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Abstract A recent topic of interest within ecology is ecosystem services that are importantly connected with
biodiversity. Biodiversity is a fundamental component of ecological studies and has been the subject of many
studies worldwide. However, studies on the diversity and distribution of freshwater fish were not undertaken
in earnest until 2000, and the number of internationally available studies is therefore still limited. In this study,
we used data from “The Survey and Evaluation of Aquatic Ecosystem Health (hereafter SEAEH)” within
the framework of which whole water systems on the Korean peninsula are annually monitored to investigate
and determine the current status of the diversity and distribution of freshwater fish, as well as to elucidate
major factors impacting freshwater fish. A total of 130 species from 28 families were identified at around 953
sites in the SEAEH investigation of 2014. The species Zacco platypus (relative abundance: 28.2%) and Z.
koreanus (19.3%) were identified as the most abundant species on the Korean peninsula, and besides these
20 endangered species, 51 endemic species and 4 exotic species were also collected. Highest (96 species) and
lowest (72 species) diversity were identified in the Han River Watershed and the Yeongsan/Seomjin River
Watershed, respectively. The mean endemic rate was 32.7%, which is higher than the previous rate determined
in 1995. The exotic species Micropterus salmoides, Lepomis macrochirus and Carassius cuvieri were found
in the whole river system except north Yeongdong, whereas Oreochromis niloticus occurred only at three sites
due to the cold water temperatures in winter. Totally, 28 species were found to be translocated to different
water systems not connected with known original habitats, most translocations occurring in the Nakdong
River and the Yeongdong region. Among the translocated species, Opsariichthys uncirostris amurensis, and
Erythroculter erythropterus were dominantly distributed in the mid- to lower reaches of Nakdong River where
they may be harmful to the native fish assemblages due to their strong predation. The construction of weirs
in connection with the “4 River Project” generated changes in fish assemblages before, during and after the
project, resulting in altered habitat condition. Especially, a decrease in the number of endemic species and
an increase in the abundance of lentic species were seen. Human-induced global warming will allow exotic
species requiring high water temperatures to adapt to the environmental conditions of the Korean peninsula,
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which may enhance the diversity of native fishes and create changes in distribution. For the establishment
of realistic and efficient management and protection strategies for Korean freshwater fish, SEAEH, which
produces fundamental and quantitative data for Korean streams, is an important and necessary tool.
Key words: freshwater fish distribution, fish diversity, exotic species, translocated species, Korean peninsula
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Fig. 1. Map of study sites of “Survey and Evaluation of Aquatic
Ecosystem Health in Korea” conducted in 2014. A total of
953 sites were investigated.
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2. Introduced species
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Table 2. Information of four exotic species introduced in Korean peninsula.

Distribution
D f Fi 1 f
Family Species Original habitat | Daeol irstrelease in2014 Causeo
introduction site . introduction
(sites/frequency)
Fisheri
Cyprinidae Carassius cuvieri Lake Biwa in Japan 1972 Whole streams 22/2.3% 1STICTIES TESOUree,
aquaculture
Centrarchidae Micropterus salmoides’  Southeastern United States 1975 Lake Paldang 242/25 4% Fisheries resources
Lepomis macrochirus’  Southeastern United States 1969 Lake Paldang 116/12.2% Fisheries resources
Cichlidae Oreochromis niloticus South Africa 1955 Aquaculture 3/0.3% Aquaculture

*invasive alien species

(b)

(58 .

Fig. 3. Distribution map of four exotic species introduced in Korean peninsula. (a) Micropterus salmoides, (b) Lepomis macrochirus, (c)

