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This study aimed to analyze the relationship between sampling 
locations and biological variables of Octopus cyanea in Indonesian waters. 
Understanding the distribution and biological characteristics of this species is 
crucial for conservation and resource management. Sampling was conducted in 
the Alas Strait from July 2023 to June 2024, covering six stations with different 
environmental variations. Data collected included body size (length and weight) 
and geographic coordinates. Data analysis used descriptive statistics, Pearson 
correlation, and regression to explore the relationship between location and 
biological variables. Principal Component Analysis (PCA) results showed 
significant morphometric variation among individuals. Regression analysis 
showed a strong relationship between octopus length and weight at all stations, 
following an allometric growth model. Variations in sea depth and currents also 
contributed to differences in growth patterns. This study emphasizes the 
importance of environmental factors in influencing the growth and size of O. 
cyanea, with implications for sustainable fisheries management strategies. 

Indonesian waters are among the areas with the highest marine biodiversity in the 

world, providing a variety of resources that are both ecologically and economically 

important (FAO, 2018; Kusuma et al., 2019). Among this wealth, the existence of 

invertebrate species such as Octopus cyanea is crucial to study, particularly regarding their 

sustainability in their natural habitats and their potential benefits (Avila-Poveda, 2009). This 

species is widespread throughout Indonesia and plays an ecological role as a predator in 

coastal zones and the seabed (Putra & Sari, 2020). 

Understanding the distribution patterns and biological characteristics of Octopus 

cyanea relies heavily on sampling at various geographic locations (Helfman, 2008). 

Sampling locations not only influence population representation but also influence observed 

biological variables, such as body size, weight, and age (Harahap et al., 2021). Therefore, 

systematic geographic surveys are crucial so that the data obtained reflect actual conditions 

and can be used to support conservation and sustainable resource management. 

The use of spatial analysis technology, such as Geographic Information Systems 

(GIS), allows researchers to accurately map the distribution of sampling locations and 
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identify environmental factors that influence the biological variability of these species (Fadli 

et al., 2018). This approach can help uncover patterns of relationships that might be hidden 

from conventional statistical data alone, thereby improving decision-making in marine 

resource management. 

Furthermore, in the context of ecosystem-based natural resource management, it is 

crucial to deeply understand the relationship between sampling locations and observed 

biological variables (Alejo-Plata & Gómez-Márquez, 2011). This spatial data can reveal 

biological differences between populations at various geographic points and the 

environmental factors that influence them. With this knowledge, more specific and effective 

conservation strategies can be designed to maintain the sustainability of Octopus cyanea 

populations in coastal areas of Indonesia (Diana & Rahman, 2022). 

Finally, this study of the geographic relationship between sampling locations and 

biological variables is expected to make a significant contribution to the development of a 

comprehensive ecological database in Indonesia, as well as supporting efforts to manage 

marine resources more wisely and responsibly (Mulyani et al., 2023, 2024). Thus, it is 

important for researchers to apply a multidisciplinary approach in understanding the 

population dynamics and geographical distribution of these invertebrate species. 

     

Research approach and design  

This research adopted a quantitative approach with a correlational study design. The 

primary focus of the study was to analyze the relationship between sampling locations and 

biological variables of Octopus cyanea geographically and statistically. This approach 

enabled researchers to obtain objective numerical data that could be statistically analyzed to 

determine meaningful relationships. 

 

Research location and time 

Data collection was conducted in the Alas Strait, Indonesian waters, selected based 

on the potential presence of Octopus cyanea and its environmental diversity. Sampling was 

conducted over a full year, from July 2023 to June 2024, to capture seasonal and geographic 

variations that may influence biological variables. The research location map can be seen in 

Fig. (1). Where the location of the research station is as follows: Station 1 Pringgabaya, 

Station 2 Labuhan haji, Station 3 Tanjung Luar, Station 4 Poto Tano, Station 5 Taliwang, 

Station 6 Jereweh.  

 

Sampling and biological variables 

Octopus samples were collected using common fishing methods, such as bottom 

traps and nets. Each sample was recorded based on the geographic coordinates of the 

collection location using a GPS device. GPS (Global Positioning System) is a satellite 

navigation system that allows users to accurately determine their geographic position 

worldwide. The system uses a network of satellites that transmit signals to a GPS device, 

which then calculates its position based on the time it takes for the signal to reach the 

receiver. Parameters measured included body size (total length) and weight. Measurements 

MATERIALS AND METHODS 
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were conducted directly in the field using standard measuring instruments and following 

established procedures to ensure data consistency. 

