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Abstract 

Exploring the length-weight relationship of fish and characterising growth 
parameters is essential in fisheries as they offer fundamental biology and 
population dynamics data to establish good management strategies for fisheries 
resources. This study examines the growth and mortality patterns of Oreochromis 
mossambicus. Data was collected between September and December 2022 using 
quantitative descriptive survey sampling. The study involved 20 repeats and 
deliberate random sampling of 30-50 fish per sample, emphasising total length, 
weight, and sex parameters. Based on 726 samples of O. mossambicus (352 
fish identified as male and 374 fish identified as female). The growth model 
study revealed the typical negative allometric growth for both sexes (male and 
female). Male individuals attained a length of 33.449 cm after 37 days has a 
growth trend ± 0.3265 year-1, and females reached 21.150 cm in 34 days with 
a growth rate around 0.3135 year-1, as per the von Bertalanffy growth model. 
There were complex mortality patterns, with males contributing to most total 
deaths. This study emphasizes the complex biology of tilapia and its untapped 
potential in the aquaculture pond system ecology in Tarakan.
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1. Introduction
Tarakan City is located at 3° 4’ 23’’ - 3° 26’ 

37’’ North Latitude and 117° 30’ 50’’- 117° 40’ 12’’ 
East Longitude, with an area of 657.33 km2, consists 
of 250.80 km2 of land and 406.53 km2 of ocean, di-
vided into four sub-district administrative areas (Si-
tumorang and Sulaiman, 2023). Furthermore, Tarakan 
City is a coastal (Rozaki et al., 2023) ecosystem re-
gion consisting of the sea and river estuaries (Salim 
et al., 2021), which boasts a diversity of aquatic bi-
ota. Marine biological resources in Tarakan City in-
clude seaweed (Azis et al., 2022), Bivalves (Duisan 
et al., 2021), Crabs (Salim et al., 2018; Indarjo et al., 
2020a), Lobsters (Indarjo et al., 2023a; 2023b), Rib-
bon fish (Indarjo et al., 2020c), Periophthalmus bar-
barus (Indarjo et al., 2020b), Harpiosquilla raphidea 
shrimp (Salim et al., 2020), Penaeus monodon (Salim 
et al., 2021), Vannamei shrimp (Setyaningrum et al., 
2023), Nomei fish (Harpodon nehereus) (Salim et al., 
2022; 2023a; 2023b), and Mozambique tilapia, that 
also known as Mujair (Oreochromis mossambicus, 
Peters, 1852) (Mikael, 2012).

Oreochromis mossambicus in Indonesia is easy 
to find, explained Mangitung et al. (2021) that O. 
mossambicus, as a common “Tilapia” has generally 
spread in mainland Indonesia, where the use is closely 
related to aquaculture activities. Likewise, in several 
other countries, such as Australia, Venezuela, and Bra-
zil, this fish, as well as other alien species, have been 
studied to have severe impacts that harm the ecosys-
tems, threatening the native biota and disrupting the 
trophic web (Rodriguez et al., 2021; Sunarto et al., 
2022; O’mara et al., 2023). However, in Indonesia and 
some other countries, this fish plays an important role 
as a trade commodity (Naim, 2010). This species is 
widely distributed in Indonesia, both in freshwater and 
estuaries (Muchlisin, 2012; Nastiti et al., 2021). The 
Tilapia exists in Indonesian waters through stocking 
(Hendrawan et al., 2021) and aquaculture activities 
(Herawati et al., 2019). This fish also entered the tra-
ditional ponds during high tide (Harefa et al., 2022) 
and was originally considered a nuisance in traditional 
fishponds (Padilla, 1985; Naim, 2010) establish so-
cial hierarchies and aggressively excavate and defend 
nests to control the area (Ashouri et al., 2023). How-
ever, tilapia fish are still caught and consumed due to 
its economic value (Indarjo et al., 2020d), providing 
income for the local community. This fish is a popular 
and affordable choice among consumers, known for its 
delicious taste. It is commonly available in traditional 
and modern markets (Suhadi et al., 2020).