Carassius cuvieri, and (d) Oreochromis niloticus.
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salmoides)2} S-AFSFATE. BH-0] (Carassius cuvieri)= A+
Aoz A2 YA SR U 7 sAEE 29
o] ERlEo] F U A A £Z3IL Y& AR AT
of, whe U=t sloh(0. niloticusy B8 o] AL
0] 20°C o) FAIE = 34 Wi A ol &
He: SR G0 AL AL} 2 459 ol Ee it
A S, FAE BFoZ I dEoA =AFL
™ (Table 2), 2007 A58 A|PE FALA] A& o2 &
Aol 1 B2 H7E goj (g2 etgol, 0. niloticus, A|
Q) U st B3} € oz AotdErh o9 ¢

o]2} (Cyprinidae) 8] o)At Aoy (Cyprinus carpio), 0]
3} (Salmonidae)®] A 7M401 (Oncorhynchus mykiss)7t 3t
gdxoz HY¥E et

olYPFL Il Bt 2 AASHE ol77F o AAA
oAl AAEE QA g AHow o]FF HLE Tt
™ (e.g., AFTA A= AU G5l A4
SHA| G Fo] YEHLE o|FH A, translocation
of native species2tX F 3317 tct. o] FA7IA|
728 0|l FL 28Foln o|UY Fa ozt 3
A 2US AT o $R, A 45, 55 HYS U
015, 34 2 BAAAY BE Foz TRY 2 U
(Table 3). 43 ojwto] g7} E& B0zl o|gg 1
B o, E317] (Pungtungia herzi), $128] (Coreoleuciscus
splendidus), M| (Ladislabia taczanowskii), 71& 7
(Squalidus gracilis majimae) 5-& E33t 2452] o|UE 2
T2 YT Ev GFAYLE o|dH U
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Table 3. Information of Original habitat, translocated habitat, and cause of translocation of 28 translocated species in Korean peninsula.

Data source from the Survey and Evaluation of Aquatic Ecosystem Health project conducted in 2014.

Family Species Original habitat Translocated habitat Cause of translocation
Pungtungia herzi All rivers in Korean peninsula ~ Northern Yeongdong ~ Unknown
except northern Yeongdong
Coreoleuciscus splendidus” Han River, Geum River, Yeongdong Unknown
Tamjin River, Seomjin River,
Nakdong River
Ladislabia taczanowskii Han River Northern Yeongdong ~ Unknown
Squalidus gracilis majimae" All rivers in Korean peninsula ~ Northern Yeongdong ~ Unknown
except southern Yeongdong
Squalidus multimaculatus” Southern Yeongdong Northern Yeongdong ~ Unknown
Hemibarbus mylodon™* Han River, Geum River Nakdong River Release for stream restoration
(Nakdong River Environment
Research Center, 2005)
Rhynchocypris kumgangensis# Han River, Geum River Northern Yeongdong ~ Unknown
Cyprinidae Aphyocypris chinensis All rivers in Korean peninsula ~ Northern Yeongdong ~ Unknown
except Yeongdong
Zacco koreanus” All rivers in Korean peninsula ~ Northern Yeongdong ~ Unknown
except southern Yeongdong
Zacco platypus All rivers in Korean peninsula ~ Northern Yeongdong  Incidental release
except Yeongdong (Choi, 1986)
Pseudogobio esocinus All rivers in Korean peninsula ~ Northern Yeongdong ~ Unknown
except Yeongdong
Opsarichthys uncirostris amurensis ~ Han River, Geum River, Nakdong River, Incidental release
Yeongsan River, Tamjin River,  Southern Yeongdong (Yang et al., 1997)
Seomjin River
Erythroculter erythropterus Han River, Geum River Nakdong River Unknown
Hemiculter eigenmanm# Geum River, Yeongsan River, Nakdong River, Unknown
Seomjin River Southern Yeongdong
Koreocobitis rotundicaudata” Han River Nakdong River, Release for stream restoration
Northern Yeongdong  (Chae et al., 2015)
Iksookimia koreensis" Han River, Geum River Nakdong River, Release for stream restoration
o Yeongdong (Hong and Park, 2002;
Cobitididae Chae et al., 2015)
Iksookimia longicorpa’ Nakdong River, Seomjin River ~ Geum River Waterway tunnel (Cho, 2007)
Cobitis hankugensis" Nakdong River Southern Yeongdong ~ Unknown
Cobitis tetralineatd” Seomjin River Geum River Waterway tunnel (Cho, 2014)
Pseudobagrus fulvidraco Han River, Geum River, Nakdong River, Release for fisheries resource
Yeongsan River, Tamjin River, = Southern Yeongdong (Jeon and Do, 1995)
Seomjin River
. Pseudobagrus koreanus’ Han River, Geum River, Nakdong River Unknown
Bagridae . .
Yeongsan River, Seomjin River
Leiocassis ussuriensis Han River, Geum River Nakdong River, Unknown
Yeongsan River,
Seomjin River
Oncorhynchus masou masou Yeongdong Han River, Release for fisheries resource,
Salmonidae Geum River, escape from fish festival
Nakdong River (Shim and Kim, 2002;
Choi et al., 2004)
L Liobagrus andersoni" Han River Nakdong River, Release for stream restoration
Amblycipitidae
Yeongdong (Chae et al., 2015)
Gasterosteidae  Pungitius kaibarae Nakdong River, Yeongdong Han River Unknown
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Table 3. Continued.

