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Abstract 
Eels are a valuable economic resource in both local and international markets due to 
their high nutritional content, particularly their rich vitamin and micronutrient profile. 
However, their populations face increasing threats from overfishing and habitat 
degradation, necessitating a deeper understanding of their distribution, growth 
patterns, and ecological characteristics. This study aimed to identify eel (Anguilla 
bicolor) species inhabiting the Krueng Sawang River, analyze their length-weight 
relationships, and assess biometric variations among different sampling locations. 
Fieldwork was conducted in April and May 2018 across three sampling stations in 
North Aceh District: Tanoh Anoe (Station 1), Gle Dagang (Station 2), and Babah Krueng 
(Station 3). A total of 100 eels were collected, with individuals from Station 1 averaging 
50.17 cm in length and 237.78 g in weight, those from Station 2 averaging 31.96 cm in 
length and 135.93 g, and specimens from Station 3 averaging 35.18 cm in length and 
148.21 g. Morphological analysis confirmed that all collected specimens belonged to 
A. bicolor, indicating a homogeneous population within the river system. The length-
weight relationship analysis revealed a negative allometric growth pattern, suggesting 
that increases in length outpace weight gain. These findings provide valuable insights 
into the population dynamics of A. bicolor in North Aceh, offering essential baseline 
data for future conservation efforts and the development of sustainable fisheries 
management strategies. 

Keywords: Catadromous fish, population dynamics, morphometric analysis, length-
weight relationship, water quality assessment 

Subject areas: 
Marine biology 

Introduction 
The eel species A. bicolor is of considerable economic and ecological importance, 
primarily due to its high market value and rich nutritional profile (Karakoltsidis & 
Constantinides, 2009). This species is recognized for its substantial content of essential 
vitamins and micronutrients, making it a popular dietary choice both locally and globally 
(Muchlisin et al., 2017; Nafsiyah et al., 2018). Eel consumption is often linked to various 
health benefits, particularly its reputed vitality-enhancing properties, which have 
contributed to growing demand in global culinary markets (Hutchinson et al., 2024; 
Wibowo et al., 2021). The unique flavor profile and versatility of A. bicolor in various 
culinary applications further amplify its desirability among consumers, thus intensifying 
market pressures on wild populations (Wibowo et al., 2021). 
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Despite its economic significance, the sustainability of 
natural eel populations is increasingly threatened by a 
combination of factors, including inherently slow growth rates 
and the widespread issue of overexploitation (Arai et al., 2011; 
Wirth & Bernatchez, 2003). As a catadromous species, A. 
bicolor exhibits complex migratory behavior, transitioning from 
freshwater habitats to marine environments for spawning 
purposes (Arai & Chino, 2019). This cyclical migration is crucial 
for reproductive success and long-term population viability, as 
it facilitates the return of adult eels to their natal spawning 
grounds (Sudo et al., 2024). The ecological dynamics of these 
migratory patterns are essential for maintaining population 
stability and resilience in the face of anthropogenic pressures 
(Muchlisin et al., 2017). 

The natural habitat of A. bicolor on the Krueng Sawang 
River of North Aceh, Indonesia, comprises a river system 
approximately 10 m in width and is characterized by several 
tributaries that play a vital role in supporting local agricultural 
practices, irrigation systems, and fisheries activities. Although 
this environment has the potential to sustain eel populations, 
fishing practices in this area remain predominantly focused on 
subsistence consumption. This limitation is largely attributable 
to the intricate reproductive cycle of A. bicolor, which requires 
advanced hatchery technologies for successful artificial 
propagation. Consequently, the growing market demand for 
eels continues to rely heavily on wild-caught specimens, 
exacerbating concerns about the sustainability of eel 
populations and the risk of resource depletion due to 
unregulated fishing practices (Muchlisin et al., 2017). 

The Krueng Sawang River serves as a critical habitat for A. 
bicolor; however, the lack of comprehensive scientific data on 
its biometric characteristics and population dynamics 
underscores the urgent need for further research (Arai & Abdul 
Kadir, 2017). Previous studies have highlighted the genetic 
connectivity and life history strategies of A. bicolor in various 
regions (Minegishi et al., 2011; Tsukamoto et al., 2011), but 
there remains a significant gap in understanding the specific 
biometric parameters and ecological interactions within the 
Krueng Sawang River ecosystem. The primary objective of this 
study is to perform a thorough assessment of the biometric 
aspects of A. bicolor within this ecosystem. This investigation 
will encompass the identification of eel species present in the 
area, the analysis of length-weight relationships, and an 
examination of the biometric characteristics of the eel 
population (Wibowo et al., 2021). Additionally, the study aims 
to explore the correlation between water quality parameters 
and eel growth patterns, thus elucidating the environmental 
factors that may influence the health and viability of this 
species (Muchlisin et al., 2017). 

