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ABSTRACT 

 

Presently there is no aimed fisheries for scalloped hammerhead, however, it is mainly landed 

as bycatch of tuna gillnet fisheries that operates in coastal and offshore waters including 

Exclusive Economic Zone and Areas Beyond National Jurisdiction (ABNJ). In addition, small 

quantities of scalloped hammerhead are caught by coastal gillnet fisheries and coastal  longline 

fisheries. Juveniles that are known to inhabit coastal waters, bays and lagoon are mainly caught 

by coastal gillnet fisheries, as well as from coastal waters by tuna gillnet vessels as bycatch. 

An aim shark fisheries was established in Pakistan in 1988 and hammerhead sharks used to a 

preferred species contributing about 25 % of the total shark catches.  This fisheries started to 

dwindle by 1999 and by 2003 it collapsed. Since then no aimed shark fisheries is being 

practiced in Pakistan and sharks including scalloped hammerhead  are landed as bycatch of 

other fisheries. At present it is contributing about 7 % of total landings of pelagic sharks of 

Pakistan. Along Pakistan coast maximum size recorded for this species was 270 cm TL, 

however, most of Sphyrna lewini recorded were  65 and  185 cm TL. Small specimens of 

scalloped hammerhead sharks are  caught in coastal waters and  continental shelf area by 

coastal gillnetters whereas larger specimens (150-400 cm ) are mainly caught as bycatch by 

tuna gillnetters. In Pakistan, Sphyrna lewini feeds upon  bony fishes small sharks, rays, 

crustaceans and cephalopods whereas juveniles were observed to feed on mantis shrimp, 

portunid crabs, shrimp, cephalopods and small fishes. Study on fecundity in Pakistan revealed 

that female may have 18-34 pups (44 to 47 cm TL) mainly during April and June. Although 

national legislations provide protection to scalloped hammerhead, however, there is no 

implementation of  these laws. Considering that the stocks of scalloped hammerhead are 

dwindling in Pakistan, therefore, there is a need for implementation on the existing legislations 

as well as creating awareness among the coastal communities for protection of  this iconic 

species. 

INTRODUCTION 

The hammerhead sharks belonging to the family Sphyrnidae are named for the unusual and 

distinctive structure of their heads, which are flattened and laterally extended into a "hammer" 

shape called a cephalofoil. Members of the genus  Sphyrna represented by three species  are 

usually caught in the tuna gillnet fisheries in Pakistan as an important bycatch. These include 

scalloped hammerhead (Sphyrna lewini), great hammerhead (S. mokarran) and smooth 

hammerhead (S. zygaena).  Winghead shark (Eusphyra blochii) although a demersal species 

but also caught by tuna gillnet vessels. Scalloped hammerhead  was categorized as Critically 

Endangered by the IUCN Red List (Rigby et al., 2022). Scalloped hammerhead used to be 

caught in large quantities during 1988 and 2002 by bottom set longline and gillnets which led 

to a major decrease in their landings in Pakistan.  Present paper described their fisheries and 

conservation status in Pakistan. 
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Scalloped hammerhead (Fig1) and locally it is called  “Buthar”, “Katiar” (large size) or 

“Rocket” (large size) in Sindh and “Bhuthar”, “Alwandi”, “Katial” (large size), “Maish”  (large 

size) and “Kanti” (Juveniles) in Balochistan. It was reported from Sindh Province  by  

Compagno (1984) and  Sorley (1932) and from  Balochistan Province by  Compagno (1984) 

and Zugmayer (1913). It was also reported from Pakistan without mentioning any specific 

location by Ahmad and Niazi (1975), Bianchi (1985), Brandhorst and Crockett (1994), Froese 

and Pauly  (2022), Hoda (1985, 1988), Hussain (2003), Jabado and Ebert (2015),   Jalil and 

Khalil (1972, 1981), Khan and Quadri (1986) and Psomadakis, et al., (2015). Sorley (1932) 

and Zugmayer (1913) reported this species as Zygaena malleus  which is a synonym of this 

species.  

It is circumglobal species known from tropical and warm temperate seas. In the Indo-Pacific 

area it is known from Persian Gulf, Red Sea, East Africa and throughout the Indian Ocean; 

Japan to New Caledonia, Hawaii and Tahiti (Frickle et al., 2022; Froese and Pauly, 2022). 

According to Notarbartolo-di-Sciara and Jabado (2021) it is a large circumtropical shark found 

from shelf to deep slope habitat including in the Arabian Sea. 

HABIT AND HABITAT  

It is a pelagic species which occur mainly over continental and insular shelves as well as in the 

deep oceanic water and occurring in the inshore waters in enclosed bays and estuaries (Fricke, 

et al., 2022; Froese and Pauly, 2022). Its occurrence in Pakistani waters is reviewed by 

Moazzam and Osmany (2021) whereas various aspects of its fisheries was described by 

Moazzam and Osmany (2022). It used to be one of the most dominating pelagic sharks in 

Pakistan but now it is rarely caught as bycatch of pelagic fisheries (Fig. 2). According to Borrell 

et al. (2011) Sphyrna lewini is also the most common hammerhead shark in the  Indian seas.   