Family Species Original habitat Translocated habitat Cause of translocation
. Odontobutis interrupta# Han River, Geum River Nakdong River, Unknown
Odontobutidae
Southern Yeongdong
Coreoperca kawamebari* Tamjin River, Nakdong River Geum River Unknown
Centropomidae ~ Coreoperca herzi’ All rivers in Korean peninsula ~ Northern Yeongdong ~ Unknown

except northern Yeongdong

# . . X .
endemic species; “natural monument; *endangered species

Introduced species®] FU2 21 e ANA EZFF
of thafiA A L AT FFollA Y MIE Fskar E
o AR 9 A Aol A S vXe Ao A
o] dct(Parker ef al., 1999). AlEA o7 FgkS 32135}
H ol g QI3 M2g HAR} ZARF SHL JHA|
o AAE, WA, AAA &8-S B 7| FE ®o] I
A7 5 WA =Y H3E fEska, ATl Sl
Mz A% W dzo Foks vAH B o] x4 9 F
AL T3l EdFEoNA Y HIE S8l ARtEA A=A
T+27F €A "o} (Bruton, 1995; Moyle, 1997; Cowx,
1998, Gido and Brown, 1999, Elvira and Almoddvar, 2001).
ol¢} tlEo] FAA thefdo] Fradel weta AEe 9
$ Aol Z7I51A Fth(Roman and Darling, 2007).

ol Al Introduced species®] F42 FFE L F<
vl 2 (M. salmoides)®t EFZ (L. macrochirus)2] &Ato|
fExFo R ujZ JER7 QA ¢l WA (M. salmoides)2}
E54 (L. macrochirus)& =4 shdo] FUE o|F wE
FAT giFF 2202 QI3 AEA F2E DA 7|
I5F AT RS Tk e (Jang et al., 2006;
Lee et al.,2013; Jo et al., 2014), o] Hj3] A H= F =
2 AEH AR E (invasive alien species)Z XA (E73F
TA] Al 2017-265%)30, =90, WEQ), A, A, WAL, o]
A, =, g, B, 8 78 52 SHA ZIteE He
2 AR CAETEE BA 9 o]&of BI HE, A24% 1
Fste] weEjstar Qo =t fARE ZAIE A3 e
U (e.g. 70| &) A FHAAZRAFAS T3l =
2 (M. salmoides)®} 572 (L. macrochirus)®] ©]5 3} W
FE HAHoRE FAstY FAbE WA|skaL, F7FE theFgt
oGE B X, ¥ ARPE A, A ota, | 4=
22t 33 AT AA 9 8S T8 TS HE
shaL Qlok FHolA = ofjolF AdE s dE3 FA
gk A (Y o] N, ARREE AA, ZYAYE HA 5=
o] Y= YAt oju] F7|7F E&IIL P Eo Q=
oA aqti He= 7HESHAIRE Ffshd ol A eh 5
AATH= AL ojHE Aoz AlrHo