The anticipated findings of this research are expected to 
produce significant contributions to understanding eel biology 
and inform fisheries management strategies. By elucidating the 
biometric parameters associated with A. bicolor, this study 
aims to support the development of sustainable fishing 

practices and to promote conservation initiatives aimed at 
mitigating resource depletion (Wibowo et al., 2021). 
Furthermore, the insights gained from this research may 
provide a scientific foundation for future aquaculture 
endeavors, which are essential to reduce the reliance on wild 
eel populations while simultaneously addressing the growing 
market demand. 

Furthermore, the current literature indicates that many eel 
populations, including A. bicolor, are facing significant threats 
from habitat degradation, climate change, and disease, 
particularly parasites such as Anguillicoloides crassus, which 
can alter the migratory capabilities of adult eels (Aschonitis et 
al., 2016). The impact of these factors on population dynamics 
has not yet been adequately studied, particularly in tropical 
regions such as Indonesia. Furthermore, while studies have 
examined the escapement and recruitment of European eels A. 
anguilla, similar comprehensive assessments for A. bicolor are 
lacking (McCarthy et al., 2013; Pujolar et al., 2014); this 
research aims to address these gaps by providing detailed 
biometric data and insight into the environmental conditions 
affecting A. bicolor in the Krueng Sawang River. By integrating 
biometric analysis with environmental assessments, this 
research aims to contribute to the sustainable management of 
eel populations and inform conservation strategies that are 
increasingly necessary in the face of global environmental 
changes. 

 

Methods  

Sampling procedure 

The research on A. bicolor populations was conducted in the 
Krueng Sawang River area between April and May 2018. A 
survey-based methodological approach was employed to 
systematically collect and analyze biometric data, ensuring a 
comprehensive assessment of the species within the 
designated study area. The survey method was chosen due to 
its effectiveness in capturing population characteristics and 
ecological interactions, providing valuable insights into the 
species' distribution and morphological variation. 

Sampling was carried out at three preselected stations, 
identified based on an extensive evaluation of environmental 
conditions and fish resource availability in the Krueng Sawang 
River. These stations were strategically chosen to represent 
variations in habitat structure, water quality, and eel 
population density. Collected specimens were carefully 
documented, measuring key biometric parameters such as 
length and weight to determine growth patterns and population 
structure.  

Following field sampling, species identification and 
detailed morphological assessments were conducted at the 
Aquaculture Integrated Laboratory, Faculty of Agriculture, 
Universitas Malikussaleh. This laboratory-based analysis 
allowed for precise taxonomic classification and biometric 
evaluation, ensuring the accuracy of data interpretation. 
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Sampling location determination 

The study was conducted at three strategically selected 
sampling stations within the Krueng Sawang River: Tanoh Anoe 
(Station 1), Gle Dagang (Station 2), and Babah Krueng (Station 
3). These locations were chosen based on ecological attributes 
and anthropogenic influences to ensure a representative 
assessment of Anguilla bicolor populations. Specimens were 
collected using a combination of fishing rods and nets, 
allowing for a diverse and comprehensive sampling approach. 
The geographical distribution of the sampling stations is 
depicted in Figure 1. 

Eel-collection procedure 

Eel A. bicolor specimens were captured using a combination of 
nets and fishing rods to obtain a representative population 
sample. Following collection, the eels were transported to the 
laboratory for precise identification and biometric analysis. 

Observation parameters 

Biometric measurement 

Biometric measurements of A. bicolor were conducted 
following standardized taxonomic identification protocols 
using authoritative reference materials, including Kottelat and 
Whitten (1996) and Nelson et al. (2016). These guidebooks 
provided a comprehensive framework for determining the 
taxonomic classification at the order, family, genus, and 
species levels. Morphometric parameters such as body shape, 
weight, total length, body height, coloration patterns, snout 
shape, fin morphology, fin count, and tail structure (Figure 2) 
were meticulously recorded.  

