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Abstract

In this study, it was aimed to investigate the embryonic and larval development of firemouth
cichlid (Thorichthys meeki Brind, 1918) fish in laboratory environment. The spawning and
embryonic development of the eggs of the 5 pairs of broodstock fish used in the study took
place at an average water temperature of 27+1°C. Spawning lasted about 60 minutes and the
average number of eggs was 1159.40+91.92 pieces. The long axis of the egg was measured as
1.47+0.01 mm on average, and the short axis as 1.14+0.01 mm on average. After fertilization,
the first draft of the embryo was seen between 10.45-11.35 hours. Between 12.30-13.45, the
first optical capsule is formed. In the embryo, the first somite was seen at 14.00-17.30, the first
heartbeat at 18.00-23.30, the first blood circulation at 21.40-30.20 and the first movement at
22.00-31.00. Hatching took place between 38.20-51.55 hours. The average total length of the
newly hatched larva was measured as 3.38+0.03 mm. Larva started to swim on the 5th day,
consumed the yolk sac on the 8th day and started to take feed. The larva reached the appearance
of an adult individual by the end of the 30th day, and on the 30th day the total length of the
larva was measured as an average of 11.02+0.36 mm.

Keywords: Firemouth cichlid, Thorichthys meeki, embryonic development, larvae,
reproduction.
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Introduction

In aquaculture, the main objective is to collect information about the early developmental
periods of a species, to understand its physiological characteristics and to obtain useful
information in order to improve breeding techniques (Divanach et al., 1996). There are many
problems related to fertilization, incubation and embryonic development in the breeding of
important freshwater and marine fish species. Increasing the information needed about egg
activation and fertilization processes in these fish groups will make important contributions to
aquaculture (Coward et al., 2002).

Although the aquarium sector has such a wide living potential in terms of species diversity,
scientific studies on ornamental fish are quite limited. In particular, research on reproductive
behaviors, egg, embryonic and larval development and offspring fertility is very limited (Celik
et al., 2011). One of the most important reasons for the failure in breeding aquarium fish is; the
reproductive behaviors of that species, the early and larval development stages are not fully
known or understood (Arik, 2013). Information about the larval development of fish is accepted
as basic clues about their biology and taxonomy (Reynalte-Tataje et al., 2004).

However, it is believed that there are not enough studies on the embryonic and larval
development of cichlid fish, which is a very crowded family. In recent years, individuals
breeding aquarium fish have been conducting experiments to produce new species and trying
to introduce those species to aquarium enthusiasts in their country. Cichlid fish also constitute
the group of aquarium fish that are gaining popularity compared to the past (Giingor, 2012). In
the cichlid family, the firemouth cichlid fish enjoys consuming live or dried food (Alpbaz,
1993). This fish, which is native to Central America, exhibits substrate spawning behavior
(Hasse, 1981).

In this study, the embryonic and larval development stages of the firemouth cichlid (Thorichthys
meeki Brind, 1918) fish, which has been increasing in popularity in recent years of the
American cichlid family, attracting attention with its visual beauty and appreciated for being a
harmonious species, were examined. Due to the fact that there is very little scientific data on
firemouth cichlid fish, the research is considered to be important for the aquarium sector. The
findings obtained; The characteristic features of the firemouth cichlid fish include its biology
and, in particular, the stages of embryonic and larval development within the scope of the
breeding period. It is thought that the study will shed light on the producers who want to breed
this species and will bring some mobility to the domestic ornamental fish farming.

Material and Method
Material

A total of 14 firemouth cichlid fish (7 females, 7 males) were used in the experiment. The
average weight and total length were 27.27+4.88 g and 11.35+0.79 cm for female fish and
34.97+6.43 g and 12.32+0.95 cm for male fish, respectively. In the experiment, a total of 6 glass
aquariums were used: 1 (110x70x60 cm) for stocking broodstock fish, 3 (60x50x40 cm) for
production, and 2 (35x30x25 cm) for eggs and larvae.

During the research period, cichlid stix-pellet feed (morning-evening) and tubifex as live feed
(noon) were used in the feeding of broodstock fish. Nutrient proportions of cichlid stix-pellet
feed; crude protein is 46%, crude oil is 8%, crude ash is 10%, crude cellulose is 2% and moisture
is 6%. The nutritional content of tubifex, which is used as live food; crude protein is 11.02%,
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crude oil is 2.14%, crude ash is 1.83% and dry matter is 18.78% (Yanar et al., 2003). The
hatched larvae were given the newly opened Artemia from the 8th day of their emergence until
the 22nd day and the milled feed of the broodstock fish next to Arfemia on the 17th day and
started to be given together. The nutrient content of Artemia is crude protein 54%, crude fat
12%, crude cellulose 5% and moisture 6%.

In all aquariums, tap water was used, which was rested for 48 hours. Aquariums are siphoned
every 4 days to remove excrement and feed residues from the bottom. Hach Lange HQ 30D
Flexi portable measuring device was used to measure water parameters in experimental
aquariums. An external filter was used in the stock aquarium, an internal and pipe filter was
used in the breeding aquarium, and a pipe filter was used in the aquarium where the eggs and
larvae were found, and in addition, oxygen was supplied by means of an air motor. During the
study, the water temperature in the aquariums was kept constant at 27+1°C using 100 and 200
watt steel heaters. In the study, 12 hours light and 12 hours dark photoperiod was applied.

