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Abstract
The Libyan Mediterranean coast, extending about 1,900 km, is inhabited by a diverse range of chondrichthyan species, such as sharks, rays, and chimaeras. Although these species are abundant, detailed information on their distribution, population levels, and threats is limited. This research offers a comprehensive assessment based on field surveys, landing-site inspections, and structured interviews with local fishermen conducted throughout 2024 (January–December). A total of around 58 species from 24 families were documented, with sharks being the most numerous. The greatest species diversity was found in the Gulf of Sirte and the eastern ports of Tobruk and Derna. Major threats include bycatch, targeted fishing, habitat loss, and insufficient monitoring. To mitigate these issues, the study advocates for systematic monitoring, improved legal enforcement, the creation of marine protected areas (MPAs), and increased public awareness efforts.
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الملخص
يمتد الساحل الليبي على البحر الأبيض المتوسط لمسافة تقارب 1,900 كم، ويضم مجموعة متنوعة من الأسماك الغضروفية مثل أسماك القرش والشفانين والكيميرا. وعلى الرغم من وفرة هذه الأنواع، فإن المعلومات التفصيلية حول توزيعها ومستويات تجمعاتها والتهديدات التي تواجهها لا تزال محدودة. تقدم هذه الدراسة تقييمًا شاملًا استنادًا إلى مسوحات ميدانية، وفحوصات في مواقع إنزال المصيد، ومقابلات منظمة مع الصيادين المحليين أُجريت خلال عام 2024 (يناير–ديسمبر). وقد تم توثيق ما يقارب 58 نوعًا تنتمي إلى 24 عائلة، وكانت أسماك القرش الأكثر عددًا. وسُجل أعلى تنوع للأنواع في خليج سرت والموانئ الشرقية في طبرق ودرنة. وتشمل التهديدات الرئيسية الصيد العرضي، والصيد الموجَّه، وفقدان الموائل، وضعف الرصد والمتابعة. وللتخفيف من هذه المشكلات، تدعو الدراسة إلى تنفيذ رصد منهجي، وتعزيز تطبيق القوانين، وإنشاء مناطق بحرية محمية وزيادة جهود التوعية العامة.                     
الكلمات الدالة: الأسماك الغضروفية، أسماك القرش، الشفانين، ليبيا، البحر الأبيض المتوسط، الحماية	
1. Introduction
Sharks, rays, and chimaeras, the cartilaginous anchors of our oceans, are far more than just predatory icons; they are the literal architects of marine stability, dictating the flow of energy and the very structure of biological communities (Ricci et al., 2021; Fernández-Corredor et al., 2024). In their role as apex and macropredators, they keep the trophic balance in check across both sunlit coasts and the mysterious offshore depths. Yet, there is a tragic irony in their biological design. Their (K-selected) life strategy, characterized by long lifespans, late blooming into sexual maturity, and frustratingly low reproductive rates, makes them incredibly fragile when faced with the relentless pace of human activity. This vulnerability isn't just a theory; it’s a global crisis.
The Mediterranean Sea has unfortunately become a premier high-risk zone, where over half of the assessed species are now staring down the threat of extinction (Follesa et al., 2019; Consales & Marsili, 2021; Ruiz-García et al., 2023; Giovos et al., 2024). While the Mediterranean and Black Seas together host a vibrant cast of roughly 88 species, decades of aggressive fishing, accidental bycatch, and a changing climate have triggered a sobering decline, leading to localized extinctions that we can no longer ignore (Meléndez et al., 2017; Follesa et al., 2019; Serena et al., 2020). Stretching nearly 2,000 km along the southern rim of the basin, the Libyan coastline is a spectacular tapestry of habitats from rugged rocky shores and vast seagrass meadows to the plunging slopes of the continental shelf (Serena et al., 2020; Shakman et al., 2023). On paper, these waters are an ideal sanctuary, but in reality, they are the site of a constant, often invisible, collision between wildlife and industry. We see this in the tuna longline operations where sharks and rays are frequently caught as collateral damage, and in the surprising appearance of species like the tiger shark Galeocerdo cuvier, which suggests our current inventories are struggling to keep up with a changing sea (Shakman et al., 2023). Across the wider Mediterranean, the cumulative weight of trawling and sustained exploitation has thinned out populations so much that recovery is painfully slow (Damalas & Vassilopoulou, 2011; Ramírez-Amaro et al., 2020; Peristeraki et al., 2020; Follesa et al., 2020; Ruiz-García et al., 2023; Fiorentino et al., 2024). 
There’s a persistent hope that the southern Mediterranean, and Libyan waters in particular, might act as a "refuge" or a vital nursery for these ancient mariners, but we are still missing the hard evidence to prove it (Follesa et al., 2019; Shakman et al., 2023). We are essentially flying blind without long-term monitoring, and even our basic identification skills are being challenged; DNA barcoding has recently exposed a significant gap between what we think we see at the docks and what the genetics actually tell us (Cariani et al., 2017; Serena et al., 2020). Libya occupies a pivotal spot on the map, bridging the east and west, yet our conservation efforts remain a fragmented patchwork of rules that often lack real "teeth" due to weak enforcement and messy data (Meléndez et al., 2017; Follesa et al., 2019; Shakman et al., 2023; Fernández-Corredor et al., 2023; Fiorentino et al., 2024; Fitori & Fituri, 2024). This study, therefore, isn't just an academic exercise; it’s an urgent mission to build a baseline of who is left, where they live, and how we can stop their quiet disappearance from our shores.


