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Identifying Degradation Causes of Endangered Freshwater Fish, Microphysogobio rapidus Using Habitat-
Environmental Characteristics. Ju-Duk Yoon* (0000-0003-1667-327X), Keun-Sik Kim (0000-0002-2081-2589), Chang-
Deuk Park (0000-0002-7832-2806), Dong-Won Kang (0000-0003-1799-8295), Heung-Heon Lee' (0009-0003-5577-2569),
Chi-Hong Lim?* (0000-0001-8117-8780) and Nam-Shin Kim? (0000-0003-1471-3151) (Research Center for Endangered
Species, National Institute of Ecology, Yeongyang 36531, Republic of Korea; 'E&E Environment and Ecology Research
Institute, Jeonju 55021, Republic of Korea; *Division of Chemistry and Bio-Environmental Sciences, Seoul Women’s
University, Seoul 01797, Republic of Korea; 3National Institute of Ecology, Seocheon 33657, Republic of Korea)

Abstract  Microphysogobio rapidus is designated as endangered species class I by Ministry of Environment,
and its distribution and population have been gradually declining, and it is now limited to the Nam River and
some tributary streams of the Nakdong River Watershed. For the restoration of this highly endangered species,
it is important to identify the causes of the decline and establish appropriate restoration plans. However, due
to lack of basic data and ecological research, most steps are stagnant. Therefore, in this study, we identified
the differences in the physical, biological, and sociological habitats between current and past distributed
sites through field surveys and literature reviews. As a result of the field survey, there were differences
in conductivity between the current and past distributed sites, and fish communities were also showed
differences. The literature data also showed that the physico-chemical values of the past distributed sites were
generally unfavorable, which generated negative consequences on biological factors. In particular, the effects
of urbanization were found to be a major factor affecting the habitat of M. rapidus. Habitat stabilization is
crucial for the recovery of this endangered species. However, in the past distributed sites, disturbances such as
stream development and weir construction have altered streams physico-chemically and result in changes of M.
rapidus. Therefore, a comprehensive plan that considers both stream connectivity and water quality is needed
to manage and restore the habitat of M. rapidus.
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o2 F7]H A= Q7] AEol= et 3
F v)A 7HsAdol EAgTh(Isbell et al., 2017). otol=Y
A= R et o A&AQ AtEE
O3} ¥AYS}H (Faulkes et al., 2011), 2172 =& 7l 319
= Ad AHAE FAEAFA=ZN BE AAFT] A2A
9 ¢hit A5 BF AR wet A =2 BETdA
9] 727} oF7) =] A 9). o™ (Arthington ef al., 2016), EA) 2]
AZE ARG 7ol e AETGFY SdHE s &
FTH71%2 AP ste] BejsiaL Q.

BEA71E52 994 B AdE fdacles Qs 7t
7he vlEo] A8 52 HE 7HsAol e FoE (oA
= 23 9 o Bt {HE) S7HEE HES AFst A
7, HEsta vk @ojfe FA-AERE AYst A
AARCZ 7 A 9] =2 AE ERTSE(Sala
et al., 2000) Eolgks St 3404 Aorlr] wief ot
E AETl vlsiA mgtol tiek thA Wete] BEFCE ¢l
3 11 gekE 243] ol a7} Azkstth (Helfman, 2007;
Darwall and Freyhof, 2016). @077} BEH7|F50 2 X
e AL diFEo] Izt o3t wHe & s | =
£ 44, eEEE vl AeA A4, AAF old. 98 5ol
o, 3P 2P E BFH7IE0] FFJA WA= B S5}
A gt

SU BF7] oI ER ARE T2 T 282F°|H
(20229 71%) 2F Eolie 29522 7|E 270 s
2%0] F7hslrh(Hzo] A, o]5Al, Aju], 571 F=7h.
AE AFAAE 7822 92 ARE T2 115, 119 F
Z 18Fo|th 17 5 F /MAIT 2719 BEE EW=E H7}
Al $AF o2 Bt 7P Alge FE F st o &mkat
o|c}. o] 2ulRl= Chae and Yang (1999)0] A1$0 2 5231
Fog U AfFolH Sy st F GEAAlnt
AAsEaL Qlek. =2 5P SRAIGY o] wEa 2]
W2 vl AAste FeH oz Enpaiel fAlSEIL A4
A& SHITHNIBR, 2019). 415 27 o]% A|&Z Q] &
A G} AAZE AAR Qlste] 2012W S5 o5 HEY
7] oA E I T2 AREL, 20189 FEH7] oFY
AE 2 F4AE (MOE, 2018)°] w2} SASHdEFL
Z g 2o o, Z7MYIEZMEE (Korean redlist data,
NIBR, 2019)°]%= CR (Critically Endangered) 5522
o2 Ado] fgo] &4 H7HE Ut

oguiiel BAE A7 RN SR s
BEN7ITHATEEZANNIE, 2023)5 AlQlsta & 4
W 27| YALAT (Hong ef al., 2015), RANEDH AT
(Hong, 2014), 7HA- 574 ©hFA A5t (Hong et al., 2023),
23X 9 A7 (Hong et al., 2017) 50] THEH AT &
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1. ZAKIE Y A7]