 

Data analysis 

Biological data were processed using descriptive statistics to display the data series 

and their distribution across various locations. Furthermore, correlation and significance 

analysis of the data, using the Pearson correlation test, and regression analysis were used to 

examine the relationship between location variables and biological variables such as size and 

weight. 

 

 
Fig. 1. Research location map  

  

The results of Principal Component Analysis (PCA) on the correlation matrix of 

morphometric character data from captured octopus specimens and eighteen characters 

produced variance in the main components of Fig. (2). The first Principal Component F1 

was found to be 80.75% and the second principal component F2 was obtained at 5.26%. The 

first and second characteristic roots were able to explain 86% of the data diversity and were 

sufficient to explain all the data because it was >70%. 

Each species will have a different absolute size from one another. Differences in 

octopus size are caused by age, sex, environment, and environmental factors such as food, 

temperature, pH, and salinity. Morphological parameters in octopuses play an important role 

in determining whether there are differences between the same species from various 

geographic regions (Norman, 2000; King, 2007). Morphological studies are a fundamental 

tool for understanding organism development, growth, systematics, variation, and the 
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structure of a population's characteristics (Hanlon & Messenger, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Principal component analysis of morphometric characters 

 

Dinh et al. (2022) stated that the relationship between length and weight plays a 

crucial role in evaluating the growth and biomass of a population and in assessing fisheries 

management. Furthermore, growth patterns and weight also play a crucial role in 

understanding the ecological adaptation of populations. Al-Otaibi et al. (2022) also stated 

that measuring the relationship between total length and total weight of a population can 

provide crucial information useful in formulating fisheries management strategies for wise 

exploitation. 

Estimating growth rate, combined with age at gonadal maturity and lifespan, is a 

crucial element in understanding the population dynamics of organisms (Jackson, 1989). 

Growth can simply be defined as an increase in length or weight over a period of time 

(Mangold, 1987). Growth can also be determined through the length-weight relationship, in 

which weight is considered a function of length. Furthermore, growth can be measured using 

length data (the length of a specific, fixed body part) (Omar, 2002). If b = 3 then the growth 

shows an isometric growth pattern, meaning the growth of body length (total or mantle) and 

body weight is balanced. If the value of b < 3 indicates a hypoalometric growth pattern 

(negative allometric or minor allometric), that is, the growth of body length (total or mantle) 

is faster than the increase in body weight. Conversely, if b > 3 indicates a hyperalometric 

growth pattern (positive allometric or major allometric), that is, the increase in body weight 

is faster than the increase in body length (total or mantle) (Mamangkey et al., 2019). 

 

Relationship between length and weight 

Male O. cyanea (n = 69) have a dorsal mantle length (PMd) range of 44 -162 mm 

with an average of 99 ± 32.1 mm and a weight range of 270 – 2146 g with an average of 

958.4 ± 418.5 g. While female O. cyanea octopuses (n = 75) have a dorsal mantle length 

range of 44 - 166 mm with an average of 100.2 ± 29.2 cm and a weight range of 270 - 2282 

g with an average of 938.9 ± 428.1 g. Regression analysis of the relationship between octopus 



771 
Geographical Analysis of the Relationship Between Sampling Locations and Biological Variables of Octopus 

cyanea in Indonesian Waters  

length and weight showed the following results: 

• Station 1: y = 1.3046x, R² = 0.751 

• Station 2: y =1.396x, R² = 0.8547 

• Station 3: y =1.7381x, R² = 0.8386 

• Station 4: y =1.0998x, R² = 0.8826 

• Station 5: y = 1.1845x, R² = 0.6624 

• Station 6: y= 1.35x, R² = 0.6903  

These results indicated that b<3 suggest a hypoalometric growth pattern (negative 

allometric or minor allometric), namely the growth of body length (total or mantle) is faster 

than the increase in body weight (Morrison et al., 2016; Omar, 2020). The graph of the 

relationship between the length and weight of the O. cyanea in the Alas Strait waters can be 

seen in Fig. (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Relationship between Length and Weight of O. cyanea in Alas Strait Waters 

