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Current Distribution of Cottus pollux (Pisces: Cottidae) in Korea. Bong Han Yun (0000-0002-1885-5221), Yong
Hwi Kim' (0000-0001-9901-5445), Ho Sung Lee? (0009-0007-2874-2646), Eun Seon Seo? (0009-0001-0942-4366), Sue
Hyeung Lee* (0009-0001-0915-3711) and In-Chul Bang** (0000-0003-4584-5384) (Institute of Korea Eco-Network,
Daejeon 34028, Republic of Korea; 'bioTNS, Daejeon 34183, Republic of Korea; *Department of Biology, Soonchun-
hyang University, Asan 31538, Republic of Korea; *Natural Environmental Restoration Institute, Daejeon 34410, Republic
of Korea)
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Abstract  Current distribution of Korean Cortus pollux was investigated by conducting field surveys and
environmental DNA analysis in September to November 2022 and March to May 2023. As a result of the field
survey, the presence of C. pollux was confirmed in the uppermost stream of Hyeongsangang River, as well as
in Deokdongcheon, Jeolgolcheon, and Hoamcheon Streams. The main habitat of C. pollux was the riffle area
in the upper reaches of streams with clean water and boulder-cobble bottoms. As a result of environmental
DNA analysis, the samples determined to be positive included all streams in which the presence of C. pollux
was confirmed in the field survey. In addition, Namcheon and Singwangcheon Streams were determined to
be positive, indicating potential as its habitats. Since C. pollux has a narrow distribution area and a small
population size, continuous monitoring and conservation measures are required to immediately respond to
damage caused by typhoons and river works, which are the main causes of habitat disturbance, in order to
maintain a stable population.
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2} %4=3]-73 (amphidromous), 34853 (fluvial land-
locked) ¥ —’r—% & (lacustrine land- locked) o7 JHE]
o, ol A S W 27, T 2 A Fol7] A

g ] Fofl ApolE B, ol T EFSHe Hl $8%
FAZ o] &= Jth(Goto, 1978, 1990; Yoshigou, 2010).
A5 RtE] £x23= SFME olF= FA5FM
Cottus czerskii Berg, 1913, $+5570 Cottus hangiongensis
Mori, 1930 @ 37 Cottus koreanus Fujii, Choi & Yabe,
2005 5 3Fo® IEA Ao, T AT FH
T ML =1 sk Al Aste S50 Adol o
2 ugFoz &HA Cottus pollux Giinther, 18732 E11
ol IFHEFNE IBAREH AT (Yun er al., 2022). A
A G drof AAstes URHESE A8 3 2
W 37)o dgt IS FESL 9121 (Goto and Arai,
2003; Yokoyama and Goto, 2005; Yoshigou, 2010; Kanno et
al, 2018), ©] % S| ATAE AW Ry 4o
o Sejupel SEA U 59 kol AYE ZHH &
ARgE A2 UEFGTH(Yun et al., 2022).

Ut URYHESN (@A S50 &2 #et A
T FETEITHY AT BT YA A AAIRE =
Y=Y EF (KNPSGNPO, 2009, 2010, 2011, 2012, 2013,
2014, 2015, 2016)3 = HFHAFLoAA HAZE A=
Y ZAFKNPS, 2017), 18] 3 Byeon and Lee (2017)7} tf
ZA AFQ 38AH AL Ao R 3 Bxd A S
of itk A AT 2AF WU} AHE ARFYTY
2 9 Ao Ao il Wkl BE W
E Yele b A7 Aok B3 URHESNYG 22
B4 A X3 ZAHE Fote] FE gEo] BA ¥
7] W&ol A4 7HeAdel w2 A9S wEA A 5
%l+= 317 DNA (environmental DNA, eDNA) 242 37
F335l= Aol v st} (Riaz et al., 2020; Piggott et al.,
2021).
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Fig. 1. Study sites and detection results for distribution of Korean
Cottus pollux from 2022 to 2023. Shades of red showing Gyeongju
National Park. Detection, O ; Non-detection, X .

