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ARTICLE INFO ABSTRACT

Avrticle History: The Kekar tilapia strain has more aggressive and territorial
Received: May 2, 2025 characteristics. Its fast growth, level of disease resistance, and meat
Accepted: June 6, 2025 structure that is softer than other tilapia strains, make this strain one of the
Online: June 18, 2025 freshwater tilapia strains that have been widely cultivated. This study aimed
to analyze the relationship between morphometric characters and egg

production in Kekar tilapia. Six weight groups of stocked tilapia broodstock
were used in this study, with weights of 350, 450, 1,100, 1,200, 1,300, and
1,700g, respectively. Calculating condition factors begins with determining
the relationship between the length and weight of fish, which is used to
determine the development of gonads, the percentage of feed that must be
given, and the maturity level of fish. The results showed a positive
correlation between broodstock size (length and weight) and the number of
eggs produced. A Kekar tilapia weighing 1,200g can produce more eggs
than Kekar tilapia weighing 1,100, 450, and 350g. Spawning frequency,
food availability, and environmental conditions also affect the number of
eggs. Regression modeling showed that increased weight and number of
spawners could accurately predict increases in egg count, with larger Kekar
tilapia producing more eggs in subsequent spawning periods
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INTRODUCTION

Indonesia, as the largest archipelagic country in the world, holds significant
potential for freshwater aquaculture due to its vast inland water resources, including
rivers, lakes, reservoirs, and man-made ponds (Hasan et al., 2023; Nazran et al., 2025).
The tropical climate, year-round water availability, and growing domestic and export
demand for fish have supported the rapid development of freshwater aquaculture as a key
sector in national food security and economic growth (Samara et al., 2024). Among the
various commodities cultivated, freshwater species such as tilapia (Oreochromis spp.)
(Hasan et al., 2019), catfish (Clarias spp.) (Ihwan et al., 2020; Saptadjaja et al., 2020),
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snakehead (Pratama et al., 2020), common carp, and gourami (Syofriani et al., 2025)
dominate production volumes.

Tilapia (Oreochromis niloticus) is one of the freshwater fish species with great
potential in aquaculture development (Hasan & Tamam, 2019; Henish & Badrey,
2024). Historically, the Nile tilapia is native to Africa, particularly the Nile River basin,
and was introduced to Indonesia in the 1960s through international aquaculture
development initiatives aimed at improving protein sources and rural livelihoods (Insani
et al.,, 2020; Nugroho et al., 2023; Islami et al., 2024). Since its introduction, O.
niloticus has become one of the most widely cultivated fish species across the Indonesian
archipelago due to its adaptability to diverse environmental conditions, rapid growth, and
tolerance to variable water quality (Hasan et al., 2019; Serdiati et al., 2021). Over the
decades, Indonesian aquaculture has selectively bred and developed several tilapia strains
tailored to local environments and market demands, including the Kekar (stocky) strain.

The Kekar tilapia strain is characterized by its fast growth, high level of disease
resistance, and softer meat texture compared to other strains, making it a preferred option
in freshwater aquaculture. Morphologically, Kekar tilapia tends to have a broader body
and a flatter head relative to other strains, which usually exhibit a more elongated form.
Its head is relatively large with a wide mouth, and it exhibits more aggressive and
territorial behavior, especially during feeding (Musadar et al., 2021).

Success in fish farming is not only influenced by factors such as environmental
conditions, pond management, and feed but also largely depends on the morphometric
characteristics of the fish and genetic (Darmadi et al., 2024; Irmawati et al., 2024;
Robledo et al., 2024). Morphometric characteristics such as total length, body weight, as
well as the proportion of various body parts, can affect fish growth, survival, and
productivity (Schneider et al., 2000). Previous research has revealed that morphometric
variations in fish can significantly impact various aspects of biology, including the
reproductive process (Wahana et al., 2021; Fadli et al., 2022; Kwikiriza et al., 2023).

