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Abstract
Fish stock assessment requires that those parts of a species' range can be identified in which the 

effects of exploitation in particular fisheries are apparent. Thus, fisheries are monitored and regulated 
in management units largely determined by the distribution of fisheries, areas which may or may not 
coincide with biological self-perpetuating units. There are several methods of identifying fish stocks, 
including the interpretation of distribution and relative abundance, tagging studies, genetic analyses 
and spatial variation in morphometrics, life-history parameters, parasites and contaminants. The natural 
variability and difficulty in measuring life history and morphological characteristics at the population 
level suggest that these are not good indicators of stock separation for elasmobranchs. Information 
on population demography does, however, reveal the relationships between fisheries and resource, 
and indicates where sampling programmes for the collection of stock assessment data should take 
place. Tagging studies, in particular, can indicate a stock's main range and migrations, if linked with 
a good description of the fisheries that are involved with its exploitation. The environmental param-
eters associated with the distribution of a species are also a useful guide to the likely boundaries of 
movement. In this paper, we discuss the utility of these approaches to delineate areas to be used for 
stock assessments of elasmobranchs, and show how biological and fishery information has been used 
to describe the stock identity for six case study species in the Northeast Atlantic. 
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Introduction
The majority of fisheries in the Northeast Atlantic are 

monitored and regulated in areas that are delineated by 
the International Council for the Exploration of the Sea 
(ICES) (Fig.1), and the abundance of the more important 
commercial teleost species and their response to exploita-
tion are assessed as stock management units within these 
areas. For fisheries management purposes, the stock unit 
is conventionally described by the extent to which the ef-
fects of exploitation in a particular fishery are recognisable 
through a species' population (see Harden-Jones, 1968). 
Ideally, this management unit should also have a high 
degree of biological integrity, particularly when planning 
the collection of data to be used in stock assessments. 

Whilst there is a need to ensure conservation of habi-
tats, prevent the loss of genetic diversity and minimise the 
selective effects of fishing (Ryman, 1991), the priority 
for management of fisheries that take elasmobranchs is 
population conservation. To achieve this, we must be able 
to separate and identify stocks. The aims of this paper are 
to discuss the concept of "management stocks" and the 
relative merits and disadvantages of the various techniques 
used to identify such stocks for elasmobranch fishes, and 

to illustrate this by showing how different sources of in-
formation have been used to delineate stock assessment 
units for six case study species in the European DELASS 
project (Pastoors, 2004). Recommendations for future 
studies are also given.

Methods of Stock Identification
There are several approaches to the biogeographical 

identification of stocks of commercial teleost fish, includ-
ing studies on the distribution and relative abundance of 
various life-history stages, tagging studies, population 
genetics and examination of spatial variation in natural 
markers (e.g. parasites), meristics, morphometrics and 
life-history parameters (reviewed by Pawson and Jen-
nings, 1996). Such general approaches are also applicable 
for elasmobranch species. 

Distribution and Abundance
Data describing the distribution and relative abun-

dance of fish in their various life-history stages can be 
used to recognise and chart areas used by different stocks. 
Landings data from commercial fisheries may sometimes 
provide an indication of general spatial and temporal 
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Fig. 1.  ICES Divisions in the Northeast Atlantic.



PAWSON and ELLIS:  Stock Identity of Elasmobranchs 175

patterns in distribution, providing that the dynamics of 
the fishing fleets are also known. Such data may cover 
extensive areas, but this gives rise to several problems. 
First, in order to obtain indices of relative abundance, 
landings data must be standardised to allow for variations 
in fishing effort in both directed and non-directed fisheries, 
where gear selectivity and efficiency are usually unknown. 
Even then, changes in extent and location of areas fished 
over time, coupled with changes in fish distribution due 
to migrations or population status, can cause commercial 
catch rates not to reflect stock abundance. Second, fish-
ermen may discard a proportion of the catch at sea, and 
this will not be recorded in official landings statistics. 
Thirdly, elasmobranchs species are frequently grouped in 
landings statistics (e.g. "skates and rays", "dogfishes and 
hounds" and "deep-water sharks"), thus preventing any 
species-specific analysis. Nevertheless, abundance indi-
ces for some species can be calculated for some métiers 
(i.e. fishery units characterised by gear and species catch 
composition), where landings data are good and fishing 
effort can be weighted by the power of the vessel or other 
factors that correct for catching power. 

Groundfish surveys are potentially valuable for the 
study of stock movements, structure and distribution, 
because the fish captured can be identified to species and 
catch rates are based on standardised sampling at known 
survey sites. Whilst the gear used may not be the most 
efficient means of capturing the species in question and 
abundance indices are often derived from surveys by 
different vessels at various times, they can provide good 
spatial information on a species' general distribution and 
relative abundance and may be designed to cover the entire 
stock distribution (Ellis et al., 2004). However, relatively 
few such studies describe the distribution of breeding, 
spawning/pupping and nursery grounds. Whilst nursery 
areas for coastal species may be easily identified if they 
are located in accessible inshore areas and the juveniles 
are present at high densities, the distribution of juvenile 
deep-water sharks in particular is poorly known. Further-
more, the relationships between nursery areas and the adult 
stocks to which the juveniles subsequently recruit are 
frequently assumed on the basis of geographical location, 
but understanding this relationship is a vital component 
in understanding stock integrity. Such information is in-
creasingly relevant to fisheries management because, as 
stocks are fished more intensively, juvenile fish frequently 
form a major and relatively unpredictable proportion of 
the catch. Moreover, knowledge of the relative abundance 
of juvenile fish is often the best evidence of stock status 
(i.e. breeding success). 

Unfortunately, stock identification of elasmobranchs 
is rarely the primary aim of groundfish surveys, many 

of which were originally designed to sample the more 
important teleost stocks and, therefore, may not cover 
the appropriate areas for the various life-history stages 
of elasmobranchs. Nevertheless, trawl survey CPUE has 
been used to study the relationships between thornback 
rays (Raja clavata) in the North Sea and English Channel 
(Pastoors, 2004). 

Parasites
Fish may become infected by parasites in specific 

geographic regions during their life, therefore "marking" 
the fish with an identifiable natural tag indicating the 
habitat occupied previously, and which may allow it to be 
distinguished from other fish with different origins. Thus, 
investigations of the parasite assemblage of fishes may 
provide information about their life cycle, movements 
and stock identity (Williams et al., 1992; MacKenzie and 
Abaunza, 1998). The use of parasites as natural tags offers 
several advantages over artificial tags. Fish only need to 
be caught once, thus maximising sample sizes, whereas, 
when fish are tagged artificially, only a small proportion 
of these fish may be recaptured, recaptures may be spa-
tially biased, and artificial tags may affect the behaviour 
of the fish. Parasites are also cheaply sampled, and can 
provide preliminary information to aid the design of more 
expensive and complex population sampling and tagging 
studies. Furthermore, parasites are found in those species 
that cannot be marked effectively using artificial tags (e.g. 
rare, delicate and deep-water species). 