B T AAEA vAE Farel e &
A Qlajo] SAHEA Be TS WT Y v ol
9EY A9 E2Folets Yol WAl hRE o]Y
B BAM HalAl AASHA Faka glek. o] A9
FARY fow o EA o] AFAUCRA FaT oY

stgon, ool uet FRol A4 L WRI A&H O

ol ol Rt 7t 4 A BE, FRA 94 ot
P57 59 BN AR FEo| BHAR o] F Hi
Apo] WAIst o oY ETHE Te) ) B He
EAZH HA] pob Ry b H oz BRstel 445t
I It} (Geum River Watershed Management Committee,
2016). EZFYol= 752 HHE FAR o|F He ol
UFT= S vR7HA 2 A shd A Y S
of7|3th. t& A A= Y5l e oldFd 1
2ot AEAE SaA AT 4= gom, At sS4 o
FA F F& G4 Ao LA AASHA gkt (Kim
and Park, 2002; Okazaki et al., 2002), G572 Aol o<
2 ol% WA Y BF 2L 2 AR $¥Ho
Uete 9 ol RS #SAIF T Jeon, 1999; Jang et
al.,2001). o|Hgt AIE F3hA A 4 Qx| oY
Fol EZFolghs B4 fE7F AAEHA ERE o)
2 (M. salmoides)®} EF7 (L. macrochirus)® 4941 5
A% G Vel Aol G 53 59 Frtel4
o]dFol A e olF A, FFB7It BT WP
HAE Agste] st glom. £33 o]dFo ¢
A A, 718%, 374, A ), A2 BAA dFl o
W AFE AAIste] e Mg HtES viRlsta
t}(Bullock et al., 1997; Department of the Environment
and Energy, 2008). §tH, g=19] 7$- o}z Qg v
3lo] o]lFe] AT L Pl ofet WAL AT A
o2 AGHo|L, o]UFe TS FAHOR olF T
9] w2k (homogenization)o] F&FS v = 17| W&ol
(Rahel, 2000), F o|4%e] Belo JFuiete et
7t Bas,

2 e oo oo

30 o o R rr
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=9 &HWCA ol FEHL FABH fA = Best
7} AP DS Seletth(Fig. 4). B A2 FA7F A=W
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Fig. 4. Non-metric multidimensional scaling ordination of fish
assemblages at the weir construction sites in the Nakdong
River. Fish assemblages are classified as three categories:
before (open triangle), during (reverse-solid triangle), after
(grey square) the weirs construction. The groups are made
based on a cluster analysis at the similarity level 40.

HEAF
1o

- e

foh

rél

% 23%2 FAA GASIYL, ol BA 4E F 20%
5).

72 ol T (Fig. 5). T3 §-424 o]F9] n|Lo] FA
A 21.9%8 AL AR A F 28%2 A
o o]e} AMLE Aulz A=A o]Fo] H|EL ZA A
44.0%NA FA ¢& F 88.2%7HA] F7tekATh FAF A
S5 T - ot oARTHS AAA FF ol wEbA 2
o2 Bgout A YE 242 gales EA Ao

2 ZAE AYHAA B2l wgto] A A HE Ao
25U 9L vIA 34 F olFEHY fAHol 2
A F718HATh B A F Al A Ao Agojer
tﬂﬁ‘rﬂ”ﬂﬂi A S Asshs AedEE0 718
T4 FES dASHAL, ol & Bl AubH o F 24

o] frAtsHA ¥stE Ao 2 AlmE.

4. 2E|L2te] ofF 2 H 2= Hat 291

Choi (1973)2] &7} =3H A7]9]] gh=iAt Fol 79
S 1502082 B3l Bx3t= 23 7|4A 2 3G
Z2 A QT YAFgol= 84F0] U}, oF 35 0] A
£ Kim er al. (2005) 7]1& @olRE= 213F 08 Het
. 7154 23R4 olF, 2FE T2 AQskd 120
dapFpol 2 30F ol F7HeHA T4 S ¥
2 A3hy 7] UgR Qg AlFe] WEe] & 9%
AR, QA FY =9 (20059 71& 1052 < F
%01] 7]XH%) T3 2935 Yol 0]041:]- E3 e =
°

aA
=
ol
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Fig. 5. Changes of relative abundance (%) before, during and after the weirs construction. Left graph shows changes of endemic and exotic
species by the construction, and right graph indicates lentic and lotic species.