The length of the broodstock fish was measured with a scale with a millimeter indicator and a
precision balance with an accuracy of 0.01 g in weight. Clove oil was used as an anesthetic
agent in larval measurements (Gilingor, 2012; Arik, 2013). Cubes are placed in aquariums for
spawning broodstock fish.

Method

Female and male broodstock fish are placed in separate aquariums so that they do not see each
other for about a month. During this period, 3 meals a day are fed ad libitium. Then the fish
were taken to breeding aquariums for mate keeping.

During the trial, morphological changes and reproductive behaviors of broodstock fish were
carefully observed. The counting of fish eggs was carried out according to the counting method
with the photographic technique (Celik, 2008; Erik, 2012; Arik, 2013). According to this
method; The collective eggs were photographed with the camera and their numbers were
determined by marking them in the computer environment (Figure 1). Thus, the number of eggs
laid by broodstock fish in each abdomen was determined.

Figure 1. Counting of eggs with photographic technique
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As aresult of three preliminary studies, the average time intervals of sampling were determined.
In the study, the embryonic and larval development stages of a total of 5 spawning (except for
three pre-repetitions) obtained from the fish that performed mate selection were examined and
evaluated. Care has been taken to ensure that the water temperature in aquariums prepared for
eggs and larvae is the same as the water temperature in the breeding aquarium (27£1°C). To
determine the stages of embryonic development, the eggs were taken to petri dishes with pastor
pipettes and examined under a stereo microscope. The Nikon SMZ 800N stereo microscope
was used to image the embryonic and larval developmental stages of eggs, to measure eggs and
larvae, and to take photographs. In order to make a homogeneous sampling in the measurements
made under the microscope, the eggs were taken from different parts of the substrate. At least
10 eggs were taken in each sampling, and their short and long axes were measured and
photographed.

In order to get clearer images from the moving larvae, approximately 0.03 ml of clove oil was
added to 10 ml of water taken from the aquarium and the larvae were anesthetized (Glingor
2012; Arik 2013). In each sampling, 10 larvae were taken and placed in petri dishes. In order
to more clearly detect the development of the larvae under the microscope, the head, body, tail
and other body areas were also imaged in detail. The physical and morphological changes of
the hatched larvae were examined daily until the 15th day and in 5-day periods from the 15th
to the 30th day. The yolk sac lengths (short axis, long axis) and total lengths of the larvae were
measured. Microsoft Office 2007 Excel Program was used to analyze the data (average,
standard error and mathematical operations, etc.).

Results

Findings of water parameters in aquariums

The average values of the water parameters measured in all aquariums during the trial period
are given in Table 1.

Table 1. Average values of water parameters in trial aquariums (mean+SE)

Dissolved
Trial Aquariums Temperature pH Oxygen Conductivity
(°C) (mg/l) (nS/cm)
min. 26.8 6.99 7.86 567
Broodstock max. 27.6 7.13 8.00 592
mean+SE 27.2+0.15 7.04+0.03 7.94+0.02 581.24+4.45
min. 26.5 6.89 7.32 554
Reproduction max. 28.3 7.22 8.13 593
mean+SE 27.3+0.16 7.06+0.02 7.75+0.11 574.67+3.53
min. 27.1 7.08 7.60 527
Larvae max. 27.8 7.28 7.91 569
mean+SE 27.4+0.12 7.17+0.04 7.78+0.05 550.2+6.78

Findings of Broodstock Fish

The breeding period has been particularly pronounced in male fish, with more noticeable
morphological changes noted. In particular, it was observed that the red color extending from
the mouth and operculum to the abdomen and the black spots on the sides became evident and
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exhibited more aggressive movements. During this period, the colors are vivid and bright in
males, and more dull and pale in females. It has been established that in female and male
broodstock fish, the breeding tubes (genital papillae) become evident during this period. In the
study, the weight and total length of the matching broodstock female and male fish were
measured and given in Table 2.

Table 2. Length (cm) and weight (g) of broodstock fish

Matching Fish Female Male
Weight (g) Length (cm) Weight (g) Length (cm)
1 9.25 8.20 10.26 8.50
2 34.05 12.30 46.78 12.80
3 33.88 12.20 47.63 13.80
4 24.36 11.80 32.85 14.10
5 39.54 13.10 43.77 13.40
min. 9.25 8.20 10.26 8.50
max. 39.54 13.10 47.63 14.10
mean+SE 27.27+4.88 11.35+£0.79 34.97+6.43 12.32+0.95

Average weight and length of female fish, respectively; 27.27+4.88 g and 11.35+0.79 cm,
while male fish are 34.97+6.43 g and 12.32+0.95 cm. When male and female fish were
compared, males were found to be larger in weight and height than females.

Findings of Egg Incubation

A total of 5 broodstocks were recorded from 5 pairs of mates throughout the research, and the
eggs were taken to a separate aquarium and examined in order to determine the embryonic and
larval development stages. In addition, the average number of eggs laid by 5 pairs, egg opening
rates and incubation periods are calculated and given in Table 3.

