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1. Introduction
  

	 The diverse coastal ecosystems related to 
estuaries and seas in Tarakan waters include a variety 
of biological resources (Salim et al. 2021). In January 
2022, the aquatic ecosystem was determined to be 
estuarine with a salinity of approximately 15-18 
ppt. The waters from the Sulawesi Sea, the Pacific 
Ocean, and the South China Sea converge in the 
Tarakan estuary, resulting in vast marine biological 
resources, including bivalves, Pisces, and crustaceans 
(Salim et al. 2021). According to Garibaldi (2012), 19 
types of lobster in the genus Panulirus inhabit the 
tropics and possess high economic value in fishery 
production.  P. ornatus lobster is a highly sought-after 

crustacean in global fisheries due to its elevated price 
and enormous size (Ng et al. 2022; Wahyudin et al. 
2017a).
	 The characteristics of P. ornatus, according to 
Wahyudin et al. (2017b), are round and have a spiny 
carapace, anterior spines of varying sizes, and the 
height of the frontal horn is twice the height of 
the eye, without any thorns in between. Flagella 
antennae are longer than the peduncle, and the plate 
at the base has two pairs of prominent spines, four 
pairs without a clamp, and the mouth is without 
indentation. The tail fan section is soft and flexible, 
and the total length of the males reaches 13.5-13.9 
cm. Meanwhile, the total weight and length reach 
94-107 grams and 14.6-14.8 cm. The P. ornatus is 
found in the northwestern Indo-Pacific area, East 
Africa, southern Japan Solomon Islands, Papua New 
Guinea, Australia, New Caledonia, and Fiji (Wahyudin 
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et al. 2017a). Dao et al. (2015) and Dao and Jones 
(2015) explained that the management of tropical 
P. ornatus lobsters is complicated due to its wide 
species distribution and a homogeneous population 
that spans several countries and marine waters. 
Anh and Jones (2015) and Anh and Jones (2015a) 
stated that Vietnam has a stable and sustainable 
fishery production of P. ornatus with a relatively 
uniform catch for more than 15 years. Furthermore, 
Priyambodo et al. (2020) reported that fishing for P. 
ornatus in Indonesia is relatively new, appears much 
larger, and has different species compositions. 
	 Different habitat areas and distribution patterns 
of lobsters are determined to obtain different catches 
(Bahrawi et al. 2015a, 2015b; Indris and Bahrawi 
2015; Jones et al. 2019; Priambodo et al. 2015). 
Lobster catches are obtained by choosing the sites 
according to the preferred ecology (Priyambodo et 
al. 2017; Chodrijah et al. 2018). Indo-Pacific waters 
close to the equator (tropical) are known to be the 
preferred habitat (Utomo et al. 2018). Additionally, 
P. ornatus lobsters prefer rocky, shallow, and murky 
waters. (Saputra et al. 2020; Setyanto et al. 2018, 
2019, 2020, 2021) explained that the species has a 
critical economic value; therefore, management is 
needed to protect the sustainability of the species 
in Indonesian waters. The species has a relatively 
high economic value with a price of approximately 
IDR 600,000/kg, which increased to IDR 1,300,000/
kg in December 2021 due to a decrease in catches. 
On average, 5 individuals were obtained in 2020, but 
only 1-2 without P. ornatus were caught in December 
2021. Foo (2020) stated that there is a decrease in the 
population of lobster due to its global demand as a 
delicacy.
	 The increase in the sale price results from the 
volume caught and the strong market demand from 
the domestic community. Furthermore, the problem 
with P. ornatus lobsters is the degradation in size 
and weight. The field survey conducted in February 
2020 identified species of 42.6-52.2 cm in length and 
247-435.5 grams in weight. On the contrary, the field 
survey at the beginning of the preliminary research 
in December 2021 reported a total length of 20-25 
cm with a weight of 235-368 grams. The biological 
component of the morphology of P. ornatus lobsters 
in the Tarakan city waters has deteriorated during the 
past year, both in total length and weight. However, 
this is different from the research by Utomo et al. 
(2018), who stated that the growth has increased, 

