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ABSTRACT This study was conducted from 2017 to 2018 to determine habitat aspects of Acheilogna-
thus signifier, an endangered species reintroduced (2010~2012) to Heukcheon Stream, a tributary of the
Hangang River, Korea. A total of 329 individuals were collected in 2017 (two surveys) and 723 individuals
were collected in 2018 (four surveys) at about 5 km habitat area, including the discharge station. A.
signifier’s habitat was about 0.4 to 1.2 meters deep in slow water flow upstream of the discharge area. It
was a place with many boulders and cobbles. The spawning period was estimated from April to June in
terms of spawning behavior and collected juvenile size. Sex ratio of females (438) and males (412) was
1:0.94. Estimated age of A. signifier based on their total length distribution during the spawning period
(April) indicated that 1-, 2-, 3-year old groups and more than 4-year-old group were 32~43 mm, 50~61
mm, 62~75 mm, and 76~89 mm, respectively. Age-specific composition costs differed depending on
the timing of the collection. They were relatively high in the order of first-year (juvenile)>third-year> and
fourth-year or higher, showing a stable age structure. Thus, A. signifier reintroduced to Heukcheon Stream
has successfully settled down and formed a stable population, showing a tendency to proliferate.
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1. ZAF 712 Y XA

2 A7 F AF SHAA 12H2017¢ 5¢ 2~39),2
2120178 108 1~29), 3212018 49 21~23Y)9}F 42}(2018
Y 64 18~20%), 52420184 84 17~199), 63}(20184 10
4~69) 2 o] BEYRT Al signiferet AAAEA, 5452
ZARIRET, 422 20189 3~63F RALJA £33 ojF
£ AT 2AR L ofefig} Zo] S AYREH o
FA AR ERQT ©O] X a#ste] 1~1.5km S
2 870 R8-S AR (Fig. 1).
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Fig. 1. Mornitoring stations of Acheilognathus signifer in the Heuk-
cheon Stream, Hangang River, Yangpyeong-gun, Gyeonggi-do, Korea
from 2017 to 2018.
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AT AL 3~42 MR FFEo] 70~150 m, FZ0]
30~100 mo] AL 0.3~1.5mPeH B7} o] Az E o]
ol = 9 71 47h, 1 ofeh 71 oigol BAEol At
32 F2 & (cobble)T} A (pebble), £& (boulder), FHA}
2 (gravel), 22 (sand) 59 2.2 W8] Bkt BL Wk
onf 59T e@Ue BTN QYT WAEEE A2
110~180 ps/em@ 1L, FEE 0.05~0.10%0%.0.0, SZA AL
6.3~12mg/L, pH= HAZ 6.5~7.50]10}. EFAF A. signifer
7t ol HE st 3 Hele] AFRolH $F 30~40mE
Hx3 &L Hol|gx EL A 5211 olo%_g_uj] SIS =
E (boulder)} = (cobble)2] H]E©o] &9t £HEE= AHER
(pussy willow)2} LF FEE Phragmites japomcaol A A5}
I e ¢Fol= WF Poramogeton crispus®] F50] =
& 2x(pool) 7HEAFE] PR A4lsta Uth A7) A==t ¢
== 247} 113~170 ps/cm, 0.05~0.08%02 H|2F T2 FHo|
QI, SRAAZTL 64~92 mg/L, pHE 6.5~730| 0tk 2t
A0 A2 o] fEE Ay 2e 22T EI Unio
douglasiae sinuolatus?to] IFEE A TH(Table 1).
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Table 1. Physicochemical and hydrological environments at the monitoring stations in the Heukcheon Stream, Hangang River, Korea from 2017 to 2018
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Table 2. List of fish species and number of individual fish collected in the Heukcheon Stream, Hangang River, Korea from April to October 2018