The specific relationship between morphometry and egg production in the stocky
tilapia must still be fully understood. Therefore, this study aimed to investigate the
morphometric variation of Kekar tilapia on egg production. The output of this study is
expected to be used as an effective and sustainable farming strategy and to improve the
quality and quantity of stocked Kekar tilapia in the global market.

MATERIALS AND METHODS

1. Time and place
This research was conducted for 3 months, from the spawning period of the

broodstock to the observation of the hatching of Kekar tilapia broodstock, from June to
September 2024 at Hatchery Nila Kekar (HNK) Pasuruan, East Java. This research is an
experimental study using two designs, namely a completely randomized design to
determine the real difference in morphometric diversity or Coefisien Varian (CV) in six
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groups of Kekar tilapia with three replications. Groups under study were: group 1 (3500),
group 2 (450g); group 3 (1,100g); group 4 (1,200g); group 5 (1.300g); and group 6
(1,700g). Regression and correlation analysis determines the relationship or influence
between all morphometric characters and egg production.

2. Kekar tilapia fish
The strain of Kekar tilapia used in this study is the result of spawning from HNK

Pasuruan with code 015, which is the result of a cross of Male Kekar tilapia 010 from
KJA Grati with Female tilapia of Gesit and Sultana Strain. The Kekar tilapia broodstock
used has passed various series of broodstock selection such as the level of gonad
maturity, round body posture with a back higher than the head, body thickness greater
than head thickness, and sound production growth. The stock weight used in this study
varied between 350 grams, 450 grams, 1.100 grams, 1.200 grams, 1.300 grams, and 1.700
grams.
3. Morphometric test

The measurement of morphometric character is carried out by determining a
definite reference point (landmark) on the body of the test fish (Sari & Elvyra, 2018).
The reference points are connected to get a picture of the fish's body plane (body
conformation) and measured using a metric scale (Kusmini et al., 2017). Morphometric
measurements were taken at one month of rearing in the pond, including total length,
standard length, parent weight, dressing, head length, tail length, and fatness (Wijayanti
etal., 2017).

Fig. 1. Morphometric measurements of tilapia O. niloticus: 1. Total length, 2. Standard
length, 3. Dorsal fin length, 4. Caudal fin length, 5. Head length, 6. Body width, 7.
Pectoral fin length, 8. Pelvic fin length

4. Fish length and weight relationship (HPB)
The calculation of the condition factor starts with determining the relationship

between length and weight of the fish using the equation:
W = al?
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Where, W = fish weight (grams), L = total length (cm), a = constant, dan b = exponent
with values between 2 — 5.

The values of W and L are transformed into logarithmic equations (Schneider et
al., 2000), as follows:
logW =loga + bloglL

To determine whether the value of b is equal or different from 3, the t test was used.
The calculation of the t value (t*) was done using the following equation (Pauly, 1984):

. sdx lb—3l
th = N )
sdy \1—r?

Where, sdx is the standard deviation of the log L value, sdy is the standard deviation of
the log W value, and n is the number of samples. The value of b is different from 3 if the
calculated t value (t") is higher than the t table value at n-2 free degrees.

To find out the fish performance, in HPB there is also a condition factor (FC) to
determine the level of fatness of the fish. HPB is allometric and isometric. The value of b
in the equation above provides information about the growth pattern:

e Value b = 3 :isometric growth (fixed length and weight rasio)
e b value < 3: negative allometric growth (weight increases slower than length)
e Db value > 3 :positive allometric growth (weight increases faster than length).

5. Broodstock rearing and spawning

Broodstock rearing is conducted in round tarpaulin ponds with a diameter of 8m?3
and a height of 70m with a water level of 50m. Each pond was equipped with a central
drain and aeration system. Broodstock was fed pellets with 30% protein content at
satiation three times for 30 days. The spawning process is carried out naturally with a
ratio of male and female broodstock of 1 : 4. During the spawning process, the male
tilapia fish nests at the bottom of the pond edge, followed by a female tilapia fish with
mature gonads. The female Kekar tilapia releases eggs then the male Kekar tilapia fish
sprays his sperm so that fertilization occurs.

