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- This study confirmed differences in diet resources among habitats for Acheilognathus koreensis, which resulted in growth
and fatness variations for each population.
- This study can be used as basic information for conservation and management strategies of A. koreensis populations.
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Abstract: Endemic species are defined as taxa that naturally inhabit and grow within
a specific area. Because they easily face regional extinction, continuous management
is required. In this study, stable isotope analysis, length-weight relationships (LWRs),
and condition factor (K) estimation were applied to oily bitterling Acheilognathus
koreensis inhabiting three representative rivers including the Geum River basin,
Seomijin River basin, and Tamjin River basin to compare ecological property and related
biological conditions. Based on the corrected isotope value to account for difference
in carbon isotope ratio (§'°C) of POM, A8™Caoreensispom, estimated isotope niche areas
of A. koreensis between Geum and Tamjin River populations were highly overlapped
while those of the Seomjin River population were discriminated from other habitats,
indicating differences in major diet sources among habitats. In addition, LWRs for the
Seomijin River population showed a good growth with a b value of 3.155 compared to
Geum and Tamjin River populations which showed relatively low growth rates of 2.888
and 2.968, respectively. Fluctuation of the K value of the A. koreensis tended to decrease
with growth in the Geum River while that of the Seomjin River population exhibited
the highest increasing trend. This study confirmed differences in diet resources among
habitats for A. koreensis, which resulted growth and fatness variations for each
population. Our results can be used as basic information for effective conservation and
management strategies of A. koreensis populations.
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LA B

215 (endemic species)= 573 A9 oA AtAA 0
KA Bl Agohe AEF R AHolu, FaH 7T 2
S/374 &7 Hete] FefFstal, QJEate] BN &
Q1 A7t EoH, A4 wetk 7HsAdol 7] wiwel A
2l | 7F F st 19929 TEE AEThd A
(convention on biological diversity, CBD)ll A Z}= W A
Aot AEAFol gt F82 deE A, 7=
off sl A= =T AAIE 5 2 F714Q FA A
AE oF8kstal QITH(NIBR 2013). THFA|, {52 =t
7250 2 77 SRlel SR SAH T U T
2] ti/de] Eojof st ol el tidEo] A= 9 AH
2 574 T thgRt B Hof| 7|HhE oo} gt} @A f-2uhet
IHE F olFE 66522 A% =] 9121 (NIBR 2020),
ofFet Ao e Bl B Sl AAAAL A
(habitat suitability index), "8 Ell-F (ecological flow) 52
WS ol ARt AAA] €735 opefetaa; k- dskal
Roh Zt T Hol U YT T A 54 A=
YK Fof Y S| o] 5 Aot

G270k} (Acheilognathinae) 7= %12} (Cyorini-
dae)oll &oh= 49 Hrol® Syt skl BFd
Ao g &dH M FETHO] (Rhodeus hondae) S ET
sto] 34 16%0] 715 9 EF5 T UCH(Kim ef al. 2011;
Chae et al. 2019; Seo et al. 2023). ©] Z, Z'HAF (Acheilog-
nathus koreensis)= F-2|et AFE o2, S5, A7,
Y57, H 5 Adliet Foll= 22+ shdefl a5t
Hietof| Zoluf Abgo] -l fr&o] et 27}
= Xofl AAlsHH, AR ALF (aquatic insect)©]
L B22 7 (attached algae) 52 T2 AAloks A=
LA QIth(Kim and Kim 1990; Chae et al. 2019). @
72 =HelA AEARE tiido=z e A= A
71ZFe1o] mulF &7 gk 225H] A (Kim et al.
2006), WzB] wekzAo et =44 A+ (Jeong et al.
2004), 42| mlAlE E APl TRt A+ (Jeong et al.
2006; Kim et al. 2007; Kim et al. 2011) 5-°] E1EA]TH
AYeoha] At A= 79 ZokE 4= glth. o] 72 4417
Ul BES Aolide 1150 58 ol 9 AAA, thE
o] F o] AH|eHA AJtA| 5 thRt AEisH] A &
S Aok, whehA, fhs REQl AEARO HES
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Slaf el E4e Fske A7t ol A A
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wjo]glo] wls) AA1zte] Aol A& FARL7} 2
B v gR SAEE 202 deidl Baste) U 2
(6°N) SHAERLIE IR B4 5 e Ho)
EEEEEREDEEEE R EE
FEATE ARE 92 4 ] e e
Eja} Aol 8= a1 QUTH(Fry 1991; Vander Zanden and
Rasmussen 1999; Vander Zanden et al. 1999; Dubois et al.
2007; Gal et al. 2012). & S°1, 7|24 Ao e A
QPHES LN Aol A4 Blo] g 24 Ao &
& 7150, 4417te} Hol gl Afolo] Lrehhs 24 oy
F9940]0] Boilzloln AR WS ugo R det
A (trophic level)©] FE-E Z52 5 lth(Minagawa and
Wada 1984). SO E FAFLALHE Foto] T4
B Holg 2 24 (Gal et al. 2012, 2016; Choi et
al. 2013; Yoon et al. 2015), FAFHA = AR H A (ecol-
ogical niche space) =] (Choi et al. 2017; Seo et al. 2018;
Oh et al. 2019), Hol¥e] 71 oot (Kim et al. 2014a,
2014b) 52 A7 RO Siet 59, g4 B A ¢F
FEALRHE ol-8Rt BEe] AN g e
ST T A Al wE AEjers £/ Aolof it A
HE AlFoks AF2 2T 2= Itk (Newsome et al.
2007; Seo et al. 2018; Oh et al. 2019).