Table 3. The average number of eggs laid by broodstocks fish (pcs.), hatching rates
(%) and incubation times (hours)

Female fish Female fish Number of Number of eggs Egg hatch  Incubatio

weight (g)  length (cm) eggs (pcs.)  opened (pcs.) rate (%) n time
(hours)

1 9.25 8.20 864 803 92.94 51.55

2 34.05 12.30 1293 1078 83.37 48.33

3 33.88 12.20 1045 1022 87.80 38.20

4 24.36 11.80 1218 1043 85.63 39.05

5 39.54 13.10 1377 1186 86.13 48.57
min. 9.25 8.20 864 803 83.37 38.20
max. 39.54 13.10 1377 1186 92.94 51.55
mean+SE 27.27+4.88 11.35+0.79  1159.40+91.92 1026.40+62.58 89.17+2.68 45.14+£2.72
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Findings of the Embryonic Development Period

In microscopic examinations of the eggs, it was determined that they were sticky, transparent,
light orange in color and oval shaped. The findings of the embryonic developmental periods of
the eggs of the firemouth cichlid fish are given in Table 4 and the photographs of these periods
are given in Figure 2.

Table 4. Signs of embryonic development of firemouth cichlid fish (Thorichthys meeki Brind,
1918) at 27£1°C

Duration Describing Shape
(hours:minutes)

0-0.10 Newly fertilized egg (zygote). Eggs have a sticky, oval, 2.a
transparent and light orange color. The averagelong axis
diameter of fertilized egg was 1.47+£0.01 mm and the average
short axis diameter was 1.14+0.01 mm. Perivitellin cavity is
clearly observed. Blastodisc formation has been observed.

The cytoplasm began to be drawn towards the animal pole.

0.10-0.28 Form with 2 blastomeres. The stage in which the first mitosis 2.b
division occurs. The division took place vertically.

0.28-0.36 Form with 4 blastomeres 2.c

0.36-1.01 Form with 8 blastomeres 2d

1.01-1.35 Form with 16 blastomeres 2.e

1.35-2.06 Form with 32 blastomeres 2.f

2.06-2.21 Form with 64 blastomeres 2.g

4.20-6.30 Blastoderm cells have been found to cover 25% of the yolk 2.h
(25% epiboly).

7.30-8.40 Blastoderm cells have reached 50% of the yolk. The embryo 24
began to have a ring appearance (50% epiboly).

9.00-10.25 Blastoderm cells cover 75% of the yolk (75% epiboly). 24

10.45-11.35 The embryo has begun to become evident. 2.

12.30-13.45 The optic capsule was formed and the lens of the eye began to 2.k
form in the head of the embryo.

14.00-17.30 The somites began to appear. 2.1-2.m

18.00-23.30 The heart was formed and it was determined that the 2.n
heartbeat had begun.

21.40-30.20 The first blood circulation and otolith were observed. 2.n

22.00-31.00 It has been observed that the larvae moves for the first time. 2.n

32.00-45.00 It is established that in the egg the contractions of the 2.n
embryo increase, and the heartbeat accelerates (129 per
minute).

38.00-51.55 The hatching of the larvae from the eggs has been observed. 2.0
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i 0.5 mm

.
Figure 2. Embryonic developmental stages in firemouth cichlid fish (Thorichthys meeki Brind,
1918) (BD: blastodisc, BM: blastomere, E: embryo, H: heart , OC: optic capsule, OT: otolith,
PC: previtelline cavity, SO: somite, Y: yolk)

Findings of the Larval Developmental Period

The development findings of the larvae from the 1st day to the 15th day after hatching are daily,
and the development findings from the 15th to the 30th day are given in 5-day periods in Table
5, the developmental stages of this period are given in Figure 3 and Figure 4. Since the
developmental stages of the larvae after the 15th day are slower, they are shown in 5-day
periods.
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Table 5. Signs of larvae and fry development of firemouth cichlid fish

Days Descriptions

1

The average total length of the newly hatched larvae is 3.38+0.03 mm, the diameter of the yolk sac was measured
as 1.45+0.03 mm on the long axis and 0.93+0.03 mm on the short axis. Adhesive glands on the head are prominent.
Pigment cells were seen throughout the yolk sac and body. The eye is not yet colored, somites are evident. The
otolith is clearly visible, but the anus is not more prominent. The blood circulation has a distinct but transparent
appearance (Figure 3.a).

The average lenght was 3.99+0.10 mm, the diameter of the yolk sac was measured as 1.41+0.02 mm on the long
axis and 0.85+0.03 mm on the short axis. Pigmentation has started in the eye. The digestive tract has begun to
form, but the anus has not opened. The first red blood circulation and the tip of the notochord are seen but not yet
folded. The skull bone is visible and the mouth is not yet opened. The heart has turned red, blood circulation is
visible. The yolk sac decrease and tail fin rays begin to form (Figure 3.b).

The average lenght was 4.27+0.11 mm, the diameter of the yolk sac was measured as 1.27+0.03 on the long axis
and 0.83+0.02 mm on the short axis. Adhesive glands and digestive tract began to appear. The anus is closed. The
notochord tip has started to curl and mouth opening has not been formed. Pigmentation has increased in the eye
and yolk sac, and the tail fin continues to develop (Figure 3.c).

The average lenght was 4.39+0.07 mm, the diameter of the yolk sac was measured as 0.75+0.02 on the long axis
and 0.62+0.01 mm on the short axis. Mouth opening became prominent, gill arcs and heart shape began to take.
The swim bladder has started to form, the anus has not yet opened. Tail fin rays are clearly visible. Adhesion
glands decrease and notochord tip fold became more prominent. The blood circulation is coloured, intensified and
the eye pigment has increased even more compared to the previous day. The otolith disappeared due to increased
pigmentation in the head (Figure 3.d).

