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Abstract

In this study, the larval development of freshwater angelfish, Pterophyllum scalare, was described under controlled
aquarium conditions. Major histomorphological changes and the allometric growth patterns during the larval development
have been described. The larvae were obtained from three pairs of freshwater angelfish, which were maintained in glass tanks.
The larvae were sampled for measurement and photography. They were observed under a stereomicroscope, photographed
using a photomicrographic system. The larval development of angelfish were described from 1 days after hatching (DAH) to
24 DAH. Embryonic developmental stage was completed at day 3 after spawning at 24+1°C. The newly hatched larvae had
4.244+0.28 mm total length (TL). The mouth opened at 3 DAH. The larvae started to swim actively within the next 3-4 days.
Notochord flexion began at 3-4 DAH. The yolk sac has been totally absorbed at 6 DAH. The metamorphosis was completed
and the larvae transformed into juveniles at 23-24 DAH.

Keywords: Ornamental fish, aquarium, larval development, allometric growth.

Tath Su Melek Bahigimin (Pterophyllum scalare) (Teleostei: Cichlidae) Larval Gelisimi
Ozet

Bu calismada, tatli su melek baliginin (Pterophyllum scalare) kontrollii akvaryum kosullarinda larval geligimi
incelenmistir. Larvalar, cam tankta tutulan ii¢ ¢ift tatlisu melek baligindan elde edilmistir. Elde edilen larvalar 6lgiim ve
fotograflama igin Orneklenmistir. Alinan Ornekler stereomikroskop altinda incelenmis ve mikro fotograflama sistemi ile
fotograflanmistir. Melek baliklarinin larval gelisimleri, yumurtadan g¢iktiktan sonraki 1 ile 24 giin arasinda tanimlanmigtir.
Larval gelisim boyunca gozlenen temel histomorfolojik degisimler ve allometrik biiyiime modelleri tanimlanmustir.
Denemede, embriyonik gelisim sathasi, 24+1°C’de yumurtlamadan sonraki 3. giinde sona ermistir. Kulugkadan yeni ¢ikmig
larvalarin 4,24+0,28 mm total boy (TL) uzunluga sahip olduklar1 belirlenmistir. Agiz agilimi, kulugkadan ¢iktiktan sonraki
3.giinde gergeklesmistir. Larva takip eden 3-4 giin icerisinde aktif olarak yiizmeye baglamustir. Notokorda fleksiyonu
acilimdan sonraki 3-4.glinlerde baglamistir. Besin kesesi, agilimi takip eden 6. glinde tamamen tiikenmistir. Agilimdan sonraki
23-24. giinlerde metamorfoz tamamlanmig ve larva juvenil formuna donlismiistiir.

Anahtar Kelimeler: Siis baliklari, akvaryum, larval gelisim, allometrik biiyiime.

Introduction

Cichlids are the most species-rich non-
Ostariophysian fish family in fresh waters world-
wide, and one of the major vertebrate families, with at
least 1300 species and with estimates approaching
1900 species (Kullander, 1998). Cichlidae family
includes freshwater and brackish water fish in Africa
(900 valid, estimated more than 1300 species), North
America and Central America (111 valid species),
South America (291 valid species), Madagascar (17

valid species some of which live in brackish waters),
Jordan Valley in Middle East (4 species), Cuba and
Hispaniola (4 valid species some of which live in
brackish waters) South India and Sri Lanka (3 valid
species some of which live in brackish waters) and
Iran (one species) (Kullander, 1998; Nico, 2010;
Shukla, 2010).

