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We characterized egg development and investigated the effects of temperature on embryonic development time, in
the convict cichlid Amatitlania nigrofasciata. Fertilized eggs of this species have an ovoid shape (horizontal axis,
1.56+0.02 mm; vertical axis, 1.26+£0.04 mm) and smooth translucent chorion surrounded by a layer of mucous secre-
tion. At 27+0.57T, the first cleavage, blastula, gastrula and 16-somite stages of A. nigrofasciata eggs began at 1.5,
4.83, 14 and 40 hours after fertilization, respectively. We measured the development rate of embryos at 12-33C and
found that the time period from fertilization to hatching was 94 hours at 24 C, 64 hours at 27 C and 50 hours at 30C.
At temperatures of 12-21C, all fertilized eggs died before hatching and those incubated at 33 C died immediately

after hatching.
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Al E2] =1 Cichlidae) ©]F+= 5ol & (Perciformes)o] <3}
o] 105% 130058 TAISHE ol$- 2 712 theksl Fol ¥
ot FET F9 sluto]th(Salzburger and Meyer, 2004). 1
2} Al E ofRol tat Al B 9 ARE So] £
Mg o711 1At 7] A T ol tistd+L+= Oreochromis
niloticus, O. mossambicus, Labeotropheus fuelleborni 2 L.
trewavasae -5 -2 ofze]7} e Fofl thste] o] FolA Q)
tH(Meijide and Guerrero, 2000; Kratochwil et al., 2015). A}
7)1ke] Y21 A. nigrofasciatai= F Yot 2] 7ol BLsh= 5
O opg2 MY FAof 8-974¢] A2 FFLEE HL
Qla1, 3l o] Eoftio] AlE(leucistic strain)% ZAFHHEs-
maeili et al., 2013; Chi et al., 2015). & 2 ]| 12 cm F =
7HA] 2373k, AR A Al (monogamy) 5! 712 Ak (substrate
brooding)®] 541 7H1 414 8 ¥4l9] o] =7} ko ¢l7]
Qe Aol o 2 A4 ok (Hopperdietzel et al., 2014). &

5] A S =T ofF & aF ol &3k A. nigrofasciata= A%
Ahgto] 7hs st R =4 who] Sk 7} 431, ARS9| o wrt v
of ALY A8 o] F B =H AR ot

FRAAAG o) 7= WAoo Bt ofu g} 78 T A AARS: 9
ghuto] @ 2|lE| 4] o]-g-o] 7155k 71| 4 9 Hd, 4
9 AT B E AU S-S FRIsH] 93 A=A o]8-
o] =31 QIth(Chen, 1995; Hwang et al., 2004; Liu et al., 2004;
Liu et al., 2007). o= $U == & efF-42ke] F5ol whet o
G 52 07 AAAG ) FE AR 4= QAL o]l ARE-E|
= QALY R E FRol whet fARe] i Fe, Al
7] W 27 sol e BE A olF9] W, Ax|o] W AJA|9
Hhlo]| tfgk 7] 224191 QL7 2 8bck(Sin, 1997; Hwang et
al., 2004).

olof £ ¢t= o] F oFE 4% FHAANE oFRERE
Naa}r) 95k 7| 2 A B84 L] U3kO & A, nigrofasciata
O] vhib g} 42 A Bl BIAITRS 2AFSEI T
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H o Lof| ARS-H A. nigrofasciatat= leucistic strain . & A1¥]
2ol A AR F1 Al 771 7iA1E AFESEAAL o] 59
A, AR W AR 7o) - 3.44+0.68 g, 4.44+0.20 cm
W 565+0.18 cm@ L, SR> 4.75+2.12 g, 4.88+0.54 cm
2 6.27+0.72 emt. AMS= FAMA] A5 297t 27135
%5 ume) v AT 2 ofzsto] ALEaIA L, v 50%H) T4
SHTh & F2 monogamy 5/ 7HA 22 40 LO| 7Y 12
2 10709 2+ b4 1% 8510 2717, 14L:10D
57 2L fAS] Ak SESIST 44w g
Sl 42 ol 2} 7] 42 LR 4= Ol SRS 1714 2]
go] ARS519 a1, 2% astaxanthin®] A 71E BAF AR E 33)/Y