2005). 53], 349 27335t 2 =A|StE Qg 3k ] A
£ sl AAlste Eolol dialAl dutE el AAsHH
A FE Yehts AL AASIL Eo] e &2 iy
Z 4 JEE 35 @un)Y BlE&S STHIA AAAE de
3tA 7] I (Riley et al., 2005), &2 $HO] T3} 94
FRANES AR HAE FUste ggo]l 23 2 ok
J Wzt Fagh aglo] E £ 9lth(Argent, 2004). =
o= olm] 30,0004 W7t Wi B (weir)7h AAE ] Q1A
T4} FARE HIRSt A &H 0 R Y F2ES A
Astar gloh. Bk of el 5 HE5S Qe s S9FQ
T shdE dA%te E48E AT RIS Al
A7te] EEEol AEY ANF olF, nFF
HroF gFg Faed Fa3
T E5ta dA7HA = IR

=

¢

o AEZF gt 7|xA7e HEoz
2] et 9ol n g3k Aol

Qg Fol} 0]QFL T O R Q3| ojFAFo] H¥tE o
2 F9A = 42 I B A7 ofY
o} u| o M= A FRAHA T 708 (game fishing) 2.2 E¢]
H TEE A vmU FAY ofFAto] giEE Ut
= @4o] WAL itk (Rahel, 2000). EYEY T4
KA1 A o] wigtet Fatksto] 7143t BT 559
HaE 2d5H7] Wzl (Rahel, 2002), =UF2 A A<t 9
A BZFo] AEst= AAAY AFo] dastth =YF
o] gito 2 QI3 B YESo] A&HH R Hidetal o
A=s @42 2L @] ofdEte A AAHeR
gutz] o 2 WA= FAFo|th(Olden ef al., 2004). 22
= 734, 7154, EFAA SHAA T FYS=E Qg

3 -SR] =9sfjof FH Ao, o]
@3] AEfEHAQ SHo] ofd AAA, AR Al SH
LY 3 Ao g AteE.

=

o r|r

A = CERT
Zeokn olRE WRT +UHA B AEEY o
2 B3 H3E of7|§hth (Poff et al., 2002). £ IPCCE)
AEnd Auto] o5t 2 s Al YA T2 &
BT 24 ol U A4 ojFe BT Zriahe
73eFo] 22l & ¢it}(Eaton and Scheller, 1996; Mohseni et
al.,2003; Buisson et al., 2008). =3+ A TAo|E £33
stof Werolx 83 RHH AEE 48] Tk
a7 =o] ExE1e] AAYo] GukE] T (Rahel and Olden,
2008), ol A7 MeE I ngF U EAFY g
£ 2 £ AthJoo er al., 2008). E3] AZF AFoll A
A3 gl WAl ol AS, SUHE AT +L 4
5 A A%HoR MEst B AHOR oA} (sark

O
oXx,

2012 81

et al., 2010). =W AA st EFH7] I T €5
(Brachymystax lenok tsinlingensis)?} 7 BE 75 0|3
H 27 (Cottus koreanus)= F-AFSE A3fof| 23] Qlct.
GE (B. I. tsinlingensis)®} %70 (C. koreanus)2 73-$-
SE7e] Rt gt AARqez 2ddtE Qg &
2 A5 Ao TS S AEe LEE st A
% BFE olFsHA Hu ddE A= Qs 4
AEsHA E 7Hs4E AT 5= gtk ol §
9k ofet thE WA 59 AeE G&ol AT &t
AR G574, 57, A7 Aol AAlst= HAES] H¢-

Bzom BEO| YA W7 o8 2AR o F5H %o}

2

[e3

7] tEel] Azt ARl LYE FHsAe] Erh v AL
M EW A Re 4002 F 2o AR R
ALeka]ob(0. niloticusy’s ST AT - A% A =

