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Abstract:  

This study provides a detailed comparative analysis of the skeletal structures of two closely related species, 

common red sea bream, Pagrus pagrus, and blue-spotted Pagrus caeruleostictus, found along the eastern Libyan 

coast. One hundred fifty fish (75 from each species) were acquired from the eastern Libyan coast to examine the 

skeletal traits. Morphometric, skeletal traits such as the cranium, vertebral column, and fin girdles were examined 

to explore potential morphological differences linked to ecological niches, behavior, and evolutionary 

adaptations. Results reveal significant differences, with P. caeruleostictus exhibiting larger body size, longer fins, 

and greater cranial dimensions than P. pagrus. Specific skeletal traits, such as vertebral centrum diameter and 

glenoid fossa depth, further differentiate the species, highlighting adaptations to their respective habitats. 

Statistical analysis confirmed significant interspecies variations in most parameters (p < 0.05), emphasizing 

ecological and functional adaptations. These findings provide insights into these species' ecological roles and 

habitat preferences, offering critical information for the region's biodiversity conservation and sustainable 

fisheries management. 
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 الملخص 

   (Pagrus pagrus) تقدم هذه الدراسة تحليلًا مقارناا مفصلًا للهياكل العظمية لنوعين مرتبطين وثيقاا، وهما سمك الدنيس الأحمر

من كل نوع(    75سمكة )   150، المتواجدين على طول الساحل الشرقي لليبيا. تم جمع   (P. caeruleostictus) والدنيس الأزرق المنقط 

من الساحل الشرقي الليبي لدراسة السمات الهيكلية. تم فحص الصفات المورفومترية والهيكلية، مثل الجمجمة، والعمود الفقري، وأحزمة  

ة والسلوك والتكيفات التطورية. أظهرت النتائج فروقات كبيرة، حيث يتميز الزعانف، لاستكشاف الفروقات المحتملة المرتبطة بالمنافذ البيئي 

P. caeruleostictus     بحجم جسم أكبر، وزعانف أطول، وأبعاد جمجمة أكبر مقارنةا بـ P. pagrus  وتبرز بعض السمات الهيكلية

الغلينية، فروقات  الحفرة  الفقرة وعمق  التحليلًت    المحددة، مثل قطر جسم  بيئتيهما. أكدت  تكيفاتهما مع  يبرز  النوعين، مما  بين  إضافية 

، مما يشير إلى التكيفات البيئية والوظيفية. توفر هذه النتائج (P < 0.05) الإحصائية وجود فروقات كبيرة بين النوعين في معظم المعايير

رؤى حول الأدوار البيئية وتفضيلًت الموائل لهذه الأنواع، مما يقدم معلومات حيوية للحفاظ على التنوع البيولوجي والإدارة المستدامة  

 .لمصايد الأسماك في المنطقة

 

 . دراسة مقارنة، الساحل الشرقي الليبي، هياكل العظميةال،  Pagrus pagrus، P. caeruleostictus الكلمات المفتاحية:
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1.1. Introduction 

Physical environmental elements are crucial in influencing the composition of marine communities since 

the interplay between species' physiology and their habitat often dictates distribution patterns over local to regional 

biogeographical scales [1, 2]. The Libyan coast is considered one of the most important marine areas in terms of 

its geographical location, marine biodiversity, and environmental factors related to its habitat [3, 4]. Such an 

environment generates a great variety of marine organisms. Since ancient times, the Libyan coast has been known 

for its rich marine life and has been studied until today [5, 6]. Fish, crustaceans, and mollusks have been the 

marine organisms most targeted by fisheries in this area, which has led to taxonomic studies examining their 

various body parts, such as their skeletal structures [7–9]. There is great interest in studying skeletal structures 

from different perspectives, including human histories, ecological factors, and academic perspectives [10, 11]. 

For several years, much focus has been placed on the structure, composition, and development of the skull in 

teleosts and other vertebrates [12]. Nonetheless, the factors influencing bone shape throughout development 

remain inadequately understood due to the comparatively late onset of bone production [12, 13].  

Comparative studies are one of the most used methods to show the differences and similarities of the 

species [14, 15]. While comparing species, it is easier to see the characteristics [16]. In zoological studies, 

comparing the skeletal structures of fish species provides valuable information on the interrelationship of 

species. The morphological characters of some species in the same genus may help unravel ecological 

relationships and evolutionary processes. Such comparative anatomical studies help understand the main sources 

of variation between closely related forms in a phylogenetic context [17, 18].  