A o] e 422 obof| Ax|E Halah(dE, 330 X 330 um;
7], 12X5%5 cm) 0.2 $A HHS GEalgih ARE
zo] B9} FUTH A& ARESHE o, k= 50%4 1
3]/ 4=3Yst3ict.

t=F
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A. nigrofasciata 574 o] 'Y Bl 13} 715 225 1S}
alA] AbetA S Raby] o A SR E A4S 12,18, 21, 24,
27,30 @ 3300] Ralzol 4 3024 WAL FEolo] 7t L
35} A7hS B

3719] o] w2 Ao A Bl o) vk
2 21270 e 2 WY 54 oF
&t} Kimmel et al. (1995) ¥ Kratochwil et al. (2015)2] BA}
HAE 7o ® WAL, 4 2191 Zygote stage (Fig.
la)E 0A](time 0)= 3}o] =7 7H2] 90% o] o] 5 U7E T o
LIl AVIE 7|02 2 HATAE 40 AxHat et
A EAL 715519 o, sj5au| 3 (AZ100; Nikon Co., To-
kyo, Japan)i} o]of] F&5 t] 218 7}9|2{DS-Ril; Nikon Co.,
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Fig. 1. External morphology of the egg development stages (a-1) and post hatched larva (m) of Amatitlania nigrofasciata. a, zygote stage; b,

early 1-cell stage; c, 1-cell stage; d, 2-cell stage; e, 4-cell stage; f, 8-cell stage; g, 32-cell stage; h, 64-cell stage; i, high stage; j, dome stage;

k, embryonic shield; 1, 40% epiboly; m, 95% epiboly; n, 16-somites stage; o, Pre-hatching stage; p, post hatching stage. es, embryonic shield;

ez, evacuation zone; ps, perivitelline space; yp, yolk plug. Scale bar=500 pm.
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A. nigrofasciata®] =T EFIEH 02§19 (chorion)©]
2 o] Wiz el glo] 714 ik thE ool £ A
A 7R AR Ao| T Fig. o). WS Take 2]
2 globule 52 715 2 AT, 44 Al A7ke] §27}
+ WE(micropyle)- F== Zofl A5kl )1 3iTt. Riehl and
Patzner (1998)2 =017 A&ttt Fei= 2 T Sol4¢l
Qo] P2 M2 AL A0, AjZe|=T ] o
2 AR JES 7L Qlokar gt ) Qlok AlZ s
0] Amphilophus xiloaensis ¥ Cichlasoma dimerus= €}
Ho.2 AT HHo] AAAEE /AT AT FET o]
filament7} 2A|5l= A H2et o2 B 1% vl lck(Pandolfi
et al., 2009; Kratochwil et al., 2015).

AT A7|= A 1.56+0.02 mm ¥ w3 1.26+0.04
mmo| {th. -5 U3} W o] 7] &A1 C. dimerus®} Pterophyl-
Ium scalare=1.65+0.05 mm, 1.25+0.05 mm<} 1.44 +0.05
mm, 1.17+0.05 mm=z 2E1Eo] H 23} gABE Aoz B3
=l v} Qlth(Meijide and Guerrero, 2000; Korzelecka-Orkisz et
al, 2012). 12U} Fleig (1993)& 772312 611 x| 22| =3}
Sehe HATS Akl Rt dwHoR ol 27]7)
ks wag v ek, AR AlZRlET 5 e 54
7}Al+= Haplochromis xenognathus®} O. mossambicus= 4.5
mm, 3.0 mm¥} 3.04+0.20 mm, 2.19+0.16 mmO 2 = ZH
c} oF 3uf] oA & 7l o2 KT o] ¢ltk(Holden and Bruton,
1992; Kratochwil et al., 2015). wh2ba] H 2 7|2l o] Algts}
= ASP T} offol &817] wjZofl 7g7he] 7|7} ofep B
A FE ol 22 Al o' A7k

