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Population Ecology of Korean Rose Bitterling, Rhodeus uyekii (Pisces: Acheilognathinae) in the Bong-
seocheon, Mankyeonggang (River), Korea by Hyeong Su Kim, Jae Geun Ko', Wung Sun Choi and Jong Young
Park* (Department of Biological Science, College of Natural Science, Chonbuk National University, 567, Baekjedae-
ro, Deokjin-gu, Jeonju-si, Jeollabuk-do 561-756, Korea; 'Natural Environmental Restoration Institute Company, 1777-1,
Dongseodae-ro, Daedeok-gu, Daejeon Metropolitan City 306-812, Korea)

ABSTRACT Population ecology of Rhodeus uyekii (Pisces: Acheilognathinae) was investigated at the
Bongseocheon, Mankyeonggang (River) in Korea, from January to December 2014. It mainly inhabits
the slow-flowing waters having mud bottoms. Measurement of the standard length of the population
indicated that the following standardization: 24~29 mm are one year old, 30~35 mm are two years old,
36~39 mm are three years old, and >40 mm group are regarded over four years old (October in 2014).
The spawning season was from March to June, with water temperatures in the range 11.5~27.0°C.
The sex ratio of female : male was 1:0.77. The number of eggs in the ovaries was 104~168 (mean £+ SD:
124+18.1). The size of the matured eggs was 2.8~3.5(3.2+£0.15) mm in the long axis, and 1.4~1.5
(1.4£0.03) mm in the short axis. The eggs were found in Unio douglasiae and the number of eggs,
larvae or both was 3~18(10.2+5.0). Stomach contents were mainly phytoplanktons such as the
genera Navicular, Cocconeis, Cymbella (Bacilariophyceae) and Cloniophora (Chlorophyceae).
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S 2 WollA T o] AyHH ARFFF7]0l =T
Z7) dro.2 wAU7HA Hoh (Smith er al., 2004). -2yt
= BFH AeE FHHE= AEFE7] R hondaes EF
sl 24 15%0] R 1% o] QIth(Kim and Park, 2002; Kim et
al., 2005; Kim and Kim, 2009; Kim et al., 2014).

B A AFEQ] ZhAEol= Mori (1935)7F Al&olA A3
H AF 46 mmo| BES 7R AF 7T AFAFFTL
2 3 old9 Aot FalZ U &l eitstal
27 B2 stHoly Ao F2 A4St Aoz dHA
R

2 4

It} (Kim, 1997b). Z-Algololl tigt A= el 2D Aol
B3t 712 AYEEA KBl (Uchida, 1939), 27| (Suzuki et
al., 1985; Kim and Han, 1990), 24+ (Kim, 1997a), 4]
7] (An, 1995a, b), A A% (Chae, 2001), A3 (Kim er
al., 2010), ¥+ A= (Jeon and Suk, 2012) 5 ThH o] A1
7} o] Foi%l u} §lrt.

a2 EvEAs | A4, s =AY A9A
1A, 7 24, YHfF Y To= st ZHAJ 5ol Y A4
Aot A7 @ASHA astar Sl FAO AR AT A
o] Be A= F53 AAoth kA 2 Aol 2
Algole A7, AFEAl7], A, ek, Abdks g Y, o)Ay
= 5 MAIE e dFE Fot] F HEE A% 7|=ARE
uhgskarzt gt
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ZEAEol o) AT A AT 20149 1~12¥71A] wifg
25~30¢Y Atolof| MetaE a5 §2H SA4H dd (Fig. 1)
oAl wiE 13] o] AlBSHATE AAA FHo E8F oA
29191 323 $22 TP 21577] Bushnell Sport 600,
USA), §4-& Tachometer (Swoffer Model 2100, USA)E o]&
sto] S5 A4l s TR E EXE o83t S35t
FHi= Kani (1944), 312 Cummins (1962)2]
Stk AAIA S olskea Aol 72wt 2o
oA A 1A 3 1A] Atoof] OAE L=AE A
=233 DO, pH, Conductivity, BOD, COD, SS+
AR A2 (http://water.nier.go.kr) | A Al 3-dH= A
R ARE ol8IAT, ELEUE 2AE BU 10
tf 308 7|Z0R 4,7, 109 33 AT SR

Kim and Park (2002), Kim et al. (2005)°] w3ttt
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Fig. 1. A map showing the study site of Rhodeus uyekii in the
Bongseocheon (River), Jeollabuk-do, Korea. An arrow indicates the
study site.

