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Abstract: This study evaluates whether otolith morphometric descriptors can reliably reflect growth patterns in the deep-sea fish Chlorophthalmus agassizi 
(Bonaparte, 1840) and assesses the additional explanatory value of artificial neural network (ANN) models compared with classical approaches. A total of 95 
specimens were collected monthly between September 2006 and September 2008 by trawling at depths of 100–500 m in Saros Bay (North Aegean Sea). Mean 
total length and weight were 11.43±0.22 cm (range:7.2–17.1 cm) and 11.07±0.66 g (range:1.88–33.42 g), respectively. Otolith weight ranged from 0.0016 to 0.0067 
g, while otolith length varied between 2.73 and 4.37 mm. Relationships among total length (TL), total weight (TW), otolith length (OL), and otolith weight (OW) were 
examined using both classical regression analyses and ANN-based predictions. Strong relationships were observed for TL–TW (R²=0.95), TL–OL (R²=0.90), TL–
OW (R²=0.88), and OL–OW (R²=0.86), whereas the TW–OW relationship showed lower explanatory power (R²=0.65). These findings indicate that otolith 
morphometrics provide reliable proxies for growth patterns in C. agassizi, while ANN models offer complementary insights into potential nonlinear relationships. 
Keywords: Shortnose greeneye, deep sea fishes, morphometric analysis, otolith structure, machine learning 

Öz: Bu çalışma, otolit morfometrik tanımlayıcılarının derin deniz balığı Chlorophthalmus agassizi (Bonaparte, 1840)’da büyüme desenlerini güvenilir şekilde yansıtıp 
yansıtamayacağını ve yapay sinir ağı (ANN) modellerinin klasik yaklaşımlara kıyasla sağladığı ek açıklayıcı değeri değerlendirmektedir. Toplam 95 birey, Eylül 
2006 ile Eylül 2008 tarihleri arasında Saros Körfezi’nde (Kuzey Ege Denizi) 100–500 m derinliklerde trol ile aylık olarak örneklenmiştir. Ortalama toplam boy ve 
ağırlık sırasıyla 11.43±0.22 cm (aralık:7.2–17.1 cm) ve 11.07±0.66 g (aralık:1.88–33.42 g) olarak belirlenmiştir. Otolit ağırlığı 0.0016–0.0067 g arasında değişirken, 
otolit uzunluğu 2.73–4.37 mm aralığında bulunmuştur. Toplam boy (TL), toplam ağırlık (TW), otolit uzunluğu (OL) ve otolit ağırlığı (OW) arasındaki ilişkiler hem 
klasik regresyon analizleri hem de ANN tabanlı tahminler kullanılarak incelenmiştir. TL–TW (R²=0.95), TL–OL (R²=0.90), TL–OW (R²=0.88) ve OL–OW (R²=0.86) 
ilişkileri güçlü bulunurken, TW–OW ilişkisi daha düşük açıklayıcılık göstermiştir (R²=0.65). Bu bulgular, otolit morfometrisinin C. agassizi’de büyüme desenleri için 
güvenilir bir gösterge olduğunu ortaya koyarken, ANN modellerinin olası doğrusal olmayan ilişkiler hakkında tamamlayıcı bilgiler sunduğunu göstermektedir. 
Anahtar kelimeler: Yeşilgöz balığı, derinsu balıkları, morfometrik analiz, otolit yapısı, makine öğrenmesi 

INTRODUCTION 
The deep sea is defined as the region below the epipelagic 

zone (deeper than 200 meters), where sunlight does not 
penetrate. The animal communities found here are quite 
different from those in other regions. Characteristics of deep-
sea species include slow growth, long lifespans, late sexual 
maturity, low egg production, and extreme sensitivity to 
environmental variables. Therefore, the pelagic ecosystem is a 
fragile environment with a low likelihood of recovery once 
damaged. Deep-sea fish stocks are extremely vulnerable to 
fishing; due to their low reproductive rates, they collapse 
quickly and recover very slowly (Öz, 2023). 