Freshwater angelfish, Pterophyllum scalare
which originate from Amazon River, Guyana and
Orinoco, are one of the most important commercial
cichlid species (Garcia-Ulloa and Goémez-Romero
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2005; Ortega-Salas et al., 2009). Angelfish are quite
popular around the world among aquarium hobbyist
(Luna-Figueroa, 2003; Kasiri et al., 2011). Angelfish
grow to 15 cm total length and 25 cm total height at
the depth of 1-2 m under natural conditions (Mills,
1993; Korzelecka-Orkisz et al., 2012). They were
characterized by specific reproductive behavior. The
female of P. scalare generally lays up to 1000 eggs
(Frank, 1984; Sieniawski, 2004; Cacho et al.,
2006).Since this species was generally used for
behavioral studies, behavior types are described in
detail (Saxby et al., 2010). Previous studies on
freshwater angelfish mainly concentrated on
reproductive behavior (Degani et al., 1997; Cacho et
al., 2006), spawning strategies (Cacho et al., 2007;
Ortega-Salas et al., 2009), parental care (Degani et
al., 1997; Cacho et al., 2006), growth performance
(Garcia-Ulloa and Gomez-Romero, 2005; Kasiri et
al., 2011a), species-specific diseases (Perlberg et al.,
2008; Murphyet al.,, 2009) and morphology
(Groppelli et al., 2003).The literature on reproduction
of freshwater angelfish is scare and limited to general
descriptions.

Although there is a limited body of research on
the first life stages of angelfish (Sakamoto et al.,
1999; Kasiri et al., 2011b), there is deficient
descriptive data on larval rearing. Larval stage, which
is a critical stage in the lives of fish, is of great
importance because this period involves functionaland
morphological changes in internal organs, tissue
systems and particularly in digestive systems (Govoni
et al., 1986; Bisbhal and Bengston, 1995; Meijide and
Guerrero 2000; Elbal et al., 2004; Santamaria Marin
de Mateo et al., 2004; Celik, 2010; Celik et al., 2011;
Korzelecka-Orkisz et al., 2012). This study aims to
understand morphologic and histologic changes
observed in freshwater angelfish (Pterophyllum
scalare) during ontogenic stage which lasts for 30
days from hatching and to obtain better rearing data.

Materials and Methods
Broodstock Maintenance

The larvae were obtained from three pairs of
angelfish broodstocks, which were kept in 40x40x40
cm aquarium at 50 L water volume. Each pair (one
male and one female) spawned spontaneously. After
spawning, the same male also spawned with the same
female fifteen-thirty days after the first spawning.
During the spawning period, one female generally
spawned about 300-900 eggs. The broodstocks were
fed three times a day with commercial ornamental
fish feed (Tetramin Granulat, Tetra, Germany;
Protein: 46%, Oil: 12%, Fibre: 3%, Ash: 11%,
Moisture: 8%). Each of 50 L production tanks
containing the broodstocks were cleaned with simple
sponge. Water temperature was kept constant at
24+1°C with 100 watt heaters placed in each aquaria.
10% water change was performed on daily basis. In

broodstock aquariums, water parameters were kept at
total general hardness of 6 dH (1 degrees general
hardness (dH) = 1,78 mg/L CaCOs), pH 6.5-7.5,
conductivity 150-300 pS. Illumination was provided
using fluorescent lights (900-1000 lumens) with 11
hours light/13 hours dark (11L/13D) photoperiod
application (lights on; 07:00-18:00 hours).

Larval Rearing Protocol

The larvae fed from yolk sac in the first 3-5
DAH. The larvae started to swim actively within 3-4
days and began to feed exogenously. The larvae were
kept together with their parents for the 10 DAH and
parental care was allowed. The larvae were fed with
Artemia until the end of the trial (25 DAH) once a day
(400-500 pum) (INVE  Aquaculture  Inc.,
Dendermonde, Belgium). 10% water change was
performed on daily basis in larvae development tank;
water temperature was kept at 24+1°C, pH 6.5-7.5,
hardness was kept at 4-7 (°D) and conductivity was
kept at 300-600 pS.

Morphologic Observations

Random larvae specimens (n=5) were collected
on daily basis in the first 10 DAH, while one
specimen was collected every other day (n=5) from
10 DAH to juvenile period. Larvae specimens
collected from the tank alive were anesthetized by
clove oil (0.5 ml/L) and were analyzed under
stereomicroscope (Tokyo, Japan). The specimens
were photographed with the video camera connected
to the microscope. Larvae measurements were
conducted by image analysis of digital photographs
recorded in computer environment. The same
technique was used to record general morphologic
and morphometric characteristics. Larval
development periods were defined according to
Kendall, et al (1984) and were categorized as I: yolk-
sac larva, II: preflexion larva, IlI: flexion larva and
IV: postflexion larva.