Tilapia sold in the fish market of Tarakan City 
are accidentally discovered in the pond. It is suspected 

the fry enters the pond through the inlet from the sur-
rounding river. In most stock analysis models, such as 
in (Cardin et al., 2023) certain assumptions made in-
clude (a) no movement of fish into or out of the stock 
area at any life stage, (b) vital rates (somatic growth, 
maturity, natural mortality (M), and selectivity fish-
ing mortality (F)) are relatively homogeneous within 
the stock area, and (c) individual fish are extensively 
mixed throughout the stock area. Fish stock studies 
typically analyse various factors such as species and 
size composition, sex ratio distribution, growth rates 
(Robisalmi et al., 2021), condition index, the von Ber-
talanffy model, and mortality rates over time (Indarjo 
et al., 2023b), need to be analysed (Setyanto et al., 
2021). In this context, growth models and condition 
index (Duisan et al., 2021) can be determined using 
length-weight relationships (LWR), which estimates 
biomass from length-weight observations, as well as 
stock assessment models based on body shape (condi-
tion index) (Yulianto et al., 2020; Salim et al., 2020, 
2021, 2023b; Indarjo et al., 2020a, 2020b, 2020c). 
The von Bertalanffy model (Pasisingi et al., 2021) es-
timates the maximum growth of aquatic biota (Salim 
et al., 2022; Indarjo et al., 2023a). Furthermore, anal-
ysis of fish length-weight relationships (Asrial et al., 
2021a) and estimation of growth parameters are ba-
sic information for biology and population dynamics 
(Asrial et al., 2021b) to determine appropriate utiliza-
tion and management patterns of existing resources. 
Mortality data from the availability of fish stocks in 
nature are needed to support sustainable management 
(Hlungwani, 2023). Therefore, this study aims to anal-
yse the relationship between the growth and mortality 
of wild Mozambique tilapia fish (O. mossambicus) in 
the pond waters of Tarakan City. The results are ex-
pected to project stock characteristics and assess fu-
ture populations. An impact of the input of wild spe-
cies on farmers is the reduction in the proportion of 
feed on fish in the pond.

2. Materials and Methods
2.1 Materials 

The materials used in this study were tilapia 
fish (O. mossambicus), tissue, gloves, scissors/scalpel, 
block millimeter paper, analytical scales with an accu-
racy of 0.01 grams or 0.1 grams, and a ruler with an 
accuracy of 0.1 cm.

2.1.1. Ethical approval

This research was performed on the basis of 
ethical clearance approval number 035a/UN51.2/S.
Ket/2023 by the ethics committee of the Faculty of 
Fisheries and Marine Sciences, University of Borneo 
Tarakan, Indonesia.
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2.1.2. Study description 

Samples of O. mossambicus were purchased 
from the Tarakan City fish market and delivered to the 
Beringin market, Tarakan City, as detailed in (Figure 
1). According to personal interviews conducted with 
fishermen during sampling, the products sold at the 
market were fish that accidentally entered the pond. 
While C. chanos species were primarily cultivated by 
farmers, O. mossambicus  entered the pond through 
 the inlet from the surrounding estuarine waters (Indar-
jo et al., 2020e). The sampling process was conducted 
20 times over 4 months, from September to December  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2022. The fish samples were selected in detail to en-
sure that the products sold were farm-raised. Finally, 
measurement and observation, as shown in (Figure 
2) were conducted at the Laboratory of Fish Biology, 
Borneo University Tarakan, Indonesia. 

2.1.3. Research data collection methods

The research conducted in testing total length 
and total weight used the Manual Of Fisheries Sci-
ence Part 2 - Methods of Resource Investigation and 
their Application from Holden and Raitt (1974) and 
(Laevastu, 1965) regarding the Manual of methods 
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Figure 1. Map of research stations

Figure 2. Measurement (a) weight of the samples of the (b) O. mossambicus, (Peters, 1852)