o7 o] Mol A 2 A O] &£ 9l AEEof FIF Tl
A= 583 8.2 5 SR ZF o] 52 AE A
A4=2-8 7424 ElithRana, 1990). ©]o]l A. nigrofasciata®] 4=
2 A BEAES ke Ay, 12 ¢ 15T = &
7] 2o 7| 5E 271 Jul7] ol =5 HAksEaL, 18T e 21T
A Gul7]9] 9 i Agag ol A #Absteler, 33 C = 74
40AI7E 3 Rolstgl ot FokAl e B gAlsh= o= o
ek 24T = 578 94A17E, 27C+= 74 65A1KE 30T = &
7 50A17E & REkshs A 07 ke o] & Fo] A4 Ay 4=

¢
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L2 24-30C 2 1% tk(Table 2). Rana (1986)} Ogira et
al. (2014)& A1 Z2) =1} O. niloticus] 2 ) w7} 2 2
I} -GAFSE25-30CE2M, 20C e 34 Col A = 22 6D 3Rt
of| F3}5 shARt o} A2 PEFo] F23] Hopxlrkal 1
28 HE Q117, Rana (1990)2 17°C o]3}e] A2 4 39.5T 2] 11
oA 7| I F B HARITAL Bk ) Qlok EqE
= U3}9] Prerophyllum scalare 2|2} 9 £ =% 27-31 C& K
115 v} Qlof(Pérez et al., 2003; Abdolbaghian et al., 2010), =

Table 1. Stage of embryonic development in Amatitlania nigro-
fasciata

Sta f anlgrstgftert Corresponding
ges etization at - gure
Zygote period
Zygote 0 Fig. 1a
1 cell 1.2 Fig. 1c
Cleavage period
2 cells 1.5 Fig. 1d
4 cells 1.8 Fig. 1e
8 cells 2.3 Fig. 1f
16 cells 2.8 -
32 cells 3.3 Fig. 19
64 cells 3.8 Fig. 1h
Blastula period
128 cells 4.8 -
high 6.8 Fig. 1i
dome 12 Fig. 1j
15% epiboly 13 -
Gastrula period
Germ ring (30% epiboly) 14 -
40-45% epiboly 17 Fig. 1l
70% epiboly 21 -
90-95% epiboly 26 Fig. 1Tm
100% epiboly 28 -
Segmentation period
16 somites 40 Fig. 1n
20 somites 44 -
Hatching period
Hatching 65 Fig. 10
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T& IR A ZY =T o FE2 okzg7L, go g7t 2 &
Hobr|oF 50 Ao A Hoflx] == A 4]5}7] izl o] 52 A
2531 CR Bl A & Z o= Hojirh
A AArErS Eal SHR E A nigrofasciata 5 e+ 27+0.5C
of| A i S-S ¥ Ak Table 1 %! Fig 13+ 24Tt
44 10) uA s grukat ek Afolo] $lek(perivitel-
line space)o] 79| Lot =74 & efetrto] HAF FA =7 Al
2Fslal, AlEZZ(cytoplasmic)©] F&=r(animal pole) ZO.=
2lo]7] A&Bto] 54 1A17E 108 Follis ko e v
Hho] getstA - g dE ol 1412£7](1-cell stage)7} = ATt
(Fig. 1c). ojufj 9k ko] oF 12% {x|oflA A= o] 212
t}, ofe} Al 22| =3} o] F 10-12%, $AH] T} 015 10%, 9
o] 3} n|dLe] < o] F= 10%2 Ha1E vf glo] titio] 7 o]
o) vijgbe] G4 S/ 1 B3 AR Ao Selsglont
(Iwamatsu, 2004; Fujimoto et al., 2006; Pandolfi et al., 2009;
Korzelecka-Orkisz et al., 2012), % o]3} ©137-21 Danio rerio=
A0 F 17% 1A oA B/ 5= Aoz Hag vl Qleh(Kim-
mel et al., 1995).
de(cleavage)> thE BZolFadt FLsH A2
)R RO Al ato] Slofub HEakmeroblastic)d o
2 o] FofFleh A WA T2 7 1A 30 5 vijutke] S
Fof7h 2 o2 RakE A 2719 SH(blastomere) 7 &/
REH2AIZE7], Fig. 1d). &% 1A]7F 508 & ujuto] A1 W) 1+
o] A7 peko g fho] dofut 44|37 7} H %lal(Fig. le),
T 2A17F 204 5 FHA Fae] 2 zh wgko & 270 Holl A
wheto] AdojuH A 8A|E7]7} = Aleh(Fig. 1f). d&o] Al
74 2A17E S04 5 16M|327], 3A[7E 20:2 - 324|327], 34]