Much research has been done on the taxonomy, growth, reproduction, biology, and feeding habits of 

Pagrus pagrus in the Libyan Mediterranean coastal region [19–21]. The fish species P. pagrus is abundant in the 

eastern Libyan area and is considered one of the most critical targets for fish collection from the Libyan coast [22, 

23]. It is located on the rocky seafloor in shallow water between 20 and 120 m deep, where fishers commercially 

target the fish [23–25]. Despite the importance of this species, only a few studies have been conducted into the 

skeleton of P. pagrus, its bone structure, and its relationship with the fish habitat, type of food, and reproduction 

[26–28]. Meanwhile, P. caeruleostictus is known to exploit more pelagic habitats, suggesting potential 

morphological adaptations for enhanced swimming efficiency and prey capture [29, 30]. Thus, studies in this area 

are required to allow for the scientific production of available knowledge.  

This study aimed to perform a comparative study on P. pagrus and P. caeruleostictus and to compare 

the bone structures of these species of sea breams. The number of bones that comprise the species and their skeletal 

structures were examined. In addition to these popular research purposes, the importance of comparing two 

species from different aspects was expressed. 

2. Material and methods 

2.1. Study Area and Sample Collection 

The study was conducted along the eastern Libyan coast (32.75°N, 22.05°E), a region characterized by 

diverse ichthyofaunal populations and productive marine ecosystems. One hundred fifty fish were collected 

between March and August 2024, comprising 75 individuals per P. pagrus and P. caeruleostictus. Sampling sites 

included coastal regions known for the prevalence of these species. Specimens were captured using gill nets and 

hand lines with assistance from local fishermen. Fish were transported on ice to the laboratory for immediate 

examination. 

2.2. Morphometric Measurements 

Each fish was weighed (to the nearest gram) using a digital balance and measured for total length, 

standard length, and body depth (to the nearest millimeter) using a measuring board. Additional morphometric 

measurements, including pre-dorsal length, head length, and various fin lengths (pectoral, pelvic, caudal), were 

recorded with Vernier calipers to the nearest 0.01 cm. Ratios, such as head and body length, were calculated to 

provide proportional insights into body dimensions. 

2.3. Skeletal and Cranial Analysis 

Specimens were euthanized following ethical guidelines approved by the Libyan Fisheries Research 

Council (Approval Code: LFRC-2024-021). Manual dissection examined skeletal structures, focusing on cranial 
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and vertebral components. Skeletal structures were determined following (Harding et al., 2023). Key 

measurements included: 

Skull length and width: Measured from the anterior tip of the skull to the posterior-most cranial edge. 

Opercle dimension: Assessed by measuring its maximum length and width. 

Glenoid fossa depth: Determined as the socket's depth in the pectoral girdle's scapular region. 

Vertebral centrum diameter: Recorded for the first three vertebrae using micrometers to ensure accuracy. 

2.3. Pharyngeal Tooth Count and Jaw Morphology 

Pharyngeal tooth counts were obtained by dissecting the pharyngeal arches. The teeth were counted 

under a stereomicroscope, distinguishing between species-specific patterns. Jaw length was measured as the 

linear distance between the maxilla's posterior and the mandible's anterior edges. 

2.4. Statistical Analysis 

All data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics 

(mean ± standard error) were calculated for all parameters. Independent sample t-tests were performed to 

compare the means of the two species. Statistical significance was set at P < 0.05. Results were tabulated and 

categorized into morphometric, cranial, skeletal, and fin data to facilitate interpretation. 

3. Results and discussion 

This study compared the morphometric, skeletal, fin morphology, and dietary-functional traits of P. 

pagrus and P. caeruleostictus collected from the Eastern Libyan coast. Significant differences were identified 

across most parameters, highlighting species-specific adaptations to their ecological niches. 

3.1. Morphometric Features 

The morphometric data (Table 1) revealed that P. caeruleostictus exhibited significantly higher mean 

weight, total length, and standard length than P. pagrus. For example, the mean weight of P. caeruleostictus 

(1249.79 ± 15.59 g) was significantly greater than that of P. pagrus (1019.35 ± 10.58 g, P < 0.05; Table 1). Body 

depth and pre-dorsal length also exhibited significant differences, with P. caeruleostictus showing larger 

dimensions. However, the head length-to-body length ratio showed no significant difference (P = 0.47), indicating 

a similar proportional cranial morphology between the two species. These findings suggest that P. caeruleostictus 

has a larger body size than P. pagrus, which may reflect differences in ecological niches or growth strategies. 