The female tilapia incubates fertilized eggs for 5 to 7 days. Tilapia are
mouthbrooders, meaning the female carries the eggs in her mouth during incubation. Egg
harvesting is performed on the 10th day after spawning, typically around 07:00 WIB, to
minimize stress on the female.

During the egg harvesting process, the female tilapia is gently caught while she is
still incubating the eggs. The eggs are carefully removed from her mouth and collected in
a basin. The total number of eggs is then counted.

To determine the number and weight of the eggs produced, the female tilapia is
weighed before and after egg removal. After counting, the eggs are returned to the
spawning basin for hatching.
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RESULTS

1. Morphometric characters of Kekar tilapia

The result of morphometric character measurements and the number of eggs can be
seen in Table (1) below.

Table 1. Morphometric measurements and egg counts of Kekar tilapia broodstock

No

Weight Laying  Number of

average period eggs Dressing Overweight Index
Gram Times Grain PS PK PS-PK B PS PS/TB
1 364+14,42 1 1076+£32,7  26,12+3,74 5,88+1,40  20,2+2,38 9,58+0,4 26%3,7 2,75x0,5
2 461+11,7 3 2124+18 28,92+0,85  7,34+0,5 21,58+0,44 9,82+0,49 28,92+0,85 2,95+0,14
3 1124+18 16 4185+51,7  30,29+0,37 9,4+0,4 20,9+0,6  11,18+0,27 30,26%0,37 2,71+0,04
4 121248,3 17 4473,6+33,9 41,48+0,83 11,48+0,36  30+0,93  14,06+0,15 41,48+0,83 2,95+0,06
5 1309,8+3,56 12 4183,8+45  47,74+0,5 11,74+0,32 36,00+0,74 16,16+0,21 47,74+0,5 2,95+0,04
6 1713,4+4,56 7 4097,2+34,2 59,38+0,6 15,36%0,46 44,02+0,19 19,50+0,38 59,38+0,62 3,05+0,06

Fig. (2) shows the upward trend in the number of eggs of Kekar tilapia with an
average brood weight of £1.700 grams after several spawning periods (2, 5, and 7 times).

Trend of Increase in Number of Eggs in Kekar
Tilapia Fish Weighing 1,700 grams
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Fig. 2. Number of tilapia eggs with a weight of 1,700 grams

Fig. (3) shows the projeted number of eggs of Kekar tilapia with an average brood
weight of +1.700 grams after several spawning periods throug regression model
calculations.
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Projected of Increase in Number of Eggs in Kekar Tilapia Fish
Weighing 1,700 grams
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Fig. 3. Projected increase in the number of eggs of tilapia weighing +1.700 grams after
several spawning periods

The relationship between length and weight of fish can be used to determine the
development of gonads, the percentage of feed that should be given, and the maturity
level of fish. Analysis of the length—weight relationship of tilapia broodstock in this study
is presented in Table (2) below.

Table 1. Analysis of the length—weight relationship of tilapia broodstock at different
weight groups

Tilapia Broodstock Weight
No. Parameter

350 450 1100 1200 1300 1700

1 Value of a (constant) 183,58 40,826 4089,3 487,29 2932,2 1720,5
2 Coefficient of determination  0,8405 0,8405 0,785 0,725 0,234 0,53
3 Regression value (b) 2,108 2,7207 3,79 2,448 2,08 1,10

4 FK 0,41 1,0001 0,81 0,99 0,99 0,99

2. Morphometric characters of Kekar tilapia

Table (2) shows that Kekar tilapia broodstock with an average weight of £350 grams
has a skinny condition factor (0.41).