The average lenght was 4.614+0.09 mm, the diameter of the yolk sac was measured as 0.67+0.08 on the long axis
and 0.5320.05 mm on the short axis. The mouth opening and the swim bladder have become clear, the anus has
opened, the eye has taken its full shape and the pupil has started to form. The larvae is free swimming. Pectoral
fin became prominent, caudal fin rays increased in number, anal and dorsal fins began to form (Figure 3.e).

The average lenght was 4.73+£0.08 mm, the diameter of the yolk sac was measured as 0.53+0.07 on the long axis
and 0.45+0.06 mm on the short axis. The heart has taken its place and is located behind the gill arches towards the
ventral region. The pupil is clearly visible. The lower and upper jaws became prominent and the yolk sac became
smaller (Figure 3.1).

The average lenght was 4.88+0.10 mm, the diameter of the yolk sac was measured as 0.38+0.03 on the long axis
and 0.29+0.02 mm on the short axis. The yolk sac is almost completely withdrawn and the fins are developed.
Adhesive glands have completely disappeared. The swim bladder became prominent and the pigmentation spread
throughout the body (Figure 3.g).

The average lenght was 4.97+0.09 mm, the yolk sac diameter was measured as 0.27+0.01 on the long axis and 0.20+0.01
mm on the short axis. Larvae consumed the yolk sac and took the first food (larvae were given newly opened Artemia
salina). Colored pigment cells were seen on the first feces output and on the operculum (Figure 3.8).

The average lenght was measured as 4.98+0.10 mm. While the dorsal and anal fins are developing, the coloration
continues throughout the body (Figure 3.h).

10

The average length of the larvae was measured as 5.05+0.09 mm. Colored pigment cells were seen in the eye and
pupil, lower and upper jaw and back region (Figure 3.1).

11

The average lenght was measured as 5.12+0.09 mm. Feed intake is at a very good level and development continues
at full speed (Figure 3.1).

12

The average lenght was measured as 5.21+0.13 mm. Pigmentation began to intensify at the tips of the dorsal, anal
and caudal fins (Figure 3.)).

13

The average lenght was measured as 5.284+0.16 mm. Dorsal fin rays began to harden (Figure 3.k).

14

The average lenght was measured as 5.37+£0.17 mm. Anal fin rays begin to harden. Pectoral and pelvic fins are
very prominent (Fig. 3.1).

15

The average lenght was measured as 5.52+0.21 mm. The gill filaments were red and clearly visible. Dorsal and
anal fin rays are prominent (Figure 3.m).

20

The larvae reached an average length of 6.76+0.44 mm. In the larvae, cross-sectional bands began to become
evident on the body. The towards tail fin has started to develop a black spot-like appearance (Figure 3.n).

25

The total length of the larvae was measured as 8.64+0.39 mm. Cross-sectional bands are evident. The tips of the
dorsal fin have started to turn orange. Light brown pigmentation has begun throughout the body (Fig. 3.0).

30

The larvae reached an average length of 11.02+0.36 mm. The larvae reached the adult individual form within 1
month from its hatching and completed its development. Cross-sectional bands on the body and spots on the tail
stem and gill arch were formed (Figure 3.6).
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Figure 3. Larval and juvenile developmental stages in firemouth cichlid fish (Thorichthys
meeki Brind, 1918) (AF: anal fin, AG: adhesive glands, AN: anus, BC: blood circulation, CFR:
caudal fin ray, DF: dorsal fin, DT: digestive tract, E: eye, F: feces, H: heart, M: mouth, N:
notochord, NT: notochord tip, OT: otolith, SB: swim bladder, SKB: skull bone, YS: yolk sac).
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In the study, the yolk sac of firemouth cichlid fish larvae was consumed in 8 days. The average
long axis length of the yolk sac was 0.84+0.17 mm and the average short-axis length was
0.59+0.10 mm from the 1st day to the 8th day when the larvae hatched. The change in the long
and short axis lengths of the yolk sac during this period is given in Figure 4.

1.6

1.4 :
== Long axis
1.2
—ik— Short axis

Nutrient Sac Size (mm)

Figure 4. Change in the process until the day the larvae consumes the yolk sac

From the egg hatching until the development of the mouth opening is completed and the yolk
sac is consumed, no external feeding is done. Newly opened Artemia was given to the larvae
that consumed the yolk sac from the 8th day. Looking at Figure 4, it is seen that the larvae
consumes the yolk sac quickly during the period until it takes food from outside. During the
research, the total length of the larvae that hatched from the egg was measured for 30 days and
the daily total length growth change of the larvae is shown in Figure 5.

12
e
10 ),»i""
_— gt
£ g ".-*.\-""
*Er :_._,-.““-—,.‘Hf
4'=-- 6 — v..-.:.\—f.“'
2 ot T
3 4 "“‘NM-'\ - e
= 5 - —_—Total length
&
1 5 10 15 20 25 30
Days

Figure 5. Total length growth graph of the larvae in the 30-day period

It is seen that the growth of the larvae, whose growth in length was examined for 30 days,
increased rapidly from the 8th day to the 30th day when they started to take food from outside.
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Discussion and Conclusion

The subject of this research has been studied for the first time in the firemouth cichlid fish
species. In the study, the embryonic findings from fertilization to hatching are given in Table 6
in comparison with the findings of other researchers.

