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*Corresponding author Abstract: This study was conducted to investigate the population characteristics of Nile
Hwang Goo Lee tilapia (Oreochromis niloticus) in the Daegu Metropolitan City thermal effluent stream
Tel. 033-730-0434 (Dalseo Stream) from January to November 2019. The collected fish were identified as

E-mail. morningdew @sangji.ac.kr 4,247 individuals of 20 species from a total of eight families. The dominant species was

O. niloticus with 1,306 individuals and a high relative abundance (30.75%). The water

Received: 13 February 2020 temperature of Dalseo Stream was maintained above 10°C throughout the year, which

Revised: 4 March 2020 means that O. niloticus could inhabit it even in winter. The length-weight analysis showed

Revision accepted: 10 March 2020 a regression coefficient b of 3.1496, and a condition factor (k) of 0.0025 with a positive
slope. Comparing the water temperature of Dalseo Stream and the total length of O.
niloticus per investigation period, the 0-age individuals appeared May 29 when the water
temperature was maintained above 22°C. In conclusion, the thermal effluent of Dalseo
Stream allowed O. niloticus to survive in winter and maintain stable growth conditions
and life cycles. The results of this study will inform ecological information on O. niloticus,
which suggests that river management efforts should consider the management of O.
niloticus populations for the conservation of fish species diversity.
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M 2 FA5HH o]iF F Shuto|t} (FishBase 2007; Molnar et al.
2008). M= FO] =Ql2 A2 Wy, A 9 7|8 F

et} (Tilpia) = oFZeZbh QAR ASEED o] w9, o woo] Wis S0 qIo) B2 olso] A
(Cichlidae) @] Gjol2 A A|A|Z o &2 oF 1000] Zo] A S E 5 U= Aog 4#A 9101 (Gozlan et al. 2005),
AL 3lo v (Trewavas 1983), AIAIH 22 71 d e ol =JE YL etm oF(Oreochromis niloticus)= SHd
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AAgt o] ofgl Bl fgefate] WAe sy gtk
(Figueredo and Giani 2005). 55|, gAlo] E3te YL d
wote] F-g-oll= A4 HAo] ul- wha T, =2 LS
2 Qs Az gholl tiet H5-do] et Ao s HilE
I 2127 (Canonico et al. 2005; FAO 2006), Al 22H 35,
s, A, A2 A5 E AMSE 2 71
= A4Sk A or ERFTO] Hol B Ao ¢
Aol A= Aoz dHA AT (FAO 2006; Zambrano et al.
2006). TEtA] H5E 2] 7]} 1SSG (Invasive Species
Specialist Group) °ll 4= &2 54 2= ULty
o= A7 100t H5F L& Aot 2|&4 0 & efst
1 JTH(ISSG 2015).

FEUEhs 19559 A8 A 245 f18) Hi=olA
Oreochromis Genus (&)l st ZAH| 2 € efajof
(Oreochromis mossambicus) 2t UL B2t o} (0. niloticus)
£ AHE =5kt (Kim and Park 1990; Kim and Park
2002). dHtA o 2 yddetnol= Aoy ofF= 10°C
o|3te] o] A&E A¢ MAsHA] F5HH (Charo-
Karisa et al. 2005; FAO 2006), ¥5 w3 yYddatm]ote]
B85 F7~geCollME AES 4= Qs Ao HAEI Q)
T} (Charo-Karisa et al. 2005; Zhu et al. 2016). $-2| U&= A
=4 42| tiFZ 10°C oJstz W7, o]= Qls =
U koM yddetuote] A4 27kt 2o
QlAlx]o] ghch 1L} Kong et al. (2011) ] &J5tH, 34
Zof|A Y= 2= Qe A ")
of ZAlTtol AAIRE Aoz SHIE ek, - Al
A9F GAd ERY 2 20 2upTt AF A&E
FAEI o] Ao YdLetujolrt /45 £
Skl lom, DA olQo: Rullert FANE dF
P (F27, Fu A, @7, WHHE F)eAE tddety
oo} xjAje] W1l v} It} (NIER 2018, 2016; Yoon et al.
2018).