Evaluating the biodiversity of deep-sea ecosystems is 
crucial for understanding their stability and vulnerability to 
disturbances (Merrett and Haedrich, 1997). Therefore, the 
long-term sustainability of fisheries depends on enhanced 

management and effective utilization of marine resources 
(Merrett and Haedrich, 1997; Jacquet, 2011), which requires a 
thorough understanding of the impacts of trawling on marine 
ecosystems. Studying deep-sea ecosystems is important for 
assessing the ecological risks posed by fishing activities. Given 
the significant changes that fishing can cause, pre- and post-
fishing assessments are vital to determine the extent of these 
impacts (Atkinson et al., 2011; Paramo et al., 2012). 

Research on the biology and population structure of deep-
sea fish has increased in recent years. This may be due to the 
high sensitivity of deep-sea species to environmental change 
and anthropogenic pressures (Koslow et al., 2000; Merrett and 
Haedrich, 1997). Deep-sea species generally grow slowly, 
reach sexual maturity later, and have low reproductive 
capacity, making them highly vulnerable to hunting and habitat 
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loss (Merrett and Haedrich, 1997). Therefore, it is important to 
investigate the ecology of deep-sea species and take 
measures to protect them (Clark et al., 2016).  Ear stones 
(otoliths) have long been considered reliable tools for  
age determination and growth studies in teleost fishes 
(Campana, 2001). These structures provide valuable 
information not only for age estimation but also for  
otolith morphometry, which allows for stock identification, 
habitat use, and growth parameters among populations  
(Tuset et al., 2008). Morphometric traits such as otolith length, 
width, and weight often show significant relationships with  
size and age of the fish and can be used as indicators of 
differences among populations (Lombarte and Lleonart, 1993). 
However, studies on the otolith morphology and growth of C. 
agassizi are quite limited; only a few studies have been 
conducted in the Ionian Sea, the Aegean Sea, and the Eastern 
Mediterranean Sea (Anastasopoulou et al., 2006; Başusta et 
al., 2015). 

The Northern Aegean Sea, particularly the Gulf of Saros, 
forms an ecologically unique region at the interface between 
the Black Sea and the Mediterranean water masses (Ünlüata 
et al., 1990). This dynamic hydrographic structure hosts a 
diverse fish community, including deep-sea taxa. However, 
there is virtually no information available on the biology and 
growth of C. agassizi in this region. Filling this knowledge gap 
is crucial not only for understanding the biological 
characteristics of this rare species but also for assessing the 
structure of deep-sea fish communities in the Northern Aegean 
Sea. 

The Shortnose Greeneye, scientifically known as C. 
agassizi Bonaparte, 1840, a member of the family 
Chlorophthalmidae, is a demersal fish species typically found 
inhabiting benthic environments with muddy substrates. Its 
distribution spans bathymetric depths ranging from 50 to 1000 
meters. It is relatively rare deep-sea benthopelagic species 
inhabiting the continental slopes of the Eastern Atlantic and the 
Mediterranean Sea (Whitehead et al., 1986). Although C. 
agassizi is not considered a commercially important species, 
its ecological role within deep-sea ecosystems is significant, as 
it contributes to energy transfer between benthic and pelagic 
compartments and serves as prey for larger predatory fishes 
(Macpherson, 1981). 

In Turkish waters, C. agassizi lives in the Aegean and 
Mediterranean Seas (Mater et al., 2010). Studies carried out in 
Türkiye and around the world are mostly focused on length-
weight relationships of the species (Edelist, 2014; Bilge et al., 
2014; Basusta et al., 2015; Merella et al., 1997; Erdoğan et al., 
2024; Chi-Espínola et al., 2023), morphometric measurements 
(Özaydın et al., 2007; Filiz and Bilge, 2004), distribution, 
population parameters (Dalyan et al., 2021; Bayhan et al., 
2018; Ramírez et al., 2019; Dereli et al., 2021; Vega-Cendejas 
et al., 2023), and its feeding (Anastasopoulou and Kapiris, 
2008; Sever et al., 2013; Viji et al., 2017), reproduction 
(Cabiddu et al., 2010) and otolith biometry (Coşkun, 2025). 