o gupate] 27| HEA Y Wt gohg YA dEH
7| EHTEEZZAF2022), ESHYEAN(2022), Hong
(2014), A=AARH 2AH(1997~2022) AtRE B85t &
do| geld Aol gt R E FRagt T A=wE F
22 2AXHY golg 95t 20199 7|Eo 2 A &
2 FESt £d K75 TR, 20199 o]F &0
A&H o2 IRIET e A-E 2T EHAH (Stp), 2019
d olF Edo] EIHA P = AHE HA 28AA
(Std) .2 FE3to] AAJStGTt ol& EE 7k &3
SHIL 9l 4X AT A Ed 8AHS AAsH FRAE
FoIGich (Fig. 1). 9&vhe] BARE 28AHL =&
2 W3lslo] ArcMap 10.4 (ESRI, US)E &-8-38t0] A=A}
FAB] A SAAHE AASHATH(Fig. 2). TRt EE917]
T EE Audod Fs FaE 7IASHA gk EF
ZARE 20209 249 (FA), 4~5E (EA), 9~108 (FA) ¥ 3
3] AAlsHc

=1}
=]

2. ZA} gt

1) Ol3fats 291 2

oF A +

=4

YA FY AHANA AR gt o]}
A ol #4o] FAlo Y= 2, &E44 (DO,
dissolved oxygen), A7) A =% (Cond, conductivity), pH+=
thH-E4=2=%7] (YSI Professional Plus, YSI Incorporated,
US)E o|-&3ste] @AolA ST 5 (water velocity)
3t =4l (water depth)2 ZAAH F HFAS Yeb= 34
AL garo g 927 (Flowatch, JDC, Swiss)®F A2
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Fig. 1. The map of field survey sites (blue circle: current living sites,
red circle: past living sites).
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9 A4 &9l & HEstgeH, 079 42 Kim and
Park (2002), Kim et al. (2005)& ©o|-83t2om, E&A4
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Fig. 2. Historical distribution of Microphysogobio rapidus.
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gt 28 AuE HIELE BA FdsHd -
A Edsh= ARG AAR] EAES Blaste atolE mhet
]’ ok A4S Qe A=l He S, AEHE,
AR A Mg =SS0 S et s
%ﬂﬁl—]‘ﬂ EF P EAIAH 9] 2016~2018'd Ato] 9] A
E=Au Z]-J'Er'_(https //water.nier.go.kr)E &34t A&
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EqE ST 7MY QA s AESAT AR
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sto] giAFR|H 9] 81 S S ZHE buffer distance%— 1,000
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PO4-P, TP, Chl. a7} &8 oAM= sHd-+=29 shak7t
ZE e el BERA, oF, F22F A4
WP FHFFTEE Fw5to], AERolle A-E oiF vl
£, BAFES (Microphysogobio yaluensis, M. koreensis), 5
Hol W= (RRAZF, Cymbella affinis, Navicula minima,
Melosira varians, Nitzshia amphibia) (Hong, 2014)7} X%}
3tk off= WS MAIG vlE, FASMAS v, 54
A vE, ASAAAATE, AAESTE B2 2F= 2

T
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FHEUF 35 U ANUE RYPYEUR F4 2 4
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229, 5AAL, AP, 24, 474, WA, £ 5 37
2 78] ARE FEIAT,

4. X2 BN

AFZA ATE EWE ST 4A SJAHY &
el tigt FAA AolE Bl &4, A7)A
T, pH, §59 s B4 S35t o, SARAS
PASW Statistics 18 (IBM SPSS, US)E 0|83} vz 5
Al Mann-Whitney U testZ 283ttt SAZS &-83t
ZAAEE 3 E4 (community analysis)2 $J3] $8%=
(Simpson, 1949), 5% (Pielou, 1969), T4 = (Margalef,
1958), TF%¥ = (Shannon and Wiener, 1949) A|4& AFE3IS
o g A% A FAAYY iR 2Ye ol FHal
317] $J3l nMDS (nonmetric multidimensional scaling) &
43} PERMANOVA (Permutational multivariate analysis)
H4L £33t nMDS 242 similarity matrix®] X
HE 7t A #AE HEd 4= & two-dimensional
ordination ©|-&3}th(Field et al., 1982). SAHE HjEE
2= ZHE Y= A4S square-root-transforming s}l
Z} pairwise assemblage®] Wt Bray-Curtis F-ARE A5
WY o =R 22E AR EYAE T8}
o] nMDS #4412 38t stress values F3f 272 &
|48 B7PIETH(<0.2 (E8), <0.05($4) (Clarke and
Warwick, 1994). 237t 414 £4& $13F PERMANOVA
£ Type III Al®¥ 9| Permutations 9993|185 43391
permutation ¥4} unrestricted permutation of raw datas
Z435tge) 2 Ao A 42383 PERMANOVA, nMDS &
442 Primer 7 (Primer-E Ltd. Plymouth. UK)< ©]-83}%it}.
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FY o] o] 5= & HSE AFQo|= IAEA
(stepwise regression analysis)& 3] XA 3]F£4] 9]
HEE ARGSHA 2 B4 AXskath ByoA S5H
£ A%stes SPHs @) AYoR JAREAT
X el (bidrectional selection method)S ©]-&3}H oM, o]
At S o8 AAE SHUSE T T A4
S 757 7hssith AFletol= 24 ARt SAH F
HpE o] g3l ZX|AF 3HEA (logistic regression
analysis)& AAISTH SHHS: (FFHP) e TE58e 7
o BAE EAstG e ot B2 44X mge] At
of QojA g E40] 7HX L = FAA Agto] gl W
T8 Aro £A4o] 7y =E2H A1 5 7MY 2
o] Ael2 AIC (Akaike’s Information Criterion) SA|%
271202 7Py Be AIC G 4 BEE BFH0E A
23}tk (Anderson et al., 1994; Akaike, 1998). £4& R
package (R version 4.2.2. R project)& ©]8-3}o] =33}t
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my
H