2.  Materials and Methods
2.1 Study Area
This research was carried out along the Libyan Mediterranean coast, which spans approximately 1,900 km and encompasses a diverse array of coastal and offshore habitats. For analytical purposes, the coastline was divided into three main geographic sectors, reflecting major fishing grounds and the distribution of ports:
· Western Region (WR): Ras Ajdir, Tripoli, and Zuwara
· Central Region (CR; Gulf of Sirte): Gulf of Sirte, Misrata, and Brega
· Eastern Region (ER): Benghazi, Derna, and Tobruk
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                             Figure 1: Libyan coast, Western Libya, Central Libya, and Eastern Libya
2.2 Study Period and Data Collection
Data were collected continuously over 12 months, from January to December 2024, to account for seasonal variation in species occurrence and fisheries interactions. A multi-source approach was employed to ensure comprehensive coverage:
1. Field Surveys: Monthly visits were conducted at major landing sites in each region. Observations targeted fisheries using longlines, artisanal nets, and demersal trawls, all of which interact with chondrichthyan species.
2. Fishermen Interviews: Structured interviews were conducted with approximately 120 local fishermen. These interviews aimed to capture local ecological knowledge, including species presence, relative abundance, seasonal trends, and perceived changes over time.
3. Landing Site Inspections: Whenever specimens were available, individuals were examined directly. Measurements were taken, photographs were captured, and detailed records were kept to ensure accurate species identification.


2.3 Species Identification and Biological Measurements
Species were identified using standard FAO taxonomic keys and guides, alongside IUCN species accounts. When necessary, identifications were cross-checked against authoritative photographic references.
For each specimen, the following parameters were recorded:
· Total length (TL, cm)
· Disc width (DW, cm) for batoids
· Body weight (g)
· Depth of capture (m), as reported by fishermen
· Sex and maturity stage (juvenile, adult, or gravid)
· Type of fishing gear and capture outcome (landed, bycatch, or released)
· Additional notes on habitat, rarity, or unusual observations
2.4 Data Analysis
Species richness was calculated for each region and major port to assess spatial patterns along the Libyan coast. Observed threats were categorized according to IUCN criteria and interpreted in relation to local fishing practices and habitat characteristics. Data were organized into standardized tables at city and regional levels to facilitate future quantitative analyses, comparative studies, and fisheries management planning.
2.5 Ethical Considerations
The study was based entirely on non-experimental observations of landed or incidentally captured specimens and structured interviews with fishermen. No chondrichthyan species were targeted or killed for research purposes. Interviews were conducted with informed consent, and all collected information was used solely for scientific and conservation purposes.
3. Results and Discussion
 In this study, approximately 58 chondrichthyan species were recorded along the Libyan Mediterranean coast, with sharks representing the most diverse group, followed by rays, while chimaeras were relatively rare. This distribution aligns with basin-wide Mediterranean patterns, where 88species are recognized, including 49 sharks, 38 batoids, and 2 chimaeras. Libya’s species richness contributes substantially to Mediterranean chondrichthyan diversity, likely due to its extensive and habitat-diverse coastline (Coll et al., 2010; Shakman et al., 2023).
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Table 1. Species richness and dominant families of chondrichthyans in Libyan waters
	Group
	Number of Species
	Dominant Families