Looking at similar studies on cichlid fish; Meijide and Guerrero (2000) Cichlasoma dimerus at
2540.5°C, Bayrakli et al. (2001) Cichlasoma nigrofasciatum at 26+2°C, Fujimura and Okada
(2007) Oreochromis niloticus at 28+1°C, Korzelecka-Orkisz et al. (2012) Pterophyllum scalare
at 28°C, Giingor (2012) Aequidens rivulatus at 25.1£1°C, Erik (2012) Symphysodon spp. at
28.3+0.04°C, Bindu and Padmakumar (2012) studied Etroplus maculatus at 27°C, and Arik
(2013) Parachromis managuensis at 25+£1°C. In this study, Thorichthys meeki was studied at
27+1°C and the water temperature seems to be similar to other studies.

Zygote stage (0-0.10); Meijide and Guerrero (2000), Bayrakli et al. (2001), Fijumura and
Okada (2007), Bindu and Padmakumar (2012), Erik (2012), Arik (2013), and Nath et al.
(2021)'s findings are similar. In this study, 2-blastomere stage (0.10-0.28); Bindu and
Padmakumar (2012), Korzelecka-Orkisz et al. (2012), Arik (2013) and Nath et al. (2021), 4-
blastomere stage (0.28-0.36); Korzelecka-Orkisz et al. (2012) and Arik (2013), 8- blastomere
stage (0.36-1.01); with Arik (2013), the 16- blastomere stage (1.01-1.35); Arik (2013) and
Gomathi et al. (2021), 32 blastomer stage (1.35-2.06); with Arik (2013), 64- blastomere stage
(2.06-2.21); It showed similar results with Arik (2013). 25% epiboli stage (4.20-6.30); Bindu
and Padmakumar (2012), Arik (2013), and Gomathi et al. (2021), the 75% epiboli phase (9.00-
10.25); Korzelecka-Orkisz et al. (2012).

The first somite (14.00-17.30), the first heartbeat (18.00-23.30) and the first movement (22.00-
31.00) in the embryo were observed earlier than the findings of other investigators. The range
of first blood circulation (21.40-30.20); Nath et al. (2021), the first hatching is seen (38.20-
51.55); Bindu and Padmakumar (2012), Arik (2013), and Millot et al. (2023) are similar to the
findings. The sighting of the first embryo (10.45-11.35) in the conducted studies, are similar
with the findings of the Sahoo et al. (2017) and was found earlier than most of the other
findings. Appearance of the first optic capsule (12.30-13.45); often observed earlier than the
findings of other researchers.
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Table 6. Comparison of embryonic development findings with literature

Species name | zygot | 2 4 8 16b 32 64 25% 50% 75% embry optic somit | Heart | blood first hatchin References
e blast. blast. blast. blast. blast. blast. epibol | epibol | epibol | o capsul | e beat circulatio movemen | g
* * * * * * i i i e n t
Cichlasoma 0.10- 1.45 2.05 2.45 - - 4.55 16.20 19.00 21.00 23.00 28.00 | 26.00- | 36.00 36.00 - 53.00 Meijide and
dimerus 1.25 36.00 Guerrero
(2000)
Cichlasoma 0-1.00 | 11:00 - - - - - - - 24.00 24.00 40.00 - 55.00 55.00 - 56.00 Bayrakli et
nigrofasciatum al.
(2001)
Oreochromis 0-1.5 1.5-2 2 3 4 - - - 22-26 26-30 30.00- 40.00- | 30-40 | 48-60 60-72 - 90-110 | Fujimura
niloticus 40.00 44.00 and Okada
(2007)
Etroplus 0 0.15 0.45 1.15 - - - 6.30 24.45 37.45 21.00 28.45 29.30 | 30.00 33.55 35.15 48.00 Bindu and
maculatus Padmakuma
r(2012)
Symphysodon | 0-1.00 1.25 1.45 2.05 2.30 2.55 3.15- 21.00 25.00 27.00 31.00 33.00 - 44.00 44.00 49.00 57.00 Erik
SPp- 3.20 (2012)
Aequidens 0.25 2.00 2.25 3.15 4.00 - - 17.00 26.00 28.00 36.00 36.00 - 49.00 64.00 68.00 75.50 Giingor
rivulatus (2012)
Pterophyllum - 0.21 0.28 0.35 0.41 - - - 7.00 9.48 10.16 - 12.10 15.24 - 16.20 21.28 Korzelecka-
scalare Orkisz et al.
(2012)
Parachromis 0-0.15 | 0.15- 0.35- 0.55- 1.28- 1.54- 2.15- 6.10- 11.30- | 12.30- 15.30- 17.30- | 23.20- | 30.00 35.00- 37.00- 49.40- Arik
managuensis 0.35 0.55 1.28 1.54 2.15 2.35 9.30 12.10 14.10 17.00 19.00 24.20 - 45.00 47.00 70.00 (2013)
33.00
Horabagrus 0.35 0.49 1.12 1.28 2.01 2.22 2.46 - - - 10.58 - - - - 20.06 20.46 Sahoo et al.
brachysoma (2017)
Pethia shalynius|  0.10 0.15 0.20 0.25 0.36 0.50 1.06 - 4.00 - - 10.29 7.00 25.48 25.48 - 26.00 Nath et al.
(2021)
Lethrinus - 0.45 0.56 1.05 1.15 1.30 1.53 5.20 6.39 7.00 8.00 8.42 - 13.21 - 14.10 15.40 Gomathi et
lentjan al. (2021)
Sciaena umbra | 0.30 0.50 1.15 1.37 1.58 2.19 2.38 - 12.29 - - 17.20 - 28.20 - - 41.20 Millot et al.
(2023)
Thorichthys 0-0.10 | 0.10- 0.28- 0.36- 1.01- 1.35- 2.06- 4.20- 7.30- 9.00- 10.45- 12.30- | 14.00- | 18.00 21.40- 22.00- 38.20- In this study
meeki 0.28 0.36 1.01 1.35 2.06 221 6.30 8.40 10.25 11.35 13.45 17.30 - 30.20 31.00 51.55
23.30
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The characteristics of broodstock fish, eggs and larvae in the study are shown in Table 7 in comparison with the findings of other researchers.