L. Stations RA
Scientific name and Koran name Total ; Remarks**
1 2 3 4 5 6 7 (%)

Cyprinidae % o]}

Cyprinus carpio %] 2 2 4 2 1 11 0.09

Carassius auratus 2] 7 3 21 12 5 23 7 2 80 0.63

Rhodeus ocellatus S1ZFZ7) 2 1 3 0.02

Rhodeus pseudosericeus 3t73'gZ 7N 161 129 221 319 72 183 39 29 1153 9.02 Enll, E

Rhodeus uyekii Z+X]2-0] 1 1 0.01 E

Acheilognathus lanceolatus ‘A5 3 15 5 15 16 44 84 182 142

Acheilognathus signifer &g A% 3 367 14 3 1 388 3.04 Enll, E

Acheilognathus yamatsutae Z g A5 17 17 0.13 E

Acheilognathus rhombeus ‘g 2] 1 62 130 10 36 6 22 267 2.09

Acheilognathus chankaensis 7} A 'gA| 2] 24 24 0.19

Pungtungia herzi = 137 101 114 84 116 228 134 101 1015 7.94

Coreoleuciscus splendidus %2 19 22 16 26 46 3 27 16 175 1.37 E

Squalidus gracilis majimae 71&7N 158 106 69 182 54 366 194 157 1286  10.06 E

Gnathopogon strigatus =57 1 1 0.01

Hemibarbus longirostris ZmtA} 45 50 15 10 29 65 60 21 295 2.31

Pseudogobio esocinus T3 52 53 42 3 17 28 104 55 14 316 247

Microphysogobio yaluensis E1FR} 139 51 23 35 81 74 32 435 340 E

Microphysogobio longidorsalis B 7}AT2] 53 36 13 35 70 18 3 228 1.78 E

Rhynchocypris oxycephalus ¥]5 %] 15 30 10 3 60 047

Opsariichthys uncirostris amurensis T12) 3 2 5 0.04

Zacco koreanus ZrZFAY 294 315 352 178 216 37 106 191 1689 1321 E

Zacco platypus T| 2] 337 473 314 1518 420 582 462 461 4567 35.72
Balitoridae Z 7] 2+

Lefua costata 1) F 2] 2 2 0.02
Cobitidae 1] 32 1}

Misgurnus anguillicaudatus B 52 2 2 4 003

Misgurnus mizolepis O] F-2}+A] 3 1 4 0.03

Koreocobitis rotundicaudata M| Z19] & 2 1 2 1 2 6 2 18 0.14 E

Iksookimia koreensis Z+E 7Y 43 33 11 8 71 29 17 12 224 1.75 E

Cobitis nalbanti AZZ7) 3 3 0.02 E
Siluridae ™| 712+

Silurus asotus ™ 7] 2 4 6 0.05

Silurus microdorsalis B]-3-7) 1 1 2 0.02 E
Bagridae 527l 2+

Pseudobagrus koreanus “=%A}7N 1 3 21 6 24 10 12 77  0.60 E
Amblycipitidae 57} 2}

Liobagrus andersoni 57}2] 1 1 2 002 E
Centrarchidae 77331}

Micropterus salmoides B 2~ 2 2 0.02 Ex
Centropomidae 2 %] 7}

Coreoperca herzi A 12 18 18 13 20 4 10 8 103 0.81 E

Siniperca scherzeri 27}2] 4 1 1 6 005
Odontobutidae 5A}2| 2}t

Odontobutis platycephala “SAM] 17 5 9 3 34 027 E

Odontobutis interrupta &5 A2 4 3 16 9 6 9 7 4 58 045 E
Gobiidae =01}

Rhinogobius brunneus 4 5 10 3 6 14 3 41 0.32 L
Number of species 20 25 22 26 22 18 26 28 38
Number of individuals 1492 1441 1680 2613 1253 1776 1302 1225 12784

*RA: relative abundance (%), **Remarks: Enll: endangered species rank II; E: endemic species; L: land-locked species; Ex: exotic species.