Otolith morphometrics has been widely used as a valuable 
tool for investigating growth dynamics and life-history traits in 
fishes; however, its ability to reliably reflect growth patterns in 
deep-sea species remains insufficiently tested. Given the 
inherent limitations of deep-sea datasets, including slow 
growth rates and narrow size ranges, the present study 
explicitly addresses the following research question: can otolith 
morphometric descriptors serve as robust proxies for growth 
patterns in the deep-sea fish C. agassizi, and do artificial neural 
network (ANN) models provide additional explanatory power 
compared with classical morphometric approaches? By 
directly testing this relationship using systematically collected 
samples from the North Aegean Sea, this study moves beyond 
descriptive assessment and provides a hypothesis-driven 
evaluation of otolith–growth linkages. 

The present study aims to provide length-weight 
relationship and morphometric information on the otolith 
structure and describe the growth patterns of C. agassizi in the 
Gulf of Saros. Specifically, otolith morphometric indices, age 
structure, and growth parameters were examined, thus 
contributing to the limited literature on this rare deep-sea fish. 
It also provides essential information for ecological and 
fisheries research in the region. In this context, this study 
explicitly tests whether otolith morphometric descriptors can 
reliably reflect growth patterns in C. agassizi, and evaluates 
whether ANN-based models provide additional explanatory 
power compared to classical morphometric approaches. 

MATERIALS AND METHODS 
A cumulative total of 95 specimens were documented on a 

monthly basis from September 2006 to September 2008 at 
depths that varied between 100 and 500 meters within Saros 
Bay, located in the Aegean Sea, utilizing a commercial bottom 
trawl net (Figure 1). The bottom trawl net with a mesh size of 
44 mm was towed for 30 minutes at a speed of 2.5 knots per 
hour. 

 
Figure 1. Trawl sampling locations within Saros Bay, situated in the 
North Aegean Sea  
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The total length (TL) of each specimen was assessed with 
precision to the nearest millimeter, and the mass was recorded 
with an accuracy of 0.01 grams. The lengths of otoliths were 
quantified with a precision of ±0.01mm derived from digital 
imagery, while the weights of the otoliths were meticulously 
documented to ±0.0001 grams utilizing a highly sensitive 
digital balance. 

Linear regression analysis (y=a+bx) was used to evaluate 
the relationships between total length and otolith length (TL–
OL), total length and otolith weight (TL–OW), and total weight 
and otolith weight (TW–OW). A power model (y=axb) was used 
to describe the relationship between otolith length and otolith 
weight (OL–OW). The coefficient of determination (R2) was 
calculated for each relationship. OL denotes otolith length, 
OW signifies otolith weight, TL represents total fish length, TW 
indicates total fish weight, while a and b are associated 
parameters (Sparre and Venema, 1998). The length-weight 
relationship of the specimens was determined utilizing the 
equation W=a×Lb. Here, W represents total weight (g), L 
denotes total length (cm), and a and b are regression 
coefficients (Ricker, 1975). The various growth forms of fish 
were identified through the implementation of Student's t-test 
as delineated by the equation proposed by Sokal and Rohlf 
(1981): ts=(b–3)/SE(b), where ts represents the t-test value, b 
denotes the slope, and se(b) signifies the standard error 
associated with the slope. The value of b serves as an 
indicator of the fish's growth type: a b value of 3 signifies 
isometric growth, whereas deviations from this value indicate 
allometric growth (specifically, negative allometry is 
characterized by b<3 and positive allometry is characterized 
by b>3). All statistical evaluations were performed at a 
significance level of 5%. 