A B



in fisheries biology. The International Council for 
the Exploration of the Sea (ICES) and the Interna-
tional Commission for the North West Atlantic Fish-
eries (ICNAF) at a Sampling Meeting held in 1965 
recommended that the length dimension to be mea-
sured for all species (except tunas and salmonids), for 
which length composition data are reported to the two 
commissions should be total length. The 1968 meet-
ing of the Regional Fisheries Advisory Commission 
for the Southwest Atlantic (CARPAS) approved the 
same standard for use in the Southwest Atlantic, and 
the General Fisheries Council for the Mediterranean 
(GFCM) (1963) adopted total length dimension for 
sardine. There thus seems to be already substantial 
agreement that fork length should be measured for tuna 
and mackerel, and maximum total length for nearly all 
other species (Holden and Raitt, 1974). In the labora-
tory, length measurements were independently taken 
to the nearest millimeter in a straight line via meter 
board by experienced ichthyologists (Laevastu, 1965). 
All measurements were performed using the following 
procedure (Laevastu, 1965): TL = from the anterior 
tip of the longest jaw to the most posterior part of the 
caudal fin. Whichever length measurement is chosen 
the metric system is used for recording it (Laevastu, 
1965).

It is important to establish length-weight rela-
tionships for all species because at some stage in the 
stock assessment, fish lengths must be converted to 
fish weights. It is important to have seasonal length-
weight relationships for the whole. The only reliable 
transportable instruments are steel scales and small 
pocket spring balances in various ranges (e.g. 0.1 kg 
and 0–10 kg) (Holden and Raitt, 1974) or weighed to 
the nearest 0.01 g accuracy using an electronic bal-
ance (Simon and Mazlan, 2008).

Determination of the sex of male and female 
tilapia by looking at its morphological characteris-
tics by determining the primary sexual characteristics 
which are sexual characteristics that are directly relat-
ed to the reproduction process, in this case the repro-
ductive organs and hormones that influence them. The 
reproductive organs that produce sex cells are called 
gonads. Sex determination is done by surgery by de-
termining the characteristics of tilapia based on guide 
Effendie (1979).

2.2 Research method
The method adopted was descriptive quantita-

tive, while sampling was conducted using the purpo-

sive random sampling. Primary data including sex, 
length, and weight, were collected through direct field 
surveys in the Beringin market, 3° 17’ 21.8” - 3° 27’ 
94.8” North Latitude, 117° 35’ 05.5” - 117° 58’ 49.9” 
East Longitude, as presented in Figure 1. Based on 
personal interviews with fishermen, O. mossambicus 
species sold in the market were taken from the pond. 
It was strongly suspected that fish entered through the 
inlet from the river flow around the farming area. 

2.3 Analysis data
Data analysis of O. mossambicus growth vari-

ables was conducted using an allometric growth mod-
el through the von Bertalanffy growth formula using 
Total Length (TL)  and Weight (W) based on sexuality 
(male and female) (Salim et al., 2022; Salim et al., 
2024a; 2024b; Indarjo et al., 2023a; 2023b). The an-
alytical approaches of total mortality, fishing mortal-
ity, natural mortality, and exploitation rate were used 
for data processing between variables at the mortality 
level. The analyses were based on the von Bertalanffy 
formula (Salim et al., 2022; 2024a; 2024b; Indarjo et 
al., 2023b).

2.3.1 O. mossambicus population 

Analysis to determine the population of O. mos-
sambicus fish species used the absolute growth for-
mula approach through the equation of  with the von 
Bertalanffy (Sparre and Venema, 1999) formula as 
follows:

Lt= L∞  (1- e-k (t- to)                                     ................Eq 1

Where Lt describes fish length (at age t in cm); L∞ is 
the Asymptotic of average size (at infinite in cm); k is  
the Coefficient of growth rate (per year); to is the Esti-
mation of the theoretical age of fish (at zero), and e is 
a constant value with a value of 2.71828.

2.3.2 Age structure

The analyses of the lifespan structure used an 
analysis method based on the mode class shift through 
the formulaic approach of the von Bertalanffy model 
Sparre and Venema (1999), as explained below:

   .....Eq 2

The symbol (∆L/∆t) is Relative growth; ∆L is 
the fish length of O. mossambicus; ∆t is the period of 
O. mossambicus; and L(t) is the average length of O. 
mossambicus. Continuing analysis by plotting the val-
ues of L(t) and (∆L/∆t), a regression linear formula is 

Salim et al. / JIPK, 16(2):422-437
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obtained:

y = a+ bx                                                               .......Eq 3