< SRFE HFA7IOMAE gl &3k SAEENT B
o] AAsHGIt YA Fold} o)f= FEEN, BEAFE, HA
], 9AF A. lanceolatus, 7YX 'SR 2] A. chankaensis, 345
A. yamatsutae, AZFE7 R. ocellatus, Z-A 5] R. uyekii 8%

o] MAJste] e Fol AT ATt o4y olFL 7|
Coreoperca herzi (0.81%), AE2=A] Odontobutis interrupta
(0.45%),5AH] O. platycephala (0.27%), 2:7}2] Siniperca sch-
erzeri (0.05%), M| 7| Silurus asotus (0.05%), IL2] Opsariichthys
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Table 3. Historical collected record of monitoring of Acheilognathus signifer in the Heukcheon Stream, Hangang River, Korea from 2010 to 2018

No. No. Stations* )
Years . Collection method Reference
surveys  stations 1 2 3 4 5 6 7 8 Total
2010 2 1 127 127  Bait traps ME, 2010
2011 8 1 69 69  Bait traps ME, 2011
2012 8 6 0 0 122 0 0 O 122 Skimming nets, bait traps ME, 2012
2013 3 4 17 65 0 O 82  Skimming nets, long bag set nets ME, 2013
2014 4 4 0 0 1 0 1 Skimming nets, cast nets ME, 2014
2015 2 1 1 1 Skimming nets, cast nets, bait traps ME, 2016
2016 1 1 0 0 Skimming nets, cast nets, bait traps ME, 2016
2017 2 7 0 304 23 2 0 0 329  Skimming nets, cast nets, long bag set nets Present study
2018 4 8 0o 3 702 4 3 0 1 O 723 Skimming nets, cast nets, long bag set nets Present study

*Excludes number of individuals by underwater observation (skin diving).

uncirostris amurensis (0.04%), B]-8-7] S. microdorsalis (0.02%),
YA Micropterus salmoides (0.02%)7F AR = R, 5=
T ADA AL St. 30l= AR} AEFAE, FAM, vlh7] 4
Fo] AAskaL AT AR A FEAF= St. 2014 3774,
St. 3914 367704, St. 404 14704, St. 594 374, St. 7o)l
17§41 7F Y3 = o] St. 30] hFE-S AR SHGI T (Table 2).

3. ZHEI7H x|

2017dol= 770 Aol A 23] AR AAISH] BRI oA
oF 850 m HojZl AR (St. 3)0l A 304704, WA (St. 4)°l
A 23704, HRAA obf ¢F 1,150 m okl (St. 5)llA 2AAE
ARk oF 2km 7oA 25 32970418 A8t 2018
doll= 871 AHolA 43] 2ARE AAlsEe] St. 204 3744, St.
390 A 70270 A) (F7FERAF 3£, St. 4014 147]A], St. 5914 374
A, st. 7914 1A E Ahste] BRAZHE 72 oF 1.6km,
SHRE oF 34km7HA| & 5km FH|A BE 72370A1E AHH
S} TH(Table 3). webA] 2017ARE 2018712 63] Aol A
EEAEE BF 105270418 -, WHA AR St 3
oA 1.0067HA] (95.6%)2 2 AL U eH, FFA
9l St. 4= 377041 (3.5%), St. 5= 57041 (0.5%), St. 2= 370
(0.3%), St. 72 17041 (0.1%)S A3t (Fig. 2).

4. MN2E7| EX Q) =X M

=
oS = ST O oH|

m

447 H 687HA| 1 234 ol AHAIEA £ o F1
ofl 2t¢l E7159 F4do] Uehal S| =2 u|e} S| =], uf
A=gu], A& Sl Tl Yehtal R em (Fig. 2A), A
< Abe] A A A dF JiAlE wigd s
o] WEE I (Fig. 2B). EZF o] Al7|oll= AtFo] BEH
on, 680l 10~23 mm9| FAYR| |7} £Afo] &2 FHR
oM AR At wehd A=A 7]= 48A 682 FFE U