et AL G54 FRA 6] AN B,
AR E BESH o SelEglon), 20084 ol
B Aol e 80| lE Stk Fig. 2). W
SACIHE WA AFE AR QA oA ST

glel, BE WI7h uhs: Agtalo| gl
AFZAPIAE AASE] SIE T Qe ddolA
£ 1AL A9 (Stp. 3L J2mixizt s glort, 3
AZBARENNE dubae] Zdol 2AP|ZE B &
Z

o

NAezqt FAFHOR {o5t zfo|7t I At (Mann-
Whitney U test, p=0.026) (Table 2). 34 &IXHE 5
Std. 28} Std. 3& A9l o2 APEL A ALt &
At Q= AFES AVARERT} 2 $X]7}F ERIE
Atk BFH £24MS pH, 74, A2 giEE SR 9
£ 2o EAFoZE 2o|7} QliTh(Mann-Whitney U
test, p>0.05). 3P0 A AASAAH A= AL o
4 3717 FE o|FoY, BASEXNHE 5 gie A2
37130 B o] "o #A Ueht= G50l RIS
AfedANdH AdAZEXNHY AFEHole TAF
2ol 7h = AL 2 ERIEtH(PERMANOVA, Pseudo-
F=4.8867, p=0.012). @A o0z} IR HE A= 13
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Fig. 4. nMDS results of study sites.

AT 8905 T AR FEAME BAREAY
oA <JFF2] Hl&o] wIL, vhE FAFQ BfFAR} &
oRRRe] HlE2 237 W2 ASE FQIHJH F8 Hold
O FFHE FARFY U= 23] fASAAH S
A 2= Uedt ol7e 8454 FEolhe WS
AF 28 BlEo] FASINHSNA B4, S F2
Hl &2 AASIAH AN w3k BT FET S di2

('

lo

]

He GOl LA AR RS AR HoA e
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Table 3. Comparison of habitat characteristics of M. rapidus between current living and past living sites. A total of 56 sites data was ex-
tracted from biomonitoring survey and assessment data in Water Environment Information system managed by National Institute of Envi-
ronmental Research, Korea.

Current living sites (n=3)

Past living sites (n=53)

Mean+SD Range Mean+SD Range
Environmental factors
Water quality DO (mg L™ 8.15+1.13 7.04~9.3 8.95+1.62 6.48~12.54
pH 8.14+0.56 7.55~8.68 7.9810.62 6.7~9.51
Conductivity 115.9+44.42 78.5~165 200.75+100.63 60.45~474.35
Turbidity (NTU) 4.29+1.41 2.75~5.5 5.22+3.56 1.35~17.45
BOD (mg L") 1.55+0.73 0.85~2.3 1.88+0.64 0.6~3.4
NH;-N (mg L™") 0.02+0.01 0.02~0.03 0.05%0.07 0~0.36
NO;-N (mg L") 0.96+0.3 0.7~1.29 1.14+0.49 0.36~2.47
TN (mgL™) 1.34£0.37 0.96~1.69 1.78£0.72 0.65~3.29
PO4-P(mgL™") 0.02+0.01 0.01~0.03 0.02+0.01 0.01~0.05
TP(mg L™ 0.07£0.06 0.01~0.14 0.03+0.02 0.01~0.1
Chl. a 1.65+1.66 0.45~3.55 3211221 0.4~10.8
Physical Substrate (%) >256 mm 10+0 10~10 16.17+£26.5 2~70
64~256 mm 80+0 80~80 36.8+31.85 10~100
2~64 mm 10+0 10~10 66.79+32.79 10~100
<2mm 0 0 20+17.68 5~50
Stream order 4.33+0.58 4~5 4.59+1.18 1~6
Biological factors
Composition Exotic species (%) 0 0 14.83+£24.07 0~85.94
Compete species (%)* 4.9+1.27 3.43~5.67 0.95+1.74 0~6.1
Prey density (%) Cymella affinis 1.11£0.96 0~1.71 1.16£3.8 0~20.42
Navicula minima 1.33+2.31 0~4 242+6.38 0~29.94
Melosira varians 2.11+2.39 0.11~4.76 2.17+3.74 0~17.64
Nitzschia amphiia 0.88+0.69 0.09~1.33 1.68+2.35 0~10.28
Fish Tolerant individuals (%) 0.49+0.63 0~1.19 27.96+29.96 0~100
Omnivore individuals (%) 39.84+2.11 37.54~41.69 43.85+20.92 9.38~88.49
Insectivore individuals (%) 56.58+1.7 55.52~58.54 31.61+£20.65 3.03~70.24
Benthic-riffle species 4+0 4 1.55+1.43 0~5
Sensitive species 4.67+0.58 4~5 1.9+1.65 0~5
Periphyton Motile diatoms 17+11 11~17 14.62+5.49 2~27
(relative density, %) (43.61+20.3) (20.3~43.61) (22.28 £23.65) (1.66~79.39)
Nutrient diatoms 13+9 9~13 14.83+5.74 8§~32
(relative density, %) (28.86 £ 12.75) (12.75~28.86) (21.23+16.24) (3.28~69.88)
Sensitive diatoms 12+10 10~12 11.41+£3.17 5~19
(relative density, %) (68.22+£37.43) (37.43~68.22) (48.77£27.28) (4.22~86.89)
Benthic- EPT percent (%) 70.34+£4.55 65.39~74.34 32.05+26.44 0~93.43
macroinvertebrate Gatherers individuals (%) 61.64+15.76 43.56~72.41 56.18+£25.93 0~96.37
Filterers and grazers individuals (%) 35.35+£16.74 22.57~54.3 34.3+27.61 0~92.79
Insects except Chironomidae (%) 86.26+2.42 84.52~89.02 71.41+22.28 18.59~100
Social factors
Land cover Barren land 3.79+1.45 5.41~2.64 4.63+3.1 12.11~0.53
Agriculture 28.29+10.15 39.85~20.83 26.28+13.18 60.36~0.93
Woodland 44,96+ 10.94 54.81~33.18 40.43+19.36 95.12~6.01
Water body 24.09+0.96 5.19~3.43 6.11+4.73 18.67~0.14
Wetland 2326x1.3 4.52~1.93 3.83+£2.71 13.74~0.01
Urban area 26.43+1.43 7.49~4.8 9.22+9.98 55.02~1.1
Grassland 29.18+0.4 9.58~8.79 9.5+3.32 19.76~0.97

