARE Aor R w2t
Al PIT tag®] A AU AFA T ol A Wde] &4o] A
& 9 AEVTE 2Aske A2z #dET (Choi and
An, 2014). HAREE U] 270419] A 80~89 mmE
H A 60~69 mm 7 A Bt E7FO) 57]= A9 FHARgE
270A B BdRele] YA H&A7E "olA PIT tagol
57 dre 2 w2 Ao ElE Y on AAHES PIT
tag® Aoy mdE AES AT & Uok dHA
A HZHA7E Doidl 27HA|17F AbgE Aer wdEn
(Yoon and Jang, 2009). o]£H WAEZL&L £ Eo|A9 utat
Aol 5 Uetf AT, o] A5 BEES Tagd] A&
(Retention rate)®] =2 A0 2 BiE o] A9 =277} A
2837 WA o] = AeE A A th(Acolas
et al., 2007). B AP AT E AT} HZ7|7k 7] AF
THAE A% 23 o] deE AE7T] 11 AL
2 Vet (r=0.350, P<0.05). E3F, 90 mm ©]4te] 7]
=9 *g Z280] 100%¢] Aoz Kol AAo] 90 mm ©]AFe]
AAEE B A7l o]k Ro] AT} BEAE ¥
SEER Xt Y
ARFAA] AT A7l ofobB Ffol Aot
ALY 49 Aol 5 459 2o 5Fo] ulnA
3 2400 m olskl $Eolel 22 Aot &, 2
Azto] B Fol AARTFL LeA ek (Choi and
Na, 2000; Kim and Park, 2002; Park et al., 2017; Lee et
al., 2018). & AT A9 F& St. 1 (FEL)Y =4
40~60cm, St. 2 (MBIL)Q] 2241 [0~20cmE St. 2 (HF
)9 4ol St 1 (FH)Y FAHED FA FAEHIL

Atk B8, T Ao BE ¢ A5 AT £9NFE 2

24 FE W Fol

=

T 1

)
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A kgros, f4lo] 1m olakel A2 e} A%
AEh F2 ANETT A AT o)t g A
2 GeLssIch FHE S EER 4F res
ZO1A 0.0 m s olste] FHE HALw AR ol ko]
A 02~03ms™ ele) gk el BEEA7E A4
71o] e FE5US Flstnh 18y St 2 (WE )9
°°ﬂE BB o] JL7to| A §40] 0.1ms™ 0|5+ gHe
o} St 1 (BYRET ofg T3] Wob 40l
EH 04ms'9] gre Hol f&o] 7 77k Al9jshd &
EFAE 7 AAlEt7] o o] AAAE dhE) sHt
5 A BE 5 5o, A7) Bol ASEAYT} 22 A
Natn AR A4HY S Rl g Ao B
As|gith. meba] F AT Qe A, f5A Holst
91001 St. 1 (BYL)E St 2(AF L)% o] 77 v 4148
o) ulg Werete] YSEARZE A4}l Bl o A
P Aoz BUEY §42 B A4 9ol
83 Agtagloz gt}

£A12] 3} Odontobutidac)o] 3 REe] olfi o5
HO7F 22X g2 Aoz & A th(Choi and Na, 2000;
Park et al., 2017; Lee et al., 2018). £ Ao A A3 &
707041 8] dEFA ] Het FRAYC=ZREHY F
ZolsAY = 36.5mE olFAol 2R g FARRE A
£ YeErth Downhower and Brown (1979)9] o]5Al 4
7 A3} oj5te] 2719} o} 7re] ArAo| Yok W]
AT Matthew et al. (2009)2] mottled sculpins ©]5 A+
of WEH o7 27]¢} o]F 7t A¥HYo] gtk Hu
otk £ AFolA S dEFAE F 7R 2 A
(130~149 mm)ol] thgt FolsA7 7HE 71 Aoz ve
®om, 129 mm ©]5te] WA ES FARE gh& Hof =27]
7F 130 mm o]Fe] & JfA ol thsiArt Zpol7} Ykt
o] 2|3t ZAi= Keeler (2006)9] A+ 2ol fAFSHA A
Holl A8 A o] 50mm o)/FL 2 tago] H-EH
AA ] 2717 AFEAL A 7F 27182 Zpol7 b
7] W 2ol dEFA Y A7)} o]F Aot FEet A
g EAE Aeide BdAdS 23 et 2719 o

