



Occurrence and Bycatch of the Critically Endangered Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834) in the Coastal Waters of the Gaza Strip, Eastern Mediterranean
ABSTRACT

The Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834) is a large, migratory, Critically Endangered species with a rare and sporadic occurrence in the Mediterranean. This study documents its presence and bycatch in the coastal waters of the Gaza Strip, Palestine, based on field surveys, fish market observations, and collaboration with local fishermen and the General Directorate of Fisheries at the Ministry of Agriculture. Over the past two decades, only 16 specimens (1.35–4.2 m) were recorded, primarily as bycatch in purse seines, gillnets, trawls, and longlines. Locally, the species is occasionally consumed but is not considered dangerous to humans. Seasonal near-surface observations suggest transient use of the Gaza Strip's waters, potentially linked to migration or reproduction. Given its rarity and vulnerability, these findings highlight the need for monitoring, awareness programs, and regional conservation measures to safeguard this apex predator in the southeastern Mediterranean.
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1. INTRODUCTION
Sharks play a fundamental ecological role in marine ecosystems as apex and mesopredators, regulating prey populations and contributing to overall ecosystem stability (Heupel et al., 2014 and Ellingsen et al., 2015). Hammerhead sharks (Family Sphyrnidae) are distinguished from other sharks by their laterally expanded, hammer-shaped head, known as a cephalofoil, a structure absent in other shark families. Their eyes and nostrils are positioned at the extreme lateral ends of the cephalofoil, enhancing sensory perception and spatial detection of prey (Nakaya, 1995 and Kajiura & Holland, 2002). Although the abundance of hammerhead sharks in the Mediterranean basin is low, three species have been reported from various regions, particularly in offshore and pelagic habitats. These include the Great Hammerhead (Sphyrna mokarran Rüppell, 1837), the largest, the Smooth Hammerhead (Sphyrna zygaena Linnaeus, 1758), and the Scalloped Hammerhead (Sphyrna lewini Griffith & Smith, 1834) (Kovačić et al., 2021). Those species are the most extensively studied and are frequently captured in both target and non-target fisheries worldwide (Gallagher & Klimley, 2018). The occurrence of the Golden or Smalleye Hammerhead (Sphyrna tudes Valenciennes, 1822), a species typically distributed in the western Atlantic, in the Mediterranean Sea remains doubtful, as it is based solely on two historical specimens recorded from Nice in southeastern France and Livorno along the northern Tyrrhenian coast of central Italy (Collareta & Farina, 2023).

Among the most distinctive of these species is the Scalloped Hammerhead Shark (Figure 1), which is known as Bronze Hammerhead Shark, Southern Hammerhead Shark, a large coastal–pelagic and migratory hammerhead shark widely distributed in tropical and warm-temperate waters worldwide. Its presence in the Mediterranean is rare and irregular. This species is characterized by its laterally elongated head with a central indentation, and its strong association with coastal locations (Fowler et al., 2005). Despite its broad geographic range, the Scalloped Hammerhead Shark has undergone significant global population declines. Its life-history traits—including slow growth, late sexual maturity, and relatively low reproductive output—render it particularly vulnerable to overexploitation (Cortés, 2000). Historical and contemporary records indicate sporadic occurrences throughout the basin, but confirmed observations remain limited, particularly in the eastern Mediterranean (Fowler et al., 2005 and Serena, 2005). The species is heavily affected by targeted fisheries and bycatch, especially due to the high value of its fins in international trade (Dulvy et al., 2014 and Magnuson, 2022). Consequently, the Scalloped Hammerhead Shark is currently classified as Critically Endangered on the IUCN Red List of Threatened Species (Gulak et al., 2015 and Rigby et al., 2019).
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Figure 1: The Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834)
[Source: https://www.monaconatureencyclopedia.com/sphyrna-lewini/?lang=en]