o729 M4-AlF A (length-weight relationships,
LWRs)E 22l o172 A@7 8L (8978, 84
)= st B4 Zolof sigste FA A5l A
59, ofF WAl R AAA ] A7, A e B
A 5 TR 2B Y] R Hig A x 2 Ef 7Hs st
(Anderson and Gutreuter 1983; Busacker et al. 1990; Baek
et al. 2020). B]TFE Z]4=(condition factor, K)+= o1F2] 2
ole} FAC] Hl&S AtEShe olth A Zol¢] o7
< AP H 77 A9 GF g7 o F=sitte A
Alstel] #5013 g oz, o Fof Ho] 44 AJHE
Stof ol F-o] Hgtsl AL, Hololg JHl, 4 = 5=
71 = Ut (Fulton 1904; Seo 2005; Lee et al. 2014).
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Ecological characteristics and health status of Acheilognathus koreensis among habitats

S 5ol A IHE A 2 =8 Ho o] thsh A A2 =}
3}ol5}al, LIWRs ¥ K& &
wote] A2 AE A E

2 wshd et

2. M= 3 Yy

2.1. A= M

ﬁ.'__rL ]:H/\}E.O] 71—%—1}-_?__.;] iHZ]_S__ i By
Fot S0 A Fo)A 20229 395EE 9972 A Lojct

dof| F 43]of] AA AAIsFA o™, S (kick net, 5% 5
mm)E °]-85te] A 21 W &3} Aol W2 i Ret
oo Bk A4ollA A skt (Fig. 1).

Y23 F71& (particulate organic matter, POM)<] <F
BEANLE FAS ol ZEAE Alm A5 Al 450°Cell
A 4AZE 5t vl Bl GF/F ©132] (0.7 um pore size,
47 mm; Whatman, USA)°ll Z+ AL 214 9] BS54E 300
mLE o 7ste] 4 HA7HA] -goeCe] HastlH.

3 9 4%

rh

36°

A WA T ohFe 2717F 2k 4 s
a2s AR AZIE 10 A (AE F 40784 A1)
2 QTR A] Ao o] g5telnk. A
2F79] A% 9 AFE 1 mm, FAE= 0.1 g F7H] 53
St & 5 T8 (dorsal muscle)S A&3t] -80°CE B3
o a3 24 QP E o daH] £AS 9% At
5 1%4 POM A& FEAZ7]E o-85to] 244
Fom, Az 5 I8 Alss AR
ol oF 1 mg= ot Fotirh. dura e
) A BAE Qg AEes AE A7 E
L5, 2 Aol A FYE9l At Ao &8t T 2
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th(Choi et al. 2020).
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Fig. 1. Study sites and photographs of each river habitat environment.
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Bl hge] 418 ol 5to] “5” Lo 2 F7I5HTH(Eq. 1).
613C or 815N = [(Kample/Rstandard) - 1] %1000 (%0) (Eq 1)
(R= 13C/12C, 15N/14N)

VPDB (Vienna Pee-Dee Belemnite, IAEA) 2} t7]
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2.3, JSENX|{HY ME

