



Stock Assessment, Market Trends, and Export Potential of Cephalopod Fisheries (Loligo duvaucelii and Sepia pharaonis) in Visakhapatnam, India

ABSTRACT
Cephalopods, a class of molluscs including Squids, Cuttlefish have become an important part of India's marine fisheries sector. Over the last few decades, the cephalopod fishery in Indian waters has seen substantial growth due to increasing demand in both domestic and international markets. The main target squid species Loligo duvaucelii (Indian squid) and cuttle fish species Sepia pharaonis (Pharaoh cuttlefish), Sepia aculeata, Sepiella inermis and Sepia brevimana. The present study deals with the stock assessment, market trends and export potential of loligo and sepia species from Visakhapatnam fishing harbour. The present study was conducted for a period of four months i.e. from December 2024 to March 2025. Weekly and fortnight data was analysed, and it is evident from the present study findings that, the maximum stock (1679kg.) of Loligo was observed during the month of December 2024. Similarly maximum stock (1913kg) of sepia was recorded in the month of February 2025. The variation in stock recruitment maybe due to environmental changes like oceanic temperature etc. A brief description of market price trends also discussed in this paper.
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INTRODUCTION
Cephalopods are one of the significant components of the marine capture fisheries with unevenly distributed fisheries and landings in the world’s oceans. The total number of living species of cephalopods that have been described is fewer than 1000. However, Rubaie et al., (2012), stated that “about 700 species of cephalopods are distributed throughout the world oceans. Global landings of cephalopods have increased dramatically over the last 5 decades, rising from approximately 0.5 million t in 1958 to over 4 million t in 2008. Cephalopod landings now constitute almost 5% of the world’s total fisheries production. More than 50% of the total cephalopod catch is taken from the north-west Pacific and the south-west Atlantic. Other important areas are the western central Pacific, eastern Atlantic and eastern Pacific, but small-scale fishing activities in other areas also developed consistently in the past decades. Japan remains the leading cephalopod producing country, closely followed by China, Korea and Argentina. In 2001 alone Japanese fleets had landed over 5.6 lakh of cephalopods, which was about 17% of the total world cephalopod catch”. 
“India is one of the main suppliers of cuttlefishes in international market other than Thailand, Spain, China, Argentina, Peru and Indonesia”(FAO, 2016). “According to data published by the Argentine Ministry of Agriculture, Livestock and Fishing, the Argentine fishing fleet landed some 22,189 tonnes of illex squid during March 2023. This figure is 33 percent lower than the same month of 2022). The fishery has been relatively stable in previous years, but output fell in the early months of 2023” (FAO, 2023). “At the start of 2025, global prices for key commercial squid species rose to their highest levels in several years, driven by reduced catches in Peru’s coastal waters and the Indian Ocean” (FAO, 2025).
“The average annual cephalopod production in India during the period 2001-2010 was 1.28 lakh t. This is 3.41% of the world production of cephalopods during the same period” (Chakraborty, 2013). “Molluscs contributed about 7% of the total marine landings (TML) of India during 2015-16 and cuttlefish contributed about 50% of the total cephalopod landings during the same period. To frame a sustainable fishery management plan for a tropical country like India, having multispecies-multi-gear nature of fishery, it is necessary to assess the stock status of different species. During 2015-16, of the top five states in India contributing to the cephalopod landings, Andhra Pradesh (AP) ranked fourth contributing 1% of the mean annual marine landings (MAML) (2.95 lakh t). Gujarat contributed 8.73; Karnataka 6; Tamil Nadu 5.9 and Kerala 0.08% of MAML. The MAML of AP during 2000-2010 was 1.99 lakh t, of which molluscs contributed 1.1%” (Maheswarudu, 2013). The main species of cephalopods exploited in Indian coast are Sepia pharaonis, Sepia aculeata, Sepia elliptica, Sepia brevimana, Sepia prashadi and Sepiella inermis.  