These differences suggest that P. caeruleostictus is morphologically adapted for streamlined swimming and 

sustained mobility, which aligns with its predominantly pelagic behavior. Conversely, the smaller, more compact 

body morphology of P. pagrus aligns with adaptations for benthic habitats, as observed in related studies of 

Sparidae [32]. 

Table 1: Morphometric Data of P. pagrus and P. caeruleostictus  (n=75) collected from the eastern 

Libyan coast 

Parameter P. pagrus P. caeruleostictus P value 

Weight (g) 1019.35±10.58 1249.79±15.59 <0.001 

Total length (cm) 45.12±0.23 47.98±0.29 <0.001 

Standard length (cm) 34.95±0.17 36.85±0.21 <0.001 

Body Depth (cm) 12.17±0.12 12.90±0.11 <0.001 

Pre-Dorsal length (cm) 14.89±0.12 16.31±0.16 <0.001 

Head Length to Body Ratio 0.18±0.00 0.18±0.00 0.47 

Mean ± standard error values after statistical analysis by independent samples T-test. 

Fish morphology evolves to concurrently accommodate several activities, such as eating, habitat adaptation, 

and structural protection against predators, which may profoundly influence the development of body form [33, 

34]. The variation in locomotor modes and selective pressures is significant as it indicates a complicated link 

between body form and swimming modes in fish [35] 

The head length-to-body length ratio did not substantially differ between the species (P = 0.47), indicating 

similar proportional cranial development despite variations in overall body size. This finding suggests that both 
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species maintain comparable cranial functionality relative to their size despite other morphometric distinctions 

[36]. 

3.2. Cranial Morphology and Skeletal Dimensions 

The cranial and skeletal measurements (Table 2) underscored significant differences between the two 

species. P. caeruleostictus exhibited larger skull length (8.18 ± 0.06 cm vs. 7.51 ± 0.04 cm, P < 0.05), skull width 

(5.58 ± 0.05 cm vs. 5.07 ± 0.04 cm, P < 0.05), and opercle dimensions (7.08 ± 0.05 cm vs. 6.53 ± 0.03 cm, P < 

0.05). These larger cranial and opercular structures indicate enhanced respiratory and structural support 

mechanisms, which may benefit its pelagic lifestyle [37, 38]. 

The vertebrae count and vertebral centrum diameter were significantly greater in P. caeruleostictus 

(26.05 ± 0.12 and 8.15 ± 0.05 mm) than in P. pagrus (24.91 ± 0.12 and 7.57 ± 0.04 mm, P < 0.05; Table 2).  

Larger vertebral centra in P. caeruleostictus confer greater mechanical strength, skeletal mechanics 

required for stability in benthic environments, and flexibility, which are advantageous for swimming in open water 

[39]. In contrast, the smaller, more compact vertebrae of P. pagrus support its benthic feeding strategies and 

substrate-oriented behavior [40]. This characteristic, combined with its robust opercle dimensions, may offer an 

advantage in habitats with strong currents or substrate interaction. Similarly, the species' differences in caudal fin 

dimensions reflect their ecological roles in P. caeruleostictus for stability and P. pagrus for mobility, as noted in 

studies examining coastal fish morphologies [37, 38]. 

Table 2: Cranial and Skeletal Data of P. pagrus and P. caeruleostictus  (n=75) collected 

from the eastern Libyan coast. 

Parameter P. pagrus 
P. 

caeruleostictus 
P value 

Skull Length (cm) 7.51±0.04 8.18±0.06 <0.001 

Skull Width (cm) 5.07±0.04 5.58±0.05 <0.001 

Opercle Dimension (cm) 6.53±0.03 7.08±0.05 <0.001 

Glenoid Fossa Depth (cm) 1.82±0.02 2.08±0.03 <0.001 

Vertebrae Count 24.91±0.12 26.05±0.12 <0.001 

Vertebral Centrum Diameter (mm) 7.57±0.04 8.15±0.05 <0.001 

Mean ± standard error values after statistical analysis by independent samples T-test. 

3.3. Fin Morphology 

Fin measurements showed significant interspecific differences, as presented in Table 3. P. 

caeruleostictus exhibited longer pectoral, pelvic, and caudal fins than P. pagrus. For instance, the pectoral fin 

length in P. caeruleostictus was 13.03 ± 0.07 cm, while in P. pagrus, it was 12.02 ± 0.06 cm (P < 0.05). Similarly, 

the caudal fin length was 12.09 ± 0.07 cm in P. caeruleostictus and 10.93 ± 0.06 cm in P. pagrus (P < 0.05). 

These elongated fins are consistent with pelagic adaptations, providing enhanced propulsion and maneuverability 

in open water [41, 42].  

