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INTRODUCTION: 

The Elasmobranchii class is one of the groups of vertebrates having survived for, over 

400 million years since the period. It is the second largest class of fishes after 

Osteichthyes (bony fish) (Boisvert et al., 2019; Compagno, 1990; Grogan et al., 2012). 

Elasmobranch fish can be distinguished from bony fish by their scales, which have been 

replaced by placoid scales in elasmobranch fish species (Meyer & Seegers, 2012). The 

term Elasmobranchii refers to sharks, rays, and skates which're all cartilaginous fish, 

they have skeletons made of calcified cartilage instead of true bones (Seidel et al., 

2017). The body forms of Elasmobranch fishes share many similar characteristics, but 

is highly varied between orders, reflecting adaptations to lifestyle, habitat, and 

environment (Lisney et al., 2012). 

 

Elasmobranchs are a diverse taxonomic group, their systematic arrangements, and 

phylogeny is mostly unresolved. Early taxonomic works such as that by Bigelow and 

Schroeder (1948) suggested that there are fundamental splits in batoids and sharks, 

while the recent studies (Compagno, 1977) suggested batoids are derived from sharks 

(such as saw sharks and angel sharks). The most discussed modern cladistic 

classifications of elasmobranchs are by De Carvalho (1996); Shirai (1996); Compagno, 

(2001) and Compagno, (2005). Recently genetic and molecular data has been widely 

used to make phylogenetic tree and to solve the issues related to Elasmobranch 

phylogeny, interrelationships, radiation, and evolution (Douady, 2003; Puckridge et al., 

2013). Though there are several classifications presented for chondrichthyes (eg. 

Mould, 1997), most widely used and recognized classification is that of Compagno 

(2005). 

 

The global population of elasmobranchs consists of, around 1426 known species 

(Fricke, et. al, 2023). and still Every year new species is discovered. They can be found 

in environments ranging from freshwater to deep sea ecosystems. Some species are 

widespread while others are only found in particular regions. Elasmobranchs are 

particularly vulnerable to overfishing due to their K selected life history traits such as 

growth, late sexual maturity, and low reproductive rates. The limited understanding of 

their biology and life cycle makes it challenging to implement conservation and 



management strategies. The growing demand, for fishing and incidental catch has 

raised concerns regarding the sustainability of elasmobranch populations. 

 

India, ranking second globally in chondrichthyan fishing after Indonesia (FAO, 2009), 

Elasmobranch fisheries resources consisting of sharks, rays and skate exploited by 

using various gears (longlines, trawl nets, drift gillnets and hooks and lines) in the 

Indian Exclusive Economic Zone (EEZ). Traditionally, India has a rich fishery history, 

with early elasmobranch records from the southwest coast Kerala, by (Day 1863). Until 

1980, elasmobranchs were occasional bycatch by different types of traditional crafts 

and gears operated in India. The commercial elasmobranch fishery has evolved in the 

last three decades due to increased effort, multiday distant water fishing, and expanded 

fishing areas and depths. Targeted elasmobranch fishing using gill nets, hooks and lines, 

and longlines began around 1990 (Bonfil 1994; Hanfee 1997, 1999). Currently, 

multiday distant water targeted elasmobranch fishing occurs across the Indian EEZ. In 

2021, India's elasmobranch landing reached 31,277 tonnes, contributing to the 

estimated total marine fish landing of 3.05 million tonnes, with significant contributions 

from Gujarat, Tamil Nadu, Karnataka, and Kerala. (CMFRI, 2021). 

The state of Gujarat, along the west coast of India, witnessed remarkable development 

in the marine capture fisheries sector. The State is naturally gifted with abundant marine 

fishery resources. Gujarat is a leading maritime state of India located in the extreme 

west of the country (20.1o to24.7o North and 68.4o to 74.4o East). Gujarat with about 

20% of the country’s coastline (1600 km.), 33% of the continental shelf area (1,64,000 

km2) and over 2, 00,000 km2 of EEZ (Exclusive economic zone) ranks second among 

the maritime states in marine capture fish production. 