The analysis of the “a” value is generated from 
((∑y/n) - (b (∑x/n))), while the “b” value is from the 
calculation of (n∑(xy) - (∑x) * (∑y)) / (n∑x2 - (∑x)2); 
“n” is the total samples; while “x” is the value of L(t); 
and “y” is the value of (∆L/∆t). The average value of 
the length mode of the method was used to calculate 
the asymptotic length (L∞) and the growth coefficient 
(K):

K = - b    ...............Eq 4

L∞  = - a / b    ...............Eq 5

To determine the value of the theoretical age t0 (the 
theoretical time at zero fish length) the Pauly (1984) 
model was used:

Log (-t0) = 0.3922 - 0.2752 Log (L∞) - 1.0382 Log k...Eq 6

Where k = growth coefficient

Further analysis to determine the relative age 
based on fish length data used the approximation of 
the von Bertalanffy model. Its equation used refers to 
Gulland (1976); Gulland and Holt (1959):

.

2.3.3 Growth pattern 

Length-weight correlation analysis was analysed 
to determine growth patterns (Achmad et al., 2023). 
The analysis is done by entering length and weight 
data, which is then converted into logarithmic form. 
The analysis was processed using SPSS 24.0 software 
(Suyono, 2015) at the linear regression analysis level. 
Analysing the relationship between length and weight 
using the formula referred to in Effendie (1979): 

Y=a x b                                                                 ........Eq 9 
 
LogY=Loga  + b LogX                     ......Eq 10 
       
W= aLb                                                                                                            ......Eq 11 

2.3.4 Condition factor

The Condition Factor (K(TI)) analysis for know-
ing of an isometric growth determined through the ap-
proach of Effendie (1979) with the formula:

K(TI)  =  105  x  W/L                                             .......Eq 12

Where K(TI) is shown as the condition factor value, 
W is the Weight (gr) data, and L is the Length (cm) 
data. The formula’s result will be taken so that K(TI) 
approaches “1”. Regarding Weatherley (1972) to 
know the fish condition factor indicated by allometric 
growth (negative or positive), the following formula:

Kn=  W/Ŵ                                                        .........Eq 13

Where the symbol description of the formula explains 
that Kn is the Condition factor; W is Weight (g) divid-
ed by Total Weight (g); Ŵ is Weight estimation (g) 
divided by Weight ideal estimate (g), and the value of 
Ŵ is derived from the regression equation of the Total 
Length-Total Weight. Criteria value of condition index 
referred to Indarjo et al. (2023a); Salim et al. (2023b) 
described some criteria as follows:  (a) Value range 
from 0.1 to 1.51 for thin body shape, (b) Range from 
0.1 to 0.49 for thin body shape, (c) Value range with 
value 1 is proportional body shape, (d) Value range 
from 1.01 to 1.50 for fat body shape, and (e) Value 
range >1.50 is fat body shape. 

2.3.5 Natural mortality

The natural mortality (M) of O. mossambicus 
was analysed using formula based on Pauly (1984), 
as follows:

Log M = 0,0066 - 0,279 log L∞ + 0,6543 log K + 
0,4634 log T          .......Eq 14

The total mortality (Z) was analysed followed 
by the Beverton and Holt formula (Sparre and Ven-
ema, 1999). The fishing mortality (F) of O. mossam-
bicus was estimated according to the following equa-
tion:

F = Z - M                                                 .......Eq 15

Note that F is the natural mortality rate in each sym-
bol, Z is the total mortality value, and M is the natu-
ral mortality value found during data and information 
collection. Finally, the exploitation rate (E) of the O. 
mossambicus in sampling sites was estimated follow-
ing Pauly (1984) as follows:

JIPK Vol 16 No 2. November 2024  | Growth and Mortality Models of Mozambique Tilapia (Oreochromis mossambicus...
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...............Eq 7 
 
 
 
...............Eq 8



E=  F/((F+M))           .......Eq 16

Where E is the level of exploitation of O. mossambi-
cus, F is the value of mortalities due to fishing, and M 
is the value of natural mortality.