AT S F743517] $1al 20179 595 2018 1097}

Fig. 2. Photrographs of Acheilognathus signifer (A: male, B: female)
and their habitat (C) in the Heukcheon Stream, Hangang River, Korea,
April, 2018.
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Fig. 3. Total length frequency distribution of Acheilognathus signifer

A 63] 2AE AASte] AAARNEREES ZHAJstGITh(Fig. 3).
PN Aol 8 A% 26~41 mmz, 109 o]l= A% 30~43
mmZ sttt 48] HHE 7P 22 932 2FA A%
32~43mme} 109e] HHE FEYY AFA7)= AY Akt
7] Bzl o] A7lel AFE 7P A2 D v 1de s
S o] AolEL 6ol W 36~53 mmE St oF
Zof Adghato] AHA Ueht -7 FEE e, el AR

Qe ul

in the Heukcheon Stream, Hangang River, Korea from 2017 to 2018.

42~55mmE, 108f= A% 44~57mm=E 473+t
1049 A= 449 F 94 o= 257 A% 50
ot ALY fAtel] wigel, 499 F A 93 152 7 2dA
o8 FAEI. olet Aol wet 449 Al MR 1F
9l A 62~75 mm= T 3FAY, W] HA 252 WA 76~89
mms= T 434 o|d o2 FHE I dAT =AY A
£ A9 FAFBII o T 4348 o] el A E A o] &

v A
‘C‘l"ﬁ



Table 4. The sex ratio of Acheilognathus signifer in the Heukcheon
Stream, Hangang River, Korea from 2017 to 2018

2

Year/Month  Juvenile Female Male Total Sexratio

2017 May 17 31 26 74 0.84 044
Oct. 20 123 107 250 0.87 1.11

2018 Apr. 28 56 41 125 0.73 2.32
Jun. 14 76 74 164 0.97 0.03

Aug. 57 75 70 202 0.93 0.17

Oct. 61 77 94 232 1.22 1.69

Total 197 438 412 1047 0.94 0.80

The critical value for %> goodness-of-fit test of equal numbers of females and
males (df = 1) at 95% significance is 3.84.

AHETE 0~8mm T |ASo] AR = o] &7 Zpol& E it

AU/ @) 2 2AP7IZEl AL 438704, A2 41270
A7F YA =] 094800 &F - 7ol {23 2ol E HolR] ¢
oF 1:10]th(P<0.05). 3+ A7|HZ HFE SEAFY A
H|= 0.73~1.228 oMY Zpol & HG ot SAA Fod& 1
o] %] 9FThH(P <0.05, Table 4).

5. O|AMAIX|
B YHE FEAFE St. 39 Wol A5k )ik (Fig.
30). ole fr&ol Sl A 04~12me 2534 & 9

=
AT AR AR SRR A SolLt SelE ol
A shisigiet. SR B4 Kol fidol Lelm wHol A
ok Fo LIS Aof AAska gglon AR Aol 5
Bse] GmelE Qo] A4S glo] Holet Aolg myint.

|
[t

E9RF A signiferes SLFF50R A
I -G 4R AGol QA AASHL Sl AL
Z QT (Choi et al., 1990; Kim, 1997; Baek, 2005; Kim, 2014).
o] & Y37} A5 & Ao A& Choi et al. (1990)3} Baek (2005),
Kim (2014)] 9J3}j A4Jo] ERI= A, X A+ (Han, 2007;
Moon et al., 2010)} A|3x} A=+AFA3HH 2 AT (Song and Jeon,
2009a, 2009b, 2009c; Baek and Kim, 2010; Park and Hong,
2010)91 A= A Ao] ERI=EZ] gFgkth 201087H 2012d7}
A B0 BPARL AR BAA] ATOR HEY
(reintroduction)= o] 10€| 25 70007047} W=,
23 nyggozZ 201149 69704, 2012F 12270 A7} &<l
Utk 20139 EYEFolA= 47] A (35 2AHA =
= 2AA7F AR ==, St. 3914 17704, St. 4014 6574
2 Aoz YRAA 9o oA HHEAUTH(ME, 2013).
au o]F 20149 201592 HFAIHAI AR ZH2E 170