Histological Analyses

The larvae (n=5) were sampled on daily basis
from hatching to 10 DAH and at every other day from
10 DAH to 30 DAH. These samples were first fixed
in Bouin’s solution and 70% alcohol; they were
dehydrated in a series of alcohol concentration and
were then removed from xylene and were treated with
paraffin. Wax blocks were cut using 5 mm thick
microtomes (Slee, Cut5062, Germany). Sagittal cross-
sections were stained with Gill’s hematoxylin/eosin
(HE) according to general histology procedures.
Histology samples, which were fixed to glass slides
were analyzed under light microscope to define their
larval development and were photographed using a
color video camera.
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Allometric Growth Measurements

Morphometric measurements during larval
development were analyzed by allometric growth
models. Allometric growth models were defined by
linear regression formula determined by the
association of a body part with total length (TL)
(Fuiman, 1983; Gisbert et al., 2002). Growth ratios of
body characters such as BD (body depth), ED (eye
diameter), HL (head length), PAL (pre-anal length),
PrAM (pre-anal miomer length), POAM (post-anal
miomer length, SnL (nose length), tail length and
body length according to total length were estimated
according to, Y = ax® allometric equation (Figure 1).
In this equation Y= dependent variable (measured
character), X= independent variable (TL), a=
intersection point and b= growth coefficient. As for
growth coefficient; it was assumed that growth was
isometric if b=1; positive allometric if b>1; negative
allometric if b<l (Celik et al., 2011).

Results
Morphologic Observations

Angelfish larvae had a yolk sac that was 50% of
the total body length; notochord and primordial fin
became distinguished. There were three pairs cement
glands over the head. No eye, organ and fin
differentiation was observed. Pigmentation was
almost zero in body parts apart from the yolk sac
(Figure 2a).

1 DAH: Mouth and anus are closed. 2 otoliths in
otic capsule are clearly visible. (Figure 2b). The
proportion of the yolk sac to total length is
approximately 30%. Eyes began to differentiate.
Notochord and primordial fin are clearly
distinguished. Larvae have a semi-transparent look
and pigmentation started on yolk sac (Figure 2b).

2 DAH: Mouth and anus are still closed.
Pigmentation increased in caudal fin. Yolk sac
continues to come smaller. Pigmentation in eyes
increased (Figure 2c). Digestive system is clearly
visible in the form of a linear tube. Heart is visible in
the anterior of yolk sac. Cement glands over the head
are still apparent (Figure 2c).

3 DAH: Mouth and anus are opened. Flexion
occurred in notochord end. Pigmentation continued to

TL

increase. Yolk sac still remains and continues to get
smaller. Cement glands on the head are still clearly
visible (Figure 2d).

4 DAH: Pigmentation in the eyes is completed.
Cement glands are still maintained. Caudal fin rays
began to appear. Yolk sac continues to get smaller;
pigmentation continues to increase (Figure 2e).

5 DAH: Swim bladder which formed today is
clearly visible and extends to the posterior location.
Cement glands on the head became smaller. Caudal
fin rays continue to be more apparent. Dorsal and
anal fin began to differentiate. Pigmentation continues
to increase in the general of the larvae. Yolk sac is
completely absorbed. Morphologic appearance of the
larvae is like on the 6™day (Figure 2f).

7 DAH: Pigmentation continues to increase.
Caudal fin rays became more apparent. Cement
glands still remain. Swim bladder continues to grow
posteriorly (Figure 2g).

8 DAH: Cement glands on the head disappeared
on the 8 DAH. Consumed Artemia is clearly visible in
the stomach. Dorsal and anal fin continued to
develop. Swim bladder continues to develop by
extending to the posterior of the body.

10 DAH: Dorsal and anal fin rays became
apparent. Caudal fin development is about to be
completed. Pigmentation continues to increase
(Figure 2h).

11 DAH: Dorsal and anal fins continue to
develop and extend. Larvae are still semi-transparent.

12 DAH: Pigmentation continues to increase.
Undigested Artemia eggs in the stomach of semi-
transparent larvae are clearly visible. Dorsal and anal
fin continue to develop (Figure 2i).