3.  Results and Discussion

3.1  Results

In this study, a total of 726 O. mossambicus, 
consisting of 352 males and 374 females at a ratio 
of 1:1.0625, were measured. The total length of the 
male and female fish ranged from 13.2 to 28.9 cm 
and 13.5 to 20.10 cm, respectively, with the averages 
being 16.47 cm and 16.16 cm. Meanwhile, the total 
weight ranged from 20.5 to 195.7 and 40.5 to 160.3 
grams for males and females, respectively, with aver-
ages of 88.9 and 89 grams.  Figure 3 showed that both 
sexes were dominated by sizes between 15 to 16 cm. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 In fisheries biology, the length-weight rela-
tionship was significant information to evaluate the re-
source condition, specifically in selecting fishing gear. 
These correlations also provided the isometric of the 
species’ growth at a particular population level. Ac-
cording to Figure 2, “b” values from length and weight 
analysed for male and female species were 1.8622 and 
1.7687, respectively. This signified a negative allome-
tric pattern of growth. Length-weight relationship for 
352 male specimens led to ‘a’ of -0.3281 and ‘b’ of 
1.8622, with a correlation value of 70.6%, as detailed 
in Figure 4.

Using a regression equation, Figure 4 provides 
the length-weight relationship showed by the total 
length logarithm (x-axis) and the total weight (y-ax-
is), found in regression lines for male and female fish, 
with values of y = 1.8622x-0.3281 (r = 70.6%) and y = 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 3. The distribution of (a) total length and (b) weight of males and females O. mossambicus
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1.7687x-0.1967 (r = 60.3%), respectively.

The research revealed that the length data of the 
dominant major corresponded to weight values fall-
ing between the condition index range of 0.50 to 0.99 
(male = 168, female = 177) and 1.01 to 1.50 (male = 
169, female = 174). This number indicates that the ti-
lapia in Tarakan have a less flat and more plump body. 
Fish with less flat bodies have a K value between 1 and 
3. When the criteria condition index value is greater 
than 1.51 for males and greater than 1.15 for females, 
there are 7 males and 9 females. The complete sam-
ple’s classification as described in Table 1.

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Index of Criteria Condition* Body Form Male Female
Percentage Value (%)
Male Female

0 No Found 0 0 0.0 0.0
0.1 to 0.49 Very thin 1 1 0.3 0.3
0.50 to 0.99 Thin 169 177 48 47.3
1 Proportional 6 13 1.7 3.5
1.01 to 1.50 Fat 169 174 48 46.5
>1.51 Very Fat 7 9 2 2.4
 
  
 Size structure model analysis of male and fe-
male O. mossambicus obtained from fish markets sold 
from traditional fish farming ponds into fish markets in 
Tarakan City. The sample of O. mossambicus was not 
a fish type that fishermen farm. The occurrence of sus-
pected introduction of O. mossambicus was thought to 
enter through the inlet of fish farming ponds. There-
fore, the fish samples analysed were not cultured fish 
but for the rivers around fish farming location, and lin-
ear regression analysis used the ratio between TL and 

growth rate. Found results of the models both male and 
female regression equations y = -0.0466x + 1.5601 R² 
= 0.3629 with an R2 value of 36.29% (Figure 5a), and 
y = -0.0448x + 0.9472 with an R2 value of 0.5508 or 
55.08% (Figure 5b). The age structure model was es-
timated using regression coefficients to generate a von 
Bertalanffy model using a type 6 orthogonal polyno-
mial model that uses two variables: time (days) and 
total length (cm) of males and females.

The analysis results under the Von Bertalanffy 
Model (Pasisingi et al., 2021) equation for male and 
female O. mossambicus shown in Figure 6 showed the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
behavioural relationship between the length and age 
(by X and Y). The equation of orthogonal polynomial 
for male type 6 was explained on Y = -4E-07x6+5E-
05x5-0.0028x4+0.0763x3-1.1123x2+8.5589x+5.0808 
with a correlation value (r) of 0.9996. Meanwhile, 
the equation of the female orthogonal polynomial 
type 6 is Y = -3E-07x6+4E-05x5-0.0019x4+0.0483x3-
0.6845x2+5.2367x+3.4538 with R2 = 0.9998 and 
its correlation value (r) of 0.99 (Figure 6). Ac-
cording to these results, the importance of the cor-
relation between the two variables is very high.  