Although numerous studies have addressed the occurrence, biology, ecology, fisheries, and conservation of the Scalloped Hammerhead Shark (Sphyrna lewini) worldwide (Lowe, 1996; Kajiura & Holland, 2002; Duncan & Holland, 2006; Duncan et al., 2006; Piercy et al., 2007; Fischer et al., 2012; Miller et al., 2014; Gulak et al., 2015; Flores-Martínez et al., 2017; Gallagher & Klimley, 2018; Wells et al., 2018; Magnuson, 2022 and De La Cruz-Macías et al., 2025), such research appears to be limited in the Mediterranean basin. Celona & De Maddalena (2005) studied the occurrence of hammerhead sharks in waters off Sicily (central Mediterranean). Ferretti et al. (2008 and 2025) documented the decline of endangered large predatory sharks, including species of Sphyrna, in the Mediterranean Sea. Damalas and Megalofonou (2012) investigated the occurrence of large shark species, including hammerheads, in the open waters of the southeastern Mediterranean Sea. Kabasakal and Bilecenoğlu (2024) reviewed the occurrences of hammerhead sharks, including the Scalloped Hammerhead Shark, in Turkish seas from 1977 to 2015. Mehanna et al. (2025) evaluated species diversity, fisheries, market, and conservation measures of sharks, including hammerheads, in the Southeastern Mediterranean.
The coastal waters of the Gaza Strip, Palestine, form part of the southeastern Mediterranean ecosystem, an area characterized by high artisanal fishing effort concentrated within a narrow continental shelf (Abu Amra, 2018 and Hussein et al., 2022). Sharks and rays and other bony fishes are frequently captured in both targeted fisheries and as bycatch through trawls, gillnets, trammel nets, longlines, and other fishing methods (Hussein et al., 2022). Scattered observations from local fish markets and fishermen suggest the occurrence of the Scalloped Hammerhead Shark (Sphyrna lewini) in the Mediterranean waters off the Gaza Strip (Abd Rabou et al., 2023). The species is locally known as “Abu Iskandar”. Given the Critically Endangered status of the Scalloped Hammerhead Shark globally and the documented decline of large sharks in the Mediterranean region, assessing its occurrence and fisheries interactions in the marine waters of the Gaza Strip is of urgent conservation importance. This study therefore aims to evaluate the status of the Critically Endangered Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834) in the coastal waters of the Gaza Strip, eastern Mediterranean Sea.
2. METHODOLOGY

This descriptive study documents the rare occurrence of the Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834) in the Mediterranean waters off the Gaza Strip. Data and photographs were obtained through collaboration with the General Directorate of Fisheries at the Ministry of Agriculture and through frequent meetings with dozens of fishermen operating along the Gaza Strip coast. Additional field visits were conducted to survey cartilaginous fishes displayed in fish markets, particularly Al-Hisba market near the Gaza City fishing harbor, the largest harbor in the Gaza Strip. Although the species is rarely captured incidentally in local waters, preliminary morphometric measurements were recorded for several bycaught specimens immediately after landing. The Gaza Strip extends approximately 42 km along the southeastern Mediterranean coast, covers about 365 km², and supports a population exceeding 2.4 million inhabitants. Fisheries in the Gaza Strip are vital for food security, employment, and socio-economic stability, involving over 4,500 fishermen operating more than 1,800 predominantly small-scale vessels. A variety of gears—including trammel nets, gillnets, longlines, handlines, trawlers, and small purse seines—are used to target small pelagic fishes, demersal teleosts, cephalopods, and crustaceans. Cartilaginous fishes (sharks and batoids) are also captured, mainly as bycatch but occasionally as target species. 
3. RESULTS

3.1. The capture of Scalloped Hammerhead species in the Gaza Strip
Field studies and fisheries observations indicate that the Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834), locally known as “Abu Iskandar”, is a cartilaginous species that is rarely caught incidentally in the Mediterranean Sea off the Gaza Strip and represents only a very small percentage of the locally caught cartilaginous fish sold in fish markets (see Table 1). On 27 April 2017, a large male specimen of the Scalloped Hammerhead Shark (Sphyrna lewini), measuring approximately 4.2 m in total length (Figure 2A, B & C), was incidentally captured using a purse seine. On another occasion, in February 22, 2011, a smaller specimen measuring 1.35 m was also recorded as bycatch (Figure 2D). According to the General Directorate of Fisheries at the Ministry of Agriculture, a total of 16 specimens of the hammerhead shark species have been documented in local catches over the past two decades.

Table 1: Some shark species other than the Scalloped Hammerhead Shark that are caught or incidentally bycaught in the Gaza Strip
	Common Name
	Scientific Name

	Bluntnose Sixgill Shark 
	Hexanchus griseus (Bonnaterre, 1788)

	Shortfin Mako
	Isurus oxyrinchus (Rafinesque, 1810)

	Sandbar Shark
	Carcharhinus plumbeus (Nardo, 1827)

	Common Smooth-hound 
	Mustelus mustelus (Linnaeus, 1758)

	Tope Shark
	Galeorhinus galeus (Linnaeus, 1758)
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Figure 2: Specimens of the Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834) bycaught in the Mediterranean waters of the Gaza Strip: (A–B) A 4.2 m specimen captured on 27 April 2017; (C) The cephalofoil showing the characteristic central indentation; and (D) A 1.35 m specimen captured on 22 February 2011
3.2. Description of the bycaught Scalloped Hammerhead Sharks