	Sharks
	31
	Carcharhinidae, Squalidae

	Rays
	24
	Dasyatidae, Rajidae

	Chimaeras
	3
	Chimaeridae

	Total
	58
	–



The observed taxonomic composition reflects expected regional patterns: sharks are the most speciose, rays show moderate diversity, and chimaeras are confined to deeper habitats (Follesa et al., 2019). Key areas such as the Gulf of Sirte and eastern ports function as important nursery grounds, supporting both juveniles and reproductive adults. 
From a conservation standpoint, the Libyan coast serves as a crucial ecological corridor. However, the absence of systematic monitoring, high levels of bycatch, and pressures on habitats emphasize the need for long-term surveys, integration of citizen science, and spatial management strategies, including marine protected areas (MPAs), seasonal closures, and gear regulations. Collectively, these findings underscore Libya’s vital role in maintaining Mediterranean chondrichthyan biodiversity and highlight the urgency of targeted conservation and management interventions. Regional variation in species richness along the Libyan coast was evident. The Gulf of Sirte exhibited the highest diversity, followed by eastern coastal regions, while lower richness was observed in the western sector. These patterns differ from earlier commercial fish surveys, reflecting differences in taxonomic focus and the types of fishing gear employed (Shakman, 2007). The Gulf of Sirte is recognized as a key breeding and nursery area, supporting elevated local richness, whereas the Al-Gara Island MPA highlights central-eastern Libya as a regional biodiversity hotspot (Shakman et al., 2023).Broader Mediterranean patterns suggest a northwest–southeast gradient in species richness, influenced by habitat complexity, connectivity, temperature, fishing pressure, and survey effort (Coll et al., 2010; Vasconcelos et al., 2015; Carmezim et al., 2022). Lower richness in western Libya likely reflects intensive fishing activities and uneven sampling rather than an actual deficit in biodiversity (Shakman, 2007).
Table 2. Regional variation in species richness, dominant species, and observed threats
	Region / City
	Species Richness
	Dominant Species
	Main Observed Threats

	WR – Tripoli
	12–14
	Mustelus mustelus, Raja spp.
	Bycatch, habitat degradation

	CR – Gulf of Sirte
	20–25
	Squatina spp., Dasyatis spp.
	Trawl bycatch, loss of nursery habitats

	ER – Derna
	14–16
	Galeocerdo cuvier, Raja spp.
	Artisanal fishing, rare species captures

	ER – Tobruk
	16–18
	Squatina spp., Carcharodon carcharias
	Bycatch, citizen science sightings



Overall, these results highlight the importance of Libya’s coastal waters for chondrichthyan biodiversity and reinforce the need for regionally tailored conservation strategies that integrate scientific monitoring, fisheries management, and community engagement.Representative specimens of chondrichthyan fishes from Libyan waters were examined to establish baseline morphometric and biological data. Individuals measured included both juveniles and adults, captured across a wide range of depths using diverse fishing gears. Recorded parameters encompassed total length, body weight, disc width (for batoids), sex, maturity stage, gear type, and capture depth, providing a comprehensive overview of the species’ biological characteristics and interactions with fisheries. 
The dataset generated in this study aligns with previous regional research on elasmobranch morphometrics and ecology along the Libyan coast and throughout the Mediterranean. For example, the national inventory of Libyan chondrichthyans compiles species occurrences, size ranges, gear types, and bycatch status, highlighting the vulnerability of elasmobranchs to tuna longline and trawl fisheries (Shakman et al., 2023; Fiorentino et al., 2024).Similarly, studies on angel sharks in the Tripoli region have combined fishers’ ecological knowledge with morphometric measurements, reporting total lengths, weights, and juvenile-biased captures of Squatina squatina, S. aculeata, and S. oculata at depths of 10–300 m, confirming the ecological significance of nursery areas (Hamza et al., 2025). Notably, this study provides evidence of the presence of the tiger shark (Galeocerdo cuvier) in Libyan waters. This finding is consistent with previous observations of juvenile specimens captured by drifting longlines, whose morphometric characteristics suggested a Mediterranean origin (Tobuni et al., 2016). 
Across the Mediterranean, standardized morphometric datasets including total length, weight, disc width, sex, maturity stage, gear type, and capture depth are routinely employed to describe community structure, identify nursery areas, and assess bycatch patterns (Follesa et al., 2019; Ruiz-García et al., 2023; Deval & Mutlu, 2024).Collectively, these baseline measurements offer critical reference data for future ecological, conservation, and fisheries management studies in Libya and the broader southern Mediterranean, enabling comparative analyses across regions and over time.
Table 3. Selected morphometric and biological data of recorded chondrichthyan species in Libyan waters
	Species
	Region
	Total Length (TL, cm)
	Disc Width (DW, cm)
	Weight (g)
	Depth (m)
	Sex / Maturity
	Gear Type
	Fate