M=UE S 73

O

SEXRY =

{0

EERIPIN

rer
o

7 A=A 201690 ofd] HHEHA] ghot FEAFY B
Atgdo] At Ao 2 dHFTH(ME, 2014; 2016). & A}
A= 201795 ¥ 2018E7HA] EUE P AARE 23 2017
| 329701 (23] 24h), 2018'A 72370A] (43] 2AH7F AF =
3L 5 km FZH(St. 2~St. 7)ol EHiE Bt glow, AR
AoAE eHgH oz Aol o]Rojx& Ao I
ok et S0 WRE BEAFe AR AHakste] A
A 27178 23 JA- S Qo] A=Yl ok EA
dol B34 Aoz FH7HEAT o] Aedes ¥R
H £E £ $HHY #F=317] Pseudopungtungia nigra®}t It
A7 AR Liobagrus obesus, 57 (87 4EA= 0]
F2) Koreocobitis naktongensis (ME, 2018), 2. TjAe] E&of
Brachymystax lenok tsinlingensis (WPOE, 2017) 5 To] H|:
A JfAlte] 2 QP A ola AAlste] AFFZAe BHoz 3
7HE HE ok FooA e g FE0] A=Y AR A
FH HYS WA o, dATold o R AL Yr
Tanakia limbata7} /3822, A. longipinnis, A. cyanostigma=
REATLE, 2 Y EFAAE vl=Y Coregonus oxy-
rinchus, Etheostoma sitikuense, Noturus baileyi, Noturus flavi-
pinnis, Salvelinus confluentus®} YE-2] Pseudorasbora pumila
ssp. o= AFoE HIEITHIUCN, 2011).

201492 2016¥171712] BUE )N Bt A 3
A=A ge Ao Z HAEQEY (ME, 2014, 2016), o= A}
A AR D AR Aol BAZ U] dEOR 221
th 2 ZARHNA 20139 (ME, 2013)3} 2017~20184 6] 7}
o
o

7 ol AR A7FRL 19| St. 30] AR H A A=A
o, PHE=TE 20139 2017~2018W0|A 7F wo] 23]
= ol 4ol AQE 1 Frel B, foge=gt
ZAE T} mhEkA AR 9D Qo] wet BUET 2
o] & ztolE Hol7] WjZo F9 Aol whet 2ARH A%
I YIS AFsHA Addsfjof & Zolm o]of gt A} v
T AZ e dasirha weE o

2 XA AT AB2 o - 5 & Ao glo] w4dew i
QAT A ARl FHF A HleS Bl A% 3
gk Ad g 194 SR A 33.35 (53 38.96) mm, §F 2|
A AL 3987 (A 4724) mm, T 39X GAL 4334 (£A
53.80) mm, 9+ 49 4AL 4992 (A 59.00) mmE e}
(Baek, 2005) 9g= Yo Y Ao dAET AA 2
Atel Aol & Byt AR AHFRES A7)0l w2}
ol EAN AR FUA E= 1d80] 7P EWkaL 29 A,
3, 494 o= PFAQ ARARE Bt AdEESY
% TR Aol 18 (FA 22%, TH 18%), 294 (IR
49%, =R 44%), 3R (DR 27%, =R 30%), 43 (TR 4%,
27 8%)9] FAHE Hol AoF HIE o] (Baek, 2005) £
Az M3t AT A2 495 6¥71A] TEE I A
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74 —T’—%:'T'__‘%F EJ.I:IFOP_E-{
o7} 6¥oll A% 10~23 mm, 8€ o] A 25~41 mme] AAE
o] Y=ol A7 = 485 EH 6Y7A| A7) 4~59)= F
A=, AT GFTo] 4~7H A7) 4~5E)2 B
=lo] &zl AR fARtG oW 307 JE 5~69 = (Back,
2005) Zol& Erh BHARY Aetass 2 A oA 22
WZ2IN Unio douglasiae sinuolatus?to] =} om 1k 2 A}
(ME, 2011b)oll A &= 22z 7lqto] Alt&32 B E vt g}
ZA7F 9 oA (Baek, 2005; Kim, 2014)S 2 A1k} £
sHA 22T E o8kl ey A ToA = A
FEYHZIN Lamprotula leai®t 22227 Unio douglasiaes
A o]-&ste] AfolE E A=, Kim (2014)2] Zzto] mH=H o]
Zol| Aalote 2T 2MNY XAFEHRAM, 227 Anodonta
arcaeformis flavotincta, 2+ A 0| Lanceolaria grayana % =
ML ZAFEHZ (63.6%)2 222 (2.2%)F ©l
&oh= Aeg HAFHGIN F Fo] EAT B Lole XAFEH
22 o Assls Aoz Busty).