*, Microphysogobio yaluensis and M. Koreensis
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Table 4. Result of logistic regression using habitat characteristics of M. rapidus.

Factors Estimate Standard error z value p-value
Intercept —0.55 1.70 —-0.33 0.74
Conductivity -0.04 0.01 —2.73 0.006
Cymbella affinis (Prey) 0.44 0.35 1.25 0.21
Grassland (Land cover) 0.50 0.22 2.22 0.26
Urban area (Land cover) —-0.17 0.13 —1.28 0.20
Chl. a 0.41 0.28 1.47 0.14

21 A AR o] S FHA BEA7IEY oA2nRtol=
ARAY G U= A2 ALRE U

9 ol RASEARASNAE WAEF Bl &, AT
HE 5 Aoz pao] 4] 2 A#FS0] =4 &
°]El°*‘:¥ Hh, et S t#she AREY AT
A MF, WHET, EPT & 50| RA Ueht A
o&nial AR ol 2 A Hslrh EAskEo] Sl
ek 2 nTo = QI3 AR M3k= grolRo A
£ Z 8} (Aparicio et al., 2000; Smokorowski and Pratt,
2007; Arthington et al., 2016). ZAZ AR GAH7}, 34,
OlA oFd So =7 A ZALR Q) R W Al wEk

o) OIS, S Rl oI g0 o
Z W3} 55 WEo] FEAEUA B Fof v Ut A
A= of2mpate] Ao dHo] xE Ao wdt %

4L AAA B WIS 2deld] o o
Aol IHAE xSt} (Faulkes et al., 2011; Perkin and
Gido, 2012; Perkin et al., 2015). £3], & AHZ 213t A
A7 S74e} 5HH 9 AAA Have ALPAMETY A=

npate] HAA S o] §FE A HoE BErH. o
b7} MBS AR B4L Aol 29 ofexge
2 A Ao f0] gl A2 Kol AR (Yoon

unpublished data). @A oJLu}x}7} %t;ijz‘s} 9}\%— e
BEE AR AGY] 27 gle BR 2 A IR
235t 9t} weks 2ol AAR Q3 A=A =4
olguiaie] AWH ATHaslo HEHE Aow

o}t FASHAHE] 20009 o] F B Aol uugo o &
=Y HAIAE http://www.fishway.go.kr) 3Hd2] A&4
27F ZRIE I 20109 o] d oSuR7t SASHHE
o] AL 20106 By} AL WA 5139 Bo) l:é_]— gg}
AL, SHF AT AAAR FUE= ol dadt o
2 A4 7kt A Ho] EolEHA FHo A4S ofmt
A7F AR 2oz gatEn, T s SoAE FARE ¥
SR EE Aoz woE

ERL =AY WL 2Rt ofFe] Sk= ofemkat

9] B3 H3lof A2l 82102 HATHTH I FOZ X
e v, E240 22 e YL T Mg A
=09 " F2A9 WskE fEske Agd ados

(Jang et al., 2006; Jo et al., 2011; Roberts et al., 2013). 4]
7% A9 groli e Ao a3 95 3k (Tyus and
Saunders III., 2000; Dextrase and Mandrak, 2006). & ZA}
A A vt SEAHENA R dAFTY &
o] BRI Qa1 ofgmpAte} o] Ho|&FS i o
2 Eed 33t s¥sks Fo S %J‘?Jﬂﬂﬁiﬂl A
FE TS o Qloh wEbA, A A AT Al FFS
AA7HA SAEA] ghront A FFadez FF,
XA A ZE A o] upEo] Q3 /\]—'81-0]{:]-