The total length (TL) refers to the overall measurement of 
the fish from the tip of the snout to the end of the tail. The 
standard length (PS) is the length from the snout to the base of 
the tail, excluding the caudal fin. The body height (TB) is the 
vertical measurement of the fish at its highest point. The tail 
base length (PPE) represents the length of the narrow section 
just before the tail fin. The length in front of the dorsal fin (TSP) 
is the measurement from the snout to the starting point of the 
dorsal fin, while the length of the base of the dorsal fin (TSD) 
refers to the span of the dorsal fin attachment along the body. 
The length of the anal fin base (PPD) is the measurement of the 
fin along its attachment to the body. The pectoral fin length 
(PSD/PSP) is the length of the pectoral fin. The Head length 
(PK) is the distance from the snout tip to the posterior edge of 
the gill cover. The snout length (PM) refers to the distance from 
the front of the head to the eye. The eye diameter (LM) 
measures the size of the eye across its widest point. The tail 
base height (TPE) is the vertical measurement of the narrow 
section just before the tail. Lastly, the linea lateralis length 
(PLL) represents the length of the lateral line, an important 
sensory organ running along the body. 
Relationship between fish length and weight 

The relationship between the length and weight of the eels 
was analyzed using the Linear Allometric Model (LAM), as 
articulated by Cren (1951). The equation used for this analysis 
is expressed as follows: 

W = aLb 

W represents the weight of the fish in grams (g), L denotes the 
length of the fish in millimeters, a is the linear regression 

Figure 1. Eel A. bicolor sampling station. 
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intercept, and b is the regression coefficient. The value of b 
derived from this calculation serves as an indicator of the 
growth pattern exhibited by the fish. Specifically, if b = 3, the 
growth pattern is classified as isometric, indicating that the 
weight gain is proportional to the increase in length. On the 
contrary, if b ≠ 3, the growth pattern is deemed allometric. 
Allometric growth patterns can be further categorized into 
positive and negative allometric growth. A value of b below 3 
signifies negative allometric growth, where length increases at 
a faster rate than weight, while a value of b above 3 indicates 
positive allometric growth, where weight increases more 

rapidly than length (Karachle & Stergiou, 2012). 
Water parameter 

Water quality parameters were thoroughly measured 
alongside eel sampling to assess the environmental conditions 
influencing A. bicolor populations. Key parameters, including 
salinity, pH, temperature, and current velocity, were recorded 
to evaluate habitat suitability and its potential impact on eel 
health and distribution. 

Data analysis 

The data obtained from field observations and measurements 
were analyzed descriptively to elucidate the morphometric 
characteristics of the eels. This analysis was systematically 
organized and presented in the form of tables and figures, 
which serve to visually represent the findings and facilitate a 
clearer understanding of the relationships and trends identified 
in the data. The use of descriptive statistics is essential to 
summarise the data and provide information on the biological 
characteristics of the eel population in the Krueng Sawang 
River area. 

 

 

 

Results 

Characteristic of sampling station 

Sampling was conducted at three intentionally selected 
stations, each characterized by distinct environmental and 
geographical features. Station 1, located in Tanoh Anoe (5°
15'00.0" N, 96°54'40.0" E), is positioned downstream, where 
the riverbed lacks significant rock formations and vegetation, 
resulting in turbid, yellowish water. Station 2, situated in Gle 
Dagang (5°13'07.9" N, 96°54'58.2" E), is in a residential and 
plantation-dominated area with densely vegetated riverbanks 
and murky waters. Station 3, found in Babah Krueng (5°08'53" 
N, 96°54'34" E), is influenced by a 20-meter-wide dam used for 
irrigation, with riverbanks containing significant shrub growth.  

Eel  A. bicolor distribution 

The distribution of Anguilla bicolor specimens was assessed 
through systematic sampling employing gear suited to each 
station's hydrological conditions. A total of 100 eels were 
collected, with variations in catch numbers observed across 
stations. Station 1 yielded 18 specimens, while Station 2 
exhibited the highest abundance with 54 individuals. Station 3 
contributed 28 specimens. Following capture, biometric 
measurements and morphological analyses were conducted to 
document interstation differences. Figure 3 presents the 
spatial distribution of captured specimens. 