For the regression parameters the two model were tested, 
Classical Model and Artificial Neural Network (ANN)  
Model. The predictive accuracy of the model evaluated  
using: Mean Absolute Error (MAE), Root Mean Square Error 
(RMSE) and Mean Absolute Percentage Error (MAPE).  
The MAPE interpreted according to the scale of Lewis (1982), 
where values blow 10% indicate excellent prediction,  
values between 10-20% indicate good prediction, values 
between 20-50% indicate acceptable, and values over 50% 
indicate bad prediction. All analyses were performed in Phyton 
using the pandas, numphy, statsmodels, and scikit-learn 
libraries.  

RESULTS 

A total of 95 specimens were analyzed. The total length 
and weight of C. agassizi in Saros Bay, ranged from 7.2cm  
to 17.1cm with a mean of 11.43±0.22cm and from  
1.88g to 33.42g with a mean of 11.07±0.66g. The dimensions 
of otolith length and weight exhibited a range from 2.73mm  
to 4.37mm (mean:3.21±0.11) and from 0.0016g to 0.0067g 
(mean: 0.0038±0.0003), respectively. The variances  
in morphometric parameters between the left and right  

otoliths of C. agassizi were determined to be statistically 
insignificant (t-test, P>0.05). Consequently, the right  
otolith was chosen for further morphometric examination 
(Figure 2). 

 
Figure 2. Image of right sagittae of C. agassizi (Otolith Length=3.7 mm) 

The following relationships were calculated (Figure 3, 4, 5, 
6, 7): Total length – total weight relationship TW=0.004×TL3.16 
(R2=0.95), (95% CI for b=3.01-3.30) The relationship between 
total length and otolith length is represented by the equation 
OL=0.2129×TL+0.731 (R²=0.90). The correlation between total 
length and otolith weight is expressed by the equation 
OW=0.0007×TL-0.0043 (R²=0.88). Furthermore, the relations 
hip between otolith length and otolith weight is articulated 
through the equation OW=0.0002×OL2.70 (R²=0.86). Total  
weight – otolith weight relationship OW=0.0002×TW+0.0014 
(R²=0.65). 

The classical log–log regression model produced a  
highly significant relationship between total length and  
total weight (p<0.001). The estimated parameters  
were biologically consistent with growth patterns.  
The model’s predictive errors were low: MAE=1.11g, 
RMSE=1.54g, MAPE=10.9%. According to the criteria  
of Lewis (1982), the MAPE value indicates good predictive 
performance. These results confirm that the power  
function provides an accurate representation of the  
length-weight relationship. In contrast, the ANN  
model yielded a MAPE value of 45.2% indicating  
only acceptable capability. The ANN approach  
did not outperform the traditional length-weight regression 
model. 

 
Figure 3. Length-weight relationship parameters of C. agassizi 
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Figure 4. Otolith length-otolith weight relationship parameters of C. 
agassizi 

 
Figure 5. Total length-otolith weight relationship of C. agassizi 

 
Figure 6. Total length-otolith length relationship parameters of C. 
agassizi 

 
Figure 7. Total weight-otolith weight relationship parameters of C. 
agassizi 

The analysis of the model performance metrics (MAE, 
RMSE, MAPE) are shown in Table 1, where classical 
regression models consistently outperform Atrificial Neural 
Network (ANN) models across all variable combinations. 
Table 1. Performance metrics of classical regression and ANN 
models for morphometric predictions 

Model MAE RMSE MAPE 
Classic (TL-TW) 1.1 1.5 10.92 
ANN (TL-TW) 4.5 5.9 45.18 
Classic (OL-TL) 0.5 0.6 4.19 
ANN (OL-TL) 1.15 1.45 9.72 
Classic (OL-OW) 0.0004 0.0005 11.87 
ANN (OL-OW) 0.0009 0.0012 22.54 
Classic (TL-OW) 0.0004 0.0005 12.11 
ANN (TL-OW) 0.0009 0.0012 22.76 

The TL-OL classical model yields the best overall 
performance with MAPE=4.19%, representing excellent forecast 
accuracy. In comparison, the ANN model for the same 
relationship shows a moderate increase in error (MAPE=9.72%), 
yet still falls the excellent accuracy threshold (<10%). This clearly 
supports the superiority of the classical approach for this 
transformation, while also showing that ANN can still perform 
well for relationship with strong linear components. 