FAE AT A A2 R (v4.2.0)= 7IFES
= SIBER 7]A] (Jackson et al. 2011)5 -85l =43t
SIBER 7] A|= 7|3 SIAR (Parnell et al. 2013) ZH7]x] ol 4]
HJo] 2|9t & (Bayesian inference) @} <= B} (standard
ellipse)= 7|5FC 2 FF BFY W2 (standard ellipse areas,
SEA)& APl AHIA IR A Y S WA 52 AT 4
A JHEE 589 mi7| x| o™, thHEF (multivariate)
THE ARSSte] A2 B2 2 Qe IAYsk= mizHS
O] E94d& 1efof BAH Rdl Avprt et o] A
ArEt} (Jackson et al. 2011). ZF AAIAE ZgALE9] §13C
o §”NE oAt AP & (scatter plot)= AlZF2lstl, o]
£ =214 SEAE HAISISITE SEAS] 2719t A= o
AB=2] G2 2|9 (trophic niche) 9] /-2 I Hrggt
ot d# A 1O (Bearhop et al. 2004; Newsome et al.
2007), 4 Aol A LrERH SEA+= H|o]Z|9F F22] 80%
A1=2] L7 (confidence interval)= B O 2 A 2SSt

2.4, M%-H|1S 27 (length-weight relationships,
LWRs) & H|at% X|4:(condition factor, K) A=

TAE AT Y= B7HE 2190 Keys (1928) 2] HH

of wkat AA-AFTA (LWRs) S AH&319TH(Eq. 2). 21
= HetE A0 Y 39 £A4& ARSte] A (a) 2t
SAAT (b)E AtoEA o™ (Eq. 3), Aol 9HA A7+
7] glo]E = o] (outlier) S Al A SFH T (Froese 2006).

TW=,TL" (Eq.2)

log (TW) =log (a) + b log (TL) (Eq. 3)
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(T'W, total weight (g); TL, total length (cm);

a, constant; b, regression coefficient)

dibz o 2 LWRs®| SAAIS b #0] 3.0= 7]1E 2= ©
Hot 29 Zojof vlsf Hthistal, 2o Zojo] F7iekE
HIT5}HA] ¢F-2-2 ]|t (Froese 2006).

LWRs &4 l ARG FLe HolEE o]-gsto] HTt:

A5 (K)E AFESHITE K= Al 780 AlAlE gre s
o] A=5HH Anderson and Neumann (1996)2]
= USITH(Eq. 4).

K=TW/TL*x 10’ (Eq. 4)

(K, condition factor; TW, total weight (g);
TL, total length (mm))

K&t 7&% 7t AR A 7187] Zho] oFo] ZHe Ko
et FgE UErL, 52 ghe 2ol dast Y
UeRdth o2 S0, E4 o|F Al K gho] Ak
2 =/ yepdthd, s o] 7 AL e] Bo| Aplo] =
st AAjs] o e siAlehe o] 288 4

(Baek et al. 2020).

g

O
"

o 10

25 574 24

A i 2] 2424 (one-way analysis of variance, one-way
ANOVA)= o|-85tof ZF A A Aol A e ZgATo] 4
H gl 24 4} ZolE ottt One-way ANOVAE
R (v3.6.2)% 7|8t 2 stats T7]Z] (R Core Team 2016)2+
vegan 1j7]Z] (Oksanen et al. 2019)E ©]-&, Shapiro-Wilk
testQ]' Bartlett testS G-3oto] B3 F24S At

Z70] 92] ok= ZF= = Kruskal-Wallis testE 5ol &=
A O]'Oﬂ o, BLE ARF 72 Bonferroni corrections 2]

¢} O]' M‘:]'.

3. 20 Y Ay
3.1, 2 HAIHE ZERE JHHRS) PSS At
AEX| /B 22
24} 712 B9 ARE AL F 0ssAAZ, A

ZYoll A 35770A1E AL, S7delA 350704, B7
ol A 2787HA1E ZH2t A sHATh (Fig. 2). A AP
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Geum River Tamijin River Seomijin River
o
I _ — - ]
> ; n =350 ? 3 n=278 23
g ] g ] 3
g2 g% ] ge
i | | w i
o | — | o — o
r T T T T 1 f T T T T 1 T T T T
40 50 60 70 80 90 40 S50 60 70 80 90 40 50 60 70 80 90

Total length (mm)

Total length (mm)

Total length (mm)

Fig. 2. Distribution of Acheilognathus koreensis lengths in three rivers. Fish within the red line range were utilized for stable isotope analysis

(40 individuals from each river were used).