This species may attain a maximum length of 430 cm TL (Froese and Pauly, 2022). Although 

along Pakistan coast maximum size was recorded to be 270 cm TL landed in Karachi Fish  

Harbour on 28 May, 2014 but most of specimens of Sphyrna lewini recorded from Pakistan 

Harbour ranged between 65 and  185 cm TL. Small specimens of scalloped hammerhead sharks 

are  caught in coastal waters and  continental shelf area by coastal gillnetters whereas larger 

specimens (150-400 cm ) are mainly caught as bycatch by tuna gillnetters. 

 

Fig. 1. Sphyrna lewini 
 

Juveniles of this hammerhead shark are mainly occur in the inshore but move into deeper water 

as they grow. This was reported from almost all the areas of its distribution including India 
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(Borrell et al. 2011), Gulf of Mexico (Bonfil, 1997; Madrid et al., 1997), and off Hawaii 

(Duncan and Holland, 2006) and Mauritania (Ducrocq, 1998). In India the size range of S. 

lewini in the coastal waters to be 52–76 cm TL confirming that juveniles are more common in 

coastal waters  (Borrell et al. 2011) whereas Raje et al. (2002) reported from  Kerala, India that 

98% of scalloped  hammerhead caught by gillnets and landed from 1990 to 1993 were juveniles 

as their sizes ranged from 40 to 60 cm TL.  According to Gallagher  and Klimley (2018), 

scalloped hammerhead is highly migratory and  can move long distances,. The information 

about migration of this species is lacking in Pakistan, although juveniles are known to be 

inhabiting coastal waters over the shelf. 

 

Fisheries of Scalloped Hammerhead in Pakistan 

Presently there is no target fisheries for scalloped hammerhead, however, it is mainly landed 

as by catch of tuna gillnet fisheries that operates in coastal and offshore waters including 

Exclusive Economic Zone and Areas Beyond National Jurisdiction (ABNJ). Tuna gillnets are 

placed 2 m below the sea surface and had an average length of 7 to 9 km. The mesh size varies 

between 14 and 16 cm (mode 15 cm). In additional, small quantities of scalloped hammerhead 

are caught by coastal gillnet fisheries (mesh size 5 to10 cm) and coastal  longline fisheries. 

Juveniles that are known to inhabit coastal waters, bays and lagoon are mainly caught by coastal 

gillnet fisheries, as well as from coastal waters by tuna gillnet vessels as bycatch (Moazzam 

and Osmany, 2021.  

 

Fig. 2 Landings of sharks including scalloped hammerhead at Karachi Fish Harbour (January 

1998) 

 

Fig. 3. Scalloped hammerhead shark landings at Karachi Fish Harbour in October 2019 
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Based on exploratory fishing that was undertaken as a part of FAO/GOB Balochistan Coast 

Development Project and FAO/GOP Marine Fisheries Development Project, targeted shark 

fisheries using multi-monofilament net and bottom set longlining was introduced in 1982 along 

Balochistan Province and 1986 along Sindh coast. Initially there was no major interest of 

fishermen in this fisheries, but because of high prices for fins and shark meat, this fisheries 

became popular by 1989 and about 400 fishing vessels have dedicatedly involved in shark 

fishing. Since multi-monofilament net was quite expensive, therefore, after 1990, major 

targeted shark fisheries was based on bottom set longlining. 

The shark fisheries was based mainly on catching large sharks including shortfin mako shark, 

bull shark, pig-eye shark, spinner shark, tiger shark and hammerhead sharks (Fig.2). 

Hammerhead sharks used to preferred species but catch was dominated by other species but 

hammerhead sharks at time used to contribute about 25 % of the shark landings (Fig. 3).  As 

sharks stocks were highly vulnerable to fishing pressure mainly because of low fecundity and 

slow growth, therefore, targeted shark fisheries of Pakistan started to dwindle and by 2003, this 

fisheries collapsed. Since then no aimed shark fisheries is being practiced in Pakistan and 

sharks  is landed as bycatch of other fisheries (Moazzam and Osmany, 2020, 2021). 

Hammerhead species dominated by scalloped hammerhead  are being landed at present as 

bycatch of  tuna gillnet fisheries. 

Commercial Landings 

Separate statistics for hammerhead shark is not reported in the official statistics of Pakistan 

(Anonymous, 2012), therefore, it is not possible to determine changes in the landings of 

scalloped hammerhead during last few decades.  On average (2008 to 2019) scalloped 

hammerhead contributed about 7 % in the total landings of pelagic sharks (Fig. 4).  