14 DAH: Dorsal and anal fin continue to
develop. Black pigmentation in the general of the
body significantly increased (Figure 2j).

17 DAH: Dorsal and anal fin of the larvae began
to look like fin form of adult individuals (Figure 2k).

18 DAH: Dorsal and anal fins extend and begin
to take adult individual form. Pigmentation becomes
apparent in the general of the body. In addition to
dorsal and anal fins, body form of the larvae begins to
look like adult individuals.

23 DAH: Larvae have a characteristic body
structure and color specific to its species.
Metamorphosis’s completed and juvenile stage began
(Figure 2I) in these days. The larvae could consume

PAL

Figure 1. Morphometric characters measured in the freshwater angelfish larvae.
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powder feed starting from 20" day. No difference is
observed in larvae in terms of survival ratios when

compared to the ones which are fed with alive food.

Histological Observations

1-2 DAH: Angelfish eggs were brown-orange
colored, dark with a demersal and sticky structure.

The larvae, which hatched from 0.9-1 mm eggs, had a
yolk sac of approximately 30% of its total body
length. The larvae, which had a linear long digestive
system at 2" day, attached to a surface by the cement
glands over the head (Figure 3a). At 2™ day, head,
body and tail are distinguished; the mouth is closed
(Figure 3a). Fore brain and hindbrain sections can be
distinguished. Optic vesicles are found in fore brain

2h
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ﬁ:;&
DAH

C

o

b
d
e

4DAH

6DAH

Figure 2. Larval development of freshwater angelfish
(Pterophyllum scalare). (@) No eye, organ and fin
differentiation was observed (2 h); (b) Mouth and anus are
closed (1 DAH); (c) Digestive system is clearly visible in the
form of a linear tube (2 DAH); (d) Mouth and anus are opened,
flexion occurred in notochord end (3 DAH); (e) Pigmentation in
the eyes is completed (4 DAH); (f) Swim bladder is clearly
visible, yolk sac is completely absorbed (6 DAH); (g) Swim
bladder continues to grow posteriorly (7 DAH); (h) Dorsal and
anal fin rays became apparent (10 DAH); (i) Pigmentation
continues to increase (12 DAH); (j) Black pigmentation in the
general of the body significantly increased (14 DAH); (k)
Dorsal and anal fin of the larvae began to look like fin form of
adult individuals (17 DAH); (I) Metamorphosis is completed
and juvenile stage began (23 DAH). Scale bars =1 mm.

Figure 3. Sagital sections of freshwater angelfish larvae. (a) The
mouth is closed (1-2 DAH); av: auditory vesicle, dcg: dorsal cement
gland, fb: forebrain, ga: gill arch, h: heart, hb: hindbrain, nt:
notochord, ov: optic vesicle, vcg: ventral cement gland, ys: yolk sac.
(b) Lens is observed inside optic capsule (3 DAH); dcg: dorsal cement
gland, fb: forebrain, ga: gill arch, hb: hindbrain, ip: iner plexiform
layer, I: lens, on: outer nuclear layer. (c) The mouth is open (4 DAH);
e; eye, i: intestine, nt: notochord, ob: olfactory bulb, oep: olfactory
epithelium, op: operculum, vcg: ventral cement gland, ys: yolk sac (d)
Olfactory epithelium is observed in anterior of the eye (4 DAH); ob:
olfactory bulb, oep: olfactory epithelium, prc: photoreceptor cell, vcg:
ventral cement gland.(e) Stomach and intestinal curves increased (5
DAH); dcg: dorsal cement gland, m: myomeres, mc: mesencephalon,
nt:  notochord, op: operculum, pc: prosencephalon, rc:
rhombencephalon, ys: yolk sac. (f) Swim bladder is inflated (5 DAH);
g: ganglion, s: stomach, sb: swim bladder, s: yolk sac. (g) The eye
layers (5 DAH); g: ganglion, in: inner nuclear layer, ip: iner plexiform
layer, I: lens, op: operculum, p: pigment epithelium, vc: visual cell
layer. (h) Cement glands on the head are still visible and yolk sac
remnants are visible in the anterior section of the liver (7 DAH); a;
anus, cg; cement gland, e; eye, g; gill, i; intestine, I: liver m; mouth, n;
notochord, ph: pharynx s; stomach, sb: swim bladder, ys; yolk sac.
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laterals while audio vesicles are found in hindbrain
line. Notochord extends from hindbrain lineto tail
bud. Myomers are clearly apparent. Gill arches
continue develop (4 pieces). Heart development
continues within pericardial cavity. At the stage,
erythrocytes are visible inside the heart which is in the
form of a sac. In addition, peripheral blood circulation
was observed in the larvae at this stage. Dorsal
cement gland pair and ventral cement gland are
present.