reaching a weight of approximately 6.5 kg per head. 
The preferred ecological habitat is Indo-Pacific 
waters, equatorial (tropical) areas (Setyanto et al. 
2021). The lobsters can live in slightly cloudy, rocky, 
and shallow habitats (Setyanto et al. 2019).
	 The interviews gathered that five boats actively 
used the Bottom Gill Net to catch lobster. Furthermore, 
Setyanto and Halimah (2019) stated that the net is 
adequate fishing gear for catching lobster. The three 
species caught were bamboo lobster (P. versicolor), 
Pakistani lobster (P. polyphagus), and lobster P. 
ornatus. However, the one most commonly found 
was P. polyphagus, while P. versicolor and P. ornatus 
were rare.
	 According to Setyanto et al. (2021), the 
existence of regulations regarding lobster fisheries 
management can provide information about 
sustainability. Therefore, the significance of the 
biological characteristics requires further study. 
This should play a crucial role in the policy of adult 
lobster populations to obtain an overview of the 
distribution of sex ratio, growth, condition index, and 
mortality at a specific space and time. The research 
on lobsters with high economic value (Wardiatno et 
al. 2016), such as Panulirus femoristriga Von Martens 
on Sulawesi and Seram Islands, and their diversity in 
Palabuhanratu Bay, South Java, have complemented 
the new distribution record of Panulirus ornatus, P. 
polyphagus and Parribacus antarcticus by Wahyudin 
et al. (2017b). There is no result on the growth and 
mortality model of P. ornatus in the waters of Tarakan 
city. 
	 Consequently, this research is essential for 
the survival of P. ornatus in terms of knowledge, 
comprehension, and its natural habitat. Managing 
the exploitation of this species, including the annual 
reproduction system, requires knowledge according 
to there is no finding on the growth and mortality 
model of lobster P. ornatus in the waters of the city 
of Tarakan. Consequently, this research is essential 
for the survival of P. ornatus in terms of knowledge, 
comprehension, and its natural habitat. Managing 
the exploitation of this species, including the annual 
reproduction system, requires knowledge, according 
to Priyambodo et al. (2020). There is a need for 
sustainable fisheries management. Therefore, growth 
and mortality modelling is needed to monitor natural 
stock and reduce overfishing activities, which can be 
done by conducting aquaculture businesses using the 
domestication model (Foo 2020).
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2. Materials and Methods

2.1. Sampling
	 Research on P. ornatus lobster was carried out for 
7 months, from December 2021 to July 2022. The 
sample was a P. ornatus lobster caught by bottom 
gill net fishermen in the western part of Tarakan City 
waters, as shown in Figure 1. The method used was 
a descriptive quantitative approach. Furthermore, 
the location was determined through the purposive 
sampling of 16 points based on the P. ornatus 
fishing habitat. Sampling was carried out based 
on the occurrence of low tide (5 days), namely the 
first (early), third (middle) and fifth (late) days. The 
number of samples obtained by fishermen ranged 
from 1-3 lobsters (the fishermen's catch is uncertain).

2.2. Data Collection
	 The lobsters used in this study were selected 
based on Total Length (TL) (Figure 2), Total Weight 
(TW), and sex, while water quality parameters used 
were depth, brightness, pH, salinity, temperature, 
and DO (in situ). The resulting data was sex ratio, 
growth characteristics regarding the length-weight 
relationship, condition index, Von Bertalanffy model, 
age structure, and mortality. Data were analyzed 
through SPSS or Excel and presented in the form of 
charts or graphs.

2.3. Data Analysis
2.3.1. Sex Ratio
	 According to Andrykusuma et al. (2022), the sex 
of a lobster can be identified from the lobster leg. The 
determining characteristic of a male P. ornatus is the 
walking legs. The 5th (pereopod) is pointed, sharp, and 

protruding, and the base of the carapace (thoracic 
sternum) is relatively rougher and not triangular, 
and the female lobster has a third leg (pereopod) 
with a hole in it. The female lobster has a third leg 
(pereopod) with a hole, while the 5th (pereopod) is 
pointed, sharp, and protruding. Furthermore, the 
base of the carapace (thoracic sternum) is relatively 
rougher and not triangular. P. ornatus males have a 
single swimming leg (pleopod) shaped like a leaf and 
a protrusion of the genitals (gonophore) at the base of 
the fifth walking stalk, which is related to the testes. 
It also possesses a pair of swimming legs (pleopod) 
shaped like two leaves termed exopleody and 
endopleody Sukamto et al. (2017). Effendie (2002) 
stated that the sex ratio compares males and females.

2.3.2. Length-Weight Relationship 
	 Length-weight relationship of the P. ornatus 
collected by fishermen's catches in the West Waters 

Figure 1. Map of the ecological habitat of P. ornatus

Figure 2. Sample Lobster P. ornatus
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of Tarakan city was estimated using the following 
model suggested by Effendie (1979):

when the length is equal to zero can be estimated 
separately using the empirical equation suggested by 
Pauly (1984).