 

Fig. 4. Percentage contribution of pelagic sharks in commercial landings at Karachi Fish 

Harbour (2008-2019) 
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Fig.5. Commercial landings of Sphyrna lewini at Karachi Fish Harbour 

Seasonal Distribution 

A study was carried out to determine the landings of commercially important shark species at 

Karachi Fish Harbour during December 2016 and  February 2020 (Moazzam and Osmany, 

2021) which revealed that scalloped hammerhead shark is reported throughout the year with 

more commonly during June to December  (Fig. 5). Highest landings of 6,300 kg was recorded 

in November, 2017. This species used to be one of the common landed sharks in 1970s and 

1990s contributing up to 25 % of the total landings of pelagic shark but it landings has started 

decreasing since 2000. Although species specific landings data is not available but during 1990 

and 2000, bottom set gillnetting (with multi-monofilament) and bottom set longlining targeting 

sharks were used in Pakistan for catching sharks which resulted in depletion of shark stock. 

Scalloped hammerhead was one of the dominating species caught during that period (Fig. 3) 

but now this shark is now extremely rare. 

Biological Aspects  

During December 2016 and February 2020, stomach contents of a few specimens of Sphyrna 

lewini were examined which revealed that this species feeds upon  bony fishes including Indian 

mackerel (Rastrelliger kanagurta), shrimp scad (Alepes djedaba),  dragonfish (Astronesthes 

cyaneus), snake mackerel (Gempylus serpens),  rough triggerfish (Canthidermis maculata), 

Savalai ribbonfish (Lepturacanthus savala), shadow driftfish (Cubiceps whiteleggii), splitfin 

(Parascombrops pellucidus), small sharks, rays, crustaceans and cephalopods  (Moazzam and 

Osmany, 2021). Torres-Rojas et al. (2006) reported  that S. lewini feed upon 28 species of 

fishes and shellfishes, dominated by fishes of families Carangidae and Synodontidae, and the 

cephalopod (Loliolopsis diomedeae) off the coast of Mazatlán, Mexico.  

Throughout its range of distribution, this species is considered to be a generalized and specialist 

feeder (Flores-Martınez et al. 2017; Gallagher and Klimley, 2018; Estupinan-Montano, et al., 

2021c). Clarke (1971), Stevens and Lyle (1989) and Simpfendorfer  and Milward (1993) 

reported that food of S. lewini consisted of  fish, cephalopods, and crustaceans.  

Since adults and juveniles occupy different habitats, therefore,  the food items they consume 

also differs. Adults of scalloped hammerhead feed on fish, crustaceans, and cephalopods, with 

squid as a primary prey item (Gallagher and Klimley, 2018). Borrell et al. (2011) and Cabrera-
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Chavez and Castillo-Geniz (2000) reported that S. lewini is a generalist feeder with ontogenetic 

dietary shifts as  smaller specimens fed primarily on shrimps, the mid-size animals mainly on 

crabs, and the largest ones primarily on teleosts. 

Stomach contents analysis of the juveniles and subadults that were caught from coastal waters 

in Pakistan reveals that it feed on mantis shrimp, portunid crabs, shrimp (Solenocera sp.), 

cephalopods (Sepia sp.) and fishes including Japanese threadfin bream (Nemipterus japonicas), 

Savalai  ribbonfish (Lepturacanthis savala), pompano (Trachnotus sp.) and a large number of 

unidentified teleost species. Bush (2003) noticed that  juvenile S. lewini consumed crustacean 

and teleost prey in Hawaii. Crustaceans were more important than teleosts  by numbers 

(60.77%) and Alpheus malabaricus appears to account for  about  36% of the diet. He  

suggested that juveniles of this species can forage opportunistically on the small prey. Rojas et 

al. (2014) observed that the cephalopod (Loliolopsis diomedeae) and fishes of the family 

Carangidae are important diet of juvenile S. lewini whereas red crab (Pleuroncodes planipes)  

and gerreid fishes were also major prey items in the south-eastern Gulf of California.  

Juveniles scalloped hammerhead occupy coastal areas, bays and shelf  areas which are mainly 

caught by  coastal gillnettes (Fig. 6). These juveniles is known to  migrate to pelagic habitat in 

open ocean as they grow. Estupiñán-Montaño  et al. (2021b) observed that with such change 

in habitat also results in ontogenetic changes in its diet which  is evident  from high 

consumption of coastal prey up to 2  years and shifting to oceanic prey after  2-4 years and  a 

shift to high coastal prey at  more than 4 years. Their study showed migration from coastal to 

oceanic zones in juvenile S. lewini, and their return to coastal habitats as adults, potentially 

related to the use of coastal zones in the Eastern Tropical Pacific which is  both as important 

feeding areas for neonates and as feeding and breeding grounds for adults. Torres-Huerta et al. 