Table 7. Demonstration of the characteristics of broodstok fish, eggs and larvae in comparison with the findings of other researchers

e
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species name number of | ovulation egg number of egg larvae free yolk sac adult References
broodstock time shape eggs (pcs) diameter/short- length swimming | consumption | appearance
(pairs) (minutes) long (mm) (days) (days) (days)
axis (mm)
Cichlasoma - - - - 1.25+0.05 - 3.32+0.10 7-8 9 40-42 Meijide and
dimerus 1.65+0.05 Guerrero
(2000)
Cichlasoma 1 - oval 136 1.22+0.08 - 3.46+0.07 6 5-6 - Bayrakl et al.
nigrofasciatum 1.61+0.09 (2001)
Etroplus - - - 140-231 1.60 3.90 4 3 - Bindu and
maculatus Padmakumar
(2012)
Symphysodon 6 60-90 - 72-258 1.19+0.02- 3.03+0.04 4 7 30 Erik
spp- 1.77+0.02 (2012)
Aequidens 4 75-90 oval 527+70 1.4540.05- 4.26+0.14 7 - - Gilingor
rivulatus 1.86+0.04 (2012)
Pterophyllum - - oval - 1.17-1.43 2.60+0.09 - - 25 Korzelecka-
scalare Orkisz et al.
(2012)
Parachromis 5 75-90 oval 1236+187.40 1.47 £0.03- 4.02+0.53 6 10 30 Arik
managuensis 1.9240.05 (2013)
Horabagrus - - round - 1.1-1.4 3.1-44 6 3 12 Sahoo et al.
brachysoma (2017)
Pethia - - round - 0.75-0.80 2.32+ - - - Nath et al.
shalynius 0.11 (2021)
Lethrinus - - round - 0.69 1.39+ - 2 35 Gomathi et al.
lentjan 0.08 (2021)
Sciaena umbra - - round - 1.25+0.03 3.14+ - 3 35 Millot et al.
0.13 (2023)
Thorichthys 5 60 oval | 1159.40+91.92 1.14+0.01- 3.38+0.03 5 8 30 in this study
meeki 1.47+0.01
77
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In the studies, it is seen that the number of broodstock varies between 1-6 pairs, the ovulation
time varies between 60-90 minutes and the egg shape varies between oval and round. The
average number of eggs obtained in the study (1159.40) is lower than the study of Arik (2013);
and higher compared to the studies of Bayrakli et al. (2001), Bindu and Padmakumar (2012),
Erik (2012) and Giingor (2012). In the study, the average short axis length of the egg was
1.14+0.01 mm and the long axis length was 1.47+0.01 mm, Meijide and Guerrero (2000),
Bayrakli et al. (2001), Erik (2012), Giingor (2012), Korzelecka-Orkisz et al. (2012), Arik
(2013), Sahoo et al. (2017) and Millot et al. (2023), similar to the findings; smaller than the
finding of Bindu and Padmakumar (2012); Nath et al. (2021) and Gomathi et al. (2021) was
found to be greater than the findings. These differences in egg diameters are thought to be due
to broodstock age, broodstock size, water temperature, number of eggs and species difference.
In the study, the average length of the newly hatched larvae (3.384+0.03 mm); Meijide and
Guerrero (2000), Bayrakli et al. (2001), Bindu and Padmakumar (2012), Erik (2012), Sahoo et
al. (2017) and Millot et al. (2023), similar to the findings; Korzelecka-Orkisz et al. (2012), Nath
et al. (2021) and Gomathi et al. (2021), higher than the findings; It is lower than the findings of
Gilingor (2012) and Arik (2013). In this study, it was observed that the larvae started their first
free swimming on the 5th day. When compared with the findings of other researchers; It is seen
that the transition times of the larvae to free swimming are mostly close to each other. It was
determined that the larvae that emerged from the egg consumed their yolk sacs on the 8th day.
This value is lower than the data in the study of Meijide and Guerrero (2000) and Arik (2013);
higher than other studies. In this study, it was observed that the larvae reached the adult
appearance on the 30th day. This value is similar to the findings of Erik (2012) and Arik (2013);
Sahoo et al. (2017) and Korzelecka-Orkisz et al. (2012) higher than the findings; was found to
be lower than in other studies. In this study; while the findings such as the size of the newly
hatched larva, when it first started free swimming, the day the larva consumed the yolk sac, and
the time it took to reach the adult individual appearance, it was seen that while it was close to
some studies, it was not compatible with others. Demir (2006), this difference; water
temperature, oxygen, light, amount of vitellus, fish species and also reported that it varies
according to the environmental conditions within the same species.

By determining the embryo and larval development characteristics, it is primarily possible to
have an idea about the broodstock quality. These ideas can directly help to make the production
protocols of the broodstocks put into production more efficient. Next, water quality, light,
feeding, etc. larval production protocols can be adapted according to the effects of
environmental factors on embryo and larval development (Celik, 2011). Fish farming should
be supported by the continuous supply of high quality fish larvae to the industry (Goyard et al.,
2008).