To interpret the results of parasite studies, it is impor-
tant to know parasite longevity in the host and the capacity 
of parasites to infect fish at different stages of their life 
history. The infective stages should also have a discontinu-
ous distribution in space and time (Lester, 1990). Whilst 
parasite studies may be validated using conventional tag-
ging data, parasites also share some of the disadvantages 
associated with artificial tags. In particular, they will not 
permit stock boundaries to be recognised when sampling 
effort is low, or if the infection by a parasite is not uniform 
throughout a particular fish stock.

Although there are many studies describing the 
parasite fauna of elasmobranchs, they have seldom been 
used to identify stocks (Caira, 1990). Watson and Thorson 
(1976) examined the parasites of elasmobranchs in Lake 
Nicaragua, and confirmed that specimens caught in 
freshwater also occurred in the Caribbean Sea. McVicar 
(1977) found that, although a similar range of parasite 
species was found in the spiral intestines from cuckoo 
ray Leucoraja naevus caught off Plymouth and Aberdeen, 
U.K., the intensity of cestode infection was considerably 
higher at Plymouth, and whilst Phyllobothrium piriei 
were observed in 98.5% of specimens from Aberdeen, no 
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fish from Plymouth contained this cestode. Moore (2001) 
examined lesser-spotted dogfish Scyliorhinus canicula 
from three sites around England and Wales (Cardigan 
Bay, Plymouth and the Solent) and suggested that larval 
anisakid nematodes may be useful stock indicators. 

Chemical Contaminants
Fish that spend part of their life cycle in chemically-

contaminated water may absorb or ingest these chemicals, 
which may remain in certain body tissues and provide an 
indication of the former life-history of the fish. Hence, it 
is possible that fish could be linked to stocks by the pres-
ence or concentration of contaminants that are distributed 
heterogeneously in the geographical range of the species in 
question (Dutil et al., 1985). However, few such sources 
are available in the open marine environment, which may 
restrict the use of contaminants to identify marine elas-
mobranch stocks. Leah et al. (1991a,b) examined spatial 
variation in mercury levels in the muscle tissue of S. can-
icula caught in the Irish Sea, and suggested that there were 
"several major populations … within the study area". As 
with parasites, the use of contaminants as natural markers 
can provide valuable supporting evidence, but may not be 
suitable as a sole method of stock identification. 

Tagging Studies

Elasmobranchs have been subject to conventional 
tagging studies since the 1930s (e.g. Steven, 1936). 
Parker et al. (1963) provided a comprehensive review of 
marking methods, whilst Kohler and Turner (2001) have 
recently reviewed tagging studies using sharks, which 
appear to be robust to tagging operations (e.g. Heupel 
and Bennett, 1997).

The principal tagging methods adopted for studies 
of stock identification and migration in elasmobranchs 
have been those using serially-coded external tags. The 
success of such studies depends greatly on tagged fish be-
ing recaptured and returned, and many factors are known 
to affect this. These include the method of capturing and 
handling fish (Seber, 1973), choice of tag (Pawson et al., 
1987), the condition of the fish after tagging (Beverton and 
Bedford, 1963), the extent to which tags are shed (Xiao et 
al., 1999) and the publicity and reward systems employed 
(Wise, 1963). Olsen (1984) reported that the return rate 
of tagged Galeorhinus galeus increased when fish were 
tagged both internally and externally. 

As with any other method of stock identification, suc-
cessful interpretation of the results relies on knowledge of 
the sampling regime, where fish are caught for tagging and 
recaptured. Whereas tagging studies can provide valuable 
data for examining movements, migrations, longevity and 
growth of elasmobranchs, their application to identify-

ing stocks has been limited (Kohler and Turner, 2001). 
Tagging studies can, however, help to support or refute 
hypotheses on stock identity, provided that sample sizes 
are sufficient and the overall distribution of the species in 
question and its fisheries are known (e.g. Vince, 1991). 

There have been several co-operative elasmobranchs 
tagging programmes. The National Marine Fisheries 
Service in United States runs a Co-operative Shark Tag-
ging Programme (CSTP) (Kohler et al., 1998), and results 
from this extensive study have been used, for example, 
to support the hypothesis that there is one stock of blue 
shark Prionace glauca in the North Atlantic. In contrast, 
no transatlantic movements of porbeagle Lamna nasus 
were recorded, suggesting that porbeagle in the Northwest 
and Northeast Atlantic should be assessed and managed 
independently. 

Ultrasonic telemetry has been used to examine the 
short-term movements of elasmobranchs since the late-
1970s (Sundstr�m et al., 2001), providing information 
on vertical and horizontal movements, habitat utilization 
and activity space. However, such studies rarely provide 
information on stock structure. Recent advances in the 
design of archival tags (Metcalfe and Arnold, 1997) that 
record and store information on water depth, temperature 
and light levels, from which latitude and longitude can 
be estimated, has provided more comprehensive data 
on the movements and spatial dynamics of free-ranging 
elasmobranchs (e.g. West and Stevens, 2001; Boustany et 
al., 2002; Buckley and Metcalfe, 2002). A current study 
on basking shark Cetorhinus maximus movements on the 
European shelf (Sims et al., 2003) is a case in point.

 Meristics and Morphometrics
The meristic characters that may be used to distin-

guish elasmobranch stocks include the structure of hard 
parts (e.g. dermal denticles, claspers and fin spines) and 
counts of serially repeated elements such as vertebrae, 
teeth and rings in the spiral valve. Vertebral counts 
are available for several species of elasmobranch (e.g. 
Springer and Garrick, 1964), although there is generally 
insufficient data to accurately determine the magnitude 
of spatial variation. Gardner and Ward (1998) reported 
a gradual increase in the mean number of precaudal ver-
tebrae of Mustelus antarcticus from 82.7 (range: 78–86) 
off Tasmania, to 85.7 (80–89) off Newcastle (New South 
Wales) and 88.3 (79–94) off Townsville (Queensland), 
though it was unclear if this cline was due to environ-
mental or genetic factors. It should also be noted that, 
whilst the mean counts of meristic characters may be sig-
nificantly different for samples from separate populations 
of a species, the allocation of a single fish to a specific 
stock may not be possible, because intra-stock variation 
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in individual meristic counts can be almost as large as 
inter-stock variation. 

Comparatively few studies have examined geographi-
cal differences in body morphology (e.g. Strasburg, 1958; 
Hazin et al., 1991) and, although minor differences in 
some body dimensions have been reported, statistical 
analyses are often restricted due to low samples sizes. 
Furthermore, in the absence of organised data collection, 
most studies have utilised published studies, which may 
introduce unknown bias. Whereas significant differences 
in the morphometrics of sharks have been described 
between ocean basins, their utility within oceans may be 
more limited.

Many elasmobranchs are known to exhibit sexual 
dimorphism and ontogenetic variation in meristics and 
morphometrics, as well as the spatial variation that may 
or may not be related to stock structure. Hence, large 
sample sizes may be required to elucidate morphometric 
differences between stocks and, given the large size and 
relatively low abundance of many elasmobranch fish, the 
collection of sufficient biological material may be logisti-
cally difficult. Furthermore, the methodology may not be 
validated without the support of complementary studies 
describing the interactions between genotype, environ-
ment and stages of development (Ihssen et al., 1981). 

Genetics
Observations of differences in morphology and life-

history patterns among con-specific fish populations led to 
the expectation of genetic differentiation within many fish 
species, the basis for the "genetic stock": a reproductively 
isolated unit which is genetically different from other 
stocks (Jamieson, 1974). The results of genetic studies are 
assumed to provide a reliable basis for stock identification, 
because they consider fixed genotypic differences between 
individuals and stocks, surviving successive generations 
within stable breeding populations, rather than pheno-
typic differences that may be environmentally influenced 
(Ryman et al., 1984; Grant and Utter, 1984; Utter 1991). 
Though genetic analyses may fail to provide evidence of 
stock separation, this does not necessarily indicate that 
there are no components within a sea area that have suf-
ficient reproductive integrity to be treated as stocks for 
management purposes. Indeed, some species' populations 
may comprise a number of stock units that have sufficient 
integrity in the medium term to be managed independ-
ently, since they respond independently to the effects of 
exploitation. The low level transfer of individuals between 
stocks sufficient to maintain genetic homogeneity within 
the population as a whole may have little consequence to 
fishery managers. Carvalho and Hauser (1994) reviewed 

the genetic tools that have been used to provide informa-
tion on fish stock structure. 

There are few published studies that have examined 
genetic differences in elasmobranch species (Heist, 1999). 
Sharks were originally regarded as exhibiting low genetic 
variation (Smith, 1986), and some studies have reported 
as much genetic variance within areas as between areas 
(e.g. Lavery and Shaklee, 1989). Nevertheless, as mo-
lecular techniques have improved, more recent studies 
have provided evidence for spatial genetic differentiation 
in sharks. 

Heist et al. (1996a) reported significant differences 
in the mitochondrial DNA haplotypes of mako shark 
Isurus oxyrinchus collected from the North Atlantic, 
South Atlantic and Pacific Oceans. Pardini et al. (2001) 
observed significant differences in the mitochondrial 
DNA control region between Carcharodon carcharias 
from Australia/New Zealand and South Africa. On a 
more regional scale, Gardner and Ward (1998) observed 
significant differences in the mitochondrial DNA and 
vertebral counts of Mustelus antarcticus caught off the 
southern and western coasts of Australia, though further 
work is required to determine whether the observed spatial 
differences are due to discrete stocks or simply reflect a 
latitudinal cline. Other species for which genetic data are 
available include Rhizoprionodon terraenovae (Heist et 
al., 1996b) and various carcharhiniform sharks (Lavery 
and Shaklee, 1989; Heist and Gold, 1999).

Life-history Parameters
Individual life-history traits (e.g. growth rate and 

size/age at maturity) can be described parametrically, 
although their plasticity in response to short-term environ-
mental variation may restrict their utility for differentiat-
ing stocks. Furthermore, it is not easy to collect samples 
that provide results that truly represent the population 
of species that have a wide geographical range, and ap-
parent variation in life-history parameters can be due to 
inadequate sampling. The utility of published studies to 
provide life-history parameters for different geographi-
cal areas may also suffer from variations in sampling 
protocols (e.g. catching gear) and the seasonality of data 
collection. 

Geographical variation in both reproductive and 
growth parameters has been reported for elasmobranch 
species (e.g. Parsons, 1993; Taniuchi and Tachikawa, 
1999), but it is often unclear whether this is a response to 
their local environment, to the effects of exploitation, or 
the existence of genetically discrete stocks. Accordingly, 
such methods may not be a reliable means by which to 
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define stocks in the long-term. As with meristic and mor-
phometric techniques, life-history analyses may indicate 
differences between fish sampled from discrete regions, 
but are unlikely to enable small samples of fish to be 
identified to specific stocks. Thus, they have limited use 
in areas where stocks mix.

Stock Identity of Six Case-study Elasmobranchs
The following section summarises available in-

formation for six commercially-important case-study 
species in the North Atlantic, and highlight some of the 
problems encountered in identifying stock units with 
which to undertake preliminary stock assessments un-
der the DELASS project (Anon., 2003). These species 
represent various taxonomic and ecological guilds of 
elasmobranchs, with varying degrees of data quality and 
availability (Table 1). 

Wide-ranging Pelagic Shark: Blue shark

Distribution, population demography and 
fisheries.  Blue shark Prionace glauca is a circumglobal, 
pelagic shark that typically occurs in waters of 7–16°C 
from the surface down to the thermocline, although they 
make regular descents to deeper waters (200–600 m) 
(Carey and Scharold, 1990). In the western Atlantic it 
occurs from Newfoundland to Argentina, and in the east-

ern Atlantic from Norway to South Africa, including the 
Mediterranean Sea (Compagno, 1984a).

Sexual segregation in P. glauca has been reported in 
the Atlantic. On the Grand Banks and off Newfoundland, 
86% of catches were male (McKenzie and Tibbo, 1964), 
whereas female-biased sex ratios of 1:13 and 1:55 were 
reported off south-western England (Stevens, 1974) and 
south-west Ireland (Crummey et al., 1991) respectively. 
McNaughton et al. (MS 1998), however, reported approxi-
mately equal numbers of males and females in the deeper 
waters offshore from Southwest Ireland. Juveniles feature 
predominately in the catches taken south west of the UK, 
in contrast to larger mature fish found off the Canary Is-
lands and Portuguese coast (Muñoz-Chapuli, 1984).

In the Northeast Atlantic, P. glauca is taken mainly 
as a by-catch in international surface long-line and drift-
net fisheries targeting tuna and billfish, operating from 
the Celtic Sea south to the west coast of Africa. Up to 
82% of P. glauca taken in French and Spanish fisheries 
are discarded due to its low value compared to that of 
swordfish Xiphius gladius and other sharks (e.g. mako 
Isurus oxyrinchus) (Vas, 1995; Mejuto, MS 1985). They 
are also taken in local, directed long-line fisheries in the 
southern Bay of Biscay and off the shelf edge in the Celtic 
Sea, west of Ireland and off Southwest England, where 

TABLE 1.  	 A summary of the availability of data with which stock units have been identified in six case study species 
considered by DELASS (blank: No published information; 1: Some data available, but further data/analyses 
required; 2: Data available and sufficient).

Stock identity	 Centrophorus	 Centroscymnus	 Squalus	 Scyliorhinus	 Prionace	 Raja
 information	 squamosus	 coelolepis	 acanthias	 canicula	 glauca	 clavata

Landings data	 1	 1	 2	 1	 1	 1
Survey data	 1	 1	 1	 2	 1	 2
•	 Distribution	 1	 1	 2	 2	 2	 2
•	 Nursery areas				    1	 1	 2
•	 Spawning areas				    1		  1
Tagging			   2	 1	 2	 1
   Migrations			   2	 1	 2	 1
Life history: Age			   1	 1	 1	 1
•	 Length			   2			 
•	 Growth			   1	 1		
•	 Maturity			   1	 1		
•	 Fecundity	 2	 2	 2	 1	 2	 1
 Parasites			   1	 1	 1	 1
Genetics						      1
Behaviour						    
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they are also the target of recreational anglers, especially 
during the summer.

Reproductive biology.  Prionace glauca is placen-
tally viviparous, and detailed accounts of its reproductive 
biology are available for the Northwest Atlantic (Pratt, 
1979) and Northeast Atlantic (Tucker and Newnham, 
1957; Stevens, 1974, 1976b). For North Atlantic popula-
tions, Pratt (1979) estimated 50% maturity in males was 
attained at 183 cm fork length (LF), and that females 
passed through a sub-adult phase at 145–185 cm LF, 
whilst Castro and Mejuto (1995) reported that females 
matured at 220 cm LF. 

Estimates of fecundity in the Northwest Atlantic 
(Backus, 1957), central Atlantic (Castro and Mejuto, 
1995) the Northeast Atlantic and Mediterranean (Tucker 
and Newnham, 1957) are similar, at 1–75. The gestation 
period has been estimated between 9–12 months (Suda, 
1953), and the absence of gravid females in inshore waters 
may indicate that parturition may occur offshore (Stevens, 
1975; Pratt, 1979; Draganik and Pelczarski, 1984). Pratt 
(1979) found that gravid females in the Atlantic had em-
bryos in the same stage of development. The maximum 
length of embryos has variously been reported as 43 cm 
in the North Atlantic (Aasen, 1966). 

Growth:  The few studies on age and size of P. glauca 
in the North Atlantic  provide little evidence of geographi-
cal differences in growth parameters, though Tanaka et 
al. (1990) suggested that any variance in the data may 
in part be due to preparation technique, reader accuracy 
and precision, and sample size and bias, as well as natural 
individual variation. The maximum size reported in the 
Atlantic has varied from 263 cm total length (LT) (Stevens, 
1975) to 383 cm (Bigelow and Schroeder, 1948), though 
estimates of L∞ (sexes combined) lie between 394 and 423 
cm (Aasen, 1966; Stevens, 1975).

Morphometrics: Gubanov (1976) suggested that there 
were no morphological differences between P. glauca 
from the Indian Ocean and North Atlantic, and data for 
North Atlantic specimens showed no evidence of stock 
differentiation in this region (McKenzie and Tibbo, 1964). 
However, Litvinov (1982) described two separate tooth 
morphologies of North Atlantic P. glauca, viz subulate 
and knife-shaped, ascribed to different prey preferences 
of sharks in oceanic and neritic waters, the former group 
preferring cephalopods.

Movements and migrations.  Over 60 000 P. glauca 
were tagged between 1962 and 1993 under the auspices 
of the National Marine Fisheries Service, mostly in the 

Northwest Atlantic. The recapture rate was 3.8% and, 
whilst most reported recaptures were from the US and 
Canadian waters, large numbers were also recorded from 
the Grand Banks area, Caribbean Sea, north-eastern coasts 
of South America and the central Atlantic, north of the 
equator (Kohler et al., 1998). These data also showed that 
P. glauca made transatlantic migrations to the waters off 
western Europe and Northwest Africa. Few individuals 
were recaptured south of the equator, even though there 
are important high seas fisheries in these waters, and in-
dividuals tagged in the South Atlantic (off Argentina and 
Uruguay) did not move into the North Atlantic.

In the Eastern Atlantic, some 15 000 P. glauca were 
tagged off Ireland between 1970 and 1998, with a recap-
ture rate of 3.25% (Fitzmaurice and Green, 2000). Most 
of the recaptures were from the Azores (77%), followed 
by the Canary Islands (13%), Newfoundland (5.1%) and 
Cape Verde (4.4%). Specimens were also recaptured off 
the north-eastern United States, Gulf of Mexico, Carib-
bean and north-eastern South America, but none were 
reported from southern latitudes. In contrast, Stevens 
(1976a, 1990) reported than most individuals tagged 
off south-west England were subsequently recaptured 
in European waters, though one fish had moved into the 
South Atlantic.

These results suggest a cyclical movement of 
P. glauca in the North Atlantic, to the south in the North-
east Atlantic, westwards transatlantic movements from the 
African coast, and return transatlantic movements from 
the north-eastern USA and south-east Canada towards the 
Grand Banks and Northwest  Europe (Kohler et al., 1998; 
Fitzmaurice and Green, 2000).

Parasites and Genetics.  Though there are several 
descriptive studies of parasites associated with P. glauca 
(Adamson et al., 1987; Benz and Dupre, 1987; Curran and 
Caira, 1995; Rokicki and Bychawska, 1991; Scholz et al., 
1998), the results cannot be used to identify stocks. There 
are no published accounts of the population genetics of 
P. glauca in the Atlantic Ocean. 

Stock identity.  Although there are extensive studies 
on the reproductive biology, growth morphometrics and 
parasites of blue sharks, these data are insufficient to iden-
tify stocks. However, the extensive tagging programmes 
in the North Atlantic clearly show significant numbers 
of trans-Atlantic migrations, with few trans-equatorial 
recaptures and no recaptures from the Indian and Pacific 
Oceans. Hence, DELASS concluded that the assessment 
of P. glauca should be based on a single North Atlantic 
stock that is distributed from Venezuela to Canada in the 
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TABLE 2.   Size-at-maturity of Squalus acanthias.

	 Length at maturity (cm)	
Area	 First	 50%	 100%	 Author

Females				  
NE Atlantic	 60–64	 –	 –	 Hickling (1930)
	 73	 82	 96	 Holden and Meadows (1964)
	 71	 83	 94	 Gauld (MS 1979)
	 69	 74a	 86	 Fahy (MS 1988, 1989)
NW Atlantic	 76	 77.9b	 86	 Nammack et al., 1985
Black Sea	 97.7–116.3c	 –	 –	 Kirnosova (1989)

Males				  
NE Atlantic	 55	 59–60	 64	 Hickling (1930)
NW Atlantic	 58	 59.5e	 63	 Nammack et al. (1985)

a	 estimated as 14 years
b	 estimated as 12.1 years
c	 estimated as 29 years

west and from Sierra Leone and Ivory Coast to Norway 
and Iceland in the east, corresponding to FAO Areas 21, 
27, 31, 37, 34.

Wide-ranging Small Coastal Shark:  Spurdog 

Distribution, population demography and 
fisheries.  Spurdog Squalus acanthias occurs world-wide 
in temperate and boreal waters. It has been recorded in 
coastal shelf waters of the Northwest and Northeast At-
lantic (including the Mediterranean and Black Seas) and 
the South Atlantic (Compagno, 1984a).

In the Northeast Atlantic, S. acanthias occurs from 
10–200 m depth between Iceland and the northern coasts 
of Norway and western Russia, and the coast of Northwest 
Africa (Compagno, 1984b; McEachran and Branstetter, 
1989). It is taken in directed fisheries by Norway, Scot-
land, England and Ireland, and as an important by-catch 
in trawl fisheries in the Norwegian Sea, Kattegat and 
Skagerrak, North Sea, Iceland and Faeroe Isles, Northwest 
Scotland, and English Channel, Irish Sea, west coast of 
Ireland and Celtic Sea. Landings from adjacent areas are 
low and, although Squalus spp. are taken in the Bay of 
Biscay and Cantabrian Sea and off Portugal, these landings 
could be a mix of S. acanthias and S. blainvillei. 

The use of commercial fishing and survey information 
showing, for example, spatial differences in the size-fre-
quency of captured fish for examining stock structure, is 
hampered because S. acanthias often aggregate in shoals 
of the same sex and/or size (Hickling, 1930; Fahy, MS 
1988; Fahy, 1989). Whether this segregation is geographi-

cal (i.e. males and females inhabit distinct and different 
areas) or behavioural (i.e. fish of certain sizes and sexes 
shoal together) is unclear. Nevertheless, shoals with a 
preponderance of large fish (e.g. mature females) may be 
targeted by fishermen.

Reproductive biology.  S. acanthias is aplacentally 
viviparous, and Hisaw and Albert (1947), Gilbert and 
Heath (1972) and Tsang and Callard (1987) give accounts 
of its reproductive biology and physiology. Size at sexual 
maturity is relatively well known, although the data shown 
in Table 2 are not directly comparable as these studies vary 
in space, time and sampling protocol. Nevertheless, within 
the Northeast Atlantic, female S. acanthias typically start 
to mature at 69–73 cm, with 50% of females mature at 
74–83 cm. Males mature at a smaller size than females.

Fecundity increases with size, and various methods 
of estimating fecundity have given quite consistent results 
for this species. Gauld (MS 1979) recorded maximum 
fecundity values of 16 (oocytes), 14 (candled embryos) 
and 13 (free embryos). Estimates of size at birth include 
27.5 cm (Holden and Meadows, 1964) and 26 cm (range 
= 19–30 cm; Gauld, 1989) in the Northeast Atlantic. 

Growth.  Estimates of von Bertalanffy growth param-
eters for S. acanthias from the Northwest and Northeast 
Atlantic, using dorsal spine ages, are given in Table 3. 
However, recent tag returns cast doubt on the use of annuli 
on the spines, at least for Atlantic specimens, and caution 
should be used when utilising age data (Martin Vince, pers. 
comm.). The observed maximum sizes of male and female 
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TABLE 2.   Size-at-maturity of Squalus acanthias.

	 Length at maturity (cm)	
Area	 First	 50%	 100%	 Author

Females				  
NE Atlantic	 60–64	 –	 –	 Hickling (1930)
	 73	 82	 96	 Holden and Meadows (1964)
	 71	 83	 94	 Gauld (MS 1979)
	 69	 74a	 86	 Fahy (MS 1988, 1989)
NW Atlantic	 76	 77.9b	 86	 Nammack et al., 1985
Black Sea	 97.7–116.3c	 –	 –	 Kirnosova (1989)

Males				  
NE Atlantic	 55	 59–60	 64	 Hickling (1930)
NW Atlantic	 58	 59.5e	 63	 Nammack et al. (1985)

a	 estimated as 14 years
b	 estimated as 12.1 years
c	 estimated as 29 years

TABLE 3.  Von Bertalanffy growth parameters for Squalus acanthias. 

Region	 Sex	 L∞ (cm)	 K	 t0 (years)	 Source

Ireland	 Male	 79.9	 0.16	 -1.69	 Fahy (MS 1988, 1989)
	 Female	 98.8	 0.19	 -1.57	
British Isles	 Male	 79.9 (86.0)	 0.21 (0.14)	 -2.0 (-3.13)	 Holden and Meadows  (1962)a

	 Female	 101.4 (104.0)	 0.11 (0.11)	 -3.6 (-3.28)	
North Sea	 Male	 81.7	 0.19	 -1.47	 Sosinski (1977)
	 Female	 137.1	 0.05	 -4.71	
	 Total	 101.5	 0.10	 -3049	
NW Atlantic	 Male	 82.49	 0.148	 -2.67	 Nammack et al. (1985)
	 Female	 100.5	 0.1067	 -2.90	

a Original data and recalculated values (as given by Fahy (1989)) in parentheses.

S. acanthias (reviewed by Ketchen, 1972) where 83–86 
and 108–110 cm, respectively, for the North Atlantic. 

Morphometrics.  Morphological studies of S. acan-
thias have found differences in certain body dimensions 
(e.g. fin lengths) between Pacific and Atlantic specimens. 
Springer and Garrick (1964) gave preliminary data on the 
number of precaudal vertebrae counts ranging from 68–76 
(North Pacific), 75–78 (southern hemisphere) and 79–95 
(North Atlantic). There are, however, insufficient data to 
compare the body dimensions, vertebral counts and dental 
formulae of S. acanthias within the North Atlantic.

Parasites and genetics.  Although several studies 
have discussed the parasites of S. acanthias, there are no 
specific studies examining the use of parasites in stock 
identity. Neither are there any published studies on popula-
tion genetics of S. acanthias.

Movements and migrations.  Published informa-
tion on S. acanthias migrations based on British and 
Norwegian tagging studies (Holden, 1967a; Aasen, 1960; 
Aasen, 1962) indicated little mixing between northern 
waters and southern areas, and Scottish-Norwegian and 
Channel stocks were claimed by Holden (1965, 1967b, 
1968). Most fish, however, were returned from Scottish 
and Norwegian waters, where the major fisheries occurred, 
and the proportionately fewer returns from outside this 
area may have been due to spatial differences in fishing 
activity at the time of these studies. More recent tagging 
exercises in southerly areas have shown movement from 
the north-western Irish Sea to northern Scotland and the 
Celtic Sea and from the Celtic Sea all around the British 
Isles (Vince, 1991). Hjertenes (MS 1980) also reported 
that migration patterns of S. acanthias in the North Sea 
had changed, and they were more frequently caught in 
the southern North Sea. Though trans-Atlantic migrations 
have been reported (Templeman, 1954, 1976, 1984), they 

are rare, and the most recent analyses of tagging studies 
have indicated that Northeast and Northwest  Atlantic 
stocks should be treated independently.

Stock identity.  In the Northeast Atlantic, S. acanthias 
is most abundant in the shelf waters north of the Bay of 
Biscay to the coast of Norway. There are major differences 
in the species' life-history parameters between the Pacific 
and Atlantic populations, but studies of Atlantic popula-
tions differ in methodology and/or the time period of data 
collection and cannot be used to separate stocks. There is 
little or no data regarding morphometrics/meristics, para-
sites or genetics for S. acanthias, hence, evidence of stock 
identity is based largely on the interpretation of distribu-
tion patterns and tagging studies, which indicate a single 
Northeast Atlantic stock. DELASS therefore concluded 
that the assessment of S. acanthias should be based on 
a single stock extending from the Norwegian Sea to the 
northern Bay of Biscay, which includes ICES Divisions 
IIa, IIIa, and VIIIa,b and Sub-areas IV, V, VI and VII. 

Coastal Skate:  Thornback Ray 

Distribution, population demography and fisheries.
Raja clavata occurs in coastal waters of the Northeast 
Atlantic from the Faroe Islands, Iceland and Norway in 
the north to north-western Africa, including the Skagerrak, 
Kattegat and western Baltic Sea, and the Mediterranean 
and Black Seas (Stehmann and Bürkel, 1989). It is found 
on the shelf and upper slope from inshore to depths of 
300 m, but occurs mainly from 10–60 m (Stehmann and 
Bürkel, 1989; Fahy and O'Reilly, 1990). Juveniles are 
most often encountered in inshore waters (Rousset, 1990; 
Ellis et al., 2004). The spatial range of R. clavata in the 
North Sea decreased from 1979 to 1993 and, whereas it 
was formerly distributed over the entire south-western, 
central and northern North Sea, it is now caught predomi-
nantly off the coasts of England and Scotland (Walker et 
al., 1997).
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Although R. clavata is one of the dominant skate 
species taken in European fisheries, most commercial 
landings data are for "skates and rays" combined. Data 
by species are available for France, but these do not allow 
the proportion of R. clavata in commercial landings to be 
adequately estimated. Species compositions in research 
vessel surveys and historical accounts indicate that R. cla-
vata is one of the most abundant rays in the southwestern 
North Sea, eastern English Channel, Bristol Channel and 
Irish Sea (Steven, 1932, 1933; Ellis et al., 2004).

Reproductive biology.  R. clavata is oviparous, and 
the egg-laying season for the population as a whole is 
protracted (Capapé, 1976; Ryland and Ajayi, 1984). 
Both the number and the maximum diameter of oocytes 
increase with increasing body size (Walker, 1998 to 
1999). Estimates of annual egg production range from 
62–74 (west Wales: Ryland and Ajayi, 1984) to 140–150 
(England and Wales: Holden et al., 1971; Holden, 1975) 
and 141–167 eggs/year (Tunisia: Capapé, 1976), though 
captive R. clavata generally lay <50 eggs per year (Ellis 
and Shackley, 1995a).

Though there are a number of estimates of the embry-
onic developmental period (4–6 months), length of young 
at hatching (11–13 cm LT) and sex ratio (not significantly 
different from 1:1), these parameters appear relatively 
consistent (Clark, 1922, 1926; Capapé, 1976; Ellis and 
Shackley, 1995a; Holden et al., 1971; Steven, 1933). 

A summary of information on the size at maturity 
around the British Isles and in the Mediterranean is given 
in Table 4.

Growth.  Most age studies of rays rely heavily on 
back calculation and growth modelling, though tagging 
seems to be most suitable for verification (Walker and 
Heessen, 1996). There are several published estimates for 
the von Bertalanffy equation (e.g. Holden, 1972; Ryland 
and Ajayi, 1984; Fahy, 1989; Walker, 1998 to 1999), but 
differences in sampling protocol and year of sampling 
restrict spatial comparisons. Furthermore, estimates of 

the length range of 0-group R. clavata are inconsistent 
(Brander and Palmer, 1985), presumably because of dif-
ficulties in age determination, though it is unclear what 
affect this may have had on older age-classes.

Morphometrics.  Although there are some basic 
accounts of the morphology and meristics for R. cla-
vata from around the British Isles (Clark, 1926) and the 
Adriatic Sea (Jardas, 1975), there are no comparative 
studies of spatial variation in R. clavata morphology in 
the Northeast Atlantic.

Movements and Migrations.  Steven (1932, 1936) 
reported only 11% of recaptured tagged R. clavata hav-
ing moved more than 32 km from the release point off 
Plymouth (VIIe), and concluded that they migrate into 
shallower water during summer, and move offshore lo-
cally in the winter, whilst juveniles are non-migratory 
and remained on inshore nursery grounds. This pattern of 
movement was supported by Walker et al. (1997) analysis 
of tagging records (from Holden, 1972), which showed 
that there was very little exchange of individuals between 
the eastern English Channel and the North Sea, and sug-
gest that these areas contain separate stocks. Walker et al. 
(1997) suggested that the R. clavata stock in the North 
Sea could be seen as a series of local concentrations with 
regular exchange of individuals, although the majority of 
rays moved no further than 50–60 km from the release 
site over a period of several years. The Thames Estuary 
seems to be an important centre for the North Sea stock 
of R. clavata.

Parasites and population genetics.  Although there 
are some descriptive accounts of the parasites of R. clavata 
(Kabata, 1979), there are no studies which can be used 
to identify stocks. There are no accounts of population 
genetics, but Blake (1976) examined the eye lens proteins 
from four locations around the Irish Sea and reported that 
there was no evidence for separate stocks.

Stock identity.  Although R. clavata is one of the most 
abundant rays in Northwest Europe, it is not possible to 

TABLE 4.   Size (LT cm ) at maturity of Raja clavata.

	 Sea area	 Male	 Female	 Source

Plymouth (VIIe)	 74–81 	 96–101 	 Steven (1934)
Western Ireland (VIIb,c)	 55–62 	 66–73 	 Fitzmaurice (1974)
Bristol Channel (VIIf)	 60.5 	 59.5 	 Ryland and Ajayi (1984)
Solway Firth    (VIIa)	 62  	 65 	 Nottage and Perkins (1983)
North Sea (IVc)	 68 	 77 	 Walker (1998)
Mediterranean Sea	 75 	 85 	 Capapé (1976)
Adriatic Sea	 54 	 73 	 Jardas (1973)
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Bristol Channel (VIIf)	 60.5 	 59.5 	 Ryland and Ajayi (1984)
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estimate the proportion of this species in the total 'mixed 
skates and rays' landings. There is insufficient information 
on morphology, population genetics or parasites to identify 
stocks of R. clavata and, though data from life-history pa-
rameters are available, these studies differ in the time and 
method of data collection, thus preventing accurate analy-
sis of spatial variation. Hence, the determination of stock 
identity for R. clavata in the Northeast Atlantic is based 
primarily on the interpretation of distribution patterns and 
tagging studies. These have indicated limited movements, 
and suggest that the R. clavata population in the North 
Sea is largely restricted to the southern and central North 
Sea, and shows little mixing with the English Channel 
population. DELASS therefore concluded that IVb, c was 
an appropriate assessment area for R. clavata. 

Small-bodied Oviparous Sharks:  Lesser-spotted 
Dogfish

Distribution, population demography and 
fisheries.  Lesser spotted dogfish Scyliorhinus canicula 
is a common demersal shark on the continental shelf of 
the Northeast Atlantic, which occurs from the Shetland 
Islands and southern Norway to north-western Africa as 
far south as Senegal (Blache et al., 1970), including the 
Mediterranean and Adriatic Seas. 

Commercial catch and research vessel survey data 
indicate that S. canicula is widespread and abundant in 
the Irish Sea, English Channel, Bristol Channel, south-
ern and western coasts of Ireland, Bay of Biscay and 
Portuguese waters. It also occurs in the North Sea and 
Northwest Scotland, although it is less abundant in these 
areas (Quero et al., 1989; Knijn, et al., 1993; Figueiredo 
et al., 1995; Sánchez et al., 1995; Ellis et al., 2004). In the 
north of its range, it is most common at depths down to 
110 m (Wheeler, 1978; Compagno, 1984a), whilst in the 
Cantabrian Sea most fish are caught in water 150–300 m 
deep (Sánchez, 1993). Whereas the adult population ap-
pears to be continuous along the continental shelf, there is 
evidence of spatial segregation, with fish of certain sizes 
and sexes shoaling together (e.g. Ford, 1921).

Scyliorhinus canicula is seldom commercially ex-
ploited within the Northeast Atlantic, and a high propor-
tion of the catch is discarded (>80%), many of which 
survive (Fernandez et al., MS 2001). Typically, only 
specimens >46 cm LT  are retained. Accurate national 
landings data are not usually available, as they are re-
corded as "dogfish and hounds". However, Spanish data 
on by-catches are available from Sub-areas VI, VII and 
VIII, and Division IXa. Some data are also available from 
France and Portugal. The only useful CPUE data are from 
VIIIc for Spain. 

Reproductive biology.  S. canicula is oviparous and 
deposits egg-cases protected by a horny capsule with long 
tendrils (Wheeler, 1978). Moreno (1995) suggested that 
females and males move to the breeding areas in winter 
and summer respectively, with mating occurring during 
the summer. 

The size at sexual maturity is relatively well known, 
but the data given in Table 5 are not directly comparable, 
as most studies vary in time of sampling, though there 
is a general tendency for the size at first maturity to be 
related with latitude (Lam, 1983; Leloup and Olivereau, 
1951; Capapé et al., 1991). Within the Northeast Atlantic, 
female S. canicula typically begin to mature at 49–52 cm 
LT, with 50% of females mature at 54–60 cm LT. Males 
tend to mature at a slightly smaller size than females.

Fecundity increases with maternal size, and estimates 
of annual fecundity vary:  29–62 eggs/year in the Bristol 
Channel (Ellis and Shackley, 1997); 45–190 in the French 
Mediterranean (Capapé et al., 1991) and 96–115 off Tu-
nisia (Capapé, 1977). 

Spawning takes place through most of the year 
(Table 6), and development lasts approximately 8–9 
months, depending on temperature (Ellis and Shackley, 
1997). Length at birth lies within the range 9–11 cm LT 
(Ford, 1921, Collenot, 1966; Mellinger and Wrisez, 1984; 
Ellis and Shackley, 1997). Little is known about spawning 
areas, and though English surveys rarely catch juveniles, 
in the Cantabrian Sea they are found mostly in the eastern 
part, in deeper waters than adults, and they also occur in 
colder water.

Morphometrics.  Morphometric studies have shown 
that Atlantic S. canicula may be up to 30% longer and 
50% heavier than their congeners from the Mediterranean 
(Borcea, 1907; Belloc, 1929; Leloup and Olivereau, 1951). 
Estimates for the von Bertalanffy growth parameters and 
observed maximum lengths are given in Table 7. There 
are other differences between these populations in em-
bryonic and adult morphology (e.g. Bas, 1964; Mellinger 
and Wrisez, 1984; Muñoz-Chapuli, 1984). Furthermore, 
ontogenetic and sexual dimorphism in several body di-
mensions also occurs (Ellis and Shackley, 1995b), and 
could be considered if sufficient data become available to 
examine geographical variation in body morphology. Den-
tal formulae for S. canicula are highly variable within a 
population, and such data should be used with caution.

Movements and migrations.  Tagging studies in the 
Cantabrian Sea (VIIIc) have shown individual S. canicula 
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TABLE 5.   Size-at-maturity of female and male Scyliorhinus canicula.

	 Area	 Male	 Female	 Source

Atlantic	 			 
	 Atlantic	 52–60	 52–60	 Faure-Fremiet (1942)
	 Atlantic	 52–60	 52–60	 Leloup and Olivereau (1951)
	 English Channel	 57–60	 57–60	 Ford (1921)
	 English Channel	 60–68	 60–68	 Collenot (1966)
	 Bristol Channel	 49–54	 52–64	 Ellis and Shackley (1997)
	 Ireland	 53–61	 52–64	 Henderson and Casey (2001)
	 Bay of Biscay	 –	 49–57	 Rodriguez-Caballo et al. (1998)
	 Gulf of Cadiz	 46–50	 46–50	 Munoz-Chapuli et al. (1984)

Mediterranean	 			 
	 France	 37–44	 37–44	 Leloup and Olivereau (1951)
	 France	 44	 41–47	 Capape et al. (1991)
	 Alboran Sea	 38.5–42	 38.5–42	 Munoz-Chapuli et al. (1984)
	 Tunisia	 40	 40–45	 Capape (1977)
	 Adriatic Sea	 34	 34	 Zupanovic (1961)
	 Adriatic Sea	 27–33	 31–40	 Jardas (1979)

TABLE 6.   Egg-laying season and length at birth (mm) for Scyliorhinus canicula.

	 All
 Area	 Year	 Peak	 Low	 Length	 Source

Atlantic	 					   
	 Irish Sea	 ×	 Spr/Win	 Sum		  Sumpter and Dodd (1979)
	 Bristol Channel	 ×	 Jan–Jul	 Sep–Oct		  Harris (1952)
	 Bristol Channel	 ×	 Jun–Jul	 Aug–Sep	 90–112	 Ellis and Shackley (1997)
	 English Channel	 ×	 Aug	 Sept–Oct	 90–100	 Ford (1921)
	 Roscoff	 ×			   90–100	 Leloup and Olivereau (1951)
	 Roscoff	 ×			   95–115	 Collenot (1966)
	 Concarneau	 ×				    Faure-Fremiet (1942)
-------------------------------------------------------------------------------------------------------------------
Atlantic/Med.	 ×		  Aut	 90–100	 Mellinger and Wrisez (1984)
-------------------------------------------------------------------------------------------------------------------
Mediterranean	 					   
	 France	 ×			   80–90	 Leloup and Olivereau (1951)
	 France	 ×	 Spr/Win	 Sum/Aut	 84–88	 Capapé et al. (1991)

that have moved up to 286 km, but the majority do not 
appear to move further than 30 km, and 70% of recap-
tured fish were caught less than 15 miles from the release 
position (Rodriguez-Cabello et al., 1997, MS 2001). This 
supports the hypothesis that this species does not make 
long migrations. 

Parasi tes ,  contaminants  and populat ion 
genetics.  S. canicula is known to be parasitised by a 
variety of species (Jardas, 1979; Sanmartin et al., 1989; 

Caira, 1990; Quintero, 1990). Moore (2001) discussed 
the use of parasites for identifying stocks of S. canicula 
and, although sample sizes were limited and the work 
preliminary, there were some differences in the parasitic 
fauna (e.g. the range of species and prevalence of larval 
anisakid nematodes) between samples from Cardigan Bay 
(VIIa), Plymouth (VIIe) and the Solent (VIId). A prelimi-
nary analysis of mercury concentrations in S. canicula 
from the Irish Sea (Leah et al., 1991a, 1991b) indicated 
some spatial differences, which may be related to separate 
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Mediterranean	 			 
	 France	 37–44	 37–44	 Leloup and Olivereau (1951)
	 France	 44	 41–47	 Capape et al. (1991)
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TABLE 7.  Von Bertalanffy growth parameters and maximum length of Scyliorhinus 
canicula. 

	 Lmax observed	
Area	 L∞	 K	 Male	 Female	 Source

Atlantic						    
	 North Sea	 88.0	 0.20			   Jennings et al. (1999)
	 Ireland	 82.7	 0.15			   Henderson and Casey (2001)
	 Bristol Channel			   66	 67	 Ellis and Shackley (1997)
	 English Channel			   70	 70	 Ford (1921)
	 Roscoff			   66	 66	 Faure-Fremiet (1942)
	 Concarneau			   72	 72	 Faure-Fremiet (1942)
	 Atlantic			   68	 68	 Leloup and Olivereau (1951)
	 Bay of Biscay	 88.8	 0.13			   Rodriguez-Cabello et al.(1998)

Mediterranean						    
	 France 			   48.5	 48.5	 Leloup and Olivereau (1951)
	 France 			   55	 51	 Capape et al. (1991)
	 Adriatic Sea	 56.8	 0.53			   Zupanovic (1961)

populations. There are no published studies on population 
genetics of S. canicula.

Stock identity.  Studies on body morphology and 
meristics in Scyliorhinus canicula have focused on 
differentiating Atlantic and Mediterranean stocks, and 
there are insufficient comparable data within Atlantic 
populations. The few studies on life-history parameters 
suggest that specimens from UK waters grow larger 
than in Spanish Atlantic waters. Tagging studies indicate 
limited geographical movements, and suggest that they 
form localised populations. The limited accounts of 
spatial differences in parasites and metal concentrations 
also imply that S. canicula occur in localised populations. 
DELASS concluded that S. canicula populations would 
best be assessed as local populations (e.g. on the level of 
an ICES Division), with insignificant immigration and 
emigration from adjacent populations, and that due to 
the availability of fisheries statistics and biological data, 
assessing this species within the Cantabrian Sea (VIIIc) 
was appropriate.

Deep-water Sharks:  Leafscale Gulper Shark and 
Portuguese Dogfish 

Distribution, population demography and 
fisheries.  Leafscale gulper shark Centrophorus  sq-
uamosus is found in the eastern Atlantic (from Iceland 
to Senegal and off Namibia and South Africa), whilst 
Portuguese dogfish Centroscymnus coelolepis is found 
in the Northwest  Atlantic (from the Grand Banks to off 
Delaware Bay, and Cuba), eastern Atlantic (from Iceland 
to Sierra Leone, including the western Mediterranean, and 
from Namibia to South Africa) (Compagno, 1984a).

Based on commercial landings and research vessel 
surveys, the distributions of C. squamosus and C. coe-
lolepis in the Northeast Atlantic are similar, though the 
latter species is also found off Norway, the Faeroes Islands 
and off Madeira. Recorded depth ranges in the Northeast 
Atlantic are given in Table 8. Both species are mainly 
recorded from depths of 600–1 500 m throughout their 
range, though C. squamosus may occur <500 m, whilst 
C. coelolepis is more often recorded in water >1 900 m.

 
Centrophorus squamosus and C. coelolepis are ex-

ploited in various deep-water fisheries in the Northeast 
Atlantic. They are taken in a French multi-species trawl 
fishery along the shelf edge in Biscay and to the west of 
the British Isles, where Irish fisheries also use longlines. 
France reports combined landings of these two species as 
'siki', thus the proportion of each species in commercial 
landings is not known. Landings from Portuguese and 
Azores fisheries are, however, species-specific. Centro-
scymnus coelolepis is the main by-catch in a Norwegian 
fishery for Greenland halibut (Reinhardtius hippoglos-
soides) started recently on Hatton Bank (N.-R. Hareide, 
Ulsteinvik, Norway, pers. comm.).

Length composition data from experimental fishing 
and surveys show that small specimens of C. squamosus 
(<80 cm length) were not recorded from west of the Brit-
ish Isles and at Hatton Bank, whereas fish <60 cm length 
are caught off Portugal (Girard, 2000). Furthermore, 
males and immature females are more common on the 
grounds to the west of the British Isles, whereas females 
(including pregnant fish) are more frequent in samples 
off Portugal. 
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TABLE 8.	 Depths at which C. squamosus and C. coelolepis have been reported from commercial fishing and research 
surveys in the Northeast Atlantic.		

Sea area	 C. squamosus	 C. coelolepis	 Source

Iceland	 933 m	 1 169 m	 Magnússon et al. (2000)
Reykjanes Ridge, west of Norway	 1 400–1 900 m	 1400–1 900 m	 Hareide and Garnes (2001)
Hatton Bank	 600–1 200 m	 600–1 200 m	 Muñoz et al. (2001)
Rockall Trough	 458–1 019 m	 667–1 750 m	 Gordon (1999)
west of Ireland	 600–1 400 m		  Girard (2000)
Porcupine Seabight	 750–1 500 m	 750–2 050 m	 Merret et al. (1991)
off Portugal	 800–1 500 m	 800–1 500 m	 Veríssimo et al. (2003)
			 

The length composition of C. coelolepis is similar in 
several areas of the Northeast Atlantic, although smaller 
specimens (total length <70 cm) are found regularly off 
Portugal. Girard (2000) reported significant differences 
between length frequencies in three distinct areas west 
of the British Isles, though this could represent spatial 
segregation of different size/sex-classes rather than dis-
tinct stocks. 

Reproductive biology.  Both species are ovovivipa-
rous. Data on size at maturity, fecundity and gestation 
for C. squamosus and  C. coelolepis are available from 
Icelandic waters, west of the British Isles and off the Por-
tuguese mainland (Magnússon et al., 2000; Girard, 2000; 
Clarke et al., 2002; Veríssimo et al., 2003). However, 
the different characteristics of the fisheries taking these 
species in the Northeast Atlantic make the comparison 
between biological data difficult for the evaluation and 
identification of stocks.

Fecundity estimates are available for C. coelolepis 
from two areas, west of the British Isles and off Portugal, 
with uterine (number of embryos developing) fecundity 
being 13 and 10, respectively, whilst ovarian fecundity 
(number of oocytes in the ovary) is 13 in both areas, 
(Clarke et al., 2002; Veríssimo et al., 2003). It is unlikely 
that these minor differences indicate separate stocks.

Growth and morphometrics.  There are no published 
studies on age or growth