(2008) observed presence of neonates, gravid females, and small juveniles in the east coast of 

the Gulf of California and in La Paz Bay  which indicates that these areas are used as a nursery 

for S. lewini.   

Along the coast of Pakistan, juveniles are found in coastal waters and bays whereas adults are  

largely caught in offshore waters.  Large adults are not caught in coastal waters or mangrove 

areas along Pakistan coast which may suggest these areas may not be important feeding and 

breeding grounds for adults contrary to observation made by Torres-Huerta et al. (2008). 

 

Fig. 6. Juvenile scalloped hammerhead caught from  inner-shelf area along Pakistan landed at 

Karachi Fish Harbour 
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Studies carried out by Estupinan‑Montano, et al. (2021c) suggested that S. lewini is a top 

predator occupying different trophic positions over its lifetime, consuming prey in different 

trophic food chain. They concluded that this species performs multiple trophic roles ranging 

from primary piscivores to tertiary piscivores in the trophic web of the Eastern Tropical Pacific 

and also consume prey at lower trophic levels such as crustaceans as well as other 

elasmobranchs both in coastal and oceanic regions. They have also found that scalloped 

hammerhead shows changes in trophic position according to sex, growth, and maturity stages 

and habitat use.  

Jorgensen et al. (2009)  observed that S. lewini diving to a depth of the sea which has extreme 

hypoxic zone of the oxygen minimum layer (OML) in  the lower Gulf of California. Arabian 

Sea  is also known for a pronounced hypoxia zone for most of its parts in the offshore waters 

(Shenoy, et al., 2020). Although there is no evidence of scalloped hammerhead diving to 

oxygen minimum zone in Pakistan or other parts of the Arabian Sea but their abundance in the 

area may be indicative that S. lewini may be foraging on the fauna inhabiting in this zone. The 

stomach content analysis of ta few specimens caught from offshore waters from Pakistan in  

January 2019 were observed to have a number of species which are found in deep waters off 

the shelf including Savalai ribbonfish (Lepturacanthus savala), shadow driftfish (Cubiceps 

whiteleggii), splitfin (Parascombrops pellucidus), snake mackerel (Gempylus serpens) and 

dragonfish (Astronesthes cyaneus) which tends to suggest that  scalloped hammerhead may 

dive to  oxygen minimum zone in the Arabian Sea for foraging. 

Spaet et al. (2017) also provided evidence including deep diving behaviour of scalloped 

hammerhead shark that mesopelagic habitats in the Red Sea. They observed that in addition to 

nightly vertical habitat use, the shark exhibited frequent mesopelagic excursions during 

daytime. Similarly Hoffmayer et al. (2013) also noted diurnal vertical migration of scalloped 

hammerhead in the northern Gulf of Mexico.  

The species is known to have aplacental viviparity mode of reproduction  (Dulvy and Reynolds, 

1997). During the present study, a number of mature female were examined which showed  18-

34 pups (44 to 47 cm TL) mainly during April and June (Fig.  7). Estupiñán-Montaño et al. 

(2021a) observed that in Ecuadorian waters females contained 16–22 embryos that  measured 

between 11.1–54.6 cm TL.  Hazin, et al. (2001) have observed that the gravid females had 

between 2 and 21 embryos or pups, with  3 to 38 cm TL  from north western Brazil. Torres-

Huerta et al. (2008) observed a  fecundity of 32 embryos in the Gulf of California whereas the 

birth size was found to be between 41 and 53 cm TL. Fecundity of this species ranges from 

13–23 pups in Eastern Pacific to 12–38 pups in Western Pacific and 30–40 pups in Northwest 

Gulf of Mexico (Cortés, 2000). The number of embryos in pregnant females ranged from 14 to 

41, with a mean of 25 in Indonesian  waters (White et al., 2008). These studies indicates that 

fecundity in S. lewini varies with area and size of female.   

Compagno, et al. (2005) reported that adults of scalloped hammerhead sharks are highly 

migratory and have an unusual coastal-pelagic life history. They may be schooling over 

seamounts and near continental and insular shelves. Information about such migration is not 

reported from Pakistan whereas no nursery area for S. lewini  is known from the area, however, 

juvenile scalloped hammerhead are occasional caught by gillnet and trawlers that operated in 

inner shelf along Pakistan coast but there is a need to undertake study to identify nursery area 

for this species. 
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Fig. 7.  Developing embryos dissected out of a female Sphyrna lewini  landed at Karachi Fish 

Harbour 

Marketing  

Scalloped hammerhead  shark fetches good prices in local market mainly because of its fins  

which are exported in dry form to Hong Kong. Despites restrictions on international trade, as 

this species is included in CITES Appendix-II, but still fins are exported to Hong Kong under 

disguise of dried fish. Fins of scalloped hammerhead sharks are preferred and prized by 

consumers in the Hong Kong fin trade markets as compared to other shark species 

(Abercrombie et al. 2005). Its meat is locally consumed along with meat of other shark species. 