Biometric of eel A. bicolor  

The collected specimens underwent detailed morphometric 
assessment, including body shape, caudal fin morphology, 
mouth structure, scale type, and pigmentation patterns (Table 
1). The average biometric characteristics varied significantly 
among stations. At Station 1, captured eels exhibited an 
average total length of 50.17 cm and a mean weight of 237.78 
g. Station 2 specimens were comparatively smaller, averaging 

Figure 2.  Schematic of biometric measurement of the eel. TL: Total length, PS: Standard length, TB: Body height, PPE: Tail base 
length, TSP: Length in front of the dorsal fin, TSD: Length of the base of the dorsal fin, PPD: Length of anal fin base, PSD: 
Pectoral fin length, PSP: Pectoral fin length, PK: Head length, PM: Snout length, LM: Eye diameter, TPE: Tail base height, PLL: 
Linea lateralis length.  
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31.96 cm in length and 135.93 g in weight. Station 3 specimens 
displayed intermediate values, with an average length of 35.18 
cm and an average weight of 148.21 g. The morphometric 
characteristics are summarized in Table 2.  

 

Length-weight relationship of A. bicolor 

Regression analyses were performed to evaluate the 
relationship between length and weight across the three 
sampling stations. The length-weight relationship at Station 1 
was expressed by the equation y = 0.332x1.6752 (R² = 0.8483), 
indicating that approximately 88% of weight variation was 
attributable to length, with a negative allometric growth pattern 
(b < 3). Similarly, at Station 2, the regression equation y = 
1.907x1.2238 (R² = 0.8379) suggested that 83% of weight 
variation was explained by length, maintaining a negative 
allometric pattern. At Station 3, the equation y = 1.9685x1.208 (R² 
= 0.712) indicated that length accounted for 71% of weight 
variation, also following a negative allometric trend. Figures 4a, 
4b, and 4c illustrate these relationships. 

 

Figure 3.  Number of A. bicolor caught at each station on the 
Krueng Sawang River. 

Figure 4.  Length-weight relationship of A. bicolor. (a)  Station 1 
(Tanoh Anoe), (b) Station 2 (Gle Dagang), and (c) 
Station 3 (Babah Krueng).  
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Table 1.  General morphology of eel A. bicolor in the Krueng 
Sawang River. 

Characteristic Description 

Body shape Long (rope-like)  

Tail fin shape  Tapered  

Mouth location  Terminal  

Mouth shape  Cannot be embossed 

Scale type  Scaleless (slimy)  

Body color  Brownish black 

Table 2.  Morphometric measurement of eel A. bicolor in the 
Krueng Sawang River. 

Morphometric 
character 

Unit 
Station 1 Station 2 Station 3 

Mean Mean Mean 

Total length cm 50,17 31,96 35,18 

Head length cm 6,58 4,18 4,58 

Eye diameter cm 0,35 0,23 0,25 

Snout length cm 1,33 0,85 0,93 

Pectoral fin cm 2,02 1,29 1,42 

Dorsal fin base 
length 

cm 32,12 20,46 22,54 

Dorsal fin cm 3,56 2,28 2,51 

Anal fin height cm 4,53 2,89 3,18 

Anal fin base cm 29,22 18,54 20,43 

Body height cm 3,78 2,42 2,66 

Linea lateralis cm 41,65 26,55 29,21 

Total weight g 237,78 135,93 148,21 
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Water parameter 

Water quality parameters were systematically recorded at 
each station during sampling. Measurements were taken five 
times per station, including dissolved oxygen (DO), 
temperature, pH, and water current velocity. At Station 1, DO 
levels ranged from 5.23 to 6.74 ppm, pH varied between 6.8 
and 7.4, temperature ranged from 27 °C to 30 °C, and water 
current velocity fluctuated between 4.74 s/m and 5.55 s/m. 
Station 2 exhibited DO levels between 6.11 and 7.65 ppm, pH 
values from 6.6 to 7.4, temperatures of 26 °C to 28 °C, and 
water current velocities of 4.21 to 5.63 s/m. Station 3 displayed 
DO levels from 6.40 to 7.94 ppm, pH values from 6.8 to 7.7, 
temperatures of 24 °C to 27 °C, and water current velocities of 
3.15 to 4.42 s/m. These variations in physicochemical 
parameters likely influenced eel distribution and 
morphometric differences among stations. 
 