Aol AR S F=FHAAXR 257) =4 867 A-E A
Attt (Fig. 1). 7120 A% 7180] e 44 o
A e EF 4 AFY AF fEES 2§32 F 3
A1, AFIHTY W AXE AdL ST LY 3§
7]% & 3 AT A Al7]= 2022¢ 9~11€ 7}

3~59 Fdo AHE 134 F 23] A
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£ AR&ste] Z1-E 20~30
£ 5ok AR, F 532 Hosoya (2015)2}F Yun et al.
(20220 FTT AAA FAL OAD A ZHE
U7 (Yardage Pro Tour XL, Bushnell, Japan)S ©]-83}
of BB} FEL ZPRACH, FAUL EAS o83
ZAst%ct. 0]'“‘?‘ 9} 1%L Z+zZF Cummins (1962)9F
Kani (1944)0] w2} oA Stoz #EAIt & 7|55}
k.
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Hwang et al. (2013a, 2013b)Z}+ Yun et al. (2024)0|4 X1
3t 9714 ¥ HEES National Center for Biotechnology
Information (NCBI)©] GenBank®ol|A] Wjz]uto} A1-8-5}4]
o £33 G971 EES MAFFT v. 7.450 (Katoh et al.,

2002; Katoh and Standley, 2013)& A3l th5 Q7] A
AR SRS 0%, A/IHD A £ 4
A HolE Uety = HdHA7|thF A (single-nucleotide
polymorphisms, SNPs) ¢ 9& &g & QR EZIH
o] FAFANMTE EolFor FFo|] 94E= SNPs 9
oof g W ey Zeto|m (Cp_FQ: 5'-CTG CTT
GGA GAC CCA GAC AAT TTT ACT-3', Cp_RQ: 5'-TAC
TAA GAG CAC GAG AAT CGA TGC CAA-3)8} AA7H
PCR (real-time PCR) £4& 9|3t TagMan® Z2X (Cp_
PQ: 5'-FAM-GGT CTA TCC CCA ACA AAC TGG GGG
GAG TG-BHQI-3)Z A28t} (Fig. 2). 059 Melting
temperature (Tm) #f¥ 22} 12 FA4 o8 52 Multiple
Primer Analyzer Tool (Thermo Fisher Scientific Inc., Wal-
tham, MA, USA)& AH&8te] o &6tal 2| w2 ¥ 2 F
T (oligonucleotide) ¥4 A 2 & 531t}

2) St AR EH 3

s ARE 8% A9
Rl e (Fig. 1), @ A A& A9 %%XH’*E‘

of st 1LE Aestar, A= u8H7] 74 F
& YA (4°C)o EEstqnt AFA= SRRt A=
o HE " HHS 7 AH ol 2 F& FAsH] st
W =FES F5te] ALESHCH, DOA-PT04AC
Vacuum Pump (Gast Manufacturing, Inc., Benton Harbor,
MI, USA)&} 0.45 um Nylon Membrane Filters (Whatman,
Marlborough, MA, USA)E AHE-3t XAHEE 500 mLAY
555t 9E A9 87 DNA &2 2% DNA &
o] Zt3 AM&-E= DNeasy® Blood & Tissue Kit (QIAGEN,
Hilden, Germany)ES AME-3}.2™ (Shu et al., 2020), A=
Aol A AEe AHAL Kim er al. 2021004 e 3
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3) &A|Zt PCR 24

A A7 PCR (CFX Opus 96 Real-Time PCR System,
Bio-Rad, Hercules, CA, USA) £4]o] oA Azt £ &
o] o] o gt st7] 915kl ¥k PCR
(conventional PCR) (Mastercycler Nexus Thermal Cycler,
sttt dut PCR
Z Ao AccuPower® PCR Premix Kit (BIONEER Corp.,
R L E27]9] genomic DNA (gDNA)
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Fig. 2. Aligned partial sequences of mitochondrial cytochrome b
(cytb) gene of Korean Cottus pollux and other Cottus species ana-
lyzed in present study. Red arrow, forward primer; Yellow arrow,
reverse primer; Green arrow, probe.