For the OW related models (OL-OW, TL-OW) error values 
remain low for both modelling techniques. Classical model 
produce MAPE values around 11-12%, corresponding to good 
forecast accuracy (10-20% range), whereas ANN models yield 
higher MAPE values (22-23%), which reflect moderate 
accuracy. Despite the overall low absolute errors in these 
models, the consistent pattern of higher MAPE in ANN 
reinforces the conclusion that classical regression provides 
more reliable predictions for these variable pairs.  

DISCUSSION 
This research offers significant understanding regarding 

the developmental patterns and otolith morphometric 
associations of C. agassizi in Saros Bay, located in the 
Northern Aegean Sea. The observed length-weight 
relationship suggests a positive allometric growth, indicating 
that larger individuals of C. agassizi gain weight at a faster rate 
than smaller individuals. This allometric growth pattern is 
consistent with findings from other deep-sea fish species, 
where adaptations to energy storage are critical for survival in 
the nutrient-limited and often harsh conditions of deep-sea 
environments (Edelist, 2014; Bilge et al., 2014). To this point, 
no other research has elucidated the otolith morphometry of C. 
agassizi within the marine environments of Turkey. A limited 
number of investigations have scrutinized the length-weight 
relationship of the species, the majority of which have indicated 
a positive allometric correlation. However, b value below 3 
were calculated in studies by Diaz et al. (2000), Borges et al. 
(2003), Giacalone et al. (2010), and De La Hoz et al. (2016). 
Research carried out to this point concerning the length-weight 
relationship is presented in Table 2. The observed differences 
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between these studies can likely be attributed to variations in 
sample size and regional differences. The high r² values for 
length-weight and otolith morphometric relationships in our 
study, suggest that these parameters can reliably reflect the 
growth and physiological condition of C. agassizi and can serve 

as useful proxies for assessing fish size and health in future 
population studies. The notable correlations among total 
length, otolith length, and otolith weight suggest that otolith 
morphometrics may serve as a dependable approach for 
estimating ichthyological size and age.

Table 2. LWR parameters ascertained by various researchers for C. agassizii 
Author Area n Sex TLmin (cm) TLmax (cm) a b r2 SEb G 
Wilk et al. (1978) New York Bight 134    0.00312 3.38    
Merella et al. (1997) Balaeric Island  39  9.1 17.7 0.003 3.28 0.98   
Diaz et al. (2000) Caribbean Sea 108  5.0 17.0 1.21 E-05 2.82 - -  
Borges et al. (2003) Algarvae 6  8.5 15.5 0.00786 2.90 0.92   
Filiz and Bilge (2004) Sıgacık, North Aegean Sea 378  7.7 17.5 0.00270 3.37 0.98   
Anastasopoulou et al. (2006) Ionian Sea 4200 F+M 4.5 20.1 0.0000026 3.17 0.98 - - 
Giacalone et al. (2010) Gulf of Castellammare 34    0.0090 2.94 0.92   
Innal et al. (2012) Gulf of Antalya 319 F+M 7.5 18.2 0.0066 3.03 0.936   
Bilge et al. (2014) Atlanto-Mediterranean 889 F+M 5.0 18.7 0.0033 3.28 0.960 0.022 A+ 
Edelist (2014) Southeastern Mediterranean 78 F+M 4.0 12.5 0.0065 3.05 0.909 0.016  

Başusta et al. (2015) Northeast Mediterranean 
454 F+M 7.0 18.6 0.0038 3.24 0.969 0.089 A+ 
165 F 7.0 18.6 0.0035 3.28 0.982 0.071 A+ 
289 M 7.0 17.5 0.0049 3.13 0.944 0.098 A+ 