3x3mm)% ol (4 x4 mm)S ©]-§3to] Wi AAISHE
o YR E ZE A= obFHA (MS-222, Sigma-Aldrich, St.
Louis, MO, USA)E ©]&-5t¢] gt Adefoll A A3 (Standard
length)= 1/20 mm dial caliper2 0.01 mm7}A] &33lo] A|
AU B (Ricker, 1971)22 BAs g, A7 Akt
A4S 93 dRE A YA A BFE AR
o} A= uig gA ] AN dolE S ste] Akt 4
oA W& (%)9] ¥ W3t FHY BRE ubste] 4
&% o] e 7|7te 7 2AsAth TS A7) oA, Ab
T A7), ARE7] o] 39 A AN S e R FEE
(HAS80, HITEX, Japan) 3ol A d7 2] 27|18 =43t} 7|7t

7ol AAE GRS Az FHejo] TASE Assl At

AREFE ol &3t 2AE FAs] PN AN He
A 22 YJFsE T A D EF = Kwon et al. (1993)9]
whspth ) ) ARRRE & 9 Rhol7h Aol SalEl AR
£ AR o|Fste] 2749 24 (Shell length), 2451 9)



80 24 MAT - HSM - U5
oo] Al 9179} A2 7|= st £23~57mgL2 tehdth. 73 $-20) W4 7]

A gole] 7o AE BAs] gatel BaA Aol 3 1280] 2.1°C, £ 190 27°CE 7P Wren] 7o)
A (17.9~19.9 mm SL)2} Aol 3754 (26.2~33.7 mm SL)E 713} 2 B 36.0°C, 27.1°CE 7V =4 YERt T (Table

1
10% 22T g0 FA nHsho] L3k WE&=S Bt 2).
Aok 23S Arste AN o2 AA st Ar FRFE
H7bel & F37F 30 mLo] HA wHE F ©] F 1 mLE 3t 0. EMEHE
o] s+ u] A (carl zeiss, AX10, Germany) 3t 4] Cho (1993),

A Ao A 28 olFe BT 55 8% 23F 0|4
Chung (1993)0] e} 22 4550t P AN & o - I 23F0l it

(Fig. 1). $8EL IRAF Acheilognathus lanceolatus (7%

=, 140%) 8o 302 G2 A. rhombeus (11.1%), Z+

Z o} A0y (11.1%), B'dZE780| R. notatus (10.3%), T 2t0] Zacco

platypus (9.9%), BEFZE7N R. ocellatus (8.5%) +=2.2 e}

1. MAIX] 28 Wk = 1REE 650l A A Rl w27t 274
A (0.4%) A= Atk (Fig. 2).

2 ATE AAT BAHL WA E fYEE astde
2 SHBo|= GBEE Phragmites japonica®] 3HAHS o} 5 ot
AN o O

Hydrilla verticillata©]

S AR FHE FHA= AR =R EZY (Ricker, 1971) 0.2 ZbA 501 9] 4T} =3

o] &= 1 9ot} 3hH Q] FFEE 15~20m, &S [~10m, 5 = st d¥S T 2= Fig 31 2t 10 A}
AE 0.3~1.5mol gk 2AAH o= 1.0 m Eo] 9] E7h HA £ 7o R A%S vud 23 IR R A v
Hol & 50| &Nkt Aol FAHHUL sHF MO H] 3 A 24~29 mm w2 T 1348, 30~35 mm 2 T 2
£-9] 90% ©]/4+o] T} (Table 1). AAY, 36~39 mm w2 T 3WAY, 40 mm ©]4 Z2 9 4F4Y
AR A2 #ASEY ARE AT A o]t oo s FAEUT. 7 AT Y-S v 1AL 26 mm,
2 #7299l pHE 7.2~8.5, DOE 7.5~13.7 mg/L, Con- ok 2W AL 32 mm, I 3EAL 37 mmE Vet 69EE

ductivity+= 159~358 umhos/cm, BOD: 0.4~3.0 mg/L, COD ARE AA 15 mm Hele] A MAES 10€of= 20~25

Table 1. The environmental conditions at the study site of Rhodeus uyekii in the Bongseocheon (River), Jeollabuk-do, Korea, 2014

Bottom structure (%)*
B C P G S M
15~20 1~10 0.3~1.5 - - - 5 5 90
*Cummins (1962): B (boulder, >256 mm), C (cobble, 256~64 mm), P (pebble, 64~16 mm), G (gravel, 16~2 mm), S (sand, 2~0.1 mm), M (mud, 0.1 mm>)