Yol Azt 4= S Aoz ket (Joo et al., 2008). B
oot b2 ddig FolFEY W Fdel 7T
Ao g AaEoe AFHel Hert 2ag o= wd
o} o] e BAl= 2= digt g HAvE WA ok A
AA7E AFEQ] LFFANME JFH o2 dAYT o=
A= Fr|Ho2e I Folie UL o
4 o3l E of7|AZ AR #EhJoo et al., 2008).
SEARE o]9f e Wish= w7 A GFH o2 SE=
AtolMe otE7] FE7] gl A FAE e
e 714 A7 A A A7 22 AFE
5ol H3E A&H 0B nYE Pt et £HT
Za7t Qi

AE S A 71ss FASE b oA S8
gk ga0]al AR Q17to] Aoprts S o AEjA A
= 98-S 3tk (Duffy, 2009; Naeem et al., 2012).

ok, BETFES =4 FAs] AT B 29
4AHY o5S UG 4 Y= AYAE BT A
o] % 9 3}t}(Balvanera et al., 2006; Cardinale et al., 2006;
Gamfeldt et al., 2008; Duffy, 2009). B<A& ThFA E3H
QUZEAE o A E7HSE Tt AET ARAE A
A 7t A o2 A3tk (Covich et al., 2004a, b; Dudgeon
et al., 2006). =] FA7} dA ] v A Fof ot
2t 2o gt 5719 mxol7t A =oAIA HUt &
A= A, A, el digt Yujrt A2t FAA F
£o 2 WG, o= Q7Y 45 A= [As
=8 F83 2Qlo® WS weba] AALHA A
£9 BA, B39 AETFEY 7HAE =5k ok g
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WA D Gl RE vhAA o Aot ol $laA
A A7 2ALS o] 7| 2A 0 SuEE ThpA
of e Hfaoln AFAel A7AnE e

ol Aot B ks stojof st Tl Eof HIzt
I ZRE AE 2o %—%94 o] o] Foj Aok (Strayer
and Dudgeon, 2010) A& & o ]11] Al g0 3
7 9 BT oS AN o e Aoz Al E

q 2

T A= ol AL Z1sat Aujs ZHefA
FEEHEA AE LR OEE 2 22 shoto] qid o
T7F 8% ol Hat Aot Sl HepolRel 22 3
cheAdell et A7 2000 H o EOAA BAH o R 5
P QLo opH7HX = A=A B2 H chFel o
g 2H2 o] oA A] oAl Glt. ofef & Ay e
A A FAS oz Al BYE P A H
A B 249 A B ARE 8] Sl
A4 ‘3% %‘#01%4 =& 8 S meretal, vel

¢

O s P
X ZA014 A3 $8) A B 287} 13059 Teol
F7h A4S Ao BaHt B AMAH $HF
< Y| (Zacco platypus, RS, 28.2%)2F FHEAY
(Zacco koreanus, 19.3%) 321, 20 9] %%‘?‘]7]%,51%94
A{E, 459 Qo] sttt A E v A] g
7 HAHNA 7HE B 96F0] FrlEof thefAdol &4t
onf, FAAERZ AN 7P AL 72F0] EIE o
thekgdol WA vErTH 2 dAolA getd sAE 3
3} RlE= 32.7% 93 o= A Aot vlsho]
7het At &H;FEQ vl (Micropterus salmoides),
22 (Lepomis macrochirus), B (Carassius cuvzerl)
Bl A AL Aol FAbE|o] BiEdt= AL

2 Yebg ey, 4L getg ot (Oreochromis niloticus)+ 3
Ao Art Sdste] 7R FW Ao HGSHA] X
e Ao ® wobE itk TR 289 o|YFo] ElEHUN
o5 YHRES YT % FTAG FARY o|golHd
t}. o] & 112 (Opsariichthys uncirostris amurensis), 73
| (Erythroculter erythropterus)= 57 % - stFolA %
WHoz UL W YAo] olFolHen, 5L U
T EA g2 ZAAo Rz o]YH Ao FFS AL A
= Al wobEnh B3 4t AR Q18 FAF A/
39 olfZHoe] gzl Aol FlEH =, 53] 24

iil
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HEAF
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foh

rél

QA4 o Wtz ) 1fF it AL oF
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AT 2 Yehhe AF2dste 3714 0= I 7

of AA7IA H-g5HA] 23t AFE] F2E 7
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