 

 

REVIEW OF LITERATURE: 

Elasmobranchs in the Indian EEZ have been a significant capture fishery resource for 

decades, exploited by various crafts and gears (Pillai & Parakkal, 2000). The ongoing 

multispecies, multi-gear, year-round elasmobranch landings, coupled with India's 

extensive history in elasmobranch fishery, emphasize the critical need for evaluating 

the status of these vulnerable resources. This evaluation requires the compilation of 

available information. While most research on Indian elasmobrancs focuses on 



diversity, taxonomy, fishery, biology, and population dynamics, there's an urgent need 

for comprehensive reviews of earlier research (Gupta et al, 2022). 

 

Elasmobranch taxonomy research in Indian waters spans centuries, with notable early 

ichthyologists. Latham (1794), a British naturalist, is credited as the first to study Indian 

elasmobranchs, describing Anoxypristis cuspidata from Malabar (Kerala). German 

naturalists Bloch and Schneider, in their 1801 publication Systema Ichthyologiae, 

introduced several new elasmobranchs based on materials collected from the 

Coromandel coast of India (southeast coast), including Aetobatus flagellum and Rhina 

ancylostoma. 

 

Following Bloch and Schneider, several other researchers worked on Indian fauna 

during the colonial period After Bloch and Schneider, numerous researchers 

investigated the fauna of India in the colonial era. viz, Shaw (1803); Russell (1803); 

Hamilton (1822); van Hasselt (1823); Bleeker (1853); Cuvier (1853); Gronov (1854); 

Blyth (1860); Dumeril (1865); Day (1865); Alcock (1889); Lloyd (1908); and 

Annandale (1909) who all contributed significantly to understanding elasmobranch 

fauna of Indian waters. 

 

Limited studies exist on the distribution, biogeography, bathymetry, migration, and 

abundance of elasmobranchs in Indian waters. Misra and Menon (1955) focused on 

elasmobranchs and chimaeras in relation to mean annual isotherms. Mathew et al. 

(1996) presented distribution patterns and abundance of Indian EEZ elasmobranchs 

from FORV Sagar Sampada surveys. Somvanshi et al. (2009) examined the distribution 

of pelagic stingray Pteroplatytrygon violacea in the Indian EEZ. Sinha et al. (2010) 

explored spatiotemporal distribution, abundance, and diversity of oceanic sharks in 

Andaman waters.  

Brief descriptions with diagnostic characters and regional occurrences have been 

published in newsletters, magazines, and popular articles by fisheries institutes such as 

Fishery Survey of India (FSI), Zoological Survey of India (ZSI), Central Marine 

Fisheries Research Institute (CMFRI), and universities etc. 

 



BIBLIOMETRIC ANALYSIS OF INDIAN ELASMOBRANCH 

RESEARCH FROM SCOPUS DATABASE: 

 

 

 

The data spans from 1939 to 2023 and illustrates a substantial evolution in article 

publications. Initially, from 1939 to 1971, publication activity was minimal, often with 

zero or only one article per year. Notably, in 1972, 1974, and 1979, one article was 

published each year, with similar occurrences in 1984 and 1988. The mid-1990s marked 

a turning point, with a significant surge in annual articles from 1996 onwards. This 

trend continued into the 21st century, peaking at 18 articles in both 2017 and 2018. 

While recent years saw some fluctuations, the data overall signifies a remarkable 

increase in research output, reflecting heightened scientific activity in Elasmobranch 

research. 
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The data reveals the research contributions of various authors, notably highlighting 

Akhilesh K V with 26 articles and Zacharia pu with 19 articles, demonstrating 

significant research output. Bineesh kk follows closely with 17 articles, while 

Kizhakudan sj has contributed 14 articles. several authors, including Dash g, Ganga u, 

Pillai ngk, and Purushottama gb, have each authored nine articles, underlining 

consistent contributions. sen s aligns with this group, emphasizing the productivity of 

these authors. Chakraborty sk has contributed eight articles. in summary, this data 

underscores the active and productive research activities of these authors, with akhilesh 

kv leading in terms of the number of articles authored, collectively representing 

significant contributions into the Elasmobranch research. 