Study Stream width (m) Water width (m) Water depth (m)
site

Table 2. The physic-chemical characters at the study site of Rhodeus uyekii in the Bongseocheon (River), from January to December 2014

Month Air temp. Water temp. pH DO Conductivity BOD COD
°C) °C) (mg/L) (umhos/cm) (mg/L) (mg/L)

Jan. 2.9 2.7 8.1 12.8 198 1.3 2.3

Feb. 9.7 6.0 8.5 12.2 209 1.3 2.7

Mar. 16.4 11.5 7.8 11.8 222 3.0 5.7

Apr. 23.0 20.0 7.6 11.9 159 1.0 3.1

May 25.7 20.7 8.5 11.1 181 2.0 39

Study Jun. 31.0 27.0 7.7 8.7 178 1.8 52
site Jul. 36.0 27.1 7.2 8.8 358 1.0 4.8
Aug. 29.0 22.0 8.2 12.0 161 1.0 25

Sep. 20.7 16.0 7.2 7.5 255 1.6 2.5

Oct. 18.0 11.2 7.8 7.7 237 1.2 33

Nov. 6.0 3.8 7.9 13.7 260 0.8 3.0

Dec. 2.1 4.4 7.5 12.7 318 0.4 2.3
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Acheilognathus lanceolatus

Acheilognathus rhombeus

Rhodeus uyekii

Rhodeus notatus

Zacco platypus

Rhodeus ocellatus

Abbottina springeri 1

Squalidus gracilis

Oryzias sinensis

Pungtungia herzi [ ]
Acheilognathus chankaensis | ]
Zacco koreanus | ]

Odontobutis interrupta l
Carassius auratus
Pseudogobio esocinus
Cobitis lutheri
Pseudorasbora parva
Misgurnus mizolepis
Sarcocheilichthys nigripinnis morii
Micropterus salmoides
Monopterus albus
Silurus asotus

Channa argus 1

8 12 16

Relative abundance (%)

Fig. 2. Relative abundance of collected fishes in the Bongseocheon (River) on April, July, and October 2014.

mm7Z}A] AgAste] gk 13 o] AAFe] skt ARE A
A & 7VF 2 AAE 37 46.1mm (2.4 g), &A 49.7mm (1.7
g)ol At

4. A7

Jm
0x

ZFA 5ol o Atett Zol/A o Hl& (%) 3¥5E S5t
7] A &8t 449 (55.3%)°0 7HF =% 7Y (5.6%)°0 7 W
Al vebsith aA L ERE Bl s do] tes Vg
3~60A7MA G, AHE AA IA F A5 o] e o
A B &L 3Y 32%, 49 13.7%, 598 1.4%, 64 1.4%= 49
of 71 A Yehd A= 39ERH 6997 R 4 H
Atk (Fig. 4). da W &Y =27] ¥sE S4% 24 A7)
A<l 39 11Y9E 0.7~0.8 mme] & F7] v]&o] 7H &%
I 1.0mm ©]38}e] u]g<5et Gut SISt A 71l 69
6Yoll= 2.0mm o9 & W PR A3 do] FRlEglon
A7) %ol 89 1599 0.7 mm ©]5+] u|Ad&3 ot g
A= et da oA ERIE & = A7) A 39 1Y
of 25170 = 7H ©ekar 7|3bo] AL A 6 6ol 16871, 8
o 1599 134702 AR} AT (Fig. 5).

2 39 A2 FAE= 4~69ol A% 28~45mm Ato]
o A&t dA 1070A|Y dAE FESHY ZHLE At
AT 104~168 (124 +18.1)7]0] 2 E4= A9 F7|9F AF
A7 STh (Fig. 6). ARbgo] Zoj- A% 27~38 mm
Aolo] A 2IAAE HFe 2 BERE gulsto] s &

[e)
= IR A 1~22(12.816.7)7H2 ZAE AL 53t &

o] 371= AH 2.8~3.5(3.2+0.15) mm, &7 1.4~1.5(1.4+
0.03)mm (n=30)2 JEelTh

2 FT2 A7 HE A2 A e] ZojA= R ¢
AL me B F4g0] st FdstaL F50] ok, A
ALejn] 7pgAtE], e =gu] S o] B sl A
= §40] U g9 o] 7Hestgh 24 71 F o
o] 676704, A o] 52170A|7F A= o] AdHl= 1:0.772
A AR v go] LAISFAIL A 7] ulE Fgt Aol

£ Bt (Table 3; *=20.07, P<0.05).