A Wt AL

7.8 mm), 8%
EPZ‘[71—37

+

F74(67.6+£6.5mm)°] 477} (64.4
(65.0+7.1 mm)®ll Hlﬁﬁ o, MEs
12g, 874 3.6+1.0g A% 33+1.3
o|qltt. 7]Ee| K AgARo] Hdt A2 5~8cm=
(Chae et al. 2019), &2 AFNA Y H MATES H2
AYEELE Bk
ZAL 717F 59 ZF Al A AR POM O] BhA QF
L HAH] ZH(SPC)2 Bl —26.4+1.1%0 2 X7
(=29.1+0.8%0) T TR (-29.1 +1.4%0)°1 BI3H At
o7 &2 & Holi SIglth(Fig. 3A). POM 9] H4: <t
=9 OJAH](SISN) Zre ko A AskFo 72 ols] B4 ZF
< g5517] Eotlh
FAE ZAGAF AT §PCE 2AF A7) whE 2t
] L]—E]—L]—X] o1-o1-o1/]. :1_71.( 19.2 +1. 3%0)1,]. ErZ] 7o
(-21.2£1.0%0) A X7 (-24.7 +1.1%0) 1| B3l AH
Ao g =A YebHTh(Fig. 3A; ANOVA, p<0.01). Z'd
AT A2 §PNE AEA 2po] Egt F 2fol= I%1e
L, A7 g7 WAl A 94 °ﬂ 7ot A
Bt ZF AT B §N g2 A X7 A4 Ao
124£0.8%0 = JHAC R =tom, 27 7HAlT-(11.2+
0.7%0) T+ B Z17F ZHAITE (11.2 £0.5%0)-2 -FAFSH Lrekst
T} (Fig. 3B; p<0.01). A EfAINA F-74d 7] A Ho|2 o
AZ= POMIH ZGAF2] §83C Fh2] ZFO] (ASPCa koreensis
rom) S HlIWSHA, 57, B2 Z7F 7.2, 7.9%0 = -rr/‘]'
gt 2polE Hl BHH, A7 oA 4.3%0 =, dHHA L
2 A2 ZjolE Byt dntHor By 7|2 P4kate]
81C F2 F-74 7124kt vlsl =2 gk Hol=t,
ol Zt 7|12 Aot 8-EF 7194 (dissolved
inorganic carbon, DIC)2] 2to]e] 7] 1%t} (Lesniak and
Sakai 1989; Gal et al. 2012). THebA, Az o2 2ke A
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Fig. 3. Results of carbon (5"°C) isotope ratios for Acheilognathus
koreensis collected from each river and differences from POM car
bon isotope ratios for each river (A), along with results of nitrogen
(5"N) isotope ratios for A. koreensis collected from each river (B).
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2 0] 7122k (baseline)ell ool A7 =|7] wliZell A==
AL 2 FE WE 4= ITH(Oh et al. 2019; Won et al.
2023). & oAl 71A Aee] P E AL E uhe
o5 FAUA WS HAste] AH |9 HHE AlFst
1A} sEGITE ZF A A Aol A 714 8E<Q1 POME] §7°C A
o5 At A8 Ch koreensisroms ©1-85F%] SEAS HA et
A}, 73 FRZF WA 1] S WA HlE2 S

Hh, A7 A2 5254 AAEHAE 7L =
7210 &2 UEFH T (Fig. 4B). webA] 2732 & 317 ZRAlEell
A et B2 A SEAS] T3 Afol= A A1AE §C e
712kl ofgt Ao &, T AAA TH AT A4

3.2 ZHXE M2 HE-HF oA A

HIOHE x| H]2

2 Aol HHE ZEAF AT LWRsoll A A4
Aol g AH & ZFolE H It (Fig. 5, Table 1). 743
Holgo] 7ot AjA o R w2 Zos waEE= A
A7} A2 b rel 3.1552 AHErF Fogh vhd, 2
7 AT 242 2.8887F 2,968 2 ATHH o2 W
KAtk (Fig. 5). K= ©X7 R4l B

1.30£0.09=2 71 =11, A%17F 7RA1(1.18 £0.09), &7
7H1ﬂi"(1.1510.08) %02 Ueht(p<0.01), 70