In Andhra coast, five species of cuttlefish are commercially exploited and among these S. aculeata is the most common species. Information on the cephalopods resources in Indian waters are available from the works of Joseph. Much of the previous research in India focused on the stock characteristics of S. aculeata occurring in different locations such as, by Menon (1988) from Mumbai waters; Rao et al., (1993) from all along the Indian Coast; Asokan (2000) along Malabar coast; Abdussamad (2004) from Kakinada coast and Chakraborty (2013) from north-west coast. Biology of this species was studied from Mangalore coast by Rao (1997). Rekha (2023) reported about trace elements in cuttle fish Sepiella inermis from coastal zone of Andhra Pradesh.  
“Due to increase in demand and economic value, the landings of cephalopods have increased and if not managed properly, this can lead to decline of the fishery. Though having good fishery with increasing trend, there is no recent studies on the biology and fishery of cuttlefish from Andhra Pradesh coast especially that of S. aculeata. So, the present study focused on the fishery and stock status of cuttlefishes with reference to the needle cuttlefish Sepia aculeata Van Hasselt, 1835 along Andhra coast. The Indian squid, Loligo duvaucelii forms fishery all along the coast from Gujarat to Orissa. Abundance and distribution vary greatly, both seasonally and annually. Distribution of the squids is believed to be strongly influenced by environmental conditions, with water temperature and water currents being a major factor that influence the distribution and fishery of cephalopods. climate change may cause population fluctuations and further reduce their sustainable exploitation and economic significance” (Huimin et al., 2024). “Evidence suggests that highest concentrations occur in the inshore areas during the post-monsoon period when spawning congregations have been noticed. There seems little doubt that thermocline at intermediate depths as well as other biological factors such as predator and prey abundance and their distribution also plays an important role in this migration. The Indian squid Loligo duvaucelii lays egg capsules and these form egg mops consisting of gelatinous fingers. Each capsule contains 125 to 150 eggs” (Asokan and Kakati, 1991). The egg measures 2mm in length and 1.75mm in width. The young squids on emergence measure on an average 1.8-mm in DML and 3.17 mm in total length including arms. The hatching takes about 13 days to emerge. Large-scale destruction by the shore seines during the breeding season is noticed. Hastie et al., (2016) focused on how cephalopod life-history traits influence the resilience of their stocks. They highlighted that cephalopods, characterized by short lifespans and rapid growth, are prone to boom-and-bust population dynamics, making them susceptible to overfishing.
“Loligo duvaucelii is a continuous spawner. The food of Loligo duvaucelii consists of prawns, crabs, stomatopods and euphausiids and a variety of finfishes. Smaller squids tend to feed more heavily on small crustaceans such as euphausiids, turning more to fish and fellow squid as they mature. Squids are also a food source for a variety of fish, marine mammals, and birds. Some of the better-known predators of squids in Indian waters are Katsuwonus pelamis, Euthynnus affinis, Auxis thazard, A. thynnoides”(Kumaran, 1964).
“Cephalopods are important elements in marine food webs and interact significantly with commercially exploited finfish species. Since these are offering high protein, healthy fat content and essential vitamins, and minerals, they are consumed throughout the world, both as food and as feed supplements and have great commercial value”                    (Vairamani, 2010). In view this, present study was aimed to evaluate the stock and market price trends of cephalopods both Loligo and Sepia from Visakhapatnam fishing harbour, Andhra Pradesh India.
 