A= EXo]§9 Hate} It BFS F7HAI7IHA
2 FotE T, skl B2 —‘T’—%PEE g3t v =
2 AFoM EXo] g0 iRt & Atol= EAEHA FUA]
ok, 2R A BA oA EIEIRe] A A 23
Ao Fa3 S F= FEES AR sl AR
A7|AEE, Chl. ¢ =7} §3F Ho| dxo] Halz A
o 4 Aok AAR Zhang er al. (2019)9] A7 B A=
ZABke} 5 59 o] oA A7 - =ET} Fot
Ale 27t EQlEo] & Aot FAHE . webA =A|S)
2 Q3 I A9 s} o upate] Ao a3t o

& ok Qle Ao = v
FS oj2mial S M= 7]15HSte] gt a2t
3t Ao wohdh 7| $HskE "ol Rl 2, 7HH A
2 FG3FS FH (Poesch et al., 2016), A& & 744 9 H3}
z 7|5} (Barbarossa et al., 2021) B50] 59 £z 3}

8598k} (Carosi et al., 2019; Basen et al., 2022). & &
FoAL 71 50st] that IS SWSHAL ghot ol 2}
A7t 715Hske] ARGFOR AAZe| BAdte FAS
7)ol olglgo] AR SHAIT 7| FHBtE WASH:
crotﬂ S oI 2uA AR FES F - Y RO

o) 53], 71 5ustE gk 8 Aol 2 o] Mk A4

o 1

rlllﬂl ﬂllﬂl o e


http://www.fishway.go.kr

. ZIOAl L HIXI= . 7
= ao=

238

Nl

=
B

Ho

273 Bz} Eo] gEige] f4E 4 e 713E AlFst
of I A FFS F= wia E EF4Y SHitof 9
FS & 5 S Ao E HAdH)(Strayer, 2010; Moyle et
al., 2013; Ricciardi et al., 2013). £|2£2] A Joly} FHito)
713 Rsgte] gk ofA|nt 7| $Rist} g HiE 7)o
£ T 4 Qlrk E3 7| SHSE QF o 5F - HHY W
e Aot $g 7M1 ZR 9 24 st 8t
ARG FAL 5 & 3, AR LTS {Este] ofgnbato)
A Aol st FAA et a%lo] € 7HsAdo] Tk

T +YH 2 A7 AL A3 A Edd AG
of tigk E22 A SPAEAR (#4, A, MRS 4R
SE S 4 o diRE dA st gle ARES
ARgE Ao R BRI FeiAQ FEE FASIAT £3,
AT B A QY FASIAH BRoA okt
£ At & oL A2 FE0] st &8st = A
©2 Hop Nz 9] EjA 42 wh o]F Qg3 9
£ Ao g wadEn sHATE, oLubRte] HAAE A=
ahHol A& FrV /Mo R Hadt AoR wekdrt
A9 A& AETFES sl F82 agoR
Hi} 9] AAE sk 9 A&AdE F7HI7]1AL(Diebel et al.,
2015) NIF A9 oM o4 259 A sHF7xE 5
gt AL TEY XA Bddte 98-S 5t o7
0]5-S Z7FAZIth(Sun et al., 2022). WEtA, A& RS
T AAA] Bho R ofguiate] ARk e AJEF <t
gstet JHAIE 380 7HeE AR AR

o] guate] fAThekgol A&H o Fasta glovt
(Hong et al., 2023) 7/HAITS] X7} G 45 AFo=2 A
gre]o] Qlof WEAFS AaA717] 913 B & w7} Al
B AdRolth e dFE 71E A4 o TS 27
= PAE BE Bdo] 2 FYEGlov dE BAE
FE T AAA7E MR oRE fA A Y AHES
02 Aol tigt AFE 27t sttt & A
dREdA G FASENHE dgt HE 2 3
Hlwgho 24 of gupate] Ao FaFs F= 89l
obstoitt. A Ut it o guixte] A A
| 22 a1E0] JFE FeA ohd ohFst 29l
FH o7 Agstar QU tiRE AN Ak &
O F QI3 A7) ¥Y, LAEE Y Foldith A= o
2Rt} A7) BYE fleiie Weldl FERES et
A THoA e Aol ot Ao wrH

S A Aol £E3H= B9 %l 0.01%E 1493t
I, AT FHE 0.8%F AABHAL AN 7MY 2 AE
o A= AERAO|TH(Nel er al., 2009; Doll and Zhang,
2010). A AFF BEFY] 5% (A1FY HS 43%)<} A7t

e

of

P

ﬂoL

x &
o O fr o2 X

J

n o
o el
|

Em

Of

0

O

A
s

S qr u
aU
N

J

o |

P

o off wn =2

of FAEA Y BAETFE Fae ABE
ojm Fo|Z & gle 275 2T 4= Atk (Dawson, 2012;
Reid ef al., 2019). Q17Fe] JHdka 913t shd o] Ba)& met
¥ 7| 5Hste Qs BFEHVIFS ZHT "ol® AAA
7F A& o2 AAE QU ogubate] anbAQl B gl
BAS Heixe 4, AH, FAGEE, AR 5 ohekt
fQlo] aElojof gt} 53] 4429 ¢ AEo] dopz
F7tol7] WiZel AAA7E glod thE FEES Yul7t ¢l
ot w2hA], BEA7IEY AEHA BES A= AAA
of thet 2dgt o] Az o] sy, o5 A i
Z AAA O digt FERt F77F 2asith 53], & det
Zo] TRt ol digt FFA 1B E T8 He U
wpolgithd 7129l A AR B 9 e A=k s £-8
SHA 282 4 S A2z Almdrh

x
3

0]