2.3.6. Mortality
	 The natural mortality (M) of P .ornatus was 
estimated using the empirical formula of Pauly 
(1984).  The total mortality (Z) of P. ornatus was 
estimated using the Beverton and Holt formula 
(Sparre and Venema 1999). The fishing mortality (F) 
and the exploitation rate (E) of P.ornatus in sampling 
sites were estimated following Pauly (1984).

3. Results

3.1. Sex Ratio P. ornatus
A total of 23 lobsters were collected from the 

catches of bottom gill net fishermen from December 
2021-July 2022, of which 12 samples were male 
P. ornatus lobsters, while the remaining 11 were 
female. This study showed that the male-to-female 
sex ratio was approximately 1.09:1, with 47.8% and 
52.2%, as shown in Figure 3.

3.2. Length-Weight Relationship P. ornatus
From the length-weight relationship of male P. 

ornatus, the regression equation using logarithms 
based on the equation was y = 2/3467x-0.6132 with 
a determinant and correlation values of 0.8168 
(81.68%) and 0.9038 (90.38%). Figure 4 shows that 
the regression equation for 11 female P. ornatus 
from the sample was y=2.3513x+0.3401, with a 
determinant and correlation value of 0.977 (97.7%) 

Y =  a + Xb	 or	 Log Y = Log a + b Log X

whereas:
Y 		  = Total weight of P. ornatus (grams) 
X 		  = Total length of P. ornatus (mm) 
a+b 	 = Constant (intercept)
  
2.3.3. Condition Index
	 The condition index of the P. ornatus was grouped 
into five categories, i.e. very flat (0.01-0.50), flat 
(0.51-0.99), proportional/ideal (1), fat (1.01-1.50), 
and obese (>1.50) (Firdaus et al. 2020; Indarjo et al. 
2021). Meanwhile, the allometric growth and the 
isometric growth and its respective condition factors 
were analyzed based on the methods suggested by 
Weatherley (1972) and  Lagler (1949), respectively.

2.3.4. Absolute Growth
	 The absolute growth of P. ornatus was estimated 
using Von Bertalanffy's growth model, according to 
Sparre and Venema (1999).

2.3.5. Age Structure
	 The age structure of the P. ornatus was analyzed 
using the mode class shift method associated with 
Von Bertalanffy’s growth model (Sparre and Venema 
1999) by plotting the values of L(t) and (∆L/∆t).  This 
linear regression equation was then used to estimate 
the asymptotic length (L∞) and the growth coefficient 
(K) of P. ornatus. The theoretical age of the P. ornatus 
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Figure 3. Ratio sex P. ornatus male and female
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and 0.99844 (99.84%). The data is suboptimal 
when the determinant value is less than 0.5 (<50%). 
Meanwhile, it is optimal when the determinant value 
is more than 0.5 (>50%). A correlation value between 
0.8-1.0 indicates a strong length-weight relationship.

3.3. Condition Index
The condition factor is obtained from the length 

and weight calculation using the regression equation 
method from the length-weight relationship model. 
Body shape criteria were obtained to determine 
aquatic biota's body shape value. Figure 5 shows 
that the criteria in the Pisces or Crustacea class are 
very thin, thin, proportional, fat, and very fat with 
condition factor values ranging from 0.01-0.50, 
0.51-0.99l, 1.00, 1.01-1.50, and >1.50, respectively.

 
3.4. Structure Size and Absolute Growth 

The length structure of male P. ornatus was 
determined by analyzing 12 individuals belonging 
to six distinct classes. According to Figure 6A class 
1 to 6 male lobster had length structure in the range 
of 18.5-19.0 cm, 19.1-19.6 cm, 19.7-20.3 cm, 21.7-
22.3 cm, 22.4-23.1 cm, and 24.7-25.5 cm with a 
percentage of 25%, 8.3%, 16.7%, 8.3%, 8.3%, and 33.3%, 

respectively. Based on the size structure of female 
lobsters, samples of around 11 individuals were 
collected from six classes. Furthermore, class 1, 2, 3, 
4, 5, and 6 has a range of 12.5-13.4 cm, 17.2-18.5 cm, 
20.1-21.7 cm, 21.8-23.5 cm, 23.6-25.4 cm, and 5.5-
27.6 cm with a percentage of 9.1%, 9.1%, 18.2%, 18.2%, 
27.3%, and 18.2%, respectively, as shown in Figure 6B.