wor

5
2 AT AroHe AR % Huj T L2 Unio
douglasiae 1 ko] 1= o] (hA o] Anodonta arcaeformis
© 2 it 2704 29l) ZAlgol7t e A 249
= AAsheAs add 4 ok AR 22N e
38.8~53.8 (44.8£4.3) mm HYATH (n=10). T2 WA
geld ZAEole] 42 AAALE WL FHE FAsH A
AolA e on Fagt Zpoj= AR E ot A W
NN = B T2 oA BAE & U zojo] Sk
3~18(10.2+5.0)7} 2 Yrebgeh
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B 39 AAS Lotr] sl 7l AT AT A
o2 FA AT T 194 o] Aol 25t Z4
ZF A 23t WEee AR BadT AdofolA
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Fig. 3. Standard length frequency distribution of Rhodeus uyekii in
the Bongseocheon (River) from March to October 2014.

HE T84 EHEES AY BEEHA ga AEY EREE
o] & glEglon F27 (Bacilariophyceae)?] H|-&o] 7}
F = AR e A4 Fols BAEHA gttt 28
= FZ5 % Navicular, Cocconeis, Cymbella:0] @11

Y25 (Chlorophyceae)$! Cloniophoras= o] #2E ot
(Table 4).

|
2

A B0l B 50| tstia shAtols Wit 27t B2
84 2404 AAEEed, GARotE o7 FolAE d
E9GEN, &40l 292 A. macropterus, 7FAEA| 2

A. chankaensis®] XA 1} FAFSFE T (Uchida, 1939; Kim,
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Fig. 4. Monthly change of ovipositor length / standard length of Rho-
deus uyekii in the Bongseocheon (River) from January to December
2014. Vertical lines show SD and bar graphs indicate the appearance
rate of female with mature eggs.

11 Mar.
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n=251

60 (b)
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SL=42.7mm
401 1 n=168
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SL=42.5mm
n=132
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Fig. 5. Egg diameter distributions of Rhodeus uyekii in the Bongseo-
cheon (River) on 11 March (a), 6 June (b), and 15 August (c) 2014.
We used Rhodeus uyekii of similar length to control for size effects.

1997b). & ZARHL BAR o2 §HE sstdo| A &
At o] F= BE 5B 83 23F 02 ujj$ thofel Y i (Fig. 2),
6%9] dAtRolat o7t HASI Qo] FEE T A 4
g AR A Fehd Fuag e R g2 oA s EA
7FAZEE G WI 9a Aol ANAE SE
ek ol FAZIA AEEA ke HAAE AT shebst
T A7t AATAL SAAR o] Gt B} ASF
2 ol g3te 2/t M4 S AT WL wol
2 g sje}.
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Fig. 6. Fecundity (O) and number of mature eggs (®) of Rhodeus
uyekii in the Bongseocheon (River) from April to June 2014.

Table 3. The sex ratio of Rhodeus uyekii in the Bongseocheon (Riv-
er), from January to December 2014

Sex ratio 2
Month Female Male (@/2) (chi—s)éuare d)
Jan. 49 26 0.53 7.05
Feb. 27 23 0.85 0.32
Mar. 73 54 0.74 2.84
Apr. 60 57 0.95 0.08
May 29 40 1.38 1.75
Jun. 99 41 0.41 24.03
Jul. 62 60 0.97 0.03
Aug. 47 29 0.62 4.26
Sep. 83 83 1.00 0.00
Oct. 70 64 0.91 0.27
Nov. 49 22 0.45 10.27
Dec. 28 22 0.79 0.72
Total 676 521 0.77 20.07

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

Uchida (1939)= ZtAlg012] Aefofl 3t dAollA v 1d
A AL 35~40 mmetal B g vp et Ao R =4
St 2 A Aot fARSETE EARRRob o 7o) A7
tfst Baofd EYAE T 1dAL A% 40 mm ©|sf, T 2
FAL 45~50 mm, T 3FA o)A 55 mm ©]AF (Back et al.,
2002), E9AF A. yamatsutae T 1AAL A& 30~50 mm,
W 2WAL 50~70 mm, B 3WAY2 70 mm ©]4F (Song, 1994),
29A8 w192 A 30~48 mm, T 2 A2 48~58
mm, §F 392 58~64 mm, T+ 494 o4 66 mm (Kim
and Kim, 2012) o] o2 F4slo] 2 F2 gAFoln o7
% 2%l &t Holglth 22 &2 o olf F 53] &7
o &3l HEE7Eol A F01Y] AAEET} vl wol|

O
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I Q= ole FAT A W Al 29

20 HEo Aegs AT 3}% Y e A ko] F w2

Hel g 2 223 o

3t ZA) & 9 8)c} (Kitamura, 2008).