Specific Conservation Measures  

Commercial fishing is considered to be the greatest threat to  scalloped hammerhead shark 

population, and such exploitation occurs on every major continent (Baum et al. 2007; Gallagher 

and Klimley, 2018). It is estimated that 1.3–2.7 million scalloped hammerhead (and smooth) 

sharks appear in the shark fin trade globally each year (Clarke et al. 2006a, 2006b). Scalloped 

hammerhead sharks are highly vulnerable to pelagic longline and bottom longline bycatch 

(Gallagher and Klimley, 2018). This species is also vulnerable to bycatch of other fishing gears 

such as trawls, driftnets, purse-seines, and also artisanal fisheries because juveniles may be 

caught in the inshore fisheries (Baum, et al., 2007). Although no species related landings data 

for shark species is available in Pakistan but major decrease in catches of scalloped 

hammerhead shark was noticed after 1999. 

Considering its dwindling stocks globally this species is included in Appendices-II of CITES 

(restriction on trade) and CMS (migratory species conserved through  agreements. It is 

considered as a highly migratory species, Annex I of the 1982 Convention on the Law of the 

Sea. 

Scalloped hammerhead is considered to be one of most endangered shark  in the area of its 

distribution because of uncontrolled  fishing especially juveniles are being caught as bycatch 

in most global fisheries.  Although size frequency data has not been  collected and analysed 

during the present study, however, juveniles are still abundantly caught by gillnet fisheries, as 
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bycatch,  in both coastal and offshore waters of Pakistan. It is noticed that quantity of scalloped 

hammerhead shark caught by gillnet vessels has substantially decreased in last 15 years.  

In Pakistan, there was no legislation was placed for the protection of sharks including scalloped 

hammerhead. On the persuasion of WWF-Pakistan, both maritime  provincial fisheries 

department have made legislations protecting species listed under CITES putting a ban on 

catching, landing and marketing of  important species including scalloped hammerhead shark. 

In addition, Although scalloped hammerhead is listed on Appendix-II of the  CITES, therefore, 

it is illegal to export these fins without valid permission from the national CITES management 

authority (Ministry of Maritime Affairs in case of Pakistan) but still fins of pelagic sharks find 

its way into Hong Kong shark fin market in the disguise of dried fish. 

Sindh Wildlife Department has enacted the Sindh Wildlife Protection, Preservation, 

Conservation and Management Bill, 2020 which includes sharks in First Schedule which 

included “Protected Species”. However, Sindh Wildlife Department does not have 

infrastructure and manpower to control fishing, therefore, no action under this law has been 

taken.  

National CITES law (Pakistan Trade Control of Wild Fauna and Flora Act, 2012), provincial 

fisheries legislations 2016 and Sindh Wildlife Protection, Preservation, Conservation and 

Management Bill, 2020 provides legal protection to scalloped hammerhead, however, 

implementation of these legislations is still lacking, therefore, fishing and trade of scalloped 

hammerhead including export of its fins are being continued unabated.  

Scalloped hammerhead sharks are commonly taken by a range of fisheries in the Indian Ocean. 

They are extremely vulnerable to gillnet fisheries. Because of their life history characteristics 

such as relatively long lived (over 30 years) and have relativity few offspring (<31 pups each 

year), the scalloped hammerhead shark is considered vulnerable to overfishing. There is no 

quantitative stock assessment or fishery indicators currently available for scalloped 

hammerhead shark in the Indian Ocean therefore the stock status is unknown. Despite the 

absence of stock assessment information, there is a need to take a cautious approach by 

implementing management actions for scalloped hammerhead sharks. While mechanisms exist 

for encouraging Indian Ocean countries to comply with their recording and reporting 

requirements of IOTC Resolution 18/07 but no species specific management measures are 

implemented by IOTC. 

Pelagic sharks including scalloped hammerhead are important component of the marine 

ecosystems of offshore waters over continental shelf, slope and deep oceanic waters. These 

sharks are usually top predators in the pelagic food chain and play important role as oceanic 

production dynamics.  In Pakistan, these are caught by a large fleet of gillnetters that operate 

in coastal waters (over continental shelf), in the EEZ, in the ABNJ and sometimes fishing in 

the waters of other countries like Yemen and Somalia (Moazzam, 2011, 2012a-d). Fecundity 

in most pelagic sharks including scalloped hammerhead is low (up to 41 pups). As most of the 

species of pelagic sharks including scalloped hammerhead are highly migratory in nature, 

management at global, regional and national levels are necessairly required for  conservation 

of pelagic sharks. There is a need to identify pupping areas for scalloped hammerhead  as well 

as areas which are nursery ground which are located in coastal areas so as to ensure protection 

of juveniles. The need for creation of awareness among fishermen communities for protection 
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of sharks cannot be overemphasized as control of overfishing can be effectively implemented 

if fishermen are engaged in such efforts. 