Field examinations of incidentally captured specimens of the Scalloped Hammerhead Shark (Figures 1 & 2) revealed that it is a large species distinguished by its broad, hammer-shaped head (cephalofoil) featuring a prominent central indentation along the anterior margin (Figure 2C). The body is slender and streamlined, typically gray to bronze dorsally and pale ventrally. The first dorsal fin is tall and moderately falcate, while the second dorsal and pelvic fins are comparatively low. The species possesses long, narrow pectoral fins. Regarding the caudal fin, this species possesses a distinctly asymmetrical (heterocercal) tail, in which the upper lobe is considerably longer than the lower lobe. The upper lobe is elongated and slightly curved, typically displaying a noticeable subterminal notch near its tip, whereas the lower lobe is shorter but well developed.
3.3. Incidental Capture Methods of Scalloped Hammerhead Sharks 

In the Gaza Strip, Scalloped Hammerhead Sharks are not typically targeted by specialized shark fisheries, and there is no documented dedicated gear used specifically to catch this species there. Instead, hammerheads — when they occur off the Gaza Strip's coast — are captured incidentally as bycatch in general fishing operations using standard local fishing methods. From February to May, individuals of hammerheads are occasionally observed swimming near the water surface at average depths of around 30 m and at distances exceeding 2 miles offshore on certain days. Common ways sharks like scalloped hammerheads are caught around the Gaza Strip include:
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Figure 3: Some capture methods of the Scalloped Hammerhead Shark: (A) Purse seines made of wide mesh and strong threads, and (B) longlines equipped with heavy lines and large hooks
1. Purse seines (Shanshulas) with wide mesh and strong threads (Figure 3A): The purse seines are large encircling nets used by motorized boats to target Giant Devil Ray (Mobula mobular Bonnaterre, 1788)  and medium-sized tunas in the Mediterranean waters of the Gaza Strip, although occasional bycatch of sharks and rays, including hammerhead sharks, may occur.
2. Gillnets and drift/set nets: Nets set for general fish species can entangle large sharks that swim into them, with hammerheads sometimes caught unintentionally in these nets. In other words, they entangle fish as they try to swim through the mesh.
3. Bottom trawling (trawls): Nets dragged along the sea floor to catch mixed demersal species can accidentally catch sharks, including the rare Scalloped Hammerhead Sharks, as bycatch.
4. Longlines with strong lines and large hooks (Figure 3B): Heavy-duty fishing lines equipped with multiple baited hooks, specifically designed for shark fishing, may capture large Scalloped Hammerhead Sharks that are attracted to the bait.

3.4. Consumption of Hammerheads in the Gaza Strip

Despite the rarity of their bycatch in the coastal waters of the Gaza Strip, specimens that reach local fish markets are typically sold at relatively high prices and purchased for consumption by Gazans. These fishes, like other some cartilaginous fishes, are commonly fried and, in some cases, used to prepare the well-known local dish "Sayadieh", a traditional meal consisting of rice cooked with fish meat.
3.5. Do Scalloped Hammerheads pose a danger to Gazan fishermen?

When asked about the potential danger of the Scalloped Hammerhead Shark, most Gazan fishermen familiar with the species stated that, despite its large size (exceeding 4 m in length), it is not considered dangerous to humans. According to the General Directorate of Fisheries at the Ministry of Agriculture, no attacks have been reported by local fishermen or even divers. Some fishermen further described the species as generally shy and wary of divers.
3.6. Awareness of Scalloped Hammerhead conservation status
Scalloped Hammerhead Sharks are very rare in the marine ecosystem of the Gaza Strip, consistent with their status across the eastern Mediterranean basin. Although the General Directorate of Fisheries at the Ministry of Agriculture is aware of the species’ global classification as Critically Endangered, some local fishermen also acknowledged this status, even though they may occasionally target other threatened cartilaginous fishes for consumption.
4. DISCUSSION