%@ﬂ&%

0$

© oGt U A7 oA MASHs A A e did s B2 AUAE FA5ke] Hdisid & = 2
o2 A AA A2 Holde] 2pol7t 9le-S 7zt S AAgE o 2 H Ak AR Ao wE K #el WE
Ol Bl MG ANAL U9, AL 5 BazRel /1A & LWRsOl b A AR P2 Holth(Fig. 6). IS S
o] T2 A&l o] H]af @A]5] Zrot 2 A4 Ho] A 4]o] t} o, b kol 7P e 57 A 7o) A= K 2ol
2 A zo] Hls] AH o8 2UslA] ekore-e AAFsH Hashe s BAor, B3 AL 478l we
o}, SEACS] AAL AN 2.50%02 2 7H W wale Kk Sl A9 galeh iel b gtel 3 ofdes U
Hol, @17H(2.31%7%), B2 (1.66%) T BAHCE o]  HU Fut GHEE BAd 43074 Al el o
gt 2}o] 2 HATH(Fig. 4C; ANOVA, p<0.05). S K {37kl 7 A v
164 A 161 B % 4cC .
. . = b
144 s 144 g3
& ‘G a® S £ A\ 3 C
; 124 0,% 0060 a,.g\ > ‘E 12- %g o 3 24
o fos oo 38" ) /w =
© NS ?‘9&’ © ‘”o% %
104(:)<3eum E o 10<OGeum i g 1
@ Tamjin @ Tamjin g
84@Seom;m ( ‘ . 8~@Seomjm ' ‘ ' & 0 i ' .
-30 -25 -20 -15 0 5 10 15 Geum Tamijin Seomjin
3"3C (%o) ASC,, oo (%o) River

Fig. 4. Dual plot showing carbon (6™C) and nitrogen (5'N) isotope ratios and estimated standard ellipse area (SEA) (A) and results of cor
rected (AG™Ca koreensis-pom) based on carbon isotope ratios of POM (B), indicating estimated standard ellipse area by SIBER for each river (C).

Different alphabet indicates statistically significant differences (p<0.05).
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%l P % I
I S S
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Fig. 5. Length-weight relationships (LWRs) of Acheilognathus koreensis collected from each river.
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Geum River Tamijin River Seomijin River
2.0 2.0 2.0
< 16 < 16 < 16
L L L
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© © ©
& 0.4]K=-00020(TL) +1.2851 S 0.4/K=0.0007(TL) + 1.2589 S 0.4]K=00027(TL) + 1.0049
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Fig. 6. Results of condition factor analysis (K) for Acheilognathus koreensis collected from each river.

Table 1. Descriptive statistics and estimated parameters of length-weight relationships (LWRs) for Acheilognathus koreensis at study sites

Total length (cm) Total weight (g) Length-weight relationship parameters and statistics
River n

Min Max Mean Min Max Mean a 95% CL of a b 95% CLof b R?

Geum 337 4.3 8.6 6.4 1.3 77 3.6 0.01418 0.01226-0.01641 2.888 2811-2.964  0.97
Tamjin 275 4.0 8.5 6.5 0.8 8.3 3.7 0.01205 0.010562-0.01380  2.968 2.968-3.113 0.98
Seomijin 347 4.8 9.0 6.8 0.9 8.1 33 0.00898  0.00797-0.01013  3.155 3.090-3.219  0.98

7ol g AR =T Fo st yehd A7l A4 Aol wtet getd 4 Q171 wi=oll (Le Cren 1951), 414
sHe 29 AR 244 Holo] Jlolmt 4thA A, A W 5l ol w olszel B} Aaby
O = A vehy g%, g7l AAske AR -2 < 7Hd 7Fs/d o] ATt (Baek et al. 2020). THEHA] THF
H= RS 7HA L JiTh whepA] 2 A A B SF A AR A] S ZERIFe] AR 9 Ut & Ak
$4 Bolo] Jlolwst ke AAel AdARe sk 27t ATk AT B8 A9 4 ol A4,
Al G2l AL02 ST S sick ol SEUAA N AR SR Wb s glo we
o 2 Aol Holdo] AHoR Fo ABEYD 2 ATE Bo 2AR] 444 7 wet wolgl
9} 22 2] Rl 9l WEOE E D A A9jel Aol SrIslen, Sel 25 oo

i

TH(Ahlgren et al. 1997). SHAIRH B At wo]¢lo] 2t O] 7|7t B2 AAA Q] Aol A4 B W=}

o5 st HolA= ZF AAIA A AR 714 o8 ot AS v o s ol whE At 4%

ol -5 Han] £ Zh(end member) ©1& 9 BIREE O] 2o & gl 4= Qlith 55, 2 AellA

gt Ho] 7]l 77} d 8 5 Al Zfh AAAE of 7o A EA1} 4% 3 Hnkeep
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