100 ng?t AW 9 AW Lol 42 5uME ¥
3% FHF T 20l ffJ k. <uk PCR 27
& 95°COl A 387 2714 F, 95°Co A 2027 WA,
60°ColA 2027+ A%, 72°CollA 207 A1AE 303 4
Batlon, npxare g2 72°ColA 53 HFANGE &
P3tgich Ayt PCR AHES AAs 2A# A7 %

Z] (Fragment Analyzer ™
Foster City, CA, USA)E AME-3l9 A7 95
™, PROsize® v. 3.0.1.6 (Agilent Technologies Inc., Wald-
bronn, Germany)& AR5t =9 37|15 &2l %itt
AAZF PCR 2AHL iQ™ Supermix (Bio-Rad, Her-
cules, CA, USA) 10 L, $7% DNA 2L, Zabojn] @l =z
B Z+ZF 5 uM2 23 nuclease-free water (NFW)&F £}
sto] F5F 20 L7t =& £33t A7 PCR 27
2 95°COo| A 283 27|94 &, 95°Col|A] 1027 WA,
62°CollA 1027 A% 9 Al 503 ¥HEsho] =35}
Fom, FA )= (positive control) T} H|F& o] 4 (non-
template control, NTC)2 UHYEF7]9] gDNA 20 ngZ
NFWE 212 ALg3H9iTh A7 PCR 24 37 DNA
ANREZE 634 YA om psiglon, Y WEoem
Uehd A|F 0 EH“BH/\-]_‘: AZFst Zato|HE o] &dte] o
9 PCRe 33 &, 55 999 digh d7I4E8S g1

system, Applied Biosystems Inc.,
SRR Kl
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Table 1. Information on habitat characteristics and localities of appearance stations of Korean Cottus pollux from 2022 to 2023.
River Water Water p, .. BOttOH(lt;l;E:tratum ingg{d(:lfals
St. width width depth types* 7 Streams Localities Etct*
) em) B C P G S M 2022 2023 Total
N N " Wolpyeong-ri, Dudong-myeon,
1 10~20 1~4 10~40 Aa 40 20 10 10 10 10 7 4 11  Hyeongsangang Ulju-gun, Ulsan-si
2 10~15 1~5 10~50 Aa 40 10 20 20 10 I 0 1 Deokdongcheon ~meok-dong, Gyeongju-si, GN
Gyeongsangbuk-do
3 5~12 1~2 10~40 Aa 30 20 30 10 10 I 3 4 Jeolgolcheon HWwangyong-dong, Gyeongju-si,
Gyeongsangbuk-do
4 10~15 1~5 10~60 Aa 50 30 10 10 0 2 2 Hoamcheon loami Munmudaewang-myeon, oy

Gyeongju-si, Gyeongsangbuk-do

*Kani (1944), **B: Boulder (>256 mm); C: Cobble (64~256 mm); P: Pebble (16~64 mm); G: Gravel (2~16 mm); S: Sand (0.1~2 mm); M: Mud (<0.1 mm) —
Cummins (1962), ***GN: Gyeongju National Park area.

3}3l FinchTV v. 1.4.0 (Geospiza Inc., Seattle, WA, USA)S 9] &2 & &=9th(Table 1). 3HH, JH=E 2 HEL 20224
AHE3F chromatogram/goll YEHY peakE< L2{ste] 9 Saliet i E ZEet B qdie’ Y JFo R s
ZF A A WS A gSol HE 23 F714 29 44X o] ZA we e At
o HE &AM

Az Zetojw ol T2 Hof it Y FAA= 2. 2tZ DNA 24
BUE27] gDNA 200 ng/uLe] EE=olA 10814 & 7‘:H

o 843 108]9) wru A% (standard 1) & 80| Zeiol 3 222 2%
TE al standard curve _
N ( " Ama £ So] metolne] iat A PCR AEL S
< Ao RN Ittt URHEF/HS gDNA= _ -
_ ™ , , 3 753},%— % PCR AHE2 165bp oA &3] o]
HiGene ™ Genomic DNA Prep Kit (BIOFACT Co., Ltd., _
HEE FA5IA 2 (Fig. 3A), H| o] HEE #HFHA|

Daejeon, Korea)E AH&-sto] F&3F91aL, &gt of
FEE 4230 (Soonchunhyang University Collection, SUC)
o B3 &9l X=&u] 3] (voucher no. SUC25238, €%
A SUC26332, T4A; Yun et al., 2024) AFE5HS T

ggm(plg 3B). =3, A &S TEHE o] &3te] A7t
PCR Aol 4] IFLEZ7 gDNAS] A< 34 525 A}
23t JAaATIA BAAE PRLEZ7 gDNAY &
o] W5}k cycle threshold (Cr) Zhol WEREAL, 0.02
pg SE7MA Ao] 7h5dt AoE Y} 22 A4S B

A il Ao (Fig. 4A), AFA A= ATA S (R7F 0.998, 7]
27| (slope)7} —3.370, && (efficiency)2 98.0%2 Z+Z}
1. 8% ZA} Uersto (Fig. 4B).