Figure 4. Length-weight relationship of the allometric model for Male and Female O. mossambicus

Table 1. Criteria condition index of O. mossambicus
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*The value of the Criteria Condition Index value following Salim (2013, 2015); Firdaus and Salim (2018); 
Salim et al. (2021, 2022); Indarjo et al. (2020a; 2020b; 2020c; 2021; 2023a’ 2023b).



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable
Value Percentage (%)

Male Female Male Female
Z (Total mortality) 2.554 2.373 255.4 237.3
F (Fishing mortality) 2.392 2.183 239.2 218.3
M (Natural mortality) 0.163 0.190 16.3 19.0
E (Exploitation rate) 0.936 0.920 93.6 92.0

 
 The Beverton and Holt method was used to 
analyse the results, estimating the total mortality (Z) 
between males and females in traditional ponds in the 
Tarakan region at 2.554 and 2.373, respectively. The 
ishing mortality rates were calculated as 2.392 year-1  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and 2.183 year-1, respectively. The natural mortality 
rates for male and female fish can be approximately 
0.163 year-1 and 0.19 year-1, respectively. The male 
exploitation rate was 0.936 year-1, and the female ex-
ploitation rate was 0.92 year-1 (Table 2).

Figure 5. Age structure in male and female O. mossambicus

Figure 6. Von Bertalanffy model for male and female O. mossambicus Fish

Table 2. Mortality of males and females O. mossambicus
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3.2  Discussion
Based on the length-weight relationship, ‘b’ val-

ues for males and females were 1.8622 and 1.7587, 
respectively. According to Effendie (1997), Salim et 
al. (2022; 2023b); Indarjo et al. (2023a), 3 categories 
of allometric growth were identified by Achmad et al. 
(2023). These included negative allometric, isometric, 
and positive allometric, signified by ‘b’ values of < 
3, 3, > 3, respectively. Based on the data analysis, ‘b’ 
values for both male and female O. mossambicus were 
less than 3. This signified negative allometric and re-
flected growth pattern (Akmal, 2024) of fish. At b = 
3, isometric growth was observed, or weight gain was 
equal to length growth, while b≠ is 3 was considered to 
be allometric (Muttaqin et al., 2016). The propensity 
of allometric growth is divided into positive and nega-
tive. Furthermore, b < 3 and > 3 are considered harm-
ful (length growth is faster than weight growth), and 
positive allometric (weight gain is faster than length 
gain), respectively. Study conducted by Bhanbhro et 
al. (2017) presented the value of length-weight rela-
tionship of tilapia in the Indus River in Sukkur, Sindh, 
Pakistan. The results showed an estimated b value of 
2.856, less than 3, signifying a negative allometric. In 
comparison with the value of male tilapia (at M rate) 
in Flag Boshielo Dam, Olifants River, South Africa 
(Hlungwani et al., 2023), length-weight relationship 
for O. mossambicus showed negative allometric (b < 
3; R2 = 0.96). In cases where the b value obtained was 
low at 2.59, the catch was marginally skewed towards 
males, with females accounting for 47.9%. Based on 
observation, no significant difference existed between 
the size of the two sexes (Kruskal-Wallis p = 0.451).

According to Salim et al. (2023b), when “b” 
= 3, <3, and >3, it implies isometric, negative allo-
metric, and positive allometric growth, respectively. 
Achakzai et al. (2013) reported O. mossambicus with 
a positive allometric b value of 3.055 and R2 of 0.963 
from Pakistan. Riedel et al. (2007) showed that male 
and female O. mossambicus from Salt Lake, Califor-
nia with b values of 2.942 and 2.993, were close to the 
positive allomatric growth. Shendge (2005) observed 
a negative allometric of O. mossambicus from India 
with a b value = 2.884 and stated the possibility of low 
food competition in the Bhima River.