Abnormal embryo development during the embryonic development stage can result in reduced
hatchability and high mortality in fish embryos. In addition, knowledge about the development
of fish embryos plays an important role in increasing larval growth and larval survival
(Puvaneswari et al., 2009).

Cichlids, which have a special place among aquarium fish with their social behavior, are species
with high economic value in our country. With its beautiful colors and interesting movements,
the firemouth cichlid fish is a popular cichlid species. At the beginning of the most common
problems in the production of cichlid fish; Problems such as not spawning, not being able to
hatch offspring from eggs and fungusing come.
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Unfortunately, aquarium fishing is a sector that has been left alone in our country. Production
trials are carried out with mostly hearsay information. Cichlid-culturing enterprises try to
achieve production success through trials, although they do not have sufficient production
knowledge. However, it is a well-known fact that they stop their production activities by
experiencing losses because they do not have enough information about egg collection and
larval hatching from broodstocks. By acquiring knowledge about the reproduction, embryonic
and larval development stages of cichlid species, the potential problems in aquaculture can be
eliminated and resolved. It is thought that the findings obtained from this study will shed light
on the people and producers who are interested in aquarium hobby. As a result, if the
reproductive behaviors, embryonic and larval characteristics of fish are known, most of the
problems that will be encountered in their breeding will be eliminated.

Ethical approval
The authors confirm that the ethical policies of the journal, as noted on the journal's author
guidelines page, have been adhered to. No ethical approval was required.

Data availability statement
The authors declare that data are available from authors upon reasonable request.

Conflicts of interest
There is no conflict of interests for publishing of this study.

Funding organizations
No funding available for this study

Contribution of authors

All authors in this study have equally contributed in terms of conceptualization, data curation,
formal analysis, writing original draft, investigation, methodology, resources, validation, and
visualization, and finalizing paper.

References
Alpbaz, A. (1993). Akvaryum Teknigi ve Baliklar. Mas Matbaasi, Izmir, s:345-346.

Arik, R.O. (2013). Orta Amerika ¢iklit baliklarindan jaguar ¢iklit (Parachromis managuensis
Giinther, 1867)’in liremesi, embriyo ve larva gelisiminin incelenmesi. Yiiksek Lisans
Tezi, Ordu Universitesi, Fen Bilimleri Enstitiisii, Balik¢ilik Teknolojisi Miithendisligi
Anabilim Daly, Ordu, 2013.
https://tez.yok.gov.tr/Ulusal TezMerkezi/tezDetay.jsp?1id=ISOmAQS8VaDEITF PKOqa
Q&no=I81A6LAg9peZ3ue2uFLMHA

Bayrakli, B., Bilgin, S., Satilmis, H.H., & Bircan, R. (2001). Zebra ciklit (Cichlasoma
nigrofasciatum Ginter, 1868)’in lireme biyolojisi ve yavru gelisimi. XI. Ulusal Su
Uriinleri Sempozyumu, 04-06 Eyliil 2001, Hatay.

Bindu, L., & Padmakumar, K.G. (2012). Breeding behavior and embriyonic development in the
orange chromide, Etroplus maculatus (Ciclidae, Bloch 1795). Journal of the Marine
Biological Association of India, 54(1), 13-19.

Coward, K., Bromage, N.R., Hibbitt, O., & Parrington, J. (2002). Gamete physiology,
fertilization and egg activation in teleost fish. Reviews in Fish Biology and Fisheries, 12,
33-58. https://doi.org/10.1023/A:1022613404123

AQUATIC
|@ ® 79 @ ARIMAL
REPORTS



Giiltekin & Yilmaz. Embryonic and larval development Aquatic Animal Reports 1(2) (2023) 65-81

Celik, 1. (2008). Diskus baliklarinda (Symphysodon spp.) iiremeye etki eden faktorlerin
belirlenmesi ve larval-jiivenil gelisimin tanimlanmasi. Doktora Tezi, Canakkale Onsekiz
Mart Universitesi, Fen Bilimleri Enstitiisi, Su Uriinleri Anabilim Dal,
Canakkale,2008.https://tez.yok.gov.tr/Ulusal TezMerkezi/tezDetay.jsp?id=68vSQC5cxs
EfC K1VEqaTw&no=FEby2omHVGcece-gUQIKpRPg

Celik, P. (2011). Characidae familyasina ait {i¢ balik tiirtiniin (Gymnocorymbus ternetzi,
Hyphessobrycon herbertaxelrodi, Hyphessobrycon serpae) embriyonik ve larval gelisim
safhalarinin incelenmesi. Doktora Tezi, Canakkale Onsekiz Mart Universitesi, Fen
Bilimleri  Enstitiisi, Su  Urinleri Anabilim  Daly, Canakkale, 2011.
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=ARMsCn2 1k3Edp6SyBvul Y g&
no=D21z0U3QSQ7wXxY3q6irBQ

Celik, P., Celik, 1., & Cirik, S. (2011). Siyah neon tetra (Hyphessobrycon herbertaxelrodi)
larvalarinin allometrik gelisimi. Alinteri Dergisi, 20(B), 25-32.

Demir, N. (2006). Ihtiyoloji. Nobel Yaynlar1. Ankara.