=UlollA AARt L Eetuoto] tigt A= A4
H=F 9 =4 A5 (Kim and Jo 1999; Park et al. 2002), H
9 AEHA ghgof Bk (Kim et al. 1999; Hur et al.
2004), HLDetu]obE o] g3t ofF AR AIAH e B
7S 919t A5 (Suh et al. 2002; Oh and Jo 2005), YL &
gtojo} G2 WHd U S22 AF (Park et al. 2016), A
Bl thet A7 (Kwon et al. 2006) 5 Thet A7} &=
FE ot = LF sl MAshal e Ul EeE

-

oot fu 4o B oL f

2 b

128 ©2020. Korean Society of Environmental Biology.

of AMAle] e o] Pt AT = o]t mat
A B ATE tirgadAe] 918 2488 toR &
Wj% ol mE eldatulol AAEe] Aed 727

22 ATt ua d1= S5k

THE B

1. ZAHA)2]

ZAA 710 whE v Eetujofo] Rt mrets ¢
ofl 20198 1€95H 11€ (17} 1€ 8¢, 27k 3 119, 32k
59 29Y, 42} 62 30¢, 57k 7€ 30%, 62F: 94 30%, 74}
114 28Y) 742 A= ZAME $9Ystelon, tdd et
of fAIEe] AAIZ| 2 == 5~79 (37, 43, 54T
2 o g ZApsto] F 73] ZANE AAISHATH

2. ZAX|H™E

DA BB AF S ZAL G DA 2
W 59 I B, BES BR U 3 e
2 53R (3 412 AXstdon, of 242
Slal RS 1HoR F 370 A (st 15k 3 A%
sfe] 248 ANttt 24 7R 2R TNES
2 4315 200m ool A 241 FAISALH, 7 A%
A7 Tkt 2k (Fig 1).

ot

« St 1: 3 A AT H]AHE (N 35°52'57.07", E 128°
33'16.51")

- St.2: 3G A] A5 H]AHE (N 35° 53'00.35", E 128°
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Fig. 1. The map of sampling sites in Dalseo Stream and Geumho
River, Daegu Metropolitan City, South Korea.

3. ZARH

1) EaJR - ojhetE AAlgiy A

AAA Y 2214 EAEA2 20199 190 AAISHA
o, 78] ZA Al (Nikon LASER 12008, Japan) & ©]-8-5}1]
XA H 9] 525 Z75HL, Digital water velocity meter
(FP111, Global Water, USA)E ©|-&5to] A& 3514
o} SR EQ A= 9 EF5E Cummins (1962) 2] W
2 Z-8-5}9] Boulder, Cobble, Pebble, Gravel, Silt/Sand©] 5
AR FEote] A 74 Hlee g5k o9t
812 A A% BA12 20199 195 E 11971 2, &
TAA, pH, 7|1 =S ZF AR A Fd-8 =
=79 7] (YSI model 556MPS, USA) S ©]-&5}9] nfj3] &%
oA ZGsHATE A 7120 @A B 59739
HolE v W] €5l WEATHERI (http://www.weatheri.
cokr)ol A AlEste A AF 712 HlolHE &85}
o, eAHEN 524 AF Fe2 TR
(UTBI-001, ONSET, USA) & A x|5lo] d¥ 1A17F A o
= 4% dlolH 9| Btgts o8t

F}O

QMY Y S

olF @ yddetuote] 2 7t A)E B (T
7x7mm, 202]) 7} S (Y& 4><4mm, 60%)E °]-&5to]
ZAME AASH L - H 0] 2= 10% Formalin S0 2

1A% & AR RRkSte] 54 2 ASS AAlsHTh
o] 79 540 t}-&-0] AME (Kim and Park 2002; Kim et
al. 2005; FAO 2006, 2007)E ©]-8-5F3Att.
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3) L gatnjo} 2 B
(1) Zol-27| Az £
G AT Gl adetaote] AeAES

sfotsty] Sts) AR-AF 4

WEA4E B AA et

o] O]%F‘j:ﬂ., /\14174 58 T OYE ARE AlFste A
E=Z 0|85 9t} (Anderson and Gutreuter 1983; Ney
1993). Zo].BA A4 (Length—weight relationship)%
Anderson and Gutreuter (1983)2] W=aTL® (W =weight,
TL=total length, a, b= parameter) 2! Al oo HUE
2]4= (Condition factor, k)= Anderson and Neumann (1996)
°] K=w/TL? (W =weight, TL=total length) 21-& 2-8-5}
ek B0 TR ] T
AIsto] LhelRetulote] 4ighA 7] @ 2]

M A A Z=eF2] 421 GSI (Gonadosomatic index) B R
AAEEO] 715 15em o] S-S o] gato] 24
stAer, JHAE AlE 2 AAAE WA RS o]-85to
0.001g7H] 574 T GSIE AFHE5I3ITh

GSI=GS x 100/W
GS: 412 7 (g), W: A5 (g)

FAEA-2 IBM SPSS (ver. 21) 2} Biodiversity Pro (ver. 2)
§= ko] EAA zto] W GOl AR,

=
FARE M8 58 s

1) 2% MAEH &M
ZAA 9] E84 F87 A4 A0 §E2 4
m (B41%), 193.8~256.6 m (B 27) 2] H= el
T2 12~153 cm (FA1A), 30~>200 cm (F57) 2] W
=2 Sk T E 24 Ay gdy 527
O

T Gravel?} Sand/silto] H[&©°] =2 A
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Table 1. Physical and chemical factors of each site in Dalseo Stream and Geumho River, South Korea

Sampling site Stream width ~ Water depth Bottom structure WT H DO EC
ping (m) (cm) (B:C:P:G:S) 0) P (mgL™)  @Scm™)
St.1 43-255 12-127 B:C:P:G:S=0:1:3:33 244+55 74+02  200+70 27048+302.9
Dalseo Stream  St2  14.2-237 35131 B:C:P.G:S=0:0:2:4:4 241453 76402 99423 26033+3134
St3  179-319 19-153 B:C:P:G:S=0:0:34:3 202473 76403  83+10 1301246198
Geumho River 1938-256.6  30-200 B:C:P.G:S=0:0:1:4:6  173+96 83+03 94421  5172+828

WT: Water temperature, pH: Potential of hydrogen ions, DO: Dissolved oxygen, EC: Electric conductivity, =SD: Standard deviation, *B: Boulder >256 mm, C:
Cobble 64-256 mm, P: Pebble 16-64 mm, G: Gravel 2-16 mm, S: Sand/Silt 0.2- <2 mm

(Table 1). YA O 2 A getriop e 4 9 44
o] L¥ B4 AE 4 o 91

A d5sh, mefjet 7% vht
o] AttAte ThEo] AtdstE Z o2 delA Q= (Kim
and Park 2002), @412 L Eztu]o} 7fA|Lo] AT st

2) o|2THH MAIY M

ZAA 71 oletetd] ot 24 A GAH]
T T 20.2+7.3(St. 3)~24.4%5.5(St. 1)°C2] ¥
= SRAIF A AiA g A vUeon, 9782
17.3+9.6°CE A vlof oA og e 25 7
Aotz A2 FRIFGITE Wit pHE DANA 74+
0.2 (St. 1)~7.6+0.3 (St. 3), F 574 8.3+03°02 £4
=t Bt SE44(DO)E GAHA 83 £1. O(St
3)~20.0+7.0 (St. 1) mg L', 3374 9.4+2.1mg L™
2 AL st 194 §EAATE AH R w2 A
o2 FRIFALE o /M EE (Ec)h DA ol A
1301.2+619.8~2704.8 £302.9 (St. 1) uS cm ™', B2 7ol A
517.24£82.8uS cm ' 2 EA o] F57}o] vl5| EA A9
A7) i =2 702 et (Table 1). B4
e QI =49 Agstpet 3w, 27w EA 3

T A YE e 52 FF AT RV E
o] B2 FEO AVAELE FAIok 3lom, shdol @
FH71Eol FA = o] ARt ofF7F IA¥skaL Q1] 54
T ydEetaobo] e @ o] YA L7t vl Hel &
ZFet AR oA & & A-5-517] uhEoll (Chervinski and
Lahav 1976; Tave et al. 1990) G413 9] S99t =237 o]
vdeetajol JhA ol vA= FF2 A Ao wd
Hr}
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— —— Survival water temperature: > 10.1°C (Charo-Karisa ef al. 2005)
—@— Temperature of Daegu
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Fig. 2. Seasonal variations in water temperature and air tempera-
ture in Dalseo Stream and Geumho River. Vertical bar represent
standard deviation.

3) thtAl 7120 MM Y 3R 2

20199 1Y 8UHE 11¢¥ 289717 EH%L*] 7] g
AA 9 o740 25 vl EAIRE 44
K 10°C o144 9] 7128 fAsh= &EE LreRtoH,
T -01+22(19)~272+24°C(8¥) 2 HYZE SI= A
th 5579 22 39RE 10°C o2 FAsH= AL
2 Uepgom, Bl 47+1.6 (1'9)~28.6+2.6 (8E)°C2]
H Q= SRIFrE 2u4 -4 sPHQ g4 149 8¢
HE 119 28U7H4] 10°C o449 28 A&2 072 G4
St Qe Ao Yet o, Pa 16.1+2.8 (29)~29.1
+1.8°C(8¢¥)< W= SH= Ut (Fig. 2). A 71
2 Fo7} 25t v FARE Ao EAES
O 1} (similarity 89.6%, p<0.001), @413 9] 42 Wslet
= O4& 2polE Hole A0 R YePI T (similarity 77.7%,
p<0.001). YFFAH 2 \pdgetnob= 10°C ©]ote] 4=
20| X&= A 2A]5FA] 551 (Charo-Karisa et al. 2005; FAO
2006), 2 Wk S4H0 9 f440 9 A
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Fig. 3. (A) Relative abundance of the fish in the Dalseo Stream and (B) the number of Oreochromis niloticus individuals per investigation

period.
7 4 G, MATEe] 27] Foll e EefAl= AL
2 1 2t (Cnaani et al. 2000; Hofer and Watts 2002;

Charo-Karisa et al. 2005). TH=2FA A7t 16°C o]d9] 42
2 A%Aoz Ak Aoz skln 2 AL

Ltelgletulo} o] e Wk clof st i
g 7HsAd2 Mg H2 ﬁgi wetE o, 5570
3gHE 10°C o1l 2=
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7Fed A= AFEY 20]
Aol g2 er XA oF
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el Th

-

rl
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flo Ho m
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i

gAY A7 A A F 83 20F 4,24771A]
7 2ot AdERE 4 A3 dEetgot
1,306 704 (30.75%), T2F0] (Zacco platypus) 1,13270A]
(26.65%), =W (Squalidus chankaensis tsuchigae) 48271
A (11.35%), I12] (Opsariichthys uncirostris amurensis) 465
WA (10.95%), 501 (Carassius auratus) 261714 (6.14%),
L F2] (Pseudogobio esocinus) 122704 (2.87%), T
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(Cyprinus carpio) 927041 (2.17%), | (Hemibarbus labeo)
89704 (2.10%), 2% P|9te] B]AF 180704 (4.24%) &
o] =02 HAE|QITh(Fig. 3A). A7 UYL et
ol JhAl4 A At 649 309 XA FAT A

=

T [

78 5100 o} HA Hafie

3B). E}E}H AR w2

ar

M

3. Yy atmor Az
1) Zo|-2A &M
v etujof AT ASdH 92 AAEY A
mpotstr] flof EA A A 1,3067H1ﬂ % gaA
2ol AF A B w2 R =u|7t &3 HAE A2
SINAIE tF oz Zol-FA A 9 HRE=A] 4 (k) &
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W] 727 0.00252 EA4 = T (Fig. 4). 2RHA
o2 AT BHEE UEhle= 2AAS b2 3.0
71202 308t oW BSAFE7E o AS SJnlst
™ (Han et al. 2007), H|FHE2] 4= (k)= 42 71714 = 7
Aol S Fagt 2S ©|u]gth (Carl and Peter
1990). mHebA] FA I A A5 Sl U EetE ol

| =]
Loy |

E
=
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g

L ool o ﬂllﬂl
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™, o= DA O] TR Hold 9 v etu]ofo] 944
¢ sojg o] Aste Werr)

2) A7 £23 M3 Hln 2N

ZAAZ1E GAR S 423 G Detriote] B
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Fig. 4. Relationship between the total length and total weight (left), and between the total length and condition factor (k) (right) for the
Oreochromis niloticus population sampled in Dalseo Stream, South Korea.
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Fig. 5. (A) Relationship between the water temperature of Dalseo Stream and the total length of Oreochromis niloticus per investigation
period. Vertical bar represents standard deviations. (B) Distribution of the total length frequency of the O. niloticus population. The dotted

lines separately represent ages on the total length.
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Ao = ettt (Fig 7). B3 ZHAE BW7t fAFsHE =)
T 479 GS7t H =& Ao g yehton GsI g L
EFj= bubble®] 271 T3t g7lo] o & 7 o= 24
o}, =73} ¢ ©] BW, GS, GSI 7 T-test 241 A}
HoA AT A Tt FAA R & Aol E
o7 BAEQth(p<0.001). YHHE o2 ALty
Al-2] 739 AZ- Aol Hlsl] 4 £t =9 |t
A e Aol Hlol whE Ao & A A QlT(Scott et
al. 1989; FAO 2006; Kwon et al. 2006). TehA] ZA|Hof A
Alshe ydgatajof /AT E Ao w2 A% 2
AAASE 2ol &2 Qe 7hA FAZE FAFSH 2 oA
O] GS % GSI7F Aol Hlsl =4 yehd A o= ot
o}, o gt At YA EAY o Afol= AAgH o whet A
% 3~103|71A] & AF2H(FAO 2006)2 o= Y gatm]o}
NATE S840 Ato] Qe Ao FAEM, e Al
S ANAT A7 g E|ojof & Ao & whETh

r BN KO
g % i
IR

L 2ulhrt RYEE YA 2R e
2 g detaiote] AAlE S4& et 15 20199
19RE 197 2 AAS Bela A48

B4 AT e 47} A2, el A5 Hgo] 8
A72E $A5 s AL ekt olsksbd A4
7 24 AT AR A/ AEE (BO)E WS 2 A
o It 71 @ 4 BA A3 gAHe 9
10°C O14F0] 428 A|5H 02 fAISH RO ekt
on], FE7e 3URH 10°C o] 2 §A5H A
o2 SISk o RA ZAET 5 83} 20%F 42477
A7} ZAs AT A ERE 24 At vadetnop)

Al FA AAS S Bk Dot Ao
Aol FA &4 A} | AAS b 3.1496 0= LEFE
o HTHE 24 (k) 7]-&7]E 0.0025% %2 7272 B
A=tk A7 G o] 23 Ll detmol A
- v - B AT} 22°C 0|4} Y] 28 FAI5H= 59
299 XA FAA JHAZE ST AN E B B

A At FEAYL 0~110 mm, 1dB~2FYL 120~210
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mm, 284 o]A2] A= >210mme] HYZ ==
ot Y datm]ob AT A AFTHFA] = (GSI) =4 23t
AT} OFA BT 39 119 ZA] F437k0] 7P =gko
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Sk =20] 10°C o422 5ol 3Y o] F5H
oAl FEHFOR AAA o]Fo] s AOR 4
LA F357-E FAoR Yd"etajof AR
mpokg Fofl g etmol /hAlE e 2
TR B2 919t shdye] wiet npso] H

NS o @ XN

ol
P
e e

tA

A

w i
2l

> &

fo ofl 10 o mit Tl o
>
5
He

ek 4
£
Sl

REFERENCES

Admassu D. 1996. The breeding season of tilapia, Oreochromis
niloticus L. in Lake Awassa (Ethiopian rift valley). Hydrobiolo-
gia 337:77-83.

Anderson R and S Gutreuter. 1983. Length, weight and associat-
ed structural indices. pp. 283-300. In: Fisheries Techniques
(Nielsen L and D Johnson, eds.). Bethesda, MD.

Anderson RO and RM Neumann. 1996. Length, weight, and
associated structural indices. pp. 447-482. In: Fisheries Tech-
niques (Murphy BR and DW Willis, eds.). Bethesda, MD.

Bwanika GN, DJ Murie and LJ Chapman. 2007. Comparative age
and growth of Nile tilapia (Oreochromis niloticus L.) in lakes
Nabugabo and Wamala, Uganda. Hydrobiologia 589:287-
301.

Canonico GC, A Arthington, JK McCrary and ML Thieme. 2005.
The effects of introduced tilapias on native biodiversity.
Aguat. Conserv.-Mar. Freshw. Ecosyst. 15:463-483.

Carl BS and MM Peter. 1990. Methods for Fish Biology. Ameri-
can Fisheries Society, MD. p. 684.

Charo-Karisa H, MA Rezk, H Bovenhuis and H Komen. 2005.
Heritability of cold tolerance in Nile tilapia, Oreochromis ni-
loticus, juveniles. Aquaculture 249:115-123.

Chervinski J and M Lahav. 1976. The effect of exposure to low

temperature on fingerlings of local tilapia (Tilapia aurea)
(Steindacher) and imported tilapia (Tilapia vulcani) (Trewavas)



and Tilapia nilotica (Linne) in Israel. Bamidgeh 28:25-29.

Chervinski J. 1982. Environmental physiology of tilapias. pp. 119~
128. In: The Biology and Culture of Tilapia. Proceedings of the
7th ICLARM Conference. Manila, Philippines.

Cnaani A, GAE Gall and G Hulata. 2000. Cold tolerance of tilapia
species and hybrids. Aquac. Int. 8:289-298.

Cummins KW. 1962. An evaluation of some techniques for the
collection and analysis of benthic samples with special em-
phasis on lotic water. Am. Midl. Nat. 67:477-504.

Dan NC and DC Little. 2000. Overwintering performance of Nile
tilapia Oreochromis niloticus (L.) broodfish and seed at ambi-
ent temperatures in northern Vietnam. Aquac. Res. 31:485-
493.

FAQ. 2006. Cultured Aguatic Species Information Programme
- Oreochromis niloticus. Fisheries and Aquaculture Depart-
ment, Food and Agriculture Organization of the United Na-
tions, Rome.

FAQ. 2007 Species Fact Sheets Oreochromis niloticus (Linnaeus,
1758). Fisheries and Aquaculture Department, Food and Ag-
riculture Organization of the United Nations, Rome.

Figueredo CC and A Giani. 2005. Ecological interactions between
Nile tilapia (Oreochromis niloticus, L.) and the phytoplankton-
ic community of the Furnas Reservoir (Brazil). Freshw. Biol.
50:1391-1403.

FishBase. 2007. Oreochromis niloticus niloticus Nile tilapia: Sum-
mary. www.fishbase.org, version (12/2019).

Fryer G and TD lles. 1972. Cichlid Fishes of the Great Lakes of
Africa.: Their Biology and Evolution. Oliver and Boyd, Edin-
burgh, Scotland. p. 641.

Gozlan RE, S St-Hilaire, SW Feist, P Martin and ML Kent. 2005.
Disease threat to European fish. Nature 435:1046.

Han SC, HY Lee, EW Seo, JH Shim and JE Lee. 2007 Fish fauna
and weight-length relationships for 9 fish species in Andong
reservoir. J. Life Sci. 17:937-943.

Hofer SC and SA Watts. 2002. Cold tolerance in genetically male
tilapia (GMTR), Oreochromis niloticus. World Aquac. Baton
Rouge 33:19-22.

Hur JW, BH Min, IS Park, JH Im, JY Lee and YJ Chang. 2004.
Stress responses of Nile tilapia (Oreochromis niloticus) by sa-
linity challenges in a recirculating system. J. Ichthyol. 16:94~
99.

ISSG. 2015. Global Invasive Species Database (GISD) species
profile Oreochromis niloticus. Invasive Species Specialist
Group. Available from: http://mwww.iucngisd.org/gisd/species.
p. 8.

Kim DS and IS Park. 1990. Genetic identification of hatchery
reared tilapia strains. J. Aquacult. 3:31-37

Kim IS and JY Park. 2002. Freshwater Fishes of Korea. Kyohak,

The population characteristics of Oreochromis niloticus

Seoul. p. 465.

Kim IS, Y Choi, CL Lee, YJ Lee, BJ Kim and JH Kim. 2005. lllus-
trated Book of Korean Fishes. Kyohak, Seoul. p. 515.

Kim YC, MH Hwang and IS Park. 1999. Effect of dietary herb
medical stuff on the non-specific immune response of Nile
tilapia, Oreochromis niloticus. J. Fish Pathol. 12:7-15.

Kim YH and JY Jo. 1999. Oxygen consumption in Nile tilapia,
Oreochromis niloticus, in relation to body weight and water
temperature. Korean Soc. Fish. Aquat. Sci. 12:247-254.

Kong DS, OM Lee, HB Song and MY Song. 2011. Survey and
Recovery Measures on the Aquatic Ecosystem of Jinwi
Stream. KYDI Research No. 2010-10. Gyeonggi Research
Institute, Suwon, Korea. p. 145.

Kwon JY, DJ Penman and HC Kwon. 2006. The Timing of Aro-
matase Action for Sex Differentiation in the Nile Tilapia, Oreo-
chromis niloticus. Dev. Reprod. 10:197-202.

Molnar JL, RL Gamboa, C Revenga and MD Spalding. 2008.
Assessing the global threat of invasive species to marine
biodiversity. Front. Ecol. Environ. 6:485-492.

Ney JJ. 1993. Practical use of biological statistics. pp. 137-158.
In: Inland Fisheries Management in North America. Ameri-
can Fisheries Society, Bethesda, MD.

NIER. 2015-2016. The Survey and Evaluation of Aquatic Eco-
system Health in Korea. National Institute of Environmental
Research, Incheon, Korea.

Oh SY and JY JO. 2005. Effects of body weight and dietary pro-
tein level on ammonia excretion by the Nile tilapia Oreochro-
mis niloticus. Korean Soc. Fish. Aquat. Sci. 18:122-129.

Park IS, GC Choi, JK Nok and DS Kim. 2002. Acute toxicity of so-
dium chloride, formalin and potassium permanganate to Nile
tilapia fry. Korean Soc. Fish. Aquat. Sci. 15:119-121.

Park JW, JY Kwon, YH Jin and SY Oh. 2016. Effects of fasting on
brain expression of Kiss2 and GnRH | and plasma levels of
sex steroid hormones, in Nile tilapia Oreochromis niloticus.
Ocean Polar Res. 38:81-88.

Scott AG, DJ Penman, JA Beardmore and DOF Skibinski. 1989.
The 'YY' supermale in Oreochromis niloticus (L.) and its po-
tential in aquaculture. Aquaculture 78:237-251.

Suh KH, BJ Kim and JY Jo. 2002. Culture of Nile tilapia (Oreo-
chromis niloticus) in recirculating aquaculture system. Korean
J. Fish. Aquat. Sci. 35:27-34.

Tave D, V Jayaprakas and RO Smitherman. 1990. Effects on
intraspecific hybridization in Tilapia nilotica on survival under
ambient winter temperature in Alabama. J. World Aquacult.
Soc. 21:201-204.

Trewavas E. 1983. Tilapiine fishes of the genera Sarotherodon,
Oreochromis and Danakilia. British Museum of Natural His-
tory, London.

http://www.koseb.org 135



| I
Korean J. Environ. Biol. 38(1) : 127-136 (2020)

Yoon JD, JH Kim, SH Park and MH Jang. 2018. The distribution
and diversity of freshwater fishes in Korean Peninsula. J.
Ecol. Environ. 51:71-85.

Zambrano L, E Martinez-Meyer, N Menezes and AT Peterson.
2006. Invasive potential of common carp (Cyprinus carpio)
and Nile tilapia (Oreochromis niloticus) in American freshwa-

136 ©2020. Korean Society of Environmental Biology.

ter systems. Can. J. Fish. Aquat. Sci. 63:1903-1910.

Zhu H, Z Liu, M Lu, F Gao, X Ke, D Ma, Z Huang, J Cao and M
Wang. 2016. Screening and identification of a microsatellite
marker associated with sex in Wami tilapia, Oreochromis
urolepis hornorum. J. Genet. 95:283-289.