 
MATERIAL AND METHODS
Length based stock assessment, weekly data on length frequency of Loligo duvaucelii and Sepia aculeata was collected for a period of four months (December 2024-March 2025) from the landings of commercial vessels at Visakhapatnam. Species level landings data was estimated from the weekly visits made at Visakhapatnam Fishing Harbour (17.7092°N; 83.2707°E), the major trawl landing centre in Andhra Pradesh (Figure A and B).
During the visits, the percentage contribution of different cephalopod species to the cephalopod landings of the day was estimated. This was then scaled up to the weekly and monthly landings of cephalopods to obtain species-wise landing data. The trend in landings of cephalopods and cuttlefish was studied using the Cumulative Sum (CUSUM) technique (Hurst, 1951). CUSUM is a visual statistical procedure commonly used in industry for quality control, which allows the detection of changes of a persistent process by time. 
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	Figure 1. Loligo
	Figure 2. Sepia


During the study period various materials were used to collect the landing data which includes: fishing gear, fishing reel, lures or jigs and gill nets. At Visakhapatnam fishing harbor, both mechanized and non-mechanized boats are being used regularly for fishing. Mechanized boats are called sona boats and non-mechanized boats are called fiber boats which are locally known as ‘Teppalu’ (Sasikala, 2020).  Catamaran (Teppalu), Masula boats and Nava. Besides these, the study also used light equipment used to attract squid to the surface at night. These can be mounted on the boat or hung over the sides. Processing equipment-tools for cleaning and processing the squid once they are caught, such as knives and cutting boards. Safety equipment-life jackets, first aid kits, and other safety equipment to ensure the well-being of everyone on board. Storage equipment-containers for storing caught squid, such as coolers or buckets filled with ice to keep the squid fresh.
RESULTS AND DISCUSSION
The data was collected regarding the cephalopod fishery during December 2024-March 2025) at fishing harbour, Vishakhapatnam. During the study period we have collected the information on market price and stock export value of the loligo and sepia from the exporter procurement centre.
In the present results the weekly wise, fortnight, and monthly data on stock and market price of both Loligo and Sepia was analysed and presented in the form of tables (Table 1 to 8). 




Table 1. Stock and market price trends of Loligo during December 2024.
	S/N
	December
	Stock
	Owner selling price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	355kg
	54,010
	180-200
	69,090

	2
	Second week
	414kg
	64,200
	180-200
	81,040

	3
	Third week
	402kg
	61,060
	190-200
	77,119

	4
	Fourth week
	508kg
	72,230
	170-200
	93,210

	Fortnight data

	S/N
	December
	Stock
	Owner selling price
	Market price (1kg)
	Market total price

	1
	15 days (1-15)
	836kg
	1,28,140
	180-200
	1,51,809

	2
	16 days (16-31)
	843kg
	1,23,360
	180-200
	1,59,650

	Monthly data

	S/N
	December
	Stock
	Owner selling price
	Market price (1kg)
	Market total price

	1
	31 days
	1679kg
	251,500
	180-200
	3,11,459



Table 2. Stock and market price trends of Loligo during January 2025.
	S/N
	January
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	437kg
	64,530
	150-200
	82,900

	2
	Second week
	333kg
	47,780
	140-200
	62,750

	3
	Third week
	266kg
	35,270
	120-200
	45,370

	4
	Fourth week
	516kg
	74,370
	190-200
	100,720

	Fortnight data

	S/N
	January
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	15 days (1-15)
	789kg
	1,14,210
	140-200
	1,47,930

	2
	16 days (16-31)
	763kg
	1,07,742
	120-200
	1,48,810

	Monthly data

	S/N
	January
	Stock
	Seller price
	Market price (1kg)
	Market total price

	1
	31 days
	1552kg
	2,21,952
	120-200
	2,91,740



Table 3. Stock and market price trends of Loligo  during February 2025.
	S/N
	February
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	395kg
	58,990
	190-200
	76,080

	2
	Second week
	443kg
	63,070
	180-200
	86,170

	3
	Third week
	428kg
	61,810
	170-200
	80,040

	4
	Fourth week
	382kg
	56,450
	150-200
	71,720

	Fortnight data

	S/N
	February
	Stock
	Seller price
	Market price (1kg)
	Market total price

	1
	14 days (1-14)
	838kg
	1,22,060
	170-200
	1,62,250

	2
	14 days (15-28)
	810kg
	1,18,260
	150-200
	1,51,760

	Monthly data

	S/N
	February
	Stock
	Seller price
	Market price (1kg)
	Market total price

	1
	28 days
	1648kg
	2,40,320
	150-200
	3,14,010





Table 4. Stock and market price trends of Loligo during March 2025.
	S/N
	March
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	380kg
	59,730
	190-200
	82,400