REFERENCES 

 

Abercrombie, D. L., S. C. Clarke and M. S. Shivji (2005). Global-scale genetic identification 

of hammerhead sharks: application to assessment of the international fin trade and law 

enforcement. Conservation Genetics 6: 775–788. 

Ahmad, M. F., and M.S. Niazi (1975). A checklist of elasmobranch fishes of Pakistan. Rec. 

Zool. Surv. Pak., 7: 35-69. 

Anonymous (2012). Handbook of Fisheries Statistics of Pakistan 2010. Marine Fisheries 

Department, Government of Pakistan. 

Baum J., S. Clarke, A. Domingo, M. Ducrocq, A. F. Lamonaca, N. Gaibor, R. Graham, S. 

Jorgensen, J. E. Kotas, E. Medina, J. Martinez-Ortiz, J. Monzini Taccone di Sitizano, M. 

R. Morales,  S. S. Navarro, J. C. Perez-Jimenez, C. Ruiz, W. Smith, S. V. Valenti  and C. 

M. Vooren (2007). Sphyrna lewini. The IUCN Red List of Threatened Species 2007 

e.T39385A10190088. 

Bianchi, G. (1985). Field Guide to the Commercial Marine and Brackish-Water Species of 

Pakistan. FAO species identification sheets for fishery purposes. FAO, Rome, Italy. 

Bonfil, R. (1997). Status of shark resources in the southern Gulf of Mexico and Caribbean: 

implications for management. Fisheries Research 29: 101–117. 

Borrell, A., L. Cardona, R., P. Kumarran and A. Aguilar (2011). Trophic ecology of 

elasmobranchs caught off Gujarat, India, as inferred from stable isotopes, ICES Journal of 

Marine Science 68: 547–554. 

Bush, A. (2003). Diet and diel feeding periodicity of juvenile scalloped hammerhead sharks, 

Sphyrna lewini, in Kāne'ohe Bay, Ō'ahu, Hawai'i. Environmental Biology of Fishes 67: 1–

11. 

Cabrera-Chavez, A. A. and J. L. Castillo-Geniz (2000). Feeding habits of Carcharhinus 

falciformis, Nasolamia velox and Sphyrna lewini in the Gulf of Tehuantepec, Mexico. 

American Elasmobranch Society, 16th Annual Meeting, La Paz, B.C.S., Mexico. 

Clarke, S. C., J. E. Magnussen, D. L. Abercrombie, M. K. McAllister and M. S. Shivji (2006a). 

Identification of shark species composition and proportion in the Hong Kong shark fin 

market based on molecular genetics and trade records. Conservation Biology 20: 201–211. 

Clarke, S. C., M. K. McAllister, E. J. Milner-Gulland, G. P. Kirkwood, C. G.  Michielsens, D. 

J. Agnew, E. K Pikitch, H Nakano and M. S Shivji  (2006b) Global estimates of shark 

catches using trade records from commercial markets. Ecological Letter 9:1115–1126. 

Clarke, T. A. (1971). The ecology of the scalloped hammerhead shark, Sphyrna lewini, in 

Hawai’i. Pacific Science 25: 133–144. 

Compagno, L.J.V., (1984). FAO Species Catalogue. Vol. 4. Sharks of the world. An annotated 

and illustrated catalogue of shark species known to date. Part 2 - Carcharhiniformes. FAO 

Fisheries Synopsis. 125:251-655. Rome: FAO. 



IOTC-2022-WPEB18-16 

Compagno, L. J. V., M. Dando and S. L. Fowler (2005) Sharks of the World. Princeton, NJ: 

Princeton University Press. 

Dulvy, N.K. and J.D. Reynolds, (1997). Evolutionary transitions among egg-laying, live-

bearing and maternal inputs in sharks and rays. Proceedings of Royal Society of London 

Series. B: Biological Sciences. 264:1309-1315. 

Duncan, K. M. and K. N. Holland (2006), Habitat use, growth rates and dispersal patterns of 

juvenile scalloped hammerhead sharks (Sphyrna lewini) in a nursery habitat. Marine 

Ecology Progress Series 312: 211–221. 

Ducrocq, M. (1998). Presentation du projet regional de recherche sur les raies et requins, et 

resultats obtenus en octobre 1998. Fondation International du Banc d’Arguin, Nouakchott, 

Mauritanie. 

Estupiñán-Montaño, C., M. Carrera-Fernández and F. Galván-Magaña (2021a). Reproductive 

biology of the scalloped hammerhead (Sphyrna lewini) in the central-eastern Pacific Ocean. 

Journal of the Marine Biological Association of the United Kingdom, 10: 465-470. 

Estupiñán-Montaño, C. F. Galván-Magaña, F. Elorriaga-Verplancken, M. J. Zetina-Rejón, A. 