Discussion 

Eel distribution and habitat Influence  

The distribution of A. bicolor eel fish at the three sampling 
stations in the Krueng Sawang River area reveals significant 
variability in catch numbers, with Station 2 producing the 
highest total of 54 eel. This distribution pattern may be 
influenced by several ecological factors, including habitat 
structure, food availability, and anthropogenic influences 
(Nero & Sealey, 2006). The higher number of eels captured at 
Station 2, characterized by community housing and 
plantations, suggests that human activities may improve 
habitat conditions favorable for the habitation of eels. For 
example, agricultural runoff can increase organic matter in the 
water, providing additional food sources for eels (Arai & Abdul 
Kadir, 2017). The presence of vegetation along the riverbanks 
can also contribute to the availability of food and shelter, as it 
supports a diverse array of invertebrates that serve as prey for 
eels (Shuai et al., 2020). 

On the contrary, the lower catch at Station 1, despite its 
proximity to the river mouth, could indicate a less favorable 
habitat due to the absence of structural complexity, such as 
rocks and vegetation, which are important for providing shelter 
and foraging opportunities for eels (Piria et al., 2014). The lack 
of such habitat characteristics can lead to decreased foraging 
efficiency and increased vulnerability to predation, ultimately 
affecting the population dynamics of eels in this area. 
Additionally, the hydrological characteristics of the river, 
including the flow rate and the depth of the water, may also 
play a crucial role in determining the distribution of the eels. 
Eels are known to prefer habitats with slower currents where 
they can easily navigate and hunt for food (Nzau Matondo et 
al., 2023). Therefore, differences in habitat structure and 
hydrology between sampling stations can significantly 
influence the observed distribution patterns of A. bicolor. 

 

Biometric and growth patterns  

Biometric measurements of the eel fish revealed notable 
differences in size and weight between the specimens from the 
three stations. Station 1 exhibited the highest average length 
and weight, with eels averaging 50.17 cm and 237.78 g, 
respectively. This finding aligns with the idea that eels in 
downstream areas may have access to more abundant food 
resources and optimal growth conditions compared to those in 
upstream habitats (Nzau Matondo et al., 2023). The larger size 
of the eels at Station 1 can be attributed to the availability of 
diverse prey items and the potential for less competition in this 
area, allowing greater growth rates. 

On the contrary, the smaller average size of eels at Station 
2 (31.96 cm and 135.93 g) and Station 3 (35.18 cm and 148.21 
g) suggests that these populations may be younger or 
experience growth limitations due to environmental stressors 
or competition (Capoccioni et al., 2013). The smaller size at 
these stations could also indicate that eels are in different 
stages of life, and those in upstream habitats could be younger 
and less developed than their downstream counterparts. The 
morphological traits assessed, including body shape and 
coloration, further support the idea that habitat influences the 
physical characteristics of eel populations (Falah et al., 2023). 
For example, eels in more vegetated areas may exhibit different 
coloration patterns that provide better camouflage against 
predators. 

The average morphometric data collected from the eel fish 
samples at the three stations provide valuable information on 
the health and condition of the eel populations in the Krueng 
Sawang River area. The observed differences in size and weight 
can serve as indicators of the ecological health of the habitats 
and the availability of resources necessary for optimal growth. 
Monitoring these biometric parameters over time can help 
assess the sustainability of eel populations and inform 
conservation strategies aimed at preserving their habitats. 

Length-weight relationship and growth dynamics 

The analysis of the relationship between the length and weight 
of eel fish indicated a negative allometric growth pattern 
across all three stations, with coefficients of determination (R²) 
ranging from 0.712 to 0.8483. This suggests that as the eels 
grow in length, their weight does not increase at the same rate, 
which is characteristic of many fish species in environments 
where food availability may fluctuate (Piria et al., 2014). The 
negative allometric growth observed at Station 1, with a 
regression coefficient b of 1.6752, indicates that these eels are 
elongating more rapidly than they are gaining weight, 
potentially reflecting a life stage where they are prioritizing 
length for migration or reproductive purposes (Arai & Chino, 
2019). This growth strategy may be advantageous for eels as 
they prepare for their eventual migration to spawning grounds, 
where a larger body size can enhance reproductive success. 

The findings from Station 2 and Station 3, with lower values 
of b further reinforce the idea that environmental conditions 
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and resource availability play a critical role in shaping the 
growth patterns of eel populations (Yokouchi et al., 2021). The 
lower growth rates observed at these stations may indicate that 
eels face limitations in food availability or are subjected to 
higher levels of competition, which can impede their growth. 
Additionally, the negative allometric growth pattern may 
suggest that eels in these areas are adapting to their 
environments by a prioritizing length over weight, which could 
be a response to the specific ecological pressures they 
encounter. 