De La Hoz et al. (2016) Caribbean Sea 220    0.00720 2.90 0.945   
Chi-Espinola et al. (2023) Gulf of Mexico 74 F+M 11.4* 19.5* 0.0038 3.40 0.952 - A+ 

Erdoğan et al. (2024) İskenderun Bay 
209 F+M 8.4 17.2 0.0017 3.55 0.942 0.061 A+ 
124 F 8.4 17.2 0.0025 3.42 0.944 0.075 A+ 
85 M 9.6 17.0 0.0013 3.65 0.941 0.101 A+ 

This study Saros Bay, North Aegean Sea 95 F+M 7.2 17.1 0.0045 3.16 0.95 0.073 A+ 
n: number of specimens, F: Female, M: Male, *: Standart Length, TLmin.: Minimum Total Length, TLmax.: Maximum Total Length, a and b: equation parameters, r2: correlation factor, 
SEb: standard error b, G: growth type, A+: positive allometry

In particular, the correlation between total length and otolith 
weight (r²=0.88) emerges as a valuable instrument for stock 
assessments, given that otolith weight can be determined with 
minimal processing and may function as an expedient indicator 
of fish size. This finding aligns with previous research on deep-
sea species, where otoliths have been utilized as a key method 
for aging and estimating fish growth in environments where 
direct observations of fish populations are difficult 
(Anastasopoulou and Papakonstantinou, 2007; Paramo et al., 
2012). Coşkun (2025)’s findings from the Northeastern 
Mediterranean showed that otolith dimensions in C. agassizi 
increased with fish length and weight. Our data from Saros Bay 
also support this general trend; however, the differences in 
otolith measurements indicate that region-specific otolith–body 
relationships should be calculated for this species. 

Although the shortnose greeneye is recognized as a 
significant component of the Mediterranean deep-sea fish 
assemblages (D’Onghia et al., 2006), there exists a paucity of 
information regarding the size composition, depth distribution, 
growth patterns, reproductive behaviors, or mortality rates of 
this species within the confines of Saros Bay, situated in the 
Northern Aegean Sea. The otolith measurement data derived 
from this investigation will enhance local resource 
management practices and act as a reference point for 
evaluating the impacts of fishing on this previously unexploited 
population. In subsequent research endeavors, extending the 
duration of sampling and analyzing the effects of environmental 
variables could yield a more nuanced comprehension of the 
population dynamics associated with this species. 

The present study compared the predictive performance of 
classical regression models and Artificial Neural Networks 
(ANN) for estimating relationships TL-TW, OL-TL, OL-OW, and 
TL-OL variables. The results consistently demonstrated that 
classical regression models outperform ANN models in terms 
of prediction accuracy across all variable combinations. In 
particular, the classical OL-TL model exhibited the highest 
performance, with a MAPE value below 5%, which is classified 
as excellent accuracy according to widely excepted error 
interpretation threshold (Lewis, 1982; Hyndman and Koehler, 
2006). This suggest that the OL-TL relationship follows a linear 
structure that can be efficiently captured by a simple paramedic 
model, minimizing estimation errors. 

In contrast, ANN models yielded higher error rates, most 
notably in the TL-TW relationship where the ANN produced a 
MAPE of 45%, corresponding to reasonable to poor accuracy 
levels. High ANN error values may be attributed to several well-
documented factors. First, ANNs typically require larger data 
sets and carefully tuned hyper parameters to avoid over fitting 
or underfitting (Bishop, 1995; Zhang et al., 1998). Given the 
moderate size and linear nature of the dataset, the ANN may 
not have been able to effectively learn the underlying functional 
relationship. Additionally, classical models often outperform 
ANNs when the true relationship is predominantly linear, as 
simpler models introduce less variance and exhibit greater 
generalizability (Shmueli, 2010). 