 

 

Water characteristics 

Based on the depth map (Fig. 4) of Selat Alas, there is a significant variation in depth, 

ranging from around 30 meters to more than 550 meters. Areas near the coastline and small 
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islands show relatively shallow depths, ranging from 30 to 150 meters. Meanwhile, the 

central and northwestern parts of the strait show greater depths, exceeding 390 meters and 

even more than 550 meters at certain points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Water depth data during research in the Alas Strait, Indonesian Waters 

 

 

Fig. (5) shows a map of current speed and direction in the Alas Strait waters, showing 

significant variations in the strength and movement patterns of ocean currents. Current 

speeds range from low (<0.1 m/s) to high (>0.5 m/s), indicated by a color change from gentle 

to lighter depending on the speed category.In the northern and southern parts of the Alas 

Strait, there are areas with relatively higher current speeds (>0.5 m/s), indicated in red. These 

high current speeds are caused by the narrowing of the water flow as it passes through the 

strait, as well as interactions with varying underwater topography. 
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Fig. 5. Current strength and direction data for water currents during research in the Alas 

Strait, Indonesian waters 

 

The direction of the current is indicated by arrows, indicating that the current moves 

in line with the geographic configuration of the Alas Strait. In some areas, the current appears 

to move northeast and southeast, following the general pattern of water movement in 

Indonesian waters, which is influenced by seasonal winds and equatorial currents. 

Conversely, areas with lower current speeds (0.1-0.3 m/s), indicated by gentler colors, tend 

to be found near the coast, where the water flow tends to be calmer. These conditions can 

create different environments for marine ecosystems, affecting the distribution of marine 

organisms such as fish larvae and plankton. 

 

 The graph of the relationship between length and weight of Octopus cyanea from six 

sample locations in the Alas Strait shows a strong correlation between these two variables. 

In general, the relationship between length and weight in marine animals follows an 

allometric growth model, where weight increases faster than length as individuals develop 

(Dan-kishiya, 2013). The correlation between length and weight at each station showed a 

high coefficient of determination (R²), indicating a strong relationship between total length 

and weight. At Station 1, this relationship was particularly strong (R² = 0.915), indicating 

that the variability in weight can be largely explained by length (Smith et al., 2005). Similar 

results were observed at other stations, with consistently high R² values, indicating similar 

growth patterns across locations (Rodríguez-Rúa et al., 2005) 

  Although all stations showed the same relationship, there was some variation in 

growth rates. Stations with higher R² generally indicate environments that support optimal 

growth, such as more abundant food availability or more stable environmental conditions 

(Amodio et al., 2021). Different locations can have varying substrates, population densities, 

and predation pressure, all of which can affect individual growth. This strong relationship 

between length and weight also indicates that environmental conditions in the Alas Strait 

DISCUSSION 
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support optimal growth of Octopus cyanea. Previous research has suggested that 

environments with minimal temperature fluctuations and physical disturbances provide 

ideal conditions for the development of marine life (Jennings & Kaiser, 1998; Türkmen 

et al., 2002). 

  The uniformity of growth patterns across sample locations indicates that local 

environmental factors significantly impact octopus morphological development, consistent 

with the specific habitat theory, which states that species distribution is a function of 

adaptation to local biotic and abiotic environments (López-Uriarte & Ríos-Jara, 2009). 

Furthermore, other factors, such as water characteristics, also influence octopus 

development. 

 One water characteristic is ocean depth, which is a key factor determining the habitat 

and distribution patterns of marine organisms, including cephalopods like Octopus cyanea. 

Areas with depths greater than 300 meters tend to have more stable temperatures, sufficient 

oxygen content, and diverse food sources, which support optimal octopus growth and 

reproduction (Boyle & Rodhouse, 2005). In contrast, shallower, near-shore areas (depths 

of 30 to 70 meters) typically have more variable temperatures. Based on depth maps in the 

Alas Strait, which show depth variations ranging from approximately -30 to -510 meters, 

the effect of depth on captured Octopus cyanea can be comprehensively described as 

follows: 

 At the research site in the Alas Strait, the distribution of Octopus cyanea is significantly 

influenced by depth. Data indicate that octopuses tend to be found at depths of 

approximately 30 to 150 meters, where environmental conditions are relatively stable and 

temperatures support their activity (Norman, 1993). At shallower depths, such as less than 

30 meters, octopus presence tends to be more limited, likely influenced by factors such as 

predation from natural predators and higher levels of pollution. Conversely, at depths 

greater than 150 meters, octopus presence declines, likely due to lower temperatures and 

limited prey availability (Boal et al., 2010). 