E5AHEY § g2 MAFE ol &3 £40] AAE ook
# e AmE,

TS T 11539 AAAFoA dEFAH = 5~92cm,
Bt 36.2cm8] S AAAE o] &5 Sl Ao R &
AU, 42 0~04ms HY W Ashe Aoz
Uebgth shA|9E AAZ f&0] Ae Al daiAe =
A0 AN FelEon, BF 0.03ms 9 &5 A
AAE o] g5kl Qe Ao ® UEKT o3 2= 5

>
5
o

X o

=i . Xt0O|
T [

0z
foh

[*]

| m9 Fof £2 AATE ASE
3t} (Kim and Park, 2002).
ASEAE £2 B AAAR o go}n B0 %
of A5 st §A4E 7ML QUth E3E E2 4%
FFHAS | s I3 =2 AFE 4 A (Hoekstra and
Janssen, 1985; Greenberg and Holtzman, 1987). & Ht9]
A 2EFAEZE AAE B9 WAL 32~4,000 cm’ o2
chpet 3719 £ ol3H Yon Ha s435om’ 2
7o) £& olgete Aoz AR 63 o)yt 1A
PIAE olg3tel ASEAT $F F AZE Mushe
£9] WA} o) F Adal o] WHTe 4TS B4
% 23 wR T Y22 AUt 59 WA ol A
sl B9 MATe] JUALS Fel57) Qotrh ol 2
e AREAUS YR T W22 AU Fol s
w27 7] 915} 242 B sk 2lo] ohd Ao
A Hake B Qs o) ol5L S vl 27]9)
=R o|Ftts ALoR wardn £33 A7 A H
so) WATe AL BAT AT TE T 44T ol F
o] ZA| "ol (F 723)ollA A7 AAE 24 H
2 Atolof o] AL Uehdth Kim er al. (2016)9]
=570 AFolM SS9 A= AAE 5 WA
o] ol gle Aoz BIuEGou, B AN 45
FAHEE AAZ7)7 248 o B & HEs Asste
Aoz Yetgth ol &9 dHo] WSS vy ¢

Aele] dsh o

=
=]

A

fr e

-

it

N
o

FAEZE o] 83 4= Sl FTte] S8 W] ol

EP A7} o 7] AAA Age] ol FFE A= A

° 2 godth B3 5 HAHE 4SS 2 254

L A& (mm) Y] 64~1641%2] & BA (cm®)) A A48t

Aoz yeigon &5 A B A] Fi 64% o]

A 3719 & o83ty o¥dt TR E 2% = A
o]

F9& Aoz A
2 ﬂ?h 3 Yol A PIT telemetry S ©]-§3lo] =4
- A o]FAE H MAHA B s& &

_,d
K
o}Nr
:Lmzr
3

(-)l =2 Q5 A o9 A 2 A4

A B4 52U AT AEE AFsH d55AE Y
AMAA] Bde A= vE FAHLRE 2ol7t gl
U A7 E g AXz2d A, 45 E 9 AT
sto] JNAE ket sH F2E 2A4s= Aol ad A
oz woHEo E3,
Soto] Ae © A4 A S gt A7 g FollA
°l-r°17<1ﬁ}‘?1 FF T oFE BEA oA o7 A4
A E4& A3 st =gl 2 o= ddH
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E 1= 15F9 AEFAE] (Odontobutis interrupta)
o ol% West A4A 5
telemetryE ©]&3to] 27 $A9 AR ﬂ?ﬁ] 9]
AR AR GEE FFA vrEE FoE] 39w, St Dt &

TH FF AF HASEEAANA a9¥ Ty HEgn
St. )04 2021 3YFE 108712 FPEH AT o7 A
AL S (FE: 5x5mm)2t T (XS mm)yE °l83H3
3L, PIT tag 442 @A SA +3stAt § 213 &2
YE A 7070A7F 1153 AR = ow, #4240 5
FAHS B FolFATE 36.5(26.6)mE RIS
o, A%l O dE5AE Y olFAZ = Z717F 2 A
U+E o Y oFste ALE Ut P<0.05). 45
A7t 4AE AR BF 2L 362(+19)em, B
5L 0.03(£0.07)m s, B FHEZRE AgE
44(£03)m2 Yeyth B3 AR " & WA disf W
T HxAYsts 9 HA T o] %o Aest= =9 A
= Bt A3 SAFLE Zo|7} Qe AR YEY
SLH(P>005) 5 F 24417 o] 2AE A2 i
AA o] gt AT 59 WS vugt A3 FAZCR
S Zol7k LR (P<001). Theb, HAA] 2L
APAL AAZ7)E chFst HARA G, 84, 5 5
= AlFsto] AAE ot M 125 2AsHE Aol E
2% Ao wotEr)

2

d

A
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0X
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)
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At 0 24 %, 437
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