Table 3. Regression analysis results of fatness index on egg production

Standardized
Unstandardized Coefficients Coefficients

B Std. Error Beta t Sig.
Fatness 50327.254 6529.610 10.389 7.708 .005
Fatness ** 2 -9936.457 1416.834 -9.453 -7.013 .006
(Constant) -59392.920 7430.830 -7.993 .004

The relationship equation between fatness index and egg production resulting
from regression analysis forms a quadratic Y = -9.936,4x2 + 50.327,25 x + (-59.392,9)
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with a coefficient of determination ( R2) of 0,993 meaning that the estimated model can
explain 99,3% of the actual model and a correlation coefficient (r) 0,997 meaning that
there is a very close relationship of 99,7% between fatness index and egg production.
The modeling formed by the quadratic equation between fatness index and egg
production can be seen in the graph below.
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Fig. 4. Model graph of the relationship between fatness and egg production

Fig. (4) visualizes the model formed by the quadratic equation and depicts a
parabolic curve. It can be explained that the highest egg production is achieved at a
fatness value of 2.5 and decreases beyond this point as the fatness or growth rate
Increases.

DISCUSSION

The results of this study (Table 1) show morphometric character measurements of
Kekar tilapia grouped by biomass weight class and spawning period. The data above
illustrate that the weight of Kekar tilapia was produced by broodstock weighing
1212+8,3grams with 4473,6+£33,9 of eggs, followed by broodstock weighing 1124+18
grams with 4185+51,7 eggs, broodstock weighing 1309,8+3,56 gram with 4183,8+45
eqggs, 1713,4+4,56 grams with 4097,2+34,2 eggs, s461+11,7 grams with 2124+18 eggs,
and 364+14,42 grams with 1076+32,7 eggs. However, there is a positive correlation
between parent size (both length and weight) and the number of eggs produced. Larger
fish broodstock usually have more energy reserves (lzquierdo et al., 2001). This energy
is needed to make many eggs and for the egg maturation and spawning process
(Hernandez de-Dios et al., 2022; Skjeerven et al., 2022; Bogevik et al., 2024).
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Therefore, Kekar tilapia weighing 1212+8,3 grams can produce more eggs when
compared to Kekar tilapia broodstock weighing 1124+18 grams, 461+11,7 grams, and
364+14,42 grams.

In addition, several factors affect the number of fish eggs produced, among others:
food availability (good quality and quantity of food) (Volkoff et al., 2018; Temesgen et
al., 2022), aquatic environmental conditions (temperature, water quality, and other
environmental factors) (Wild et al., 2023) that are by the standards of tilapia cultivation
and hatcheries, and the frequency of fish spawning where the more often the fish spawns
in a year, the more the number of eggs produced (Campos-Mendoza et al., 2004). This
explains the low number of eggs produced by Kekar tilapia broodstock weighing
1713,4+4,56 grams, compared to Kekar tilapia broodstock weighing 1212+8,3 grams,
1124+18 grams, and 1309,8+3,56 grams. The Kekar tilapia weighing 1713,4+4,56 grams
spawned seven times, while the Kekar tilapia weighing 1212+8,3 grams spawned 17
times, Kekar tilapia weighing 1124+18 grams spawned 16 times, and the Kekar tilapia
weighing 1309,8+3,56 grams spawned 12 times.

Fig. (2) shows the upward trend in the number of eggs of Kekar tilapia with an
average brood weight of £1.700 grams after several spawning periods (2, 5, and 7 times).
The R2 value is a statistical measure that shows the percentage of the dependent variable
(number of eggs) that can be explained by the independent variable (spawning period).
The tren value of the regression line shows that the R2 value is more significant than 0.5.
This indicates that the regression model can explain more than 50% of the variation in the
dependent variable. Therefore, this model can predict egg count values with a higher
level of confidence (Fig. 3).

Fig. (3) shows the projeted number of eggs of Kekar tilapia with an average brood
weight of +1.700 grams after several spawning periods throug regression model
calculations. Fig. (3) shows that the R2 value increases to 1, which is the maximum value
that a coefficient of determination can achieve. This explains the positive relationship of
the increase of Kekar tilapia eggs after several spawning periods. It is demonstrated that
after 12 spawning periods, Kekar tilapia with a brood size of +1.700 grams can produce
+8.179 eggs and +10.906 eggs after 17 spawning periods. This shows that Kekar tilapia
weighing +1.700 grams can produce more eggs than Kekar tilapia weighing £1.200
grams and £1.300 grams after 12 and 17 spawning periods.