 

 

 

the exported data reveals the affiliations of research articles, with "central marine 

fisheries research institute" leading the list with 123 articles, "central institute of 

fisheries education" and "annamalai university" also make substantial contributions 

with 27 and 24 articles, respectively. other notable affiliations include "icar-central 

institute of fisheries education" with 19 articles and "cochin university of science and 

technology" with 18 articles. these affiliations represent significant centres of research 

in the field of marine fisheries, emphasizing their contributions to this area of 

elasmobranch research. 
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ORIGIN OF STUDY: 

Gujarat comprises India's longest coastline, constitutes a fifth of the country's total. 

Rich in diverse habitats like mangroves, salt marshes, coral reefs, and seagrasses, the 

state's continental shelf within 0–50 m depth supports commercially significant species. 

Despite contributing 15% to India's export economy, Gujarat lacks thorough fisheries 

assessments, ranking 4th globally in the need for Chondrichthyes research. The lack of 

scientific investigations implies a dearth of stock assessments and necessary 

management measures. Urgent inquiry is warranted into elasmobranch species 

distributions, ecology, and fishing practices in the region. especially in identifying local 

nursery areas. The coastal areas in Gujarat, characterized by shallow waters, 

mangroves, and seagrass habitats, are believed to be favourable for juvenile sharks and 

rays. However, specific local nursery areas in the region are yet to be identified. The 

presence of immature elasmobranchs from the Red Sea region indicates a higher fishing 

risk for juveniles in the Arabian Sea including Gujarat. Given that certain species 

aggregate based on age, sex, or reproductive state, their populations may be more 

susceptible to fishing pressure. It's crucial to promptly identify and protect potential 

habitats for these species in Gujarat. To address these knowledge gaps, a well-designed 

study is underway to enhance our understanding of elasmobranch diversity and 

fisheries in the maritime zone of Gujarat (Johri et. al, 2021). 

 

 

OBJECTIVES:  

(1) To study the species diversity and molecular characterisation of elasmobranch fishes 

from Maritime zone of Gujarat. 

     (1A) To study Morphology, Morphometry and Meristic characters of Elasmobranch. 

     (1B) Molecular taxonomy and Phylogeny. 

(2) Fishery data analysis. 

(3) Post harvesting utilization of elasmobranch. 

 



 

STUDY SITE: 

The Gujarat coast is renowned for its extensive network of fish landing centres and 

harbours, which are vital components of the state's vibrant fishing industry. These 

landing centres are strategically located along the coastline and have specific roles in 

the fishing and seafood trade. Among the notable landing centres, Veraval, Porbandar, 

Mangrol, Okha, Jakhau and Bhavnagar district play significant roles. Veraval stands out 

as one of the largest and most active fish landing centres not only in Gujarat but also in 

India. It serves as a crucial hub for sorting, auctioning, and processing the daily catch, 

making it a pivotal point for seafood exports. These landing centres are not only 

economic drivers but are also deeply ingrained in the cultural and social fabric of the 

coastal communities. They reflect the rich marine resources of the region, showcasing 

Gujarat's longstanding fishing traditions and its substantial contribution to the state's 

and the nation's economy. 

 

MATERIALS AND METHOD: 

 

 

Sampling site:  

Four primary areas along the western coast of Gujarat, India - Veraval (20.9159_ N, 

70.3629_ E), Mangrol (21.1172_ N, 70.1158_ E), Porbandar (21.6417_ N, 69.6293_ 

E), and Okha (22.4649_ N, 69.0702_ E) were chosen as sites for sample collection due 

to their high volume of elasmobranch landings.  

 



 

Methodology: 

Methodology mainly categorised under three parts. 

1) To study the species diversity and molecular characterisation of elasmobranch 

Maritime zone of Gujarat: 

Species identification of collected elasmobranch specimens were based on Alcock 

(1899); Misra (1952); Compagno (1984 ab); Smith and Heemstra (1986); Shirai and 

Tachikawa (1993); Didier and Stehman (1996); Compagno (2001); Compagno et al. 