	2
	Second week
	401kg
	62,950
	170-200
	79,200

	3
	Third week
	479kg
	70,780
	190-200
	93,400

	4
	Fourth week
	398kg
	61,200
	160-200
	76,480

	Fortnight data

	S/N
	March
	Stock
	  Seller price
	Market price (1kg)
	Market total price

	1
	15 days (1-15)
	820kg
	1,30,480
	170-200
	1,69,100

	2
	16 days (16-31)
	838kg
	1,31,980
	160-200
	1,62,380

	Monthly data

	S/N
	March
	Stock
	  Seller price
	Market price (1kg)
	Market total price

	1
	31 days
	1658kg
	2,62,460
	160-200
	3,31,480




Table 5. Stock and market price trends of Sepia during December 2024.
	S/N
	December
	Stock
	Owner selling price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	480kg
	74,000
	190-200
	96,000

	2
	Second week
	510kg
	77,600
	190-200
	1,02,000

	3
	Third week
	430kg
	68,000
	190-200
	86,000

	4
	Fourth week
	390kg
	54,600
	200
	74,100

	Fortnight data

	S/N
	December
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	15 days (1-15)
	1030kg
	1,57,600
	190-200
	1,98,000

	2
	16 days (16-31)
	780kg
	1,16,600
	190-200
	1,60,100

	Monthly data

	S/N
	December
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	31 days
	1810kg
	2,74,200
	190-200
	3,58,100



Table 6. Stock and market price trends of Sepia during January 2025.
	S/N
	January
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	450kg
	67,000
	190-200
	82,900

	2
	Second week
	370kg
	52,500
	190-200
	62,750

	3
	Third week
	310kg
	42,800
	170-200
	45,370

	4
	Fourth week
	402kg
	59,500
	190-200
	100,720

	Fortnight data

	S/N
	January
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	15 days (1-15)
	832kg
	1,21,180
	190-200
	1,61,380

	2
	16 days (16-31)
	700kg
	1,00,620
	170-200
	1,35,500

	Monthly data

	S/N
	January
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	31 days
	1532kg
	2,21,800
	170-200
	2,96,880



Table 7. Stock and market price trends of Sepia during February 2025.
	S/N
	February
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	526kg
	76,080
	180-200
	78,140

	2
	Second week
	470kg
	69,800
	180-200
	86,170

	3
	Third week
	430kg
	63,700
	180-200
	80,040

	4
	Fourth week
	487kg
	71,720
	180-200
	72,180

	Fortnight data

	S/N
	February
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	14 days (1-14)
	996kg
	1,47,940
	180-200
	1,87,780

	2
	14 days (15-28)
	917kg
	1,35,880
	180-200
	1,72,500

	Monthly data

	S/N
	February
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	28 days
	1913kg
	2,83,820
	180-200
	3,60,280



Table 8. Stock and market price trends of Sepia during March 2025.
	S/N
	March
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	Weekly data

	1
	First week
	390kg
	57,600
	180-200
	76,200

	2
	Second week
	480kg
	70,700
	180-200
	93,400

	3
	Third week
	503kg
	74,420
	190-200
	99,570

	4
	Fourth week
	408kg
	60,620
	180-200
	80,440

	Fortnight data

	S/N
	March
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	15 days (1-15)
	913kg
	1,34,700
	180-200
	1,78,200