The relationshop between length and weight of fish can be used to determine the
development of gonads, the precentage of feed that should be given, and the maturity
level of fish. The relationship between length and weight of fish (HPB) is different in
species depending on body shape and other factors such as the level of gonadal maturity
and spawning (Schneider et al., 2000).

The coefficient of determination shows how the linear regression equation can
predict fish weight values based on fish length vales. In Table (2), it is explained that the
coefficient of determination for stocky tilapia weighing £350 grams and +450grams
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shows a high value of above 0,8 and above 0,7 at a weight of £1.200 grams and £1.300
grams. This indicats that the weight of the fish at an average of 350 grams, 450 grams,
1.100 grams, and 1.200 grams greatly affects the length of the fish. In addition, fish with
an average weight of +1.300 grams and £1.700 grams have a relativel low coefficient of
determination. This indicates that the larger the broodstock size of Kekar tilapia, its
growth is strongly influenced by other factors, such as sex, age, environmental
conditions, and genetic factors.

Condition factor is an index used to measure the fatness or thinness of an individual
fish. Values above 1 indicate fish in fat or good condition, while values below 1 indicate
fish in thin or imperfect condition. Table (2) shows that Kekar tilapia broodstock with an
average weight of +350 grams has a skinny condition factor (0.41). This is caused by
factors such as lack of food, disease, or poor environmental conditions. Meanwhile, fish
with an average weight of +450 grams, £1.100 grams, £1.200 grams, £1.300 grams, and
1.700 grams have an almost ideal condition factor. These data indicate that these fish
have sufficient energy reserves and are healthy. This difference in the condition factor of
some fish is caused by several factors, such as differences in age, sex, food availability,
water quality, or the presence of disease (Nugroho et al., 2024). Morphometric character
measurements are carried out by determining a definite reference point (landmark) on the
body of the test fish (Sari & Elvyra, 2018). The reference points are connected to get a
picture of the fish's body plane (body conformation) and measured using a metric scale
(Kusmini et al., 2013).

However, to support the sustainable development of Kekar Tilapia aquaculture,
several directions for future research are essential. First, genetic analyses using molecular
marker approaches should be conducted to identify genes or loci associated with superior
morphometric traits and high reproductive performance (Insani et al., 2022; Valen et al.,
2022). This research will contribute to the development of more precise selection
programs based on genetic and morphological traits (Valen et al., 2024). Second, the
effects of feed formulation and nutritional composition on body morphology and egg
productivity across different broodstock weight classes should be investigated (Serdiati
et al., 2024; Islamy et al., 2025). This aims to determine the specific nutritional
requirements for each broodstock group. Third, gonadal histology and reproductive
hormone profiling—such as estradiol and gonadotropin analyses—are needed to provide
deeper insights into the physiological readiness and reproductive dynamics within each
weight class (Zulfahmi et al., 2018). Fourth, assessments of larval quality and seed
viability derived from broodstock with varying morphometric characteristics are
necessary, including evaluations of larval growth rate and immune response (Yossa et al.,
2024). Lastly, comprehensive broodstock health studies are required, encompassing
hematological tests, immune status assessments, parasitic infections, and stress
biomarkers, to evaluate the internal physiological condition of the fish (Islamy et al.,
2024a, b; Kilawati et al., 2024a, b). Such information is crucial for establishing
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selection standards for superior broodstock that integrate morphometric, reproductive,
and health traits, thereby enhancing the effectiveness and sustainability of Kekar tilapia
farming systems.

CONCLUSION

The results showed that morphometric characters, especially the broodstock's
weight, significantly affected egg production, with the highest diversity in the 1,200-gram
weight group. In addition, environmental factors, food availability, and spawning
frequency also play a role in determining the number of eggs. The more often the fish
spawn in a year, the greater the potential production. Regression modeling showed that
increases in weight and number of spawners could accurately predict increases in egg
count, with larger stocky tilapia producing more eggs in subsequent spawning periods.
This study highlights the importance of morphometric characters in fish farming
strategies, as larger fish are more efficient in reproduction. These results can be used to
improve the quality and quantity of egg production on a commercial scale.
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