Table 2. Embryonic development of Amatitlania nigrofasciata at
different water temperatures

Hours after fertilization
24°C 27C 30C

Development stages

Zygote period

Zygote Oh Oh 0Oh
Cleavage period

4 cells 4h 1.8h 1h
Blastula period

128 cells 10h 48h 2h
Gastrula period

70% epiboly 31h 21h 14 h

100% epiboly 39h 28 h 19h
Segmentation period

22 somites 57 h 44 h 28 h

Hatching period
Hatching 94 h 65 h 50 h

F7] =0

(o
(@)}

7k 50 3 644|327]7} =9 Th(Fig. 1g, 1h). &g

wH o] wkelo] dojytar, SH ol whek Fet A 7 I+t
A2z vkz 9ol i = o] Jlglou, ovlA oA =
B AJ322] 29A) F-o] A= AL o] o) i H T A
Weko 2 A2z u g Qlek 2 F9 o3 ddo £
S ETol|A HiE o2 F5 9 of5 HZol e ddt
st vy 0 2 AP A TH(Kimmel et al., 1995; Meijide and
Guerrero, 2000; Desnitskiy, 2015)
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3ZHj 7] (blastula period)2] Hek-2 g esl vkl
Ao g XggE|o] AlaLo] #2241 viE-g 24Is}y] ol %o
o, Al&AQl daE A7 FEi7E WeehA] g A= &
O A EaL, 4 6AIZF 502 5 iRk = ffofl & 2ok 3
Bl = £ &/d% o] siut<d(blastoderm)S /353 thhigh
stage, Fig. 1i). ©] A]7]9] 88k ¢+o] 15%5 ApA|sH= 22
SkRI%| 911, A. xiloaensis, C. dimerus X O. niloticus
B} AlZ 2| B A =4 5he] Jof 15%71A] vijyte] 34
= Ao HaE v §lof ofef AlZE =3 o 7ol 5Tt O
A& H ¢ th(Fujimura and Okada, 2007; Pandolfi et al., 2009;
Kratochwil etal., 2015). =7 12A]17F & S QA vljgh-e-
AR 7] AlAFSRAL W Al 27t FEe £ IR AIE
sto] U3to] & G 7} == dome stageo]l =253 1(Fig. 1j),
o] HiHt-E AlGA FEEIAHA AEe o ® Sy
o W= /7] AlAFsto] =4 13A17F Fof] 15% 1] Z(epiploy)
7+ /3= e

a7 (gastrula period)= HiHFG o] AL 02 AE= HOo
& gsto] Ugks oA WYl s FAskE A7 =, 31
(involution), =& (convergence) 2 Ak (extension)e] Rt
A A3 25 (morphogenetic cell movements)©| o0 24
v 2H(germ ring), vli<=(embryonic shield) ¥ ¥ A|(embryonic
body)S #4514 Elth(Jung et al., 2015). 30% ] 3£ A]7] ] j
"4 o] 7P Abe] ol A Bl o] dojubA] 27 14A17F S-of] Hl
gho] = QLA 7 154X ol = vk of| A > o] Yo
LA A] iRk o] vl (dorsal side)o] A A vlikzo] B/
AUrh(Fig. 1k). vigka} vizo] FA == Al7]oll= GAA SR
Tz gifo] FAE ST o]2fgh AR o] BIE oE} A
S =3, SAR I} gl 7EAa it of 7.0} F A8l 2 Wi (Medjide
and Guerrero, 2000; Iwamatsu, 2004; Jung et al., 2015), 50%
)2 A)7]0] Wl vj<eo] WA EHE ololat of ks th
UERFTHKimmel et al., 1995; Fujimoto et al., 2004).