	2
	16 days (16-31)
	868kg
	1,28,640
	180-200
	1,71,360

	Monthly data

	S/N
	March
	Stock
	 Seller price
	Market price (1kg)
	Market total price

	1
	31 days
	1781kg
	2,63,340
	190-200
	3,49,560


Loligo has moderately slender, torpedo-shaped body, fins are rhomboidal, 60% of mantle length. Arms are four pairs, with the fourth pair being the longest. Tentacles are long and retractable, with toothed suckers with translucent with chromatophores. In Loligo sexes are separate males generally larger, reach maturity in about 3–5 months, spawning season nearly year-round, with peaks differing by region. Females lay eggs in gelatinous capsules on seabed substrates. The fecundity ranged from 50,000 to 200,000 eggs per female. Squid fishing mainly involved by bottom trawling bulk of catch is landed as bycatch of demersal trawls. Midwater trawls also target schools in deeper zones. In India, the squid fishes were catch by a commonly known method Squid jigging (Anusha and Fleming, 2014).
In the present result when weekly  stock of Loligo was taken into consideration minimum stock of 266 kg (Table 2) was observed in the third week of January 2025 and maximum stock of 516kg was observed in the fourth week of January 2025. Likewise, when total stock taken into consideration minimum stock of 1552 kg (Table 2) was observed in the month of January 2025 and maximum stock of 1679kg (Table 1) recorded in the month of December 2024. Similar results were reported by Anusha and Fleming (2014) “as squid catches have increased substantially worldwide and this has highlighted the fact that their populations are highly variable. In India, from January to March and October to December was the most productive period of squid species. And emphasized about the productivity of squid from Indian coast as along the upper east and west coast the above-mentioned months was the most productive, while in southern region such as Karnataka, Kerala, Tamil Nadu and Andhra Pradesh equal productivity was evaluated in July to September” (Anusha and Fleming, 2014). 
Another significant development in frozen squid exports as value added product, new trends were rising in the recent years all over the world for processing of squid. It can be processed in canned, dried and smoked forms. In India, freezing is the predominant method for the adopted for export. The major frozen items in the case of Loligo in India are squid whole, whole cleaned, tubes, rings, fillet, tentacles, peeled whole, stuffed and wings tray packed. Among the 44 varieties, the frozen squid whole and frozen squid whole cleaned contributed more than 60 per cent to the exports. In spite of upsurge in the demand for ready-to eat and ready-to-cook products in international and domestic markets, our export of value-added squid product such as frozen squid rings breaded and frozen squid stuffed is less than a percent.
“Likewise Sepia pharaonis, the tentacular clubs are with suckers of unequal size. Five to six suckers in the middle row of manus are greatly enlarged. The mantle, head and arms are with transverse stripes. Cuttlebone broad, thick and with a mid-ventral groove flattening anteriorly in striated area; striae ‘’ shaped; inner cone forms a conspicuous yellowish flat ledge; a sharp thick spine present. Sepia is gonochoristic. Left ventral arm is hectocotylized in males which are less broader than females that are more muscular and robust. The conspicuous stripes across the dorsal side of mantle, fins, head and arms are more prominent in males than in females. Peak spawning of S. pharaonis is reported in October/November (Lm50%-214mm) and in February/March (Lm50%-121mm)” (Sasikumar, 2011).
It is evident from the present result of sepia, when weekly stocks taken into consideration, the minimum stock of 310kg was noticed in the third week of January 2025 (Table 6) and maximum stock of 526kg in first week of February 2025 (Table 7). Likewise, when monthly stocks were taken into consideration the minimum stock of 1532kg. was observed in the month of January 2025 (Table 6) and maximum stock of 1913kg. was recorded in the month of February 2025 (Table 7). These results were almost correlated with similar study was conducted by Sasikumar (2013), through the major fishing season for sepia is during May-November, when monthly catches (1.67-13.02 kg/h) in trawl are several times higher than those in December-April (0.03-0.85 kg/h). In the post-monsoon season, higher catch rates (4.16-13.02 kg/h) in cuttlefish landings occurs in the 8 Central Marine Fisheries Research.  Similar studies also conducted by Jasmin et.al., (2018) on fishery and stock status of cuttle fish from Andhra Pradesh coast was correlated with the present results.
Price trends of export market of cephalopods including loligo and sepia in the present study showed a significant variation according to international export market demand and availability of the stock. The FAO’s GLOBEFISH (2020) reports continued declines in catches of squid and octopus in 2022–23, contributing to further price increases. US import prices for squid have been rising since mid-2020.
CONCLUSION
Cephalopods are one of the important components of the marine capture fisheries. Visakhapatnam fishing harbour is the main landing centre for cephalopod fishery, and constituted by Loligo duvacelli, Sepia pharaonis. Stock assessment and price trends of cephalopods was carried out   for a period of four months ie from December 2024 to January 2025, maximum stock of Loligo was recorded in the month of March 2025, while for Sepia it has been observed in the month of February 2025. These results were reveals that exploitation of cephalopods were remain within in sustainable limits. In the present study attention was also paid on market price.
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