Sánchez-González, C. J. Polo-Silva, D. J. Villalobos-Ramírez, J. Rojas-Cundumí and A. 

Delgado-Huertas  (2021b). Ontogenetic feeding ecology of the scalloped hammerhead 

shark Sphyrna lewini in the Colombian Eastern Tropical Pacific. Marine Ecology 

Progressive Series 663:127-143. 

Flores-Martínez, I. A., Y. E., Torres-Rojas, F.  Galván-Magaña and J. Ramos-Miranda (2017). 

Diet comparison between silky sharks (Carcharhinus falciformis) and scalloped 

hammerhead sharks (Sphyrna lewini) off the south-west coast of Mexico. Journal of 

Marine Biological Association of United Kingdom 97: 337-345. 

Fricke, R., W. N. Eschmeyer, and R. van der Laan, (eds) 2022.  Eschmeyer's Catalog of fishes: 

genera, species, references. Electronic version accessed 21 August 2022.  

(http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp).  

Froese, R. and D. Pauly. Editors. (2022). FishBase. World Wide Web electronic publication. 

www.fishbase.org, version (08/2022). 

Gallagher, A. J. and A. P. Klimley (2018).  The biology and conservation status of the large 

hammerhead shark complex: the great, scalloped, and smooth hammerheads. Review of 

Fisheries Biology Fisheries 28: 777–794.. 

Hazin, F., A. Fischer and M. Broadhurst (2001). Aspects of reproductive biology of the 

scalloped hammerhead shark, Sphyrna lewini, off northeastern Brazil. Environmental 

Biology of Fishes 61: 151–159. 

Hoffmayer, E. R., J. S. Franks, W. B. Driggers and P. W. Howey (2013). Diel vertical 

movements of a scalloped hammerhead, Sphyrna lewini, in the northern Gulf of Mexico. 

Bulletin of Marine Sciences 89:551–557. 

Hoda, S. M. S., (1985). Identification of coastal  fish varieties of Pakistan. Pakistan 

Agriculture, 7:38-44. 

Hoda, S. M. S. (1988). Fishes from the coast of Pakistan. Biologia (Lahore) 34: 1-38. 

Hussain, S. M. (2003). Brief Report on Biodiversity in the Coastal Areas of Pakistan. Reg. 

Tech. Assist. (RETA) ADB/IUCN.113p (Draft). 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp


IOTC-2022-WPEB18-16 

Jabado, R.W. and D.A. Ebert (2015). Sharks of the Arabian Seas: an identification guide. The 

International Fund for Animal Welfare, Dubai, UAE. 240 pp. 

Jalil, S. A., and M. Khaliluddin (1972). A checklist of marine fishes of Pakistan. Government 

of Pakistan: 1-16. 

Jalil, S. A., and M. Khaliluddin (1981). A checklist of marine fishes of Pakistan. Government 

of Pakistan: 1-18. 

Jorgensen, S. J., A. P. Klimley and A. F. Muhlia-Melo (2009). Scalloped hammerhead 

shark Sphyrna lewini, utilizes deep-water, hypoxic zone in the Gulf of California. Journal 

of Fish Biology 74: 1682-1687. 

Khan, M. A., and S. M. A. Quadri (1986). A checklist of elasmobranch fishes of Pakistan. 

Tehqique, 4: 15-34 (in Urdu). 

Madrid, V. J., P. Sanchez and A. L. Ruiz (1997). Diversity and abundance of a tropical fishery 

on the Pacific Shelf of Michoacan, Mexico. Estuarine, Coastal and Shelf Science 45: 485–

495. 

Moazzam, M. (2011). Tuna fishing of Pakistan: Impact of transboundary migration on 

exploitation levels. Pp. 49-60. In: Proceedings of Seminar”Transboundary Coastal and 

Marine Protected Areas with Special Priorities for Spawning Grounds (27-28 May, 2009). 

(Eds. Wahab, A., M. Moazzam and A. Hasan (Eds,) 2011. Zoological Survey of Pakistan, 

Islamabad.  

Moazzam, M. (2012a). Tuna Situation Analysis. WWF-Pakistan Report. Karachi. 

Moazzam, M. (2012b). The impacts of piracy in the Pakistani fisheries sector: case study of 

Pakistan. In: Seminar on “The impacts of Piracy on Fisheries in the Indian Ocean” Mahé, 

Republic of Seychelles, 28 – 29 February 2012. European Bureau for Conservation and 

Development.  

Moazzam, M. (2012c). Status of fisheries of neritic tuna in Pakistan. Working Party on Neritic 

Tuna (WPNT02) 19-21 November, 2012 Penang, Malaysia. IOTC 2012 WPNT02 13. 