ZA 5ol AAL A7 Bt Abebo] ol Zojx]7] o

of &¢te g A Flo] 7hssta BREE gubste] A«

&S T 5 oh:’r(Flg 4). ZtA 501 & AF7]= 2.0 mm ©]
% e 3LRE 6E7A = FAHE A

2 17 7V A3 A g5 7H 4R 9] Blgo] 7H

EUE 4~590] A7) A HE T (Fig. 5). A% 42mm W

Qe

el

o)
N
o

AE ez 7|7t WE & 49 HalE &
o 23 39, 68, 5= 7\2hol AEA & S FH 2
Fled ole At A3 23 49 71 a7 gl
Ao 2 HhETH (Roberts and Grossman, 2001). An (1995a)
A 225 (GSD), 37, Attt Zo] WskE 2Abste] & £
715 3EREH 0¥/ R Bustgled & A7 Aet f
At
ZEA B0l o] ZR 104~168 (124+18. )2 YERY &
GAF 289~514 (381)7] (Song, 1994), EHAF 141~314
(225)7] (Back et al., 2003), A 2] 432~1,058 (680 +209)7H
(Kim and Kim, 2012)°] H]3] &2 49 &S 7}H ) Aket]
ToF ZHA| B o] oAl BEXE okabsle] goly A& o 4
= 1~22(12.826. N2 ZAIE O] A EZ&49] 1/10 A=
om W Qto A= GEAZEE 53 d7HA] o2 T
o WA E ZABET glo] thalaie T Aol ok Az
Ht} (Fig. 5). ol A2 wage alste gals 2%
AF Hjg 9 HA o] ElEo|E| a1 st AAIAE T4 D A
FHE FAs HeAtEFolgtal Hagk An(19952)9] A
Tob fAStAT ZA RO dEjAREoR 24H LY
ol qhHE 27 kA L3t Ao} A7l Bije] 24 )
= 9 &2 gAY Ao Adshe ARG
o8 27| Lo} AHgsHe Zlo] Aho] A
S =49 £ 7] fEo 2 HoEHTh (Aldridge, 1999).
U&F 2 B F AT AE] BHG Bo] 9
oA Wl FRFAT B AT ML TR 15| A3t
o % 2t %% Aelol tfshHE 2AeHA Rakgich 219 7t
710 A4 Aol Ged ol SRR £
Aot AR 2717t 245 AR Lol
Z]--,_Q]-‘_—-_ zFo] 7} vreEbTh W2 Yol A Eold & z].o1
TE 3~18 (10250072 yehf A2 o Akt
SAR 250, T 3 HEE TIAR deerte u

e

e

mlo bi=) l-N

3t
-
al
o}
=2

L) ZhAol9] e U FH] e fAE 2
i 3 ]O]X]E]'E EZE AgAo] Yot o g2 9 &2
Areket = Ao =Z AohETH (Song, 1994; Back and Song,
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Table 4. Food composition of the gut contents of Rhodeus uyekii in the Bongseocheon (River), on July 2014

Standard length (mm)
Gut contents
23.21 24.00 25.94 32.65 33.26 43.30
Cyanophyceae*
Phormidium +++ + + ++ + ++
Bacillariophyceae*
Fragilaria + + ++ 4+
Synedra + +++ + + T+
Cocconeis +++ ++++ +++ ++++ ++++ ++
Navicula ++++ ++++ ++ +++ ++ ++++
Gomphonema +
Cymbella +++ ++ ++ ++ +
Nitzschia +
Chlorophyceae*
Cloniophora ++ +4+++ +4+++ +4++ +4+++
Scenedesmus + + + +
Spirogyra + ++ + +
Closterium + + +
Cosmarium ++ +
Others**
Plant Leaf + A+ ++ ++
Copepoda + +
#4:1~10 cells, ++: 11~50 cells, +++: 51~100 cells, ++++: above 101 cells.
#% 41 1~5 individuals, ++: 6~10 individuals, +++: 11~15 individuals.
2005b). ol W=ZJ Unio douglasiae®] FE FA3to] AgslR
@AFo} ol fs T2 FUAE Bot] vig Y fU1EES I " & E AofY = 3~18(10.2+5.0)712 LERET
o MHAAFAo ek A/o] FHY ZfolE Bttt & ZrAlgole F8 HolWELS 279 Navicula, Cocconeis,
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