The distribution and biometric measurements of A. bicolor 
across the sampling stations highlight the influence of habitat 
characteristics and environmental conditions on eel 
populations. The negative allometric growth pattern observed 
suggests that these eels adapt to their respective 
environments, which may have implications for their 
management and conservation in the context of changing 
ecological conditions. Understanding these dynamics is 
crucial for developing effective conservation strategies that 
address the specific needs of eel populations in the Krueng-
Sawang River area. 

Water quality assessment 

The evaluation of water quality parameters in the Sawang River 
reveals critical insights into the ecological health of this 
aquatic system. The measured dissolved oxygen (DO) levels, 
pH, temperature, and water flow rates at three stations 
indicate a generally favorable environment for aquatic life, 
particularly fish, which is essential for the maintenance of 
biodiversity and ecosystem function. At Station 1, the DO 
ranged from 5.23 ppm to 6.74 ppm, while at Station 2, it varied 
from 6.11 ppm to 7.65 ppm, and at Station 3, it was between 
6.40 ppm and 7.94 ppm. These values suggest that the river 
maintains adequate oxygen levels, which are crucial for fish 
survival and overall aquatic health. Research indicates that DO 
levels above 5 ppm are typically sufficient to support diverse 
fish populations, as they facilitate respiration and metabolism 
(Ali et al., 2022; Jia et al., 2020). The observed values in the 
Sawang River align with these findings, indicating a healthy 
aquatic environment. 

The pH levels recorded from 6.6 to 7.7 at the stations are 
also within the acceptable range for freshwater ecosystems, 
which is generally between 6.5 and 9.0. This stability in pH is 
vital as it affects the solubility of nutrients and the overall 
biological activity within the water body (Banerjee et al., 2022; 
Deng et al., 2012; Xu et al., 2020). The pH values observed in 
the Sawang River suggest a balanced ecosystem, conducive to 
the growth and reproduction of aquatic organisms, including 
fish. 

Temperature readings ranged from 24 °C to 30 °C, which 
are optimal for many species of freshwater fish (Fekri et al., 
2018; Payne et al., 2016). Temperature influences metabolic 
rates, growth, and reproductive cycles in fish (Boltana et al., 
2017; Little et al., 2020); therefore, maintaining temperatures 

within this range is beneficial for sustaining fish populations 
(Fangue et al., 2020). The thermal conditions in the Sawang 
River appear to support a productive aquatic ecosystem since 
higher temperatures can enhance growth rates, provided that 
other conditions, such as DO, are also favorable. The water 
flow rates, which ranged from 3.15 to 5.63 s/m, play a 
significant role in the ecological dynamics of the river. Flow 
velocity affects nutrient transport, habitat availability, and the 
migratory patterns of fish species (Hough et al., 2021; Tao et 
al., 2015). The observed flow conditions in the Sawang River 
suggest a dynamic environment that can support various 
stages of aquatic life, particularly during spawning migrations, 
which are critical to the sustainability of fish populations.  

The water quality parameters measured in the Sawang 
River indicate a healthy ecosystem that supports fish life. The 
combination of adequate dissolved oxygen, stable pH, optimal 
temperature, and appropriate flow rates suggests that the river 
is conducive to sustaining diverse aquatic species. Continued 
monitoring and management of these parameters is essential 
to ensure the long-term health of the Sawang River ecosystem. 

 

Conclusions 
This study examined the distribution, biometric 
measurements, and growth patterns of eel fish (A. bicolor) in 
the Krueng Sawang River area of the North Aceh District. A total 
of 100 eels were collected from three sampling stations, with 
Station 2 producing the highest number of specimens, 
indicating favorable conditions due to human activities. Station 
1 had the largest average size and weight, suggesting optimal 
growth conditions, while smaller sizes at Stations 2 and 3 may 
indicate growth limitations. The morphometric analysis 
revealed a negative allometric growth pattern, where the 
increase in length does not correspond proportionally to 
weight. This finding emphasizes the need for ongoing 
monitoring of eel populations to inform conservation 
strategies. Future research should focus on long-term 
monitoring of eel populations, the impact of environmental 
changes on their growth, and the effectiveness of habitat 
restoration efforts to support sustainable eel fisheries. 
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