	Mustelus mustelus
	WR – Tripoli
	120
	–
	8,500
	50
	Adult / M
	Longline
	Landed

	Squatina spp.
	CR – Gulf of Sirte
	150
	80
	12,000
	120
	Juvenile / F
	Trawl
	Bycatch

	Galeocerdo cuvier
	ER – Derna
	320
	–
	65,000
	180
	Adult / F
	Longline
	Landed

	Carcharodon carcharias
	ER – Tobruk
	450
	–
	120,000
	Pelagic
	Adult / M
	Observed
	Released


3.1 Notes on the dataset:
· TL: Total length; DW: Disc width (for batoid species).
· Fate indicates whether the specimen was landed, caught as bycatch, or observed and released.
Chondrichthyan species along the Libyan Mediterranean coast face regionally variable threats, with bycatch emerging as the most widespread pressure across all sectors. Habitat degradation and insufficient monitoring further amplify the risks to these vulnerable species.
In the western region (WR), key pressures include bycatch, targeted fishing, and degradation of coastal habitats. Effective management in this area should focus on awareness campaigns, stricter enforcement of fishing regulations, and landing bans for protected species. Such strategies are consistent with measures implemented in other regional hotspots, including the Arabian Sea and Adriatic Sea (Jabado et al., 2018; Soldo & Lipej, 2022; Giovos et al., 2024). The central region (CR), encompassing the Gulf of Sirte, is characterized by intensive trawl bycatch, the loss of nursery habitats, and pollution. Management priorities include the establishment of marine protected areas (MPAs), seasonal fishing closures, and modifications to fishing gear. These measures have been shown to mitigate extinction risks and maintain higher species richness in similar Mediterranean and global contexts (Dulvy et al., 2021; Torres‐Romero & Jiménez, 2023; Maioli et al., 2023; Ruiz-García et al., 2023).
In the eastern region (ER), the principal concerns are limited monitoring, bycatch, and habitat loss. Addressing these threats requires systematic surveys, enhanced bycatch reporting, citizen science programs, and detailed habitat mapping. These recommendations align with broader Mediterranean conservation strategies aimed at strengthening monitoring networks and informing management priorities (Dulvy et al., 2013; Jabado et al., 2018; Soldo & Lipej, 2022; Ruiz-García et al., 2023). At a broader scale, Libya reflects patterns observed across the Mediterranean and globally, where fishing mortality both targeted and incidental interacts with habitat loss, pollution, and climate change (Dulvy et al., 2013; Jabado et al., 2018; Dulvy et al., 2021). Addressing these cumulative pressures requires integrated management approaches, including catch limits, bycatch reduction strategies, MPAs, and ecosystem-based spatial protections (Dulvy et al., 2014; Maioli et al., 2023; Torres‐Romero & Jiménez, 2024).
Table 4. Major threats and recommended management priorities by region
	Region
	Primary Threats
	Management Priority

	WR – Western
	Bycatch, targeted fishing, and habitat degradation
	Awareness programs, fishing regulation

	CR – Central (Gulf of Sirte)
	Trawl bycatch, nursery habitat loss, and pollution
	MPAs, seasonal closures, gear modification

	ER – Eastern
	Limited monitoring, bycatch, habitat loss
	Systematic surveys, citizen science, habitat mapping


4.  Conclusions
 In the present study, Libya’s chondrichthyan populations are dominated by sharks. Main threats include bycatch, targeted fishing, habitat degradation, pollution, and data scarcity. This study recommends establishing systematic monitoring along the coast, identifying and protecting critical nursery and aggregation sites, implementing gear modifications and seasonal closures, promoting public awareness and citizen science programs, enforcing legal protections, and establishing MPAs.
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