FEA7 oM E I T dA2mte 2= 2 ATt
A& og sty e HedeA 9 2 eF AR
S Ao Sdsta ok dEo] et ofgul
A Bds oA A4 gors B3 AEE A" -
Hol T8Nt A= 9 A7 FFHo= s Y] m|Fet

< &bl EEZAS9S o
Fo 2 AR} ERRAE T dAEIAGTL HAE
@AY o|s}ata], HETHA, AFRIeHE A @] it &}
olE At AFEAN 2Y AHESIAHEYL dAEE
ARl 71 ERE] Zpol7} Aglen, FA4F 3 EI A
o7} gl Aoz FRIESIth 2 A7ARE E-83 B4
M= HutHo s HA FAXNHEY olakstE &Ho] &
SHA] G2 AR YEteH, o|2 QlF dFE W2 X
oH4 8919 £33 At A= 53], =AR
b GFo] oAguAt AAET o Fadt ¥ FL
2 whebH Tt BEH7IER oAeuhAte] £ds ¢l
AR P3Pt T8 A MR A G S0l
S FAL B a2 mite] g E94, oltst
o2 I 7IUA ofgriate] S F37] el FF
olguhAte] A4A] el 9 BUE sl st d2A
35 gl o]3leha S oA Rt FEQ A" 28
g o= woE
MAFEE &35 (SEAEHY 2597135948 AYga+
D), A2 EEAH Y 2715 5L0E AddT), &
A5 EHAHYE 275 E5EAE AYdTY), A5

-

e fok
A huorfo
oz

S
[ [ S o)

o
32

x>

d

Y



= OtXt AAIX]

MAZIGIE Ada%: e5d, 924, 425%: 2579,
o1FY, YNEF, AL, WA, B4 GNEF, WS, A

Al AR

o =
TF"E_‘II

olF, e, Y &5, dAH:

OfaHEHA| o] =ele olshA $E AA7t YFUT-

S| B =Ee FARC UL wob SusASYTH
(NIE-=¢} ﬁ—_[’-—2019—44). This work was supported by a grant
from the Ministry of Environment (MOE) of the Republic of

Korea (NIE-=&1-1-2019-44).

REFERENCES

Akaike, H. 1998. Selected papers of Hirotugu Akaike. Springer,
New York.

Anderson, D.R., K.P. Burnham and G.C. White. 1994. AIC model
selection in overdispersed capture-recapture data. Ecology
75(6): 1780-1793.

Aparicio, E., M.J. Vargas, J.M. Olmo and A.D. Sostoa. 2000.
Decline of Native Freshwater Fishes in a Mediterranean
Watershed on the Iberian Peninsula: A Quantitative Assess-
ment. Environmental Biology of Fishes 59: 11-19.

Arthington, A.H., N.K. Closs, W. Gladstone and 1.J. Winfield.
2016. Fish conservation in freshwater and marine realms:
status, threats and management. Aquatic Conservation:
Marine and Freshwater Ecosystems 26(5): 838-857.

Barbarossa, V., J. Bosmans, N. Wanders, H. King, M.F. Bierkens,
M.A. Huijbregts and A.M. Schipper. 2021. Threats of global
warming to the world’s freshwater fishes. Nature Commu-
nications 12(1): 1701.

Basen, T., A. Ros, C. Chucholl, S. Oexle and A. Brinker. 2022.
Who will be where: Climate driven redistribution of fish
habitat in southern Germany. Plos Climate 1(5): €0000006.

Carosi, A., R. Padula, L. Ghetti and M. Lorenzoni. 2019. Endemic
Freshwater Fish Range Shifts Related to Global Climate
Changes: A Long-Term Study Provides Some Observa-
tional Evidence for the Mediterranean Area. Water 11(11):
2349.

Chae, B.S. and H.J. Yang. 1999. Microphysogobio rapidus, a new
species of gudgeon (cyprinidae, Pisces) from Korea, With
revised key to species of the genus Microphysogobio of
Korea. Korean Journal of Biological Science 3: 17-21.

Clarke, K.R. and R.M. Warwick. 1994. Similarity-based testing
for community pattern: the two-way layout with no replica-
tion. Marine Biology 118: 167-176.

ale ol 239

Darwall, W.R.T. and J. Freyhof. 2016. Lost fishes, who is count-
ing? The extent of the threat to freshwater fish biodiversity,
p. 1-36. In: Conservation of Freshwater Fishes (Closs,
G.P,, M. Krkosek, J.D. Olden, eds.). Cambridge University
Press, Cambridge.

Dawson, M.N. 2012. Species richness, habitable volume, and spe-
cies densities in freshwater, the sea, and on land. Frontiers of
Biogeography 4(3): 105-116.