Divanach, P., Boglione, C., Menu, B., Koumoundouros, G., Kentouri, M., & Cataudella, S.
(1996). Abnormalities in finfish mariculture: an overview of the problem, causes and
solutions. In: Boglione C, Cataudella S (eds) International Workshop on sea bass and sea
bream culture: problems and prospects, 1st edn. European Aquaculture Society, Verona.

Erik, H. (2012). Diskus baliklar1 (Symphysodon spp.) yetistiriciligi. Doktora Tezi, Sinop
Universitesi, Fen Bilimleri Enstitiisii, Su Uriinleri Yetistiriciligi Anabilim Dali, Sinop,
2012.https://tez.yok.gov.tr/Ulusal TezMerkezi/tezDetay.jsp?id=6RVap3 WtstZAZ48cxbM
xrg&no=2L40iPReCjRXzZFZCHvabw

Fujimura, K., & Okada, N. (2007). Development of the embryo, larva and early juvenile of Nile
tilapia Oreochromis niloticus (Pisces: Cichlidae). Developmental Staging System.
Development Growth Differentiation, 49, 301-324.

Gomathi, P., Siju, R., Anil, M.K., Ambarish, G.P., Surya, S., Raju, B., Raheem, P.K., Ignatius,
B. & Gopalakrishnan, A. (2021). Embryonic and larval development of pink ear emperor,
Lethrinus lentjan (Lacepede, 1802) under captive conditions. Aquaculture Research, 52,
5857-58609. https://doi.org/10.1111/are.15461

Goyard, E., Goarant, C., Ansquer, D., Brun, P., de Decker, S., Dufour, R., Galinie, C., Peignon,
J.M., Pham, D., Vourey, E., Harache, Y., & Patrois, J. (2008). Cross breeding of different
domesticated lines as a simple way for genetic improvement in small aquaculture
industries: heterosis and inbreeding effects on growth and survival rates of the Pacific blue

shrimp  Penaeus (Litopenaeus) styrostris.  Aquaculture, 278, 43-50.
https://doi.org/10.1016/j.aquaculture.2008.03.018

Glingdr, F. (2012). Bir ¢iklit baligi tiirli olan Aequidens rivulatus (Glinther, 1860)’un iireme ve
larval gelisiminin incelenmesi. Yiiksek Lisans Tezi, Ordu Universitesi, Fen Bilimleri
Enstitiisi, Balik¢ilik  Teknolojisi Miihendisligi  Anabilim Dali, Ordu, 2012.
https://tez.yok.gov.tr/Ulusal TezMerkezi/tezSorguSonucY eni.jsp

Hasse, J. J. (1981). Characters, synonymy and distribution of the middle American cichlid fish
Cichlasoma meeki. Copeia, 1981(1), 210-212. https://doi.org/10.2307/1444057

Korzelecka-Orkisz, A., Szalast, Z., Pawlos, D., Smaruj, 1., Tanski, A., Szulc, J., & Formicki,
K. (2012). Early ontogenesis of the angelfish, Pterophyllum scalare Schultze, 1823.
Neotropical Ichthyology, 10(3), 567-576.

AQUATIC
|@ ® 80 @ ARIMAL
REPORTS


https://doi.org/10.1111/are.15461
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp

Giiltekin & Yilmaz. Embryonic and larval development Aquatic Animal Reports 1(2) (2023) 65-81

Meijide, F.J., & Guerrero, G.A. (2000). Embryonic and larval development of a
substratebrooding cichlid Cichlasoma dimerus (Heckel, 1840) under laboratory conditions.
Journal of Zoology, 252(4), 481-493.

Millot, R., Demolliens, M., Ducos, S., Pugliese, S., Vanalderweireldt, L., Delmas, A., Boussard,
A., Aiello, A., & Durieux, E.D.H. (2023). Embryonic and larval development of Corsican
brown meagre, Sciaena umbra (Linnaeus 1758), rearing in captivity from the
Mediterranean Sea. Aquaculture International, 31, 117-140.
https://doi.org/10.1007/s10499-022-00968-7

Nath, J.K., Kalita, M., Saikia, A., Choudhury, H., Mukhim, D.K.B. & Sarma, D. (2021). Early
embryonic development of the vulnerable Shalyni barb, Pethia shalynius (Yazdani &
Talukdar, 1975). Journal of  Applied  Ichthyology, 37, 268-277.
https://doi.org/10.1111/jai.14156

Puvaneswari, S., Marimuthu, K., Karuppasamy, R., & Haniffa, M.A. (2009). Early embryonic
and larval development of Indian Catfish, Heteropneustes fossilis. Eurasian Journal of
Biosciences, 3(3), 84-96. https://doi.org/10.5053/ejobios.2009.3.0.12

Reynalte-Tataje, D., Zaniboni-Filho, E., & Esquivel, J.R. (2004). Embryonic and larvae
development of piracanjuba, Brycon orbignyanus Valenciennes, 1849 (Pisces,
Characidae). Acta Scientiarum. Biological Sciences Maringa, 26(1), 67-71.

Sahoo, S.K., Ferosekhan, S., Saha, A., Giri, S.S., & Paramanik, M. (2017). Embryonic and
larval development of an endangered catfish, Horabagrus brachysoma. Indian Journal of
Animal Research, 51(1), 15-20.

Yanar, M., Yanar, Y., & Geng, M.A. (2003). Tubifex tubifex Miiller, 1774 (Annelidae)’iin besin
kompozisyonu. Ege Universitesi Su Uriinleri Dergisi, 20(1-2), 103-110.

AQUATIC
|@ ® 81 @ ARIMAL
REPORTS