YRR PRAHY Stk B2 FAE 20 sHRolH, 53
2 o 0] AR, BUATE 017K 2018714 St 4
A 37704, St. 304 1.0067HA|7F A =] o] shRell RE &
AR 4R o|Fsto] B MAAt B o] Aol
EOE FEA7|oMAE 159 FEEAN7E F6 A A4lstn
=T (Table 2), St. 32 221714, St. 40l 319704171 = o
St. 40f Bk @& JHAI7F A A8k ATh A AR B4 A St
32 ZET EE o|FolA QAL R 2 A2 W St
4= o] AT E= s 7189 2717 A2 vt
of =27} Wol AAsta AU wehA FdAkFet
W] AATNAG=2] Zol= mjak AR 9 Zol= 7]¢]
F = o] olof it A7t B asitt el A7 FARE F
52 AL s g8l sty 15, S48, Yol
£ 52 2Esto 3] 7HsstESE AR 2871 dojv=
o, A7 AAlehe ZEARet dAEAREE S50 A2
Z (22N vs BAFE=Z 2N Inversiunio verrucosus, Wg&=
7N Pronodularia seomjinensis) 9 0] AAX R (E51 &2 o|F
ORI F&ol e & vs P27 B A X = (Yang,
2004), | ol F HEEY AENEG RS 715
& o|F7F TR ol AAT B FE5EnF wE =1 o
5 ovs §50] e A4 st RET F vs 29 Afol=
(Ko, 2005, 2009; Ko et al., 2009), BAto| 9} e = f4 (w2
oL vs b o§2)9] X}o] & (Choi, 2002), FEE 2|9} 27 3|
= &9 o] (Baek et al., 2002) T2 AA|A] 27} Lojut
L Ao uuHT gt Hepd 25 SA SAE Ik 2

A

2 A4A £e) Sl et A7k AFshA Bastgct.

o (o]
pl -

e AT S A= (2010~2012%9)F SEHAFES] A
A8 vrel7] g8 201797 2018714 MRS =
Abstgiet. 2AHA T 20179 (23] ZAhell= 3297035, 20181 (4
3] 2rhells 72370AE ARSI, A e FRAEE 2
gsto] oF Skm 7ol et ST AAM AR = FFAY
20 FFREE F50] L 4 04~12moH FET 5]
2 Folgleh A7) = Al dE 3 FdA Ao 2712 & o
49578 692 FAE0H, Al A 438714, A 41274
7F A= 1:094%. AFL 488 71F0R WH 32~43
mm= FF 194, 50~61 mme= T 23 A8, 62~75 mm= Tk 39 AY,
76~89 mme Y 494 o Fom 2R AP FAH=
A7l w2t ZolE HAAT 134 (Ees FEA), 284,
394, 434 o9 w02 B uE A dFTRE
Hh m2bd Z3of Bd& f8) A=dd SeTEe 4
Fog AAste] YA MRS olF MY FitEE
& Bk

ox. of

AF A
# ATE BRRY WEAY] BRolR@AFTAAN) BAY
| oI5 (1@, BAFAA) B el

: 5
i)
i
do
N
;

v [<]
Q7 % £AFHeHLY @) LS wot A7,
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