gk 9 vizo] /3 o] SR E ThA] 1] AAdo] AL,
4= 21X 7F 3 45-50% 1] 3E A]7]o]| evacuation zone©| 3H2F

ITH(Fig. 11). ©] 2|3} evacuation zone2 WiHFe] 5&E= F5

o] YA|A o= H|o] Hol= A o=, 1] Fifo] ZIPEHA 4
A|Z(deep cell) 7} H-=A] A= £0. 2 o] FstaL, Ao Al
29l MEZE2] TSR HiZ(embryonic axis) o2 Al
£7) o]l EslHA UA|H o2 FAE ckal Ballard (1981)= B
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o
e W

Ht 1B ofw
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7E 5 90-95% I X717} wlo] juII 0.2 Ba1A] Fak A2
o] dgto] B25o] yolk plugE B A5H.0.1(Fig. 1m), 5
7 28417 = HjHFdS 100% B Ao2 HelE| Itk Table
1). o] A9 13z Fifo] YA AlEA Q] Py A2 &
Fo® viA7F A EE 2 T ui7] H FEie A2
=t B0k ofy e} Jofuh, SAke I 9 JX 3} 5] A&l
JHl 7] o] A Fejet Fdet A o2 3HEE ¢ tk(Holden and
Bruton, 1992; Fujimoto et al., 2006; Song et al., 2009; Jung et
al., 2015).

A4 7] (segmentation period)= A& (somite)o] £33} 11, 17
2] A&k 1=, Al 9 4 5 (otic vesicle) 5-0] FAE = A7)
BA 7 4017 3 1671 AE o] 23} 9 1] Al%o] Tt
U3L(Fig. In), 57 44417 F-0fl= 207} A& o] &3}=| (ict. 4
7 SO S IR A O A = o]m] 7 A, A H A
7F @A e A 1eo] HA o] HAEUL(Fig. lo), 5
% 65417k FRE| 251517] Al2Fs1ArkFig. Ip).

T2113100(24, 27 4 30°C) whE A A 3= Table 29
At gl Al Zuf7] 9] 128 M| 7HA] 42 @ AIZES 24T
ol Al 10A17E, 27CollAl 4.8A17E, 30TCollA] 247to] 4R & Q)
a1, Ful719] 70% 9 100% 322 FAJ A 7]= 24 T ol A 31A17E
2 39A17E, 27°C oA 21417t B 28AI7E, 30TC oA 14417 A
19A17F0] A28 E[ Tk T3 2244 7] 9 RE7kR] AQE= Al
Z1E-24°Coll A STAIZE 9L 94417, 27C ol A 44417 L 65X,
30°C oA 28A17F A 504]7F0] 4= = Qi

A. nigrofasciata®] =747t el 3 WY EA2 A
o] ofet T FARSE Ao g E o), 2 A A
7 BEATE 52 Foll W Zpol7t Qs AR SR %]
th & AtE oot A A4S 7= Al s o R
% oSl A nigrofasciatas ©]-§3F A o] Frd T
o] 7|2 E5H dqAtmTE E A o' Holw, 22|09 3
A A 4 o dhd EXof gt F7hA ] A7t Ead A
o2 Kol
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m
<l

Eu)

References

Abdolbaghian S, Jamili S and Matinfar A. 2010. The effect of
temperature and diet on the degrees of pecific growth rate
percentage (SGR %) and weight growth (WG %) of angel
fish fry Pterophyllum scalare. ] Fish Aquat Sci 5, 311-315.
http://dx.doi.org/10.3923/jfas.2010.311.315.

Ballard WW. 1981. Morphogenetic movements and fate maps
of vertebrates. Am Zool 21, 391-399.