3 DAH: Yolk sac seems to be smaller than the
previous stage. Lens is observed inside optic capsule
which developed in lateral of forebrain (Figure 3b).
Pigmentation occurs in the lens. Inner plexiform layer
and outer nuclear layer can be distinguished in retina
(Figure 3b). Operculum develops. Lengthwise
extension is observed in gill arches. Dorsal cement
glands are observed to be filled with mucus secretion.
Digestive tube continues to develop, however mouth
is not yet opened.

4 DAH: The mouth is open; yolk sac became
smaller approximately 1/5 of the body (Figure 3c).
Digestive system is observed to develop thanks to
stomach formation and increased intestinal curve
(Figure 3c). The larvae can feed exogenously at this
stage and can perform short-term swimming
movement.  Olfactory epithelium is observed in
anterior of the eye (Figure 3d). Olfactory budis
observed to differentiate in anterior of fore brain.
Photoreceptor cells in the eye are observed in a single
row (Figure 3d). Development of median intestinal
curves continues (Figure 3c). Yolk sac significantly
became smaller and concentration of pigment yolk sac
substance inside it significantly decreased (Figure 3c).
Gill arches continue to develop. Opercular chamber is
observed to increase in volume.

5 DAH: Stomach and intestinal curves
increased, anterior intestine and posterior intestine can
be distinguished from each other (Figure 3e). Cement
glands are still visible over the head (Figure 3e), swim
bladder is swollen; liver is developed (Figure 3f).
Three regions in the brain can be distinguished
(prosencephalon, mesencephalon and
rhombencephalon). Lens and retina layers in the eye
can be distinguished. These layers are ganglion cell
layer, inner plexiform layer, inner nuclear layer, outer
nuclear layer, visual layer and pigment epithelia
layers from outer to inner respectively (Figure 3g).
Cement glands were observed in dorsal of the head.
Yolk sac significantly became smaller in anterior.
Number of myomers increased. Heart formation in
the form of sac continues to develop. Number of
median intestinal curves increased. Renal tubules are
observed to develop.

7 DAH: Yolk sac remnants are visible in the
anterior section of the liver (Figure 3h). Larvae can
actively swim and easily catch food. Cement glands
on the head are still visible although they are no
longer used (Figure 3h). Significant part of brain
development is completed; eye pigmentation and lens

formation color layers can be distinguished. Yolk sac
is about to be absorbed cartilage of skull and jaw
skeleton is observed to develop. Dorsal cementgl and
and ventral cement gland are observed to be visible.9
DAH: Yolk sac is completely absorbed at 8-9DAH
(Figure 4a). Digestive system consisting of stomach
and intestines cover a considerable part of body cavity
which includes organs (Figure 4a). A similar situation
is clearly observed in 11-day larvae (Figure 4b).
Goblet cells, which have the ability to secrete mucus,
are visible among epithelium cells encircling
pharyngeal cavity which form the anterior section of
digestive tube. Intestinal curves and stomach can be
distinguished. Liver is observed to be larger than
previous stages. Dorsal cement gland pair and ventral
cement glands disappeared.