Table 3: Fin Morphology of P. pagrus and P. caeruleostictus  (n=75) collected from the eastern 

Libyan coast. 

Parameter P. pagrus P. caeruleostictus P value 

Pectoral Fin Length (cm) 12.02±0.06 13.03±0.07 <0.001 

Pelvic Fin Length (cm) 6.82±0.05 7.20±0.06 <0.001 

Caudal Fin Length (cm) 10.93±0.06 12.09±0.07 <0.001 

Dorsal Fin Rays 11.04±0.05 11.98±0.07 <0.001 

Anal Fin Rays 10.04±0.06 10.99±0.07 <0.001 

Pectoral Fin Rays 13.95±0.06 15.01±0.07 <0.001 

Mean ± standard error values after statistical analysis by independent samples T-test. 

The differences in fin morphology suggest enhanced swimming performance in P. caeruleostictus, likely 

reflecting adaptation to specific ecological requirements, such as higher mobility or distinct hydrodynamic 

conditions in their habitats [35]. 

Conversely, P. caeruleostictus showed significantly longer pectoral and caudal fins relative to body size, 

indicating better swimming efficiency and mobility. Such adaptations are likely responses to differences in habitat, 
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as pelagic environments often favor enhanced locomotion [43]. These findings align with studies of other 

Sparidae, where longer fins correlate with open-water movement [44]. 

In contrast, P. pagrus exhibited shorter fins suited to benthic environments where maneuverability around 

obstacles and slower, deliberate movement are more critical. Similar adaptations in fin morphology have been 

noted in other Sparidae species occupying structured habitats [45]. 

3.4. Dietary and Functional Features 

The pharyngeal tooth count (Table 4) was significantly higher in P. caeruleostictus (54.34 ± 0.41 vs. 

49.56 ± 0.32, P < 0.05), suggesting its adaptation to consuming hard-shelled prey like mollusks, a dietary trait 

often linked to skeletal robustness and greater dietary versatility, particularly for crushing or processing prey items 

[46]. Additionally, P. caeruleostictus had significantly greater jaw length (5.00 ± 0.03 cm vs. 4.52 ± 0.03 cm, p < 

0.001) and cranial width (4.06 ± 0.06 cm vs. 3.47 ± 0.04 cm, P < 0.05; Table 4), supporting adaptations for more 

complex feeding mechanics. 

The shorter jaw length and narrower cranial width of P. pagrus align with its benthic feeding strategies, 

where prey may be easier to capture but requires precise manipulation [47, 48]. 

Table 4: Dietary and Functional Features of P. pagrus and P. caeruleostictus  (n=75) collected from the 

eastern Libyan coast. 

Parameter P. pagrus P. caeruleostictus P value 

Pharyngeal Tooth Count 49.56±0.32 54.34±0.41 <0.001 

Jaw Length (cm) 4.52±0.03 5.00±0.03 <0.001 

Cranial Width (cm) 3.47±0.04 4.06±0.06 <0.001 

Spine Length (cm) 5.12±0.05 5.53±0.06 <0.001 

Mean ± standard error values after statistical analysis by independent samples T-test. 

3.5. Ecological Implications 

The observed differences underscore distinct ecological roles for these species. P. pagrus appears 

specialized for benthic environments, with a more compact body, robust skeletal features, and feeding adaptations 

suited for substrate-associated prey [49]. In contrast, P. caeruleostictus exhibits traits favoring pelagic foraging 

and mobility, such as larger overall size, elongated fins, and enhanced cranial dimensions. These findings align 

with prior studies on habitat-driven morphological adaptations in Sparidae species [50, 51].  

3.6. Fisheries and Conservation Implications 

The differences between these species highlight the importance of species-specific management strategies. 

For instance, the larger, more mobile P. caeruleostictus may be more vulnerable to overfishing due to its pelagic 

nature and increased catchability in open waters [52]. In contrast, P. pagrus may require habitat protection to 

maintain benthic ecosystems essential for its survival [53]. 

4. Conclusion 

This study highlights significant morphological and skeletal differences between P. pagrus and P.caeruleostictus 

on the Eastern Libyan coast, reflecting their distinct ecological adaptations. P. caeruleostictus is larger, with 

longer fins and enhanced cranial dimensions suited to pelagic habitats, while P. pagrus shows traits favoring 

benthic environments, including compact body morphology and skeletal adaptations. These findings emphasize 

the need for species-specific conservation strategies and further ecological and genetic research to understand the 

implications of these differences for biodiversity and fisheries management. 
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