The von Bertalanffy model was obtained using an 
orthogonal type 6 polynomial model by obtaining 
the age on the x-axis and the length variable (P. 
ornatus) on the y-axis. Modelled the growth of von 
Bertalanffy with an orthogonal type 6 polynomial 
model to obtain a graphic image of the growth of 
(P. ornatus) starting from the age of zero days. 
The orthogonal type 6 polynomial model for male 
lobsters regression equation is y = -1E-12x6 + 
1E-09x5 - 5E-07x4 + 0.0001x3 - 0.0131x2 + 0.8549x + 
1.5739 with a determinant and correlation values of 
0.9998 (99.98%) and 0.9999 (99.99%). Figure 7 shows 
the regression equation for the female orthogonal 
type 6 polynomial model y = -4E-14x6+8E-11x5-
6E-08x4+2E-05x3-0.0051x2+0.5809x+1.2775 with 
a determinant and correlation value of 0.9999 
(99.99%) and 0.9999 (99.99%), respectively. The 
data is not good when the determinant value is less 
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than 0.5 (<50%). However, it is said to be good when 
the determinant value is more than 0.5 (>50%). The 
correlation value ranged between 0.8-1.0, indicating 
a strong length-weight relationship variable. 

3.5. Mortality
The data processing using the P. ornatus resulted 

in a total sample of 23 individuals. The total mortality 
value for males and females were 109.1% greater and 
105.1%, respectively. Male P. ornatus lobsters had a 
mortality rate of 35.6%, higher than females of 3.7%. 
This follows their exploitation rate of 32.7%, higher 
than females at 3.5%. However, the natural mortality 
in female lobsters at 101.4% was higher than in males 
at 73.5%, as presented in Figure 8.

3.6. Ecological Habitat P. ornatus
Based on the ecology of the P. ornatus habitat 

where measurements of water quality in the 
western part of the waters of the city of Tarakan, 
were obtained ecological preference variables 
were obtained in the form of dissolved oxygen, 
temperature, salinity, pH, electrical conductivity, 
depth, and brightness with values of 7.3-7.4 mg/L, 

26.9 27.4°C, 26-27 ppt, 7.35-7.42, 23.67-24.22 mhos/
cm, 12-20 m and 1.75-2.3 m, respectively (Figure 9).

4. Discussion

	 The sex ratio research explained that the male P. 
ornatus was more dominant than the females in the 
waters of Sebatik, North Kalimantan. Priyambodo 
et al. (2020) reported that the lowest and highest 
catch seasons were from December to March and 
April to November, respectively. Research by Foo 
(2020) and Muzammil and Kurniadi (2020) reported 
an imbalance sex ratio between males and females. 
According to Mendes et al. (2016), the asymptotic 
growth of the lobster carapace was inversely 
correlated with the growth rate.
	 Sparee and Venema (1999); Salim et al. (2021); 
Indarjo et al. (2021) stated that the regression 
equation described the relationship between 
the total length of male or female lobsters on the 
x-axis and the growth rate on the y-axis. Salim et al. 
(2020), (2021) set up the regression equation in the 
Von Bertalanffy growth model to obtain asymptotic 
growth. According to Figure 7, the asymptotic growth 
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is obtained when the regression line meets the 
x-axis. In the make lobsters, regression equation, y = 
-0.378x + 0.9733 with determinant and correlation 
values of 0.6547 (65.47%) and 0.8996 (89.96%). 
Meanwhile, the female lobster regression equation 
obtained y = -0.0216x + 0.6505 with determinant 
and correlation values of 0.819 (81.9%) and 0.9352 
(93.52%). Pakpahan et al. (2022) stated that the data 
is not good when the determinant value is less than 
0.5 (<50%). However, it is said to be good when the 
determinant value is more than 0.5 (>50%). Pakpahan 
et al. (2022) explained that the correlation value 
between 0.8-1.0 indicates a strong length-weight 
relationship.
	 Chang et al. (2012) stated that the size 
determination at a certain age of recruitment 
could be used to obtain a Von Bertalanffy model 
for sustainable fisheries management. However,  
Nguyen et al. (2018) considered the need to 
integrate growth discontinuities. This is because 
the development of P. ornatus lobsters is influenced 
by the periodical shedding of the old exoskeleton. 
Chang et al. (2012) reported that the moulting cycle 
could not be estimated, making it challenging to 
determine growth at some point. According to 
Talbot et al. (2018), the growth effect is affected 
by environmental factors and food availability 
in P. ornatus. Vicenzi et al. (2014) reported 
that environmental variability could influence 
development. However, individual variability 
has not been thoroughly discussed to obtain the 
maximum length growth rate (asymptotic). Growth 
can be estimated when considerable heterogeneity 
between individuals is persistently disregarded. 
Therefore, modelling the process while considering 
environmental and individual variability in P. 
ornatus lobster is required. 	
	 The infinitive growth in males and females is 
25.749 cm and 30.116 cm in 313 days and 542 days, 
respectively. Based on the male and female Von 
Bertalanffy P. ornatus model, the growth rate of 
infinitive length can be influenced by individual 
factors, such as gender. The female and male sex 
reached an asymptotic length in 542 and 313 days, 
respectively. This is consistent with the report by 
Foo (2020), which stated that the estimated growth 
parameters are determined by gender, with the 
deviation in the growth rate being higher in female 
lobsters. During maturation, the female gonads 
require sufficient energy to attain their asymptotic 