 This depth variation influences aspects of octopus ecology, including their diet, growth 

rate, and reproduction. Depth captures indicate that octopuses are more active and abundant 

at intermediate depths, which corresponds to their optimal habitat. Therefore, depth plays a 

significant role in determining the distribution and abundance of Octopus cyanea in the Alas 

Strait.and fluctuating oxygen levels, which can limit growth and lead to smaller octopuses. 

  Food availability and distribution for Octopus cyanea are influenced by depth, as the 

transport and accumulation of plankton and other small organisms differ at different depths. 

At deeper depths, nutrient distribution is typically more even and constant, facilitating the 

animal's growth to larger sizes (Lankow, 2022). Conversely, at shallower depths, nutrient 

supply can be more limited and more influenced by seasonal factors. The graph shows that 

locations with deeper depths (the western and northern parts of the map) exhibit a positive 

relationship between the length and weight of O. cyanea. This is consistent with the theory 

that depth provides environmental conditions more conducive to optimal growth (Marzuki 

et al., 2023). Therefore, these depth data are crucial for understanding the distribution and 

growth patterns of this species in the Alas Strait region. 

 Data on ocean current speed and direction in this region indicate that stronger currents 

and their travel patterns influence organism distribution. Areas with strong currents 
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typically have greater depths and allow for abundant nutrient distribution, thus supporting 

the growth of octopus size and shape (Ghofar, 2005). Areas with relatively weak currents 

and shallow depths often have limited food supplies and a more restrictive environment, 

which impacts the growth of both small and large organisms. Ocean currents are a 

significant environmental factor influencing the distribution of marine organisms, including 

O. cyanea (Guard & Mgaya, 2002). Data on current speed and direction in this region 

indicate that areas with strong currents typically have a significant influence on the 

distribution patterns of both small and large organisms (Widodo, 2006). In the context of 

octopus growth and size, ocean currents influence nutrient supply, plankton distribution, 

and other prey organisms that are the primary food source for O. cyanea. 

Strong currents in the northern and northeastern parts of the Alas Strait (with current speeds 

>0.5 m/s) can accelerate the distribution of plankton and small organisms that serve as 

octopus food (Denny & Gaylord, 2002). Consequently, in areas with stronger currents, 

octopus populations potentially have better access to food sources, supporting greater 

growth and heavier yields. Data on northwest- and northeast-trending currents suggest that 

these currents may facilitate the transport of food to specific areas (López-Uriarte, 2006; 

Welsh, 2015). 

The varying water depths and current patterns in the Alas Strait appear to play a 

significant role in influencing the growth and distribution of Octopus cyanea. Locations with 

deeper depths and strong currents tend to support higher nutrient availability, which in turn 

facilitates the growth of larger individuals. Conversely, areas with shallower depths and 

weaker currents may experience nutrient limitations, which can limit growth. This is in line 

with previous studies that emphasize the importance of marine environmental conditions in 

influencing cephalopod biological parameters. 

 

 

  The conclusion of this study shows that there is a strong and significant relationship 

between the length and weight of Octopus cyanea across all sampling sites in the Alas Strait. 

The relationship graph shows that at all stations, an increase in body length is consistently 

accompanied by an increase in body weight, as indicated by a high R² value. This confirms 

that key growth factors such as food and other environmental factors allow octopuses to 

reach sizes that conform to a common growth pattern. Thus, these length-weight 

relationship data reinforce the idea that environmental factors and current dynamics play a 

major role in determining the biological size of O. cyanea. This consistent relationship 

across sites indicates that despite varying environmental conditions, octopus growth 

patterns still follow general biological rules, with environmental factors being the primary 

factor influencing variation. 

 

Alejo-Plata, M.C. and Gómez-Márquez, J.L. (2015). Reproductive biology of Octopus 

hubbsorum (Cephalopoda: Octopodidae) from the coast of Oaxaca, 

Mexico. American Malacological Bulletin, 33(1): 1-12. 

CONCLUSION 
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