Dextrase, A.J. and N.E. Mandrak. 2006. Impacts of alien invasive
species on freshwater fauna at risk in Canada. Biological
Invasions 8: 13-24.

Diebel, M.W., M. Fedora, S. Cogswell and J.R. O’Hanley. 2015.
Effects of Road Crossings on Habitat Connectivity for
Stream-Resident Fish. River Research and Applications
31(10): 1251-1261.

Doll, P. and J. Zhang. 2010. Impact of climate change on fresh-
water ecosystems: a global-scale analysis of ecologically
relevant river flow alterations. Hydrology and Earth System
Sciences 14(5): 783-799.

Faulks, L.K, D.M. Gilligan and L.B. Beheregaray. 2011. The role
of anthropogenic vs. natural in-stream structures in deter-
mining connectivity and genetic diversity in an endangered
freshwater fish, Macquarie perch (Macquaria australasica).
Evolutionary Applications 4(4): 589-601.

Field, J.G., K.R. Clarke and R.M. Warwick. 1982. A practical
strategy for analysing multispecies distribution patterns.
Marine Ecology Progress Series 8: 37-52.

Helfman, G.S. 2007. Fish Conservation. Island Press, Washington
DC.

Hong, Y.K. 2014. Studies of the conservation biology of an
endangered freshwater fish, Microphysogobio rapidus
(Cyprinidae). Doctoral thesis, Soonchunhyang University,
Asan-si. 163pp (in Korean).

Hong, Y.K., M.H. Ko, S.Y. Park and I.C. Bang. 2015. Egg develop-
ment and early life history of the endangered species, Mi-
crophysogobio rapidus (Cyprinidae). Korean Journal of
Ichthyology 27(2): 86-94 (in Korean).

Hong, Y.K., H.C. Sung, M.H. Ko, K.S. Kim and I.C. Bang. 2017.
Distribution status and habitat characteristics of the endan-
gered freshwater fish, Microphysogobio rapidus (Cyprini-
dae). Animal Cells and Systems 21(4): 286-293.

Hong, YK., K.R. Kim, K.S. Kim and I.C. Bang. 2023. The Impact
of Weir Construction in Korea’s Nakdong River on the
Population Genetic Variability of the Endangered Fish Spe-
cies, Rapid Small Gudgeon (Microphysogobio rapidus).
Genes 14(8): 1611.

Isbell, F., A. Gonzalez, M. Loreau, J. Cowles, S. Diaz, A. Hector,
G.M. Mace, D.A. Wardle, M.I. O’Connor, J.E. Duffy, L.A.
Turnbull, PL. Thompson and A. Larigauderie. 2017. Link-
ing the influence and dependence of people on biodiversity
across scales. Nature 546(7656): 65-72.

Jang, M.H., G.J. Joo and M.C. Lucas. 2006. Diet of introduced
largemouth bass in Korean rivers and potential interactions



240 Q=G . ZITAl L HERIE . 2}

with native fishes. Ecology of Freshwater Fish 15(3): 315-
320.

Jo, H.B., M.H. Jang, K.S. Jeong, Y.O. Do, G.J. Joo and J.D. Yoon.
2011. Long-term changes in fish community and the impact
of exotic fish, between the Nakdong River and Upo Wet-
lands. Journal of Ecology and Environment 34(1): 59-68.

Kim, LS. and J.Y. Park. 2002. Freshwater Fishes of Korea. Kyo-
hak publishing, Seoul (in Korean).

Kim, L.S., Y. Choi, C.L. Lee, Y.J. Lee, B.J. Kim and J.H. Kim.
2005. Illustrated book of Korean Fishes. Kyohak publish-
ing, Seoul (in Korean).

Margalef, R. 1958. Temporal succession and spatial heterogeneity
in phytoplankton. p. 323-347. In: Perspectives in Marine
biology (Buzzati-Traverso ed.). Univ. Calif. Press, Berkeley.

Marselle, M.R., T. Hartig, D.T.C. Cox, S.D. Bell, S. Knapp, S.
Lindley, M. Triguero-Mas, K. Bohning-Gaese, M. Brau-
bach, P.A. Cook, S.D. Vries, A. Heintz-Buschart, M. Hof-
mann, K.N. Irvine, N. Kabisch, F. Kolek, R. Kraemer, I.
Markevych, D. Martens, R. Miiller, M. Nieuwenhuijsen,
J.M. Potts, J. Stadler, S. Walton, S.L.. Warber and A. Bonn.
2021. Pathways linking biodiversity to human health: A
conceptual framework. Environment International 150:
106420.

MOE (Ministry of Environment). 2018. Conservation Strategies
for Endangered Wildlife Species in Korea. Sejong.

Moyle, P.B., J.D. Kiernan, P.K. Crain and R.M. Quifiones. 2013.
Climate change vulnerability of native and alien freshwater
fishes of California: A systematic assessment approach.
PLos One 8(5): e63883.

Nel, J.L., D.J. Roux, R. Abell, P.J. Ashton, R.M. Cowling, J.V.
Higgins, M. Thieme and J.H. Viers. 2009. Progress and
challenges in freshwater conservation planning. Aquatic
Conservation: Marine and Freshwater Ecosystems 19(4):
474-485.