The results showed that the Determination (R) 
values for male and female tilapia, were 0.4896 and 
0.3642, respectively. In this study, tilapia has a low 
correlation value, signifying that the total body length 
is directly proportional to the total weight. This con-
dition was due to water environment quality factors 
affecting fish growth. Djaelani et al. (2023) it outlined 

environmental factors that influenced the growth. The 
study focused on analysing the body weight gain, 
length, and height of the Red tilapia (O. niloticus) 
reared on aeration and different stocking densities. 
The record, at the Centre for Fish Seedling Siwarak, 
Ungaran, Semarang Regency, in the K2A1 group treat-
ment showed a relatively high weight gain, length, and 
height. This is attributed to environmental factors suit-
able for the life of red tilapia. Environmental factors 
and feed provided by pond farmers were also believed 
to be significant influencers. This was in line with the 
study by Robisalmi et al. (2023), which examined 
the effect of species, environment, and life stage on 
growth and reproductive survival. The growth rate is 
directly proportional to the amount of feed intake. In 
other cases, such as fish enlargement efforts in ponds 
(Azhari, 2017), high density in a particular medium 
interfered with the physiological process and behavior 
of fish due to limited space for movement. It is im-
portant to acknowledge that the nutrients and energy 
needed for growth are contained in feed (Pratiwi et 
al., 2011). Growth occurs when there is excess energy 
after the available amount has been used for standard 
metabolism, digestion, and activity.

Analysis of the condition index describes fish 
size, as shown in Total Length and Weight. It pres-
ents an excellent physical capacity to survive and re-
produce. Based on Salim et al. (2020); Indarjo et al. 
(2023a), condition index was a unitless value/number 
that determined fish body shape based on the compari-
son of the actual and proportional body weight (based 
on linear regression analysis). Salim et al. (2022) and 
Indarjo et al. (2022) elucidated that the index was de-
termined from the processing of data obtained during 
length-weight relationship calculation. As explained 
by Indarjo et al. (2020c); Salim et al. (2021); Salim 
et al. (2024a); and Salim et al. (2024b), the condition 
index is categorized into 6 classes, where values of 
0, 0.1-0.49, 0.50-0.99, 1, 1.01-1.50, and >1.50, signi-
fies zero, very thin, thin, proportional, fat, and very fat 
body shape, respectively. The condition index analy-
sis could measure fisheries utilization represented by 
length and weight data. This index can also represent 
good criteria in terms of physical ability to repro-
duce and behavior in the waters. The condition factor 
(Ningsih et al., 2023) more than one O. mossambicus 
also showed that the observed samples were in good 
condition and population, ensuring the usage for con-
sumption. As described in the study of Robledo et al. 
(2024), the genetic diversity of Oreochromis niloticus 
in a population in open waters (wild fish species) has a 
higher heterozygosity estimate than fish in aquaculture 
ponds, signifying good genetic health. According to 
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Migiro et al. (2014), sex, season, environmental con-
ditions, stress, and food availability affect the condi-
tion factor (Ningsih et al., 2023) of fish. Furthermore, 
Olurin and Aderibigbe (2006) observed that stress im-
pacted the very low condition factor of tilapia, in Lake 
Turkana, Kenya.

The von Bertalanffy growth equation of O. mos-
sambicus in the farming pond at the coastal areas of 
Tarakan, presented in the form of curves, reached a 
maximum length (L∞) = 33.449 cm (male) and L∞ = 
21.150 cm (female). The values of growth coefficient 
(K) for males and females were 0.3265 year-1 and 
0.3135 year-1, respectively. Weyl and Hecht (1998) an-
alysed 602 O. mossambicus sourced from a subtropical 
lake in Mozambique with lengths between 83-364 mm. 
The results showed that Wt (g) = 0.00021 TL (mm) 
2.981 at R2 value of 99.1 (p < 0.001), while TL (mm) 
= 31.41 OD (mm) 1.270 at R2 = 95.0 with each p-value 
< 0.001. Study by van Zyl et al. (1997) showed growth 
of O. mossambicus in salt pans along the Namib coast, 
which was discovered to have a smaller weight gain 
than fish in Hardao Dam. On an annual basis, the scale 
and value of the von Bertalanffy growth parameters 
presented usual and reasonable growth. The results of 
de Silva (1991) stated that the growth parameters of 
12 reservoir populations were determined using sam-
ples from commercial gill net fisheries. This led to L∞ 
and K ranging between 267 to 393 mm (TL) and 0.32 
to 0.70 year-1, with average values of 311 mm and 0.50 
year-1, respectively.  According to  Tirtadanu (2024), 
the growth of O. niloticus fish in Lake Batur has an 
asymptotic length of 37.59 cm with a growth rate of 
0.58 year-1.  The von Bertalanffy parameters showed 
that growth of O. mossambicus in Sri Lanka reservoirs 
was better compared to African populations de Silva 
(1991), where L∞ values were significantly correlated 
with maximum size Lmax (average of the ten largest 
fish) and average size at capture. According to Weath-
erley (1972), differences in (K) values were affected 
by factors such as food, temperature and environ-
mental conditions. In addition to environmental fac-
tors, a large abundance of food impacts rapid growth 
(Sulistiono et al., 2001). The von Bertalanffy model 
was used to analyse the length growth of Beronang 
tulis (Siganus javus) based on fish sex. The maximum 
lengths of male and female fish were 30.409 cm and 
30.0544 cm, respectively (Salim, 2010). This mod-
el was used by Firdaus et al. (2013) to analyse the 
growth and age composition of Nomei fish. The results 
showed that male and female fish reached a maximum 
length of 33.847 cm and 35.742 cm, at ages of 206 
and 603 days, respectively. In the study of Sravistha 
et al. (2018), the length of fish caught in Lake Buyan 