(2005 a); White et al. (2006 b); Last et al. (2008 ab); Ebert (2013) etc. and other 

available references of particular genus and species. Morphological features of 

specimens will be examined with fine precisions. The linear measurements will be 

taken by using normal scale/measuring tape, fine pointed divider and forceps to the 

nearest cm, following methodologies prescribed by Compagno (1984, 2001) for sharks; 

Last et al. (2008) for skates.  Morphometric measurements as expressed in percent of 

total length (% TL) unless otherwise stated. The molecular identification has been 

carried out by barcoding the COI gene of the specimens to be matched with the records 

of the database of BOLD and NCBI. The secondary data derived from these sources 

and the primary data from the present study would assist in creating phylogenetic maps 

at species level and phylogeography studies on the distribution pattern of selected 

elasmobranch fish. The YOLO object bases image classification was carried out using 

MATLAB Software from the collected images. In preparing the fish detection model 

using YOLO, annotate the dataset with bounding boxes using the specific YOLO 

labelling format, split the data into training and validation sets, train the model with the 

configured YOLO architecture, evaluate its performance on the validation set, and 

implement post-processing techniques. 

 

 

 

2) Fishery data analysis: 

The monthly, seasonal, and annual data of elasmobranch fish for present study was 

collected from selected fish landing centre of Gujarat coast.  Based on the length 

frequency data, various parameters of population dynamics were calculated. The 



elasmobranch fish catch trends of the state was analysed by conducting socio economic 

survey. 

 

3) Post harvesting utilization of elasmobranch: 

A detailed study of all the post-harvesting techniques/process was carried out. 

Data was validated through local communication with fishermen and by visits to 

processing units. Based on survey data of post-harvest utilization, market channels, and 

trade were analysed. 

 

RESULT: 

Objective 1 

The surveys conducted at fish landing site and fish markets within Gujarat state. 

Elasmobranchs were sampled opportunistically, including species from the Selachii 

(sharks) and Batoidea (rays). Within the Selachii, recorded twenty-two species 

comprising three orders, six families, and twelve genera. while within the Batoidea 

recorded twenty-five species, comprising three orders, nine families, and sixteen 

genera. Additional specimen photographs and research grade identifications for each 

specimen can be found at iNaturalist: https://www.inaturalist.org. Note that 2 

specimens for which taxonomic identities remained unknown are not included. 

Taxonomic identity of specimens from five species were confirmed by sequencing and 

phylogenetic analyses in the current study. Phylogenetic analyses of one species are 

presented in Fig.1 To provide a graphical depiction of the patterning of divergences, 

Neighbour Joining (NJ) trees of Kimura two-parameter (K2P) distances were built 

(Fig.1). The results of a phylogenetic study and a comparison of the DNA barcodes of 

the present Gujarat specimen (OR252866) with those of U. granulatus from GenBank 

(KF899471, MF039700, MZ363898) demonstrate a match of more than 99.5%. 

 



 

                         Figure-1 Molecular phylogenetic tree of Urogymnus granulatus. 

The elasmobranchs are represented in 6 orders, of which Carcharhiniformes and 

Myliobatiformes contributed the same 36.4% with 17 no. of species each followed by 

Rhinopristiformes 12.76 % having 6 species, Lamniformes 6.38%, with 3 species, 

orectoolobiformes and Torpediniformes contribute same 4.25 % with 2 species each. 

Among the 13 families recorded, Carcharhinidae is the dominant family with 13 

species. Earlier studies by Johri et. al, (2021) reported 31 species of elasmobranchs at 

Gujarat coast, indicated the dominance of Carcharhiniformes and Myliobatiformes with 

38.70 % and 29.03% respectively.   

 

 

Biodiversity indices of elasmobranchs: 

Spatio-temporal variability in biodiversity indices such as Simpson_1-D, Shannon – 

Wiener species diversity (H), Margalef’s species richness (d), Menhinick, and Margalef 

were calculated using PAST 4.03 version. Values are given in the belove. 