The present study confirms the rare and sporadic occurrence of the Scalloped Hammerhead Shark (Sphyrna lewini Griffith & Smith, 1834) in the coastal waters of the Gaza Strip, a finding consistent with its generally low abundance throughout the Mediterranean basin (Fowler et al., 2005 and Kovačić et al., 2021). The documentation of only 16 Scalloped Hammerhead Shark specimens over the past two decades supports previous evidence that large predatory sharks have experienced marked declines in the Mediterranean Sea (Ferretti et al., 2008 and Dulvy et al., 2016). Similar patterns of infrequent records have been reported from Sicily (Celona & De Maddalena, 2005), the southeastern Mediterranean (Damalas & Megalofonou, 2012), and Turkish waters (Kabasakal & Bilecenoğlu, 2024), suggesting that the species currently occurs at very low densities across the eastern basin.
The incidental capture of the Scalloped Hammerhead Shark in the Gaza Strip's fisheries aligns with its known vulnerability to bycatch in multi-gear fisheries worldwide (Miller et al., 2014 and Gallagher & Klimley, 2018). In the Gaza Strip, purse seines, gillnets, trawls, and longlines are widely used (Hussein et al., 2022), and these gears are also recognized internationally as major sources of hammerhead mortality (Dulvy et al., 2014 and Gulak et al., 2015). The capture of a large 4.2 m male specimen indicates that mature individuals still occur in the southeastern Mediterranean, although likely in small numbers. Given the species’ slow growth, late maturity, and low reproductive output (Piercy et al., 2007), even limited bycatch may have disproportionate population-level consequences.
Globally, the Scalloped Hammerhead Shark has undergone severe population declines driven primarily by overfishing and the international fin trade (Rigby et al., 2019 and Magnuson, 2022). The Mediterranean population is considered particularly vulnerable due to intense and long-standing fishing pressure (Ferretti et al., 2008 and Dulvy et al., 2016). Although sharks and rays in the Gaza Strip are not typically targeted by specialized fisheries, their retention for local consumption may reduce the survival probability of already scarce individuals (Abd Rabou et al., 2023, 2026a, b and c). Similar concerns have been raised in other parts of the southeastern Mediterranean, where vulnerable marine vertebrates face combined pressures from fisheries bycatch, habitat degradation, and climate change (Farrag et al., 2025 and Mehanna et al., 2025).

Local fishermen in the Gaza Strip report that the Scalloped Hammerhead Shark is not dangerous to humans, and no attacks have been recorded in local Mediterranean waters. Other non-threatening species, such as the rare Angular Roughsharks (Oxynotus centrina Linnaeus, 1758), are occasionally and very rarely bycaught from the Mediterranean waters of the Gaza Strip, but are not consumed (Abd Rabou et al., 2026d). This perception aligns with global evidence showing that, despite its large size and distinctive cephalofoil, the Scalloped Hammerhead Shark exhibits shy, avoidance-oriented behavior and poses minimal risk to humans. Documented bites are extremely rare and non-fatal (Gallagher & Klimley, 2018). Ecologically, the Scalloped Hammerhead Shark prefers offshore and pelagic habitats, feeds mainly on teleost fishes and cephalopods, and often schools along continental shelves and seamounts, reducing human interaction. Unprovoked incidents are exceedingly uncommon compared with species such as the Great White Shark (Carcharodon carcharias Smith, 1838) and the Tiger Shark (Galeocerdo cuvier Péron & Lesueur, 1823). A fatal attack reported off Hadera, Palestine, in May 2025 involved Dusky (Carcharhinus obscurus Lesueur, 1818) and possibly Sandbar (Carcharhinus plumbeus Nardo, 1827) Sharks, not hammerheads (Abd Rabou et al., 2025). Overall, ecological and incident data confirm that the Scalloped Hammerhead Shark presents a very low risk to humans under natural conditions (Heupel et al., 2007; Miller et al., 2014 and International Shark Attack File – ISAF, 2024).

The seasonal near-surface observations between February and May may reflect migratory or reproductive movements, as the Scalloped Hammerhead Shark is known for long-distance migrations and seasonal aggregations in certain regions (Wells et al., 2018). Although no nursery areas have yet been identified along the Gaza coast, the presence of both juvenile (1.35 m) and adult (>4 m) specimens suggests that the area may function as a transient corridor or occasional habitat. In other eastern Mediterranean locations, localized shark aggregations have been associated with specific environmental conditions or anthropogenic structures (Barash et al., 2018 and Bigal et al., 2024), highlighting the need for further investigation into habitat use patterns in the Gaza Strip's waters.
Given the Critically Endangered status of the Scalloped Hammerhead Shark (Rigby et al., 2019) and the documented regional decline of large sharks (Ferretti et al., 2008), the continued incidental capture of this species in the Gaza Strip underscores the urgency of implementing precautionary management measures. These may include improved monitoring of elasmobranch landings, awareness programs for fishermen, promotion of live release when feasible, and regional collaboration within the eastern Mediterranean framework. As emphasized by Zemah-Shamir (2025), protecting critical habitats and aggregation zones can be an effective strategy for shark conservation.
Conclusion
In conclusion, the Scalloped Hammerhead Shark in the Gaza Strip appears to be a rare and irregular visitor to coastal waters, vulnerable to incidental capture by artisanal fisheries. While current records are limited, they provide valuable baseline data for a region where elasmobranch research remains scarce. Strengthening local documentation efforts, raising awareness among fishermen about its conservation status, and integrating the Gaza Strip into broader Mediterranean conservation initiatives are essential measures to help safeguard this Critically Endangered apex predator in the southeastern Mediterranean Sea.
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