Bali, was estimated. In some other analyses, such as in 
Selaroides leptolepis, a slight difference was observed 
in the steepness of the curve. Specifically, the growth 
rate of male fish was slower than female, leading to a 
relatively shallower curve (Pasisingi et al., 2021).

The parameter values are 0.163 year-1 (male) and 
0.19 year-1 (female) naturally occurring mortality (M) 
annually, 2.392 year-1 (male) and 2.183 year-1 (female) 
fishing mortality (F), as well as 0.936 year-1 (male) and 
0.92 year-1 (female) exploitation rate (E). When com-
pared with the study by Muhtadi et al. (2022) conduct-
ed in Siombak Tropical coastal Lake, North Sumatra, 
Indonesia, the estimated total mortality (Z)  for Mo-
zambique tilapia and M. tilapia, were 3.20 year-1 and 
3.04 year-1. The value of M values for these species 
was lower than the fishing mortality rates (F). The cap-
ture rate slightly exceeded the optimum value of 0.50, 
at 0.936 and 0.92, respectively. In pond waters in the 
Tarakan area, the decline in water quality was caused 
by high levels of pollutants and a lack of dissolved 
oxygen. Novaes and Carvalho (2012) reported that 
O. niloticus from Brazil had an exploitation level (E) 
of 0.57, higher than the recommended optimum level 
of 0.5. Ahmed et al. (2011) reported O. mossambicus 
from Bangladesh with an E of 0.42. The estimated ra-
tio for O. mossambicus was 0.21 year-1, which was less 
than the optimal ratio (E) of 0.5 (Gulland, 1971; Pu-
tri and Tjahjo, 2010). Therefore, the stock of this fish 
species in the Indus River was considered sustainable.

4. Conclusion
In conclusion, growth models of O. mossam-

bicus were classified under the allometric category. 
This criterion showed that the weight of tilapia did not 
increase similar to length. The sex ratio of O. mos-
sambicus was 1:1.0625, signifying a higher proportion 
of male fish. The total length of male and female fish 
were 13.2-28.9 cm and 13.5-20.10 cm, with averag-
es of 16.47 cm and 16.16 cm, respectively. Based on 
regression linear analysis, the x-axis (TL logarithm) 
and the y-axis (TW logarithm) evidenced growth. Fur-
thermore, regression lines for male and female fish 
were obtained with the equations y = 1.8622x-0.3281 
(r = 70.6%) and y = 1.7687x-0.1967 (r = 60.3%). The 
mortality rates for males and females, were Z = 2.554 
year-1 and 2.373 year-1, with corresponding M values 
of males 0.163 year-1 and females 0.190 year-1. The 
proportion of O. mossambicus from the river estuary 
around Tarakan City into farming ponds was signifi-
cant. These fish effective utilized the available natural 
food, potentially impacting the growth pattern of the 
cultivated target species. To mitigate the issue, it was 
recommended to install inlet filters, to minimize the 
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entry of foreign species into the pond, thereby pro-
tecting the cultivated fish as well as ensuring optimal 
growth and productivity.
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