For the OW related models, both techniques produced low 
absolute errors; however, classical regression continued to 
outperform ANN, with MAPE values in the good accuracy 
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range (10-20%), compared to the ANN model’s moderate 
accuracy (20-50%). This consistent pattern reinforces the 
conclusion that ANNs offered no practical advantage for the 
transformations examined in this study. Similar findings have 
been reported in ecological modelling and fisheries biology, 
where ANN performance is highly dependent on data volume, 
noise and nonlinear complexity (Lek and Guégan, 1999; Olden 
et al., 2004). When these conditions are not met, traditional 
statistical methods often remain more reliable. 

The superior performance of classical models in the 
present analysis suggest that the variable relationship 
examined here exhibit strong linear tendencies, making them 
well suited to parametric approaches. While ANNs are powerful 
tools for capturing complex and nonlinear interactions, their 
advantages typically emerge only under high- dimensional of 
high nonlinear data structures-conditions not evident in this 
study. These findings are consistent with previous comparative 
modelling research in marine biology, morphometric prediction, 
and ecological forecasting (Guisan and Zimmermann, 2000; 
Özesmi and Özesmi, 1999) which also concluded that model 
choice should be driven by the underlying data characteristics 
rather than algorithmic complexity. 

Overall, integration of both the performance metrics and 
standard MAPE interpretation threshold reveals a consistent 
trend: Classical regression models outperform ANN model in 
accuracy, stability, and predictive reliable across all tested 
relationship. These results connectively suggest that the 
underlying data structure is predominantly linear, and that ANN 
models-requiring larger sample sizes and more complex 
parameter optimization-do not offer an advantage for the 
examination transformations. 

In summary, the current findings highlight the importance 
of selecting modelling approaches that align with both the 
structure of the dataset and the complexity of the biological 
relationships being examined. Classical regression models 
demonstrated superior productive ability, stability, and 
interpretability, making them more suitable for the 
transformations considered in this study. Future research may 
explore hybrid modelling approaches, cross-validation with 
expanded datasets, or ANN architectures optimized for small-
sample ecological data to further evaluate the generalizability 
of these conclusions. Furthermore, historical biological 
datasets provide valuable baselines for assessing long-term 
ecological changes and avoiding the shifting baseline 
syndrome (Pauly, 1995; Mc Clenachan et al., 2012). Given the 
limited information on the otolith biometry of C. agassizi in the 
northern Aegean Sea, the present study offers a historical 
reference for future temporal and regional comparisons. 

CONCLUSION 
This study presents the first comprehensive analysis of 

otolith morphometrics and growth patterns of C. agassizi from 
Saros Bay, North Aegean Sea. The results revealed a positive 
allometric growth pattern and strong correlations between 
otolith morphometric indices and body size parameters. The 
absence of significant differences between left and right 

otoliths further supports the reliability of otolith-based analyses 
for this species. Strong correlations between fish total length, 
otolith length, and otolith weight highlight the potential of otolith 
morphometrics as reliable indicators for estimating fish size 
and age in deep-sea populations. These findings offer valuable 
baseline data that can support future ecological and fisheries 
management efforts, particularly given the current lack of 
information on this species in the region. Moreover, the data 
provide a critical reference for assessing potential impacts of 
emerging fishing activities on this previously unexploited deep-
sea population. Expanding the temporal scope of sampling and 
incorporating environmental variables in future studies will 
further enhance understanding of C. agassizi’s population 
dynamics and contribute to the conservation of deep-sea 
biodiversity in the Northern Aegean Sea. For our data, classical 
regression models generally provided more accurate and 
stable predictions of morphometric relationships than artificial 
network. Although ANN models showed acceptable 
performance in some variable combinations, their accuracy 
remained highly dependent on data structure and sample size. 
Classical regression, by contrast, yielded consistently lower 
MAE, RMSE, and MAPE values, particularly for the OL-TL 
relationship. Overall, the results highlight the importance of 
selecting modelling techniques according to data 
characteristics rather than methodological complexity. 
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