IOTC-2021-WPEB17 (AS)-20  

Moazzam, M. (2012d). Bycatch composition of tuna longlining in Pakistan. 32nd Pakistan 

Congress of Zoology (International Congress), 6-8 March, 2012. Lahore. Zoological 

Society of Pakistan FEWFM-30: 258 (Abstract).  

Moazzam, M. and H. B. Osmany (2021).  Species composition, commercial landings, 

distribution and some aspects of biology of shark (class Pisces: subclass: Elasmobranchii: 

infraclass: Selachii) from Pakistan: Taxonomic analysis. International Journal of Biology 

and Biotechnology 18: 567-632. 

 

Moazzam, M. and H. B. Osmany (2022).  Species composition, commercial landings, 

distribution and some aspects of biology of shark (class Pisces) of Pakistan: Pelagic sharks. 

International Journal of Biology and Biotechnology 19: 113-147. 

Notarbartolo-di-Sciara,  G. and R.W. Jabado (2021)Sharks and Rays of the Arabian Sea and 

Adjacent Waters. In: Jawad, L.,  pp 443-477.The Arabian Seas: Biodiversity, 

Environmental Challenges and Conservation Measures. Springer Nature Switzerland AG.  



IOTC-2022-WPEB18-16 

Psomadakis, P. N., H. B. Osmany and M. Moazzam  (2015). Field identification guide to the 

living marine resources of Pakistan. FAO species identification guide for fishery purposes. 

Food and Agriculture Organization of the United Nations, Rome. 386p. 

 

Raje, S.G., G. Mathew, K. K.Joshi, R. J. Nair, G. Mohanraj, M. Srinath, S. Gomathy and N. 

Rudramurthy (2002). Elasmobranch fisheries of India–An Appraisal. Central Marine 

Fisheries Research Institute Special Publication 71:1-76. 

Rigby, C.L., Dulvy, N.K., Barreto, R., Carlson, J., Fernando, D., Fordham, S., Francis, M.P., 

Herman, K., Jabado, R.W., Liu, K.M., Marshall, A., Pacoureau, N., Romanov, E., 

Sherley, R.B. & Winker, H. 2019. Sphyrna lewini. The IUCN Red List of Threatened 

Species 2019: e.T39385A2918526. Accessed on 19 August 2022. 

 

Rojas, Y. E. T., F. P. Osuna, A. H. Herrera, F. G. Magana, S. A Garcia, H. V. Ortiz, and L. 

Sampson (2014). Feeding grounds of juvenile scalloped hammerhead sharks (Sphyrna 

lewini) in the south-eastern Gulf of California. Hydrobiologia 726: 81–94. 

Shenoy, D. M., I. Suresh, H. Uskaikar, S. Kurian, P. J. Vidya, G. Shirodkar, M. U.  Gauns and 

S. W. A. Naqvi (2020). Variability of dissolved oxygen in the Arabian Sea Oxygen 

Minimum Zone and its driving mechanisms. Journal of Marine Systems 204: 103310 

Simpfendorfer, C. A. and N. E. Milward (1993). Utilization of a tropical bay as a nursery area 

by sharks of the families Carcharhinidae and Sphyrnidae. Environmental Biology of Fishes 

37: 337–345. 

Sorley, H. T. (1932).  Marine Fisheries of the Bombay Presidency. Government. Press, 

Bombay. 

Spaet, J. L. Y., C. H. Lam, C. D. Braun and M. L. Berumen (2017). Extensive use of 

mesopelagic waters by a scalloped hammerhead shark (Sphyrna lewini) in the Red 

Sea. Animal Biotelemetry 5: 1-12. 

Stevens, J. D. and J. M. Lyle (1989). Biology of three hammerhead sharks (Eusphyra blochii, 

Sphyrna mokarran and S. lewini) from Northern Australia. Australian Journal of Marine 

and Freshwater Research. 40:129 –146. 

Torres-Huerta, A. M., C. Y. Villavicencio-Garayzar and D. Corro-Espinosa (2008). 

Reproductive biology of the scalloped hammerhead shark Sphyrna lewini Griffith & Smith 

(Sphyrnidae) in the Gulf of California. Hidrobiológica. 18: 227-238. 

Torres-Rojas, Y., A. Hernández-Herrera and F. Galván-Magaña (2006). Feeding habits of the 

scalloped hammerhead Sphyrna lewini, in Mazatlán waters, southern Gulf of California, 

Mexico. Cybium 30: 85–90. 

White, W. T., C. Bartron and I. C. Potter (2008) Catch composition and reproductive biology 

of Sphyrna lewini (Griffith & Smith) (Carcharhiniformes, Sphyrnidae) in Indonesian 

waters. Journal of Fish Biology 72: 1675–1689. 

Zugmayer, E.  (1913). Die Fische von Balutschistan. Abhandlungen der königlich Bayerischen 

Akademie der Wissenschaften (mathematisch-physikalische Klasse) 26: 1-35. 

 