17 DAH: Mouth, gill, eye and head structure of
the larvae began to take juvenile body form (Figure
4c¢). Gill lamellae are clearly observed to develop
(Figure 4c). Functionality of livers increased; adrenals
are visible. Liver in ventral region of the body grew
and extended to dorsal. Inclusion vacuoles are clearly
visible in the intestine. The most important
development in larvae at this stage is observed in
eyes. Retina layers can be easily distinguished. Jaw
and dorsal muscle arrangements are observed
cartilage of jaw and skull skeleton continue to
develop. Single cylindrical epithelium cells covering
lumens in intestinal curves and microvillus are
observed.

18- 30 DAH: Number of mucus cells in
esophagus increased, vacuoles in the intestine become
concentrated, digestive system developed to digest
powder feed given after alive food (Figure 4d).
Kidney observed in dorsal of swim bladder expanded
by extending to posterior (Figure 4d). Vacuolization
in liver in 23-25"days indicates functionality of the
liver (Figure 4e). Esophagus at the end of pharynx is
in the form of a long thin tube. There is a high amount
of goblet cells between epithelium cells covering
esophagus lumen. Heart development continued.
Glands and inclusion vacuoles in stomach and
intestinal tissues indicate that development of
digestive system is completed and larvae transformed
to juvenile stage (Figure 4f).

Allometric Growth

Allometric growth models were defined by
linear regression formulas determined by the
association of certain body regions with total length
(TL) (Fuiman, 1983; Gisbert et al., 2002). Growth
formula of angelfish which was calculated by
exponential relation model during early larval period
is y = 4.36e%04% (R2 = 0.96, n = 77). Where, y
represents total length (TL) and x represents day
(Figure 5). Angelfish larvae had a mean length of 4.24
+ 0.28mm in 1 day. They reached 5.03 £ 0.24mm in
the 5"day; 7.19 + 0,38mm in the 5th day and 12.74 +
0.6 mm in the24™day. As indicated in the graph, alive
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Figure 4. Sagital sections of freshwater angelflsh Iarvae (a) Yolk sac is completely absorbed (9 DAH); (b) Digestive
system consisting of stomach and intestines cover a considerable part of body cavity which includes organs (11 DAH); (c)
Mouth, gill, eye and head structure of the larvae began to take juvenile body form (17 DAH); (d) Kidney observed in dorsal
of swim bladder (18 DAH); (e) Vacuolization in liver (23 — 25 DAH); (f) Glands and inclusion vacuoles in stomach and
intestinal tissues (23 — 25 DAH). a; anus, €; eye, g; gill, ga: gill arch, gl: gill lamellae, h: heart, i; intestine, jm: jaw muscle,
k; kidney, l:liver, n; notochord, oe: oesophagus, op: operculum, ph: pharynx s; stomach, sb: swim bladder.
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juvenile which started larval stage with 4.24 +
0.28mm reached 12.74 + 0.6 mm total length in
transition to juvenile period (Figure 5). Pre-anal
length showed positive allometric growth during

larval  development. Growth coefficients of
morphologic characters were a = 0.45, b = 1.02, R?=
0.97, n = 77°dir (Figure 6a). In larval development,
angelfish showed positive allometric growth in head
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region and negative allometric growth in body region.
Growth coefficients of morphologic characters were
found to be tail (a = 0.52, b =0.98 ,R2=10.98, n = 77),
ED (a = 0.09, b = 1.03, R?2 = 0.95, n = 77) (Figure
6d,6e). Growth coefficients of morphologic characters
were found tobe HL (a=0.12,b=1.3,R?=0.94,n=
77) and body (a = 0.50, b = 0.63, R? = 0.65, n = 77)
(Figure 6b, 6¢). While caudal region showed negative
allometric growth, eye diameter showed positive
allometry. Growth coefficients of morphologic
characters were found to be tail (a = 0.52, b = 0.98 ,
R?=0.98,n=77), ED (a =0.09, b = 1.03, R? = 0.95,
n = 77) (Figure 6d,6e). Nose length and body width:
angelfish showed positive allometric growth during
its larval development. Growth coefficients were
calculated as SnL (a =0.01, b =15 R2=091,n =
77), BD (a=10.25, b =1.01, R2=0.82, n = 77) (Figure
6f, 6g). While pre-anal myomer length growth
showed positive allometry, post-anal myomer length
region showed negative allometric development
during larval development of angelfish. Growth
coefficients of these morphologic characters were
calculated as PrAM (a=0.27,b=1.04, R2=0.84,n =
77), POAM (a = 0.55, b = 0.75, R = 0.91, n = 77)
(Figure 6h, 6i).