Chen TT. 1995. Transgenic fish and aquaculture. In: Towards
Sustainable Aquaculture in Southeast Asia and Japan: Pro-
ceedings of the Seminar-Workshop on Aquaculture Devel-
opment in Southeast Asia. Bagarinao TU and Flores EEC,

W AT RS

eds. SEAFDEC Aquaculture Department, Iloilo, Philip-
pines, 81-89.

Chi JR, Liao LS, Wang RG, Jhu CS, Wu JL and Hu SY. 2015.
Molecular cloning and functional characterization of the
hepcidin gene from the convict cichlid (Amatitlania nigro-
fasciata) and its expression pattern in response to lipopoly-
saccharide challenge. Fish Physiol Biochem 41, 449-461.
http://dx.doi.org/10.1007/310695-014-9996-6.

Desnitskiy AG. 2015. On the Features of Embryonic Cleav-
age in Diverse Fish Species. Ontogenez 46, 385-392. http://
dx.doi.org/10.1134/S106236041506003X.

Esmaeili HR, Gholamifard A, Sayyadzadeh G, Parsi B, Mirghi-
yasi S and Ghasemian S. 2013. New record of the convict
cichlid, Amatitlania nigrofasciata (Giinther, 1867), from the
Middle East (Actinopterygii: Cichlidae). Aqua Int J Ichthyol
19, 225-229.

Fleig R. 1993. Embryogenesis in mouth-breeding cichlids struc-
ture and fate of the enveloping layer. Roux. Arch Dev Biol
203, 124-130. http://dx.doi.org/10.1007/BF00365051.

Fujimoto T, Kataoka T, Otani S, Saito T, Aita T, Yamaha E and
Arai K. 2004. Embryonic stages from cleavage to gastrula in
the loach Misgurnus anguillicaudatus. Zoolog Sci 21, 747-
755. http://dx.doi.org/10.2108/zsj.21.747.

Fujimoto T, Kataoka T, Sakao S, Saito T, Yamaha E and Arai
K. 2006. Developmental stages and germ cell lineage of the
loach (Misgurnus anguillicaudatus). Zoolog Sci 23, 977-
989. http://dx.doi.org/10.2108/zsj.23.977.

Fujimura K and Okada N. 2007. Development of the embryo,
larva and early juvenile of Nile tilapia Oreochromis niloti-
cus (Pisces: Cichlidae). Developmental staging system.
Dev Growth Differ 49, 301-324. http://dx.doi.org/10.1111/
3-1440-169X.2007.00926.x.

Holden KK and Bruton MN. 1992. A life-history approach to
the early ontogeny of the Mozambique tilapia Oreochromis
mossambicus (Pisces, Cichlidae). S Afr J Zool 27, 173-191.
http://dx.doi.org/10.1080/02541858.1992.11448279.

Hopperdietzel C, Hirschberg RM, Hiinigen H, Wolter J, Rich-
ardson K and Plendl J. 2014. Gross morphology and histol-
ogy of the alimentary tract of the convict cichlid Amatitla-
nia nigrofasciata. J Fish Biol 85, 1707-1725. http://dx.doi.
org/10.1111/jfb.12530.

Hwang G, Miiller F, Rahman MA, Williams DW, Murdock PJ,
Pasi KJ, Goldspink G, Farahmand H and Maclean N. 2004.
Fish as bioreactors: transgene expression of human coagula-
tion factor VII in fish embryos. Mar Biotechnol 6, 485-492.
http:// dx.doi.org/10.1007/s10126-004-3121-2.

Iwamatsu T. 2004. Stages of normal development in the me-
daka Oryzias latipes. Mech Dev 121, 605-618. http://dx.doi.
org/10.1016/j.m0d.2004.03.012.

Jung HS, Kim YK, Kim HC, Noh JK, Lee JH and Kim DS.
2015. Embryonic Development of Haploid Olive Flounder
Paralichthys olivaceus. Korean J Fish Aquat Sci 48, 696-



Amatitlania nigrofasciata®] ‘derAy 425

703. http://dx.doi.org/10.5657/KFAS.2015.0696.

