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Embryonic and Larval Morphological Development of the Nile Tilapia
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Abstract : This study was conducted to provide fundamental data on the early life history of
the Nile tilapia (Oreochromis niloticus) by observing its embryonic development and larval
morphological stages. The experiment was carried out at a water temperature of 28 +0.5°C,
with fertilized eggs collected from the buccal cavity of brooding females. The eggs were
pear-shaped, non-adhesive, demersal, and opaque yellow, without an oil globule, measuring
2.63~2.97 mm in length. The zygote formed 1.5 hours post-fertilization (hpf). The morula
stage was reached at 12 hpf, the gastrula stage at 22 hpf, and brain and eye differentiation
occurred at 44 hpf. Hatching commenced at 120 hpf. Newly hatched larvae had an average
total length (TL) of 5.41 0.2 mm, with closed mouths and anuses. By day 12 post-hatching
(10.49+£0.4 mm TL), the yolk was completely absorbed, and the larvae entered the post-
larval stage, initiating active feeding. By day 28 post-hatching, the specimens reached the
juvenile stage (25.88 0.8 mm TL), exhibiting adult-like vertical stripes on the body and the
characteristic “tilapia spot” on the dorsal fin. These findings contribute to the understanding
of the developmental biology of Cichlids and provide essential data for the ecological
management of this invasive species in domestic freshwater systems.
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ofe] AL A 1 FonE vhe PHshy] 507}
et olfEo] SIEnT} 6 Ao oL A §2A (Cili-

ydgatulol(HE, Oreochromis niloticus)y= X285 (Cichli-
formes), A28} (Cichlidae), B2} ot (Y54, Oreochro-
mis)ol| £3H= ©]F (Kang et al., 2025)F ‘o= g|719] A7}
iAo, A= otz )7t AHS BRI F=, vl H
=, A&|AloL, 3 5ol EE ARz 71 de oF4
3l o 7otk (Molnar et al., 2008). YE gt ob= F=2 5hd
9] Ry T4, S A= AAlEt ol dof 7t
AgE Hole B2 FHde AYe Aol EAolth ¢
HPH O & =2 17~35°CY] Y2 2 Mol A AAlet, X|of
£ 15°C, 4Al= 10°C oJstollA] Hate= Aoz A ot
o5 T2 27 (Algae)et FAAET 22 AEA EHIE,
TEA EFAE, oF T T HolE ARt UdEey

form teeeh) 2 /Fetat sheto] WAYE| o] Gtk A4S 2ulifo]
U NS w1 mER|gnjs ¢S wo] o Y29
£} ofe] 3 Yok, ot B Feol 8~107) HEe] 9
2 ol%0ldl 712 7} B Abafel 2lck

AFR olRE ABIF F U1 R 2RE F e
O] E2 A AANNA & 1,700 F(250%) oo FH=H
(Nelson et al., 2016), @A7}A] ofzg|7tol|A o2 WA= R &
gt m7]|5 A2 ErE R W Folu 2T AR FHEI 9]
th(Turner et al., 2001). SolZe|7}2] HE o} &4 Wty
S50 Pohgt SholH 48 o) AZESs AT
oA Qdth(Seehausen, 1996; Turner et al., 2001). E§F 13
o] wet £ReH o2 FEET, o]&(Nest)oll A ofn|o] H
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35 ol H3lsts detujols, 3 Bx A9 FHolA R
S}8h= Sarotherodon;, Y712 FFol|lA Fafslh= detujol:
o2 YHth(Munro ef al., 1990). A AR E ofAE 1 §)
£ detuoby] iR A9 4 F ofn|9 QJoA 5 K3}
(Mouthbrooding)8t= getujop& o2 Atgt = 22 Wi A
5 At E4o] Qich

A AAA = GaolFo] FAYA Yol Bolf thEe=
a3 YA E 2|8k ol 19559 A& A 2SS9
gdatulolof e BRI " ety of (Oreochromis mossam-
bicus)$t Ydgztu]olE eltollA =3t (Kim and Park,
1990; Kim and Park, 2002), 19804t} o|% AAteko] F2351H
iU 19909 ell= 379,169EC014 20204 7] A AA P4
ol 6,100,719E9] E3th(Zhang, 2023). 1% UYddtajo}
£ SEuEte] Sttty A8 PEHATAR o]A"H &
U o oA FAle AlEsto] Bibo] F7kstET

vtz oz yddetujols G4 oFE 10°C o5ty
20| M AAJ8HA] F3Hc}(Charo-Karisa et al., 2005; Rakocy,
2005). 22y 2 FAGA A wiEE = 2 s =
W stde 54 A @EFA) T 247 AF ALHA FA
21 Qe 4% P EEY, o, @, A-AH, GXH B
ANX= vtddetu]o} A2 Al4jo] Hirg Hl QITH(NIER,
2015, 2016; Yoon et al., 2018). &JHZ£2] =L AA)1x] HE &
B9 7Y EY, 9% DAY ¥t o2 s BF ofF
ANA &S & 4 2™ (Gozlan et al, 2005), W =UH Y
deetujol= 5P 79 ofst W R gdste] dAS fdsta
(Figuerdo and Giani, 2005), HejAE 223t 7540 o
o7t Fagt Folrt. gt Yddetuot= 2 W3t tigt W
/go] Zstal 4% £&7t wE tiF o}F LR, ofx et Fot
Alobs Z3et A AlAA g FAEE= ST AHA Ad

fob

1o
o

4

olck. et Fuel A Rl Fol Lt etuiote] 27148
o TRt AT ol5] wuIe Aolek. webh £ Aol
e getulols] Wik Bt AX|ole] Fepere BT,
o159 2B BRE FYSHT AR olahE Fol7]
9I3t 7|24 RS TE5 A B,

| n= o

1. 2o

Ao AHEE Uddetuot:s AddEE A8 249 g2t
"o} QA4 24| A&t AT AARE TSR,
ZHIE Adtigta APAHR o|FstqT) o] % 4ol= PP X
(120cm X 75 cm X 90 cm) o] YAetFoH, oju| 2 A3 7|A]|
£ Adstsich(Fig. 1).

o

2. ojo|e| MHz} 2|

HA|o] B 2AE weloh malxneuls Hwao
Feslo] EaalA Uehin, 443 Jeirt vm w
BHE, RS B2 AATS AR, BRE QUi o

Felttot NS olnlz Ausigch. AEE ZE A

o} 3T A vl 247 1:2 2 AAste] o3 E =2(90
cm X 45 cm X 50 cm)©f| =83}

A4 A7]8]E (2824, AT-600, 300W)S ]85}
28+0.5°CE FAAIA A4 AHe fE3H3ch AR i
3FH 15%F oy, JAE waES FUE F718e
2 A AN Folck

Fig. 1. Adult fish of Oreochromis niloticus, nuptial coloration of male.
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AR 7 ol =TS ERlstglen, & FHet 37 1
g1 a3y Wt FAO S8 sk A%
S AFE4Z (60 cm X 45 cm X 45 cm) o] B3+ ©E2| (Ziss, ZET-
E65)E AA|sto] 513t 3} "EY A= F7ANA 5
o] A=A FA wrksttt. Wi 3314 15%F S5t
on, g2t B Bfigh G2 A&H 02 A AT ¢ A
2 1070E A8t A7t 13] 402 Fs-@u|F (Nicon,
Y-TV55, Japan)2 ©]-8-35to] dat(Cleavage)& ¥ast3 o,
A&7} 2t(Nicon, DS-F, Japan)2 &9ttt 3 & 2t
0]9] "k MICROSCOPE DIGITAL CAMERA (WPI, MT-
M4KHDMDE 2t #9& 33t & A4 2 AL
£33 0) 2.2 28+0.5°CE AT}

4. Xtx|0of JEfEE

$3 7 Aol S5 2E WK Ro BEAIN A
sel900] §AEEE 22 Aok ok BRI A A%
sttt 23t HEHE AAT $ 2| o2}7] (Aquatech, SP-
LHE ARstg o, Y 384 15%E ottt vido) &
o BT AR AATLE A&HOR AAS Ferk o]
9] Hol= WS 43 104 304 5H 1149 204714 vt
Z(HE2t 155 0.2mm, Japan)E Fol8) F20 11 o] A
Z 20 mmPEE= wgALR (F Bkt 635 1.1~1.3 mm, Japan)
£ wol3f 3t

AFole] FeEE 1S 7153 FAL ARG A= A

AT AL AFR3}5 e, MICROSCOPE DIGITAL CAMERA
(WPIL, MT-M4KHDMDE ARg-3te] ©¢] 0.01 mm7HA] &%
shgich Ax| ol o] Feidd THAl= 7|Ee] Rad ZAFolA
v agetujote] WA 9 P (Tachihara and Obara,
2003)& Frarste] ekt

|’E= 1t

k
=

1.

e
0=

1) cto| ey
2 A FH (Pear) FEIZ I SR 4 F24
2ot} B A7|E 2.63~2.97 mm (n=50) S TH(Fig. 2).

N
o

) Lhar 3
AR 7 W DS AFIste] wET A, 147 302
73 & == (Animal pole)ollA FEA| (Zygote)2] B/ <15t
STh(Fig. 3A). 1A17F 30 Hell F&(Cleavage)©] 3= 2
A7)0 KY8HE L (Fig. 3B), 34 & 247+ Flof| 44|3E7]
(Fig. 3C), 3A1t Flo]l 8A|£7] (Fig. 3D), 4A17F Feol| 164127
2 Uit (Fig. 3E). 12A17F 0]% 47| (Morula stage)©ll
olE AL &Ik on (Fig. 3F), 17417t Fol= Zu)7] (Bla-
stula stage)oll D8} (Fig. 3Ga, Gb), 22A17F ¥ FH}7] (Gas-
trula stage)o] o= A BQI5HAT} (Fig. 3Ha~Ho). 264]
7+ 5 A7 % (Neural plate)o] 3/d=|o] 417u (Neurula)= &

Fig. 2. Pyriform egg of Oreochromis niloticus.
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Fig. 3. Egg development of Oreochromis niloticus. Scale bar = 1.0 mm. Time required for each development stage is shown in Table 1.

G319 00 (Fig. 3la), HA Wkiol Lo E (Kupffer's vesi-  B8I1.20, 24 (Myomere)2 4717F 4= $ITh (Fig. 33). 40
cle)®] AL sro13t T} (Fig. 31b). AJZF Zof| QFE (Optic vesicle)7} P4 =901 (Fig. 3Ka), &g
74 30A17F F vijA| Q) Fato]] A 432 (Melanophore) 7} 2 9] o] AoAHA FA&o] 16712 F7F8Fth(Fig. 3Kb). 444]
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Table 1. Egg development of Oreochromis niloticus at water temperature 28 £0.5°C

Stage Characteristics hpf Fig.3
Zygote 1 1-Cell 0~1.5 A
Cleavage 2 2-Call 1.5~2 B
3 4-Call 2 C
4 8-Call 3 D
5 16-Call 4 E
Morula 6 Morula 12 F
Blastula 7 Early Blastula 17 Ga
8 Late Blastula 20 Gb
Gastrula 9 Gastrula=30% 22 Ha
10 Gastrula=40% 24 Hb
11 Gastrula=50% 25 Hc
Segmentation 12 Neurula=70% 26 Ia
13 Kupper’s vesicle formation 28 Ib
14 Somitogenesis 30 J
15 Optic vesicle creation 40 Ka
16 somites increased 42 Kb
17 Brain differentiation 44 La
18 Kupper’s vesicle disappeared 46 Lb
Pharyngula 19 Heart development 48 M
20 Blood circulation 60 N
21 Head enlargement 72 o
22 tail separation 90 P
23 Gill formation 110 Q
Hatching 24 Hatching 120 R

% 7 wrgste Qv s
o8] (Fig. 3La), 71 A%o] YT FoRZO] 228 I}
th(Fig. 3Lb). 48A1ZF & Qhtol] SAA27} RS, 47

o 2] 2872 F71el%

= A& st (Fig. 3N). 72413 & H2] FZo] H|tjs)x]
o dRT 22T w2 7 AR sige] FAaz I
stien o] dRE Axte AS BESIH (Fig. 30). 90
AlZE & ofglo] Wrgstn] ezt diolA £e2E7] Al&st
ATt (Fig. 3P). 110417t - Qh-9] FH O 2 op7ju|7} A=
mejof SAAE7F M2 9Tk (Fig. 3Q). 120417 Fofl= 2]

Pe duhg

2. Xix|oje] FEfuE Y

o wAl a7} 2= SichFig. 3R).

B3l A% Aol A 541402 mm (n=5)E ZTHLZL

O Qe BE of
=

wefo] y2pelo] Qleich 7 o

= 98 A dsten SR, iR =], 7REA =3
Ul obA SR (ki e =Fugto] des) At

(Fig. 4A).

Bl & 2R Aol A 671402 mm (n=>5), 3] 2

71= 2.13+£02mm (n=5)2 HIFE S/ U7 Zgo
2 SALZTL JEE7] A BE R =gu|E St
+20]7] A|2513ith(Fig. 4Ba, Bb).

B3l & 797 zFoj= A% 940+0.2 mm (n=5), U3 I
71 1.33£02mm (n=5E | RE 59 AREA] He
nego s Maxrh didsiglon, mejxgu)s RE2 &
2oL, At o] 89 A& FRlstgith(Fig. 4Ca, Cb).

Bl & 1297 &oj= A% 10.49+£0.4 mm (n=5)2 S
HE AHtgl o SR =gu], vjR]=gju|7} B2 2o g §
71= 2 7RER =n)7t Y o2 Wttt B Uk
T 553 Aol= Hol&5-S A&t (Fig. 4Da, Db).

23l 5 18UA| Aol AAF 15.61£0.8mm (n=35)2 HjR| =
o7} FAE UL FA=H0] £719] Zo|7} dojFom, gt
gk Ho|&5E HojFQith B3t oprtn| 7 SIRES BES|
B2 AR o) A mofo g SMAxst AZEQlch(Fig. 4E).

B3l & 2297 zloj= AR 21.89+0.8 mm (n=5)2 ©] A|
719 Zt 2o Agv| £7] 5 AHE 2%, FA=Yue
26712 F718klal, RA=Hul= 13742 F7hskqich £3t &
Aoz BP9 BYA| |2 ALgu| 7] = 187
2 271319t} (Fig. 4F).
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Fig. 4. Morphological development of the larvae and juvenile of Oreochromis niloticus.

25} 3 28Ul Aolslo] BRI, A 2588408
mm (n=>5)2 /73] w2} Azt F43] F7teA A =g
v]e] Wejoh v e ofu|eh vkspHom AL B w4
oj9} 22 7t2 EFY7H AsHA Uehith(Fig. 4G). SA1=
2ju] kol Yesjol wholakx Bl Yebsol B4 By
(Holden and Bruton, 1992)7} UEFgTH

e

| nl

2718 A A Uehd= A BT} 2o o] Fejd2
o Wi} tEo| F HE glo] ¢ Fad 7|2ARE ©]
|5tk (Seo e al., 2010). YH EAES] AL F& = §
A 579 717t 571= s, 2479 o|fE& A3 2718"
ARE AY AL §lof o] 59 vl A4S B A, Ao Bt
5ol 7Fs3te] 271 EAF A7 ¢ S5231Hh(Cha, 2002).

vdgetujol WOl ez Al FEE {7 (Oil globule)
£ e, Ba4do] gl ATl ¢ 2.78 mm

(£02mm)E ZdZF¢ 2gu|adaujole] Yo 2.72 mm
(£0.1 mm)Z Jddzty]ote] Uit §-AFsHS th(Tachihara and
Obara, 2003).

uddetujote] Bal7hR] 48 A7HE B 28°Col|A
237 12017001902, 2% BRI TolE F2
26°Co]| 88A|7to] AQ% Aoz W% vl7} 9tk (Tachihara
and Obara, 2003). %3} 29| Ll getslo} A7|7tole] B
B 541 mm, 2 2P iuio} W7\2ole] BFALS 40
mmZz A4S ¥ wstle o Udgetujote] AA ol &
§ £ A% 2 et (Tachihara and Obara, 2003). $7]&}0]7]
L 95T 129 HRos BRHY 1049 mme mgu e
o} FFAA 7.6 mme}t Z}o]7} 11Tk (Tachihara and Obara,
2003). Z|oj7]o) ZAYsI7|171A] £} - 28U 0] £ Gl on F
A% 25.88 mmE 2| Zd ety ol A 11.4 mme} 2}
o]& &1 4= 11t (Tachihara and Obara, 2003).

A2|o] Wg7] o] i FH|A EAof 7|Rtstglen, dak
F3 U2 23k 974 ArApolsle Azt AFEA = 24
o) Altele 7102 FESIAT, Tl URHE B
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Sesto] Blo] A3E AlZshe ©AZ FEEth(Tachihara and
Obara, 2003). 2]°17]°]| Hoj5HA Hetujop S7-9f Hhdo] 3
AH FAN A& EFH7F ettt ol Eety ot Fol
AJoj7]e =EEtgS o Ushte FAQ A= d#A Utk
(Tachihara and Obara, 2003).

AR Bol Fr)2e Ho s wulageole}
southern mouthbrooder (Pseudocrenilabrus philander)= U<
Yehulote} 2eAFolu], 0|59 Wb 25} e e §
ARt Fej2 2 1% v/} 91tk (Holden and Bruton, 1994). ThoF
g o} A ol A cheFet A} 23 e Ay, o]z AE
T AYe 14T EoR fAH R TR 2AFY
FEHST S BoFe Ao goEn

v getu]ofe] ¢ 7t A=} A3l osf AlA 100
o EFel AHE v7F etk =W A £33 HfFe =
oz Qs FPNET} &A= FolAlE SAoln, e
A BEE HBA o159 el Bt A7t ¢ T8
tot 53] 27188 B3 A FF S A5HAY
S AT 4= AeH, AeA AN FR7E HA
.
A AAE ydEetyote] Ad¥ d7ts ydEtyot
o FAA I 9 Ju2E A (Park er al., 2016), 4 &3t
Tt A+ (Kwon and Kwon, 2006), U g eta]ote] A
E=dFJeong, 1990) 5] ThFe A7 FHEHA oY 2714
ol T3 s dFAtEE FET Aol

£ A= ddgetyore] Wtigat x| ojef FeidS
Fatgon], 25 g4 AZYET off B B oF 274
At HlwEA B wg detjobe] Wwin B3l g 9|
Aol 7|22 R E8E ACE 7|l

ol

o)

|’E=E

2 A7 Tl AAAY & ddFelR =W s AE A
o A&t ddeztul ol (Oreochromis niloticus)?] 2714
A B4 TG, SE 28£0.5°C 22 APz
ob= 4 F 12047t Tto]l F3tof| FFsllen, o= 29F
Ql mxtu|adetujote] vlg) 71 H3} AI7hE BQ 2 sk, 23}
Q3% Ajofe] 27| (541 mm) D Aol7lo] EFSHe 4 S
(25,88 mm) BOVHE B8 LA AT P BT, 58] 3
S ¥ 289730] ekt et} W s Awe) 42 B
He olE50] Adojot ARt FEiA =S ZE 2|07l A
AR e Yol FRT AXYS SIS FEHoR, B
Aol A SR AR I TA 9 AEx| o e I o o
e AEE S B Aee uddeuor AT A=t
X ofs)g ol ¥ 71ofa Roltk. Yo} ol /|2ARE

SN FAET YE A LDeuior] g

%
4
9 23 oke SYSHE § glo] A AR B8 4
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