Discussion

In this study, the larval development of the
laboratory-reared freshwater angelfish (Pterophllum
scalare) are described (Figure 7). The full
developmental sequence from hatching to juvenile
incontrolled aquarium conditions is also stated. In
addition, allometric growth of some body parts was
studied. In some fish species, development of organs
at early period occurs in embryonic stage prior to
hatching (Falk-Peterson and Hansen, 2001). Hatched
larvae had a developed organ system. These types of
larvae can be fed with artificial food from the time
when larvae mouths are opened and they absorb a
considerable part (2/3) of their yolk sacs. The species
which have these characteristics are called precocial
larvae (Govoni et al., 1986). On the other hand, in

some species, organs differentiate after hatching,
during or after metamorphosis. The larvae of these
types of species are called altricial larvae (Falk-
Peterson and Hansen, 2001).Histologic observations
showed that newly hatched angelfish larvae which
hatched from demersal and quite large eggs (0.9-
1mm) attached on any substrate have a developed
organ system. On the other hand, digestive tracts of
the larvae which benefitted from quite large yolk sacs
differentiated in 4™day. Thus, angelfish larvae are
subject to intensive metamorphosis after hatching. In
our previous studies, we observed that angelfish
larvae were fed with rotifer and Artemia nauplii at
4and 5™"day respectively. These observations indicate
that angelfish larvae belong to altricial larvae group.

In a similar study, morpho-physiological
changes was reported the early developmental stages
of freshwater angelfish under different conditions
(28°C; pH 6.8) (Korzelecka-Orkisz, 2012).
Korzelecka-Orkisz et al., (2012) described the egg
membrane structures of angelfish (Pterophyllum
scalare), morpho-physiological changes and the
developing larvae and fry, but they didn’t report
histolological changes of angelfish larvae on the early
developmental stages. The main differences between
these previous studies and our study is that reported
not only morphological findings but also histological
findings and allometric growth data. On the other
hand, some morphological findings such as
exogenous feeding time, free swimming time and
metamorphosis time are similar between these studies
(Our study and Korzelecka-Orkisz, 2012). In our
study, the morphological findings on larval
development stage were reported more details and the
morphologic findings were supported by histological
observations.

Start of exogenous feeding is a vital stage in
developing larvae (Yufera and Darias 2007).Like in
many other fish species, (Tamaru et al 1994; Cahu et
al., 2003; Yufera et al., 2005; Celik et al., 2011)
exogenous feeding starts before complete absorption
of yolk sac in angelfish. Analyses on alive larvae
under microscope showed that although yolk sac
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Figure 7. The main events of larval development in freshwater angelfish (Pterophyllum scalare).
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could not be separated from other internal organs after
5. day, histologic findings showed that yolk sac
became quite smaller in 6.day however remnants of
yolk sac were observed in larvae until 7" day. On the
other hand, it was concluded that angelfish larvae
should be exogenously fed starting from 4.day.
Digestive organs such as liver and pancreas also
rapidly developed. The liver fully replaced shrinking
yolk sac at 9"day and vacuolization which indicated
lipid synthesis began to be observed from 11" day.
Non-stained vacuoles which indicate lipid digestion in
anterior and posterior intestines reported in previous
studies (Govoni et al., 1986; Kjersvik et al., 1991;
Sarasquete, et al., 1995; Hamlin et al., 2000, Onal et
al., 2008) were also observed in the present study.
These vakuoller observed in posterior intestine from
10"day were observed in the general of the intestine
in the following days.

One of the most critical stages of larval
development is considered to the first swelling of
swim bladder (Blaxter 1992; Pelberg et al., 2008).
Majority of larvae swell their swim bladders in
developmental stage corresponding to the time of
absorption of yolk sacs and onset of exogenous
feeding (Doroshev and Cornacchia 1979; Battaglene
and Talbot 1990). In many analyzed species, swim
bladder forms by a simple metamorphosis of
alimentary canal (Boulhic and Gabaudan 1992;
Govoni and Hoss 2001; Trotter et al., 2004).

There are two types of swim bladders which are
physostomous and physoclistous (Moyle and Cech
2000; Trotter et al., 2004; Govoni and Forward 2008).
In physostomoes, there is a connection between
digestive tract consisting of the swim bladder and
pneumatic tube. On the other hand there is no such
connection inphysoclists (Steen 1970). Physostomous
larvae are generally believed to swell their swim
bladders by swallowing atmospheric air in water
surface and sending to swim bladder through
alimentary canal and pneumatic tube (Tait 1960;
Steen 1970; Chapman and Hubert 1988; Battaglene
and Talbot 1990; Chatain and Ounais-Guschemann
1990; Marty et al., 1995; Govoni and Hoss 2001;
Trotter et al., 2005). Some of the studies reported that
Characins including black skirt tetras, cyprinids,
salmonids, pikes, catfish, mormyrids and eels
consisted of species having physostomous type swim
bladders (Moyle and Cech 2000; Celik et al., 2011,
Celik et al., 2012). On the other hand, freshwater
angelfish have physoclist swim bladders. In this
study, swim bladder became apparent in 21" day. In
this period, the larvae do not have the ability to swim
actively and anus is not yet opened. According to
morphologic and histologic findings, swim bladders
were filled with low amount of atmospheric air.

In the present study, in addition to morphologic
and histologic observations, allometric growth models
of angelfish were also recorded. Allometric growth
model is a commonly used method in analysis of
relative growth in early larval period (Osse and van

den Boogaart 2004; Pefia and Dumas 2009). Larval
development stages of teleostei were characterized by
using high grade allometric growth models (Van Snik
et al., 1997; Geerinckx et al., 2008). These models
can be used by characterization of normal growth
models in rearing and aquaculture management (Pefia
and Dumas 2009). The literature contains studies on
allometric growth of different teleostei groups during
their larval development (Osse and van den Boogaart
2004); however there is a limited body of research on
allometric growth models of many ornamental fish. In
this study, allometric growth models of freshwater
angelfish larvae from hatching to 30.day were
defined. Growth coefficients of body part were found
to be different in three larval stages (Period I: Yolk
sac larva, period Il: Pre-larva, period Ill: Post-larva).
These results are similar with other teleostei fish
(Osse and van den Boogaart 1999; Geerinckx et al
2008; Huysentruyt et al., 2009).

Success of larval production is a significant
problem in rearing of many finfish. Larval death
sometimes reaches to the level of 80% (Woolley and
Qin, 2010). These mass deaths are thought be
connected with factors such as broodstock quality,
nutrition and environmental factors. Mass deaths
often peak at the time of transition to exogenous
feeding following the absorption of yolk sac (Woolley
and Qin, 2010). Therefore, for a successful larval
rearing, optimum culture conditions should be
determined according to larval development stages.

Determining optimal rearing conditions requires
conducting sophisticated scientific research on the
larval development stages of fish species. The present
study was carried out to address this need. In
conclusion, our histo morphological findings revealed
that underdeveloped organ systems of altricial
angelfish larvae developed in a very short time after
hatching. Angel fish larvae began to actively consume
feed starting from 4™ day. In addition, in the present
study, artificial food were not used for 30 days and in
accordance with the conventional protocol used in
commercial angelfish rearing, the larvae were fed
with Artemia from day 4. Angelfish larvae were
successfully reared with this protocol. On the other
hand, issues such as rearing larvae using different
protocols and analysis of the effects of these protocols
on the growth and survival of larvae by histologic
studies and increasing the growth of larvae to sales
lengths in a shorter time are among top priority issues
in angelfish rearing. Results of the present study can
contribute to better understanding of embryonic and
larval development of angelfish and other commercial
freshwater fish. These results can be used to explain
the general outlook of first larval stages of the larvae
under culture conditions and can help development of
better larval rearing methods in production.
Similarly, it will help to increase success rate in larval
rearing of some freshwater ornamental fish. New
approaches can be introduced to solve many problems
in larval rearing of many other species.
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