Nelson, J.S. 2006. Fishes of the world 4th ed. John Wiley, New
York.

NIBR (National Institute of Biological Resources). 2019. Red
Data Book of Republic of Korea (Second edition) Volume 3.
Freshwater Fishes. Incheon.

NIE (National Institute of Ecology). 2023. National survey on the
Distribution of Endangered Species. Accessed in 30" Jun,
2023.

NIER (National Institute of Environmental Research). 2016. Sur-
vey and evaluation method for river and stream ecosystem
health assessment. National Institute of Environmental Re-
search, Incheon. 313pp (in Korean).

Perkin, J.S. and K.B. Gido. 2012. Fragmentation alters stream
fish community structure in dendritic ecological networks.
Ecological Applications 22(8): 2176-2187.

Perkin, J.S., K.B. Gido, A.R. Cooper, T.F. Turner, M.J. Osborne,
E.R. Johnson and K.B. Mayes. 2015. Fragmentation and
dewatering transform Great Plains stream fish communi-
ties. Ecological Monographs 85(1): 73-92.

Pielou, E.C. 1969. An Introduction to mathematical Ecology,
Wiley, New York.

Poesch, M.S., L. Chavarie, C. Chu, S.N. Pandit and W. Tonn.
2016. Climate Change Impacts on Freshwater Fishes: A
Canadian Perspective. Fisheries 41: 385-391.

Reid, A.J., A K. Carlson, LF. Creed, E.J. Eliason, P.A. Gell, P.T.J.
Johnson, K.A. Kidd, T.J. MacCormack, J.D. Olden, S.J.
Ormerod, J.P. Smol, W.W. Taylor, K. Tockner, J.C. Ver-
maire, D. Dudgeon and S.J. Cooke. 2019. Emerging threats
and persistent conservation challenges for freshwater bio-
diversity. Biological Reviews 94(3): 849-873.

Ricciardi, A., M.F. Hoopes, M.P. Marchetti and J.L. Lockwood.
2013. Progress toward understanding the ecological im-
pacts of nonnative species. Ecological Monographs 83(3):
263-282.

Roberts, P.D., H. Diaz-Soltero, D.J. Hemming, M.J. Parr, N.H.
Wakefield and H.J. Wright. 2013. What is the evidence that
invasive species are a significant contributor to the decline
or loss of threatened species? A systematic review map.
Environmental Evidence 2: 1-7.

Sala, O.E., F. Stuart Chapin III., J.J. Armesto, E. Berlow, J.
Bloomfield, R. Dirzo, E. Huber-Sanwald, L.F. Huenneke,
R.B. Jackson, A. Kinzig, R. Leemans, D.M. Lodge, H.A.
Mooney, M. Oesterheld, N.L. Poff, M.T. Sykes, B.H.
Walker, M. Walker and D.H. Wall. 2000. Global biodiver-
sity scenarios for the year 2100. Science 287(5459): 1770-
1774.

Sandifer, P.A., A.E. Sutton-Grier and B.P. Ward. 2015. Exploring
connections among nature, biodiversity, ecosystem ser-
vices, and human health and well-being: Opportunities to
enhance health and biodiversity conservation. Ecosystem
Services 12: 1-15.

Shannon, C.E. and W. Wiener. 1949. The mathematical theory of
communication. University of Illinois Press, Urbana.
Simpson, E.H. 1949. Measurement of diversity. Nature 163(4148):

688.

Smokorowski, K.E. and T.C. Pratt. 2007. Effect of a change in
physical structure and cover on fish and fish habitat in fresh-
water ecosystems - a review and meta-analysis. Environ-
mental Reviews 15(NA): 15-41.

Strayer, D.L. 2010. Alien species in fresh waters: ecological ef-
fects, interactions with other stressors, and prospects for
the future. Freshwater Biology 55: 152-174.

Sun, J., J.S. Tummers, S.M. Galib and M.C. Lucas. 2022. Fish
community and abundance response to improved connec-
tivity and more natural hydromorphology in a post-indus-
trial subcatchment. Science of The Total Environment 802:
149720.

Tyus, H.M. and J.F. Saunders III. 2000. Nonnative Fish Control
and Endangered Fish Recovery: Lessons from the Colorado
River. Fisheries 25(9): 17-24.

Wentworth, C.K. 1922. A scale of grade and class terms for clastic.
The Journal of Geology 30(5): 377-392.



O{S0tRt MAIX] &|& |2l 241

Yoon, J.D., J.H. Kim, M.S. Byeon, H.J. Yang, J.Y. Park, J.H. Shim, composition, distribution and community structure in rela-
H.B. Song, H. Yang and M.H. Jang. 2011. Distribution tion to environmental variation in a semi-arid mountainous
patterns of fish communities with respect to environmental river basin, Iran. Water 14(14): 2226.
gradients in Korean streams. In Annales de Limnologie- Zhang, Y., Q. Zhao and S. Ding. 2019. The responses of stream
International Journal of Limnology 47: S63-S71. fish to the gradient of conductivity: A case study from the

Zare-Shahraki, M., E. Ebrahimi-Dorche, A. Bruder, J. Flote- Taizi River, China. Aquatic Ecosystem Health & Manage-

mersch, K. Blocksom and D. Banaduc. 2022. Fish species ment 22(2): 171-182.