 

 

 

 

 

 

 

To understand the diversity, different diversity indices have been calculated to quantify 

the diversity of species within an elasmobranch fishes community. Different indices 

were calculated the different aspects of diversity, including species richness, evenness, 

and dominance. Results in above table shows that summer season consistently shows 

Diversity indices Winter Summer monsoon 

Simpson_1-D 0.6745 0.8909 0.7863 

Shannon_H 1.914 2.731 2.251 

Evenness_e^H/S 0.1993 0.4147 0.2435 

Menhinick 1.013 0.8901 1.02 

Margalef 4.697 4.829 5.214 



the highest diversity across all indices, indicating a more diverse and evenly distributed 

community of elasmobranch. As Margalef index emphasizes the importance of rare 

species in a community, the result of this index suggests that Monsoon has the highest 

diversity, emphasizing the importance of rare species. On the other hand, The 

Menhinick’s index suggests relatively low species richness across all seasons. Evenness 

is highest in Summer, indicating a more balanced distribution of species whereas winter 

generally has lower diversity and evenness compared to Summer and Monsoon. 

 

 

 

Objective 2: 

Estimation of growth parameters: 

The monthly length frequency of carcharhinus falciformis was analyzed using the 

FiSAT Software. The parameters of von Bertalanffy’s growth functions (VBGF), 

asymptotic length (L∞) and growth co-efficient (K) were estimated using ELEFAN-1 

routing incorporated into the FiSAT Software. K Scan routine was conducted to assess 

a reliable estimate of the K value. ELEFAN technique employing FiSAT programme 

gave an estimate of L∞ as 316 cm TL and K of 0.14/year. 

 

 

 

 

 

Mortality Parameters: 

Figure-2: Growth curve of carcharhinus falciformis employing ELEFAN 



The key parameters used to describe the rate of death are called the “mortality 

parameters”. The total mortality rate of the cohort (batch of fish having approximately 

the same age and belonging to the same stock) Z is the sum of the instantaneous rate of 

fishing mortality F, which is caused by the fishing operation and the instantaneous rate 

of natural mortality M which includes deaths caused by all other factors other than 

fishing like lack of food, competition, predation, and old age. The Z obtained by length 

converted catch curve was 0.25.(Fig.3). 

Other age- and growth-related parameters such as Gulland and Holt plot (1959), Powell 

and Wetherall Plot, Munro’s method (1982), and Ford-Walford plot are also 

calculating.    

 

Objective 3 

Trade characteristics of Elasmobranch fishery: 

Category Questions   Respondents 

Elasmobranch landings Commonly caught 

elasmobranch 

S. laticaudus, R. acutus, 

R. Oligolinx, C, 

falciformis, I. 

omnanensis, Brevitrygon 

sp. R. annandalei, R 

punctifer  

Fishing patterns Season of highest catch March, April, September, 

October 

Fig.3 



 Season of lowest catch June, July, December, 

January 

 

 Time of catch Day and Night 

 Gear that caught 

elasmobranch 

Gillnet, Hook and line, 

Trawl. 

 

Trade patterns Sale of meat Yes (Fresh/dry fish) 

 Sale of liver oil Yes 

 Sale of Fins Yes (but did not know 

details) 

 

Conservation Quantity of elasmobranch 

catch 

Decrease  

 Price  Increase (regular mode) 

 Conservation status Only know about whale 

shark. 

 

 

 

Objective: 3   

Post harvesting utilization: 

Elasmobranchs, encompassing sharks and batoids, are encountered incidentally or 

captured as bycatch, rather than being the primary target of fishing activities. with 

prominent families such as Carcharhinidae, Dasyatidae and Rhinobatidae dominating 

the catch. Following bycatch, traders buy fishes from the boat owners and a post-

harvesting processing is carried out. smaller or damaged individuals sold for local 

consumption, while medium size fresh shark such as silky shark packed in ice box and 

transported to Bangalore (Karnataka) and Kerala, while Fresh Ray fishes are 

transported to Howrah (West Bengal). This was based on the species, quantity, and 

quality of catch.  Remaining fish catch undergoes at a designated processing unit. In 

processing Washing, cutting, salting, and drying of fish is done there.  



After cutting, in the process of salting, the pieces of meat are kept with salt for 12-15 

days and then left in the sun to dry.  Liver which is separated during cutting and liver 

oil is made from it, the separation of liver oil is a crucial step, and it is utilized for boat 

exteriors. 

while the other excess material is sent to the fishmeal industry, from which fishmeal is 

made.  The dried fish is packed and transported to the state of Karnataka, Kerala, and 

Tamil Nadu, as per the demand of the market. Fin cutting and export activities are not 

significantly observed.  
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