length. In Figure 8, the male and female sexes of P. 
ornatus exhibit an increasing pattern, resulting in 
infinite growth.
	 Furthermore, the growth of the female species 
has a higher rate and asymptotic length than the 
male. The first length catch (Lc) of male and female 
P. ornatus was 21.7 cm and 22.3 cm. Using the Von 
Bertalanffy model shown in Figure 8, the age at the 
first length catch (Lc) was 48 and 61 days. According 
to Muzammil and Kurniadi (2020), research on P. 
ornatus at Sebatik reached the first catch length 
(Lc) of 7.128 cm. Kusnok et al. (2014) and Liu et al. 
(2014) stated that the first length catch (Lc) could be 
determined when 50% of the population has been 
caught, with fish catch pressure (Kusnok et al. 2014) 
and fishing gear type being the influencing factors 
(Liu et al. 2014). However, the male and female 
fish caught were 24.7-25.5 cm and 23.6-25.4 cm in 
length.
	 The catch mortality of male (35.6%) and female 
(3.7%) P. ornatus was higher than their exploitation 
rate at 32.7% and 3.5%. Furthermore, Priyambodo 
explained that the presence of different periodic 
moons affects the catch. According to Priyambodo 
et al. (2017), the influencing factor was due to the 
positive phototaxis of the lobster and the natural 
mortality, which is very high compared to the 
catch mortality. Natural mortality is presumed to 
be caused by disease/virus or food chain factors. 
However, environmental parameters are not 
considered to be natural causes of death. Ecological 
preference variables were obtained in the form 
of dissolved oxygen, temperature, salinity, pH, 
electrical conductivity, depth, and brightness with 
values of 7.3-7.4 mg/L, 26.9 27.4°C, 26-27 ppt, 7.35-
7.42, 23.67-24.22 mhos/cm, 12-20 m and 17.5-2.3 
m, respectively. Nurfiarini et al. (2016) reported 
that salinity has a role in biological processes and 
growth rates in the amount of food consumed. 
Temperatures between 11-29°C and dissolved 
oxygen support the life of juvenile lobsters (Milton 
et al. 2014), and brightness affects the growth rate 
because the ecology is slightly cloudy (Milton et al. 
2014). Milton et al. (2014) stated that the ecological 
dynamics for juvenile lobsters tend to be in sandy 
and rocky habitats overgrown with seagrass 
algae (Sargassum) at a depth of 5-10 meters and 
associated with tabulate/encrusting/massive corals. 
According to Wahyudin et al. (2016), the ecology of 
P. ornatus is discovered at a depth of 1-10 m. They 
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can also be identified at 200 m deep, inhabiting 
coral reefs with calm currents or muddy substrates 
at river mouths having cloudy conditions. Jones et 
al. (2019) stated that the optimal temperature for 
P. ornatus is approximately 25-28°C, with a salinity 
tolerance of 25-35 ppt. Tropical species P. ornatus 
and P. homarus in Indonesia and Vietnam have 
the highest abundance in the coastal areas. These 
species have high turbidity and salinity gradient of 
<33 ppt influenced by tidal currents from the ocean 
waters (Piyambodo 2015, 2015b, 2015c; Anh and 
Jones 2015).
	 In conclusion, the size of the male P. ornatus was 
more significant than the female. It was discovered in 
this study that the growth of P. ornatus was negative 
allometric for both genders and the condition 
index recorded both fat and thin individuals. The 
von Bertalanffy growth model of the male was 
slower than the female. However, the male reached 
faster asymptotic growth than the female. Male 
P. ornatus had a greater total mortality rate than 
females. However, it was primarily due to capture 
fishery and exploitation. Meanwhile, its natural 
mortality rate was lower than that of females, 
indicating a higher male exploitation rate. It can be 
concluded from these results that the management 
of P. ornatus in the waters of West Tarakan needs 
to be further improved through the utilization of 
better domestication and restocking techniques to 
reach an optimal sustainability level. Research on 
the reproduction of the lobster P. ornatus and its 
domestication is recommended since it is crucial in 
maintaining and protecting the Lobster P. ornatus 
in the waters west of the city of Tarakan so that it 
remains sustainable.
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