NREESHY B2 A% Gotiy] Yt 2574 ¢ 2) 23 DNA 24 Zut
A 8o AHE 2ARG A}, A} A AR (St 1) UREES/HY £X IS dotir] Yt 867 A
LIZRA], 953 (St. 2) 170A], BEH (St 3) 4704 2 diF Foll digh 73 DNA A8E &H35t9 AAIZF PCR £4
A A A (St 4) 270A T 270 A 470 AR 1874A & Fg A o] A7|o] ¥ wHE A=Y XA
7b A= ATk (Fig. 1; Table 1). AAH AHES AF & 2 347 JAF S 1), 95 (St 2), EFASL 3), &
dog ool Ha Fo| Wton, FHLE F2 Ato]  QPH (St 4), FH (St. 5) R AFHSL 6) T 24 14 A
U 5734 502 o]Fol7 AT (Aatype) 3P0 22 F 67HATH(Fig. 1; Table 2). 2022W = FZA A

SHET §E-2 242 5~20me} 1~5mE YERET, 22 o] 6819 PCR £4 F 48)7F FAHOR BEEHIL, Cr
10~60 cm® WERd oW frafo] Ao difE 30cm ol 2 40.24+2.11% Yebdth 43 2GR AW 6
2 uehtth 842 25 (boulder)®] W&o oF 40%2 7k 3]9] PCR B4 F 337} o2 WEEL, Cr 2
kL, O oo 2 225 (cobble), EHHE (pebble) 5 40.35+ 1.582 Uehth HEHT AFH 5L 639
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Fig. 3. Results of fragment analyzer of conventional PCR products
using Korean Cottus pollux species-specific primers. Band posi-
tions, A; Electropherogram, B.

PCR 24 & 13 FHe= HEHJL, Cr g2 &
37.64%} 42.152 YEbytth 20230 59HH A Ao
3]9] PCR #4 F 437} o2 WEEUL, Cr
40.08 £ 1.042 Yyttt A7 H4F, 950 4 E=
A-L 639 PCR #4 F 237} o= wEE,
Cr 3 242 42.06+1.2137 38.08+0.14, 12|31 43.19+
0472 Yepgch 9@ 2-2 639 PCR &4 F 139t
oFAg o2 FHEQY, Cr gh2 44.212 UEFSTH(Table 2).

AAIZE PCR £4] AioA ez wdHd &4
DNA AlE25°] tfgt G714 ES SH3 4y}, 1RHS
719 template H7|AE T+ FAEE 100% &4 = 1ok
(Fig. 5).
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Fig. 4. Real-time PCR analyses using Korean Cottus pollux spe-
cies-specific primers and probe developed in the present study
to test for quantitation limit. Amplification curves, A; Standard
Curve, B.
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2 ATl AREL 7E AT (EHE o8
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32 o o

HEZM et A4 4 Ex dFS Lot Al 3
ot @ 2AblME g4 A AR, 95, 423
o]

L g0 A T 1 AN & F9 Majol &
A o] F HEHL TYHLE AFHTY Adw
U B # (KNPSGNPO, 2009, 2010, 2011, 2012, 2013, 2014,
2015, 2016), AL EAF(KNPS, 2017) G4 EiE
oh glok 2 Aol e A A AsbEo g 3o
A RREEEHE Mae] FAE e, ol olf=
Ao F2 el ThE 2AF A Aot AU B2 =
AHE 357 g Ao wethh A AFIY
T B A W S Aol 20099 AR YE
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Table 2. Information on detection results of environmental DNA (eDNA) analysis and localities targeting Korean Cottus pollux from 2022

to 2023.
eDNA analysis
St. 2022 2023 Streams Localities
Crvalue Positive  Crvalue  Positive
(MeantSD) PCRs (Mean*xSD) PCRs

1 4035+1.58 3/6 42.06x1.21 2/6  Hyeongsangang Wolpyeong-ri, Dudong-myeon, Ulju-gun, Ulsan-si

2 37.64 1/6 38.08+0.14 2/6  Deokdongcheon Amgok-dong, Gyeongju-si, Gyeongsangbuk-do

3 40.24%2.11 4/6  43.19%£0.47 2/6  Jeolgolcheon Hwangyong-dong, Gyeongju-si, Gyeongsangbuk-do

4 ND 0/6 40.08 £1.04 4/6  Hoamcheon Hoam-ri, Munmudaewang-myeon, Gyeongju-si, Gyeongsangbuk-do
5 ND 0/6 44.21 1/6  Namcheon Singye-ri, Oedong-eup, Gyeongju-si, Gyeongsangbuk-do

6 42.15 1/6 ND 0/6  Singwangcheon Hangsa-ri, Ocheon-eup, Nam-gu, Pohang-si, Gyeongsangbuk-do
ND, non-detection.

Cottus pollux AT CAAGCCAGAATGATACTTC Early Miocene

Hyeongsangang

Deokdongcheon .

East Sea
Japanese
Jeolgolcheon Archipelago
) Pacific Ocean
Hoamcheon ” =4
l 'x N\ | |
“j\Lﬂ I Tiowoya 15
(A) Present 0 Yun etal. (2022); Present study
Namcheon | i |
/ 1 TR }\1 '1' \/ 'f\ '«' 'l :' A"Y. 'J ﬁ A, Fig. 6. Maps showing the distribution range of Korean and Japa-

”””””””””””””””””””””””””””””””””” nese Cottus pollux (A), and the paleogeographical history of the
Singwangcheon Japanese Archipelago (B; Otofuji, 1996).

Fig. 5. Analysis results of congruence (target region) between the
template sequence of Korean Cottus pollux and positive environ-
mental DNA (eDNA) samples for each site, refer to Table 2.

& (KNPSGNPO, 2009)0]| 4 & £9] x&lo] X202 &
oLua FoRA, o5 BE Welsl AYANN SAET
o o2 oF 12km FLHOE FAs] B HAA B
% 9 #27} 93}t Byeon and Lee (2017)7F 438t
v} g1t} £3] Byeon and Lee (2017)= 2016 49 QWRY
557N (@Al S57H) ZALNA &F 7009 7HA] o] A sH
o AAE ZRIgh vhHe] £ Aol A= 20239 39 2A}
AN 270 A 7F G = o FHAITEY] FEAA AL dA

_4

o] A A7t A= 2 AolE UEReh E3 HE5H o
ol A= 20139 ALEUEH (KNPSGNPO, 2013)°] 4]
2 T A4o] AFom FRIFGI, 20179 AAX}AZ
A}(KNPS 2017)oN A 87HAIZ7E AP EH R, = 2 AL A
= UIARE AP EHo o]dET A7 Eole ALR
UrE}kkE}. A NEHE 7H4 A4 gl A7 A
o w|sto] @A SHA At FUALE 20229 9¥ Fafiet
A E e HF ‘ﬁd‘a*l:@l FFer Y= T4
Aat sH o WhE AAA] wEk Y7l AR Hod
th(Yoon and Kim, 2004; Lee et al., 2023). £3] & g|F o]
Qo= Faft A= HARE HFLE Qlsto] T4 T
a7 WIHEHA WAL, o] Bty flste] sHHE
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AEYEZ4s Had QB 14502 F4 A
B A2E Ao B B4 Sol Ak Ao 4

A $ko 1} (Fig. 6A; Hosoya, 2015), Yun et al. (2022)°] 2]
sto] Falgt @R 59 sHH ARl 95 dY s =
MA)eHe Aol g Rt dhitzEel B FEE Miocene
ol Mol siLte] f2pAlo BEom AAE o] SEX 25
oz A¥E UANS 7HsA ol #Eot(Fig. 6B; Kim, 1997,
Maruyama et al., 1997; Kim et al., 2005; Li et al., 2011;
Taniguchi et al., 2021), & £ EX HY = SIS 4]
23 Fgopxore] XS AT AEA T BE
TAE olashe | ojulek A7} Ackn AZrE
WRUESAE LU S50% off 3 A4 RE
o] 7Hg & HAIstL A&kt (Chae et al., 2019;
Yun ef al., 2022). 53] £ F& AR AFol A4 of
< (Kawanabe and Mizuno, 1989; Natsumeda, 2007)<
2 AT20s 4] mE BxY Z4 7b54ol B
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