Kimmel CB, Ballard WW, Kimmel SR, Ullmann B and Schil-
ling TF. 1995. Stages of embryonic development of the ze-
brafish. Dev Dyn 203, 253-310. http://dx.doi.org/10.1002/
2ja.1002030302.

Korzelecka-Orkisz A, Szalast Z, Pawlos D, Smaruj I, Tafiski
A, Szulc J and Krzyszt F. 2012. Early ontogenesis of the
angelfish, Pterophyllum scalare Schultze, 1823 (Cichlidae).
Neotrop ichthyol 10, 567-576. http://dx.doi.org/10.1590/
S1679-62252012005000017.

Kratochwil CF, Sefton MM and Meyer A. 2015. Embryonic and
larval development in the Midas cichlid fish species flock
(Amphilophus spp.): a new evo-devo model for the investi-
gation of adaptive novelties and species differences. BMC
Dev Biol 15, 1-15. http://dx.doi.org/10.1186/s12861-015-
0061-1.

Lin CH, John JA, Ou LW, Chen JC and Lin CH. 2004. Cloning
and characterization of metallothionein gene in ayu Pleco-
glossus altivelis. Aquatic toxicology 66, 111-124. http://
dx.doi.org/10.1016/j.aquatox.2003.06.003.

Liu WY, Wang Y, Qin Y, Wang YP and Zhu ZY. 2007. Sitedirect-
ed gene integration in transgenic zebrafish mediated by cre
recombinase using a combination of mutant lox sites. Ma-
rine biotechnology 9, 420-428. http:// dx.doi.org/10.1007/
s10126-007-9000-x.

Meijide FJ and Guerrero GA. 2000. Embryonic and larval devel-
opment of a substrate-brooding cichlid Cichlasoma dimerus
(Heckel, 1840) under laboratory conditions. J Zool Lond
252, 481-493. http://dx.doi.org/10.1111/j.1469-7998.2000.
tb01231.x.

Ogira PG, Liti D and Wanga J. 2014. Effects of Temperature on
Embryonic Development Time and Yolk Absorption Period
of Oreochromis Niloticus. Internat J Sci Res 3, 321-323.

Pandolfi M, Cénepa MM, Meijide FJ, Alonso F, Vazquez GR,
Maggese MC and Vissio PG. 2009. Studies on the repro-
ductive and developmental biology of Cichlasoma dimerus
(Percifomes, Cichlidae). Biocell 33, 1-18.

Pérez E, Diaz F and Espinac S. 2003. Thermoregulatory behav-
ior and critical thermal limits of the angelfish Pterophyllum
scalare (Lichtenstein) (Pisces: Cichlidae). J Therm Biol 28,
531-537. http://doi.org/10.1016/S0306-4565(03)00055-X.

Rana HJ. 1986. Parental influences on egg quality, fry produc-
tion and fry performance in Oreochromis niloticus (Linnae-
us) and O. mossambicus (Peters). Ph. D. Thesis, University
of Stirling, Scotland, U.K.

Rana HJ. 1990. Influence of incubation temperature on Oreo-
chromis niloticus egg and fry I. gross embryology, tempera-
ture tolerance and rates of embryonic development. Aqua-
culture 87, 165-181. https://doi.org/10.1016/0044-8486(90)
90273-P.

Riehl R and Patzner RA. 1998. Minireview: The modes of egg
attachment in teleost fishe. Behaviour, adaptation and mor-

phology. Ital J zool 65, 415-420.

Salzburger W and Meyer A. 2004. The species flocks of East
African cichlid fishes: recent advances in molecular phylo-
genetics and population genetics. Naturwissenschaften 91,
277-290. https://doi.org/10.1007/s00114-004-0528-6.

Sin FYT. 1997. Transgenic fish. Rev Fish Biol Fish 7, 417-441.
https://doi.org/10.1023/A:1018452214763

Song HY, Nam YK, Bang IC and Kim DS. 2009. Embryogen-
esis and early ontogenesis of a marine medaka, Oryzias dan-
cena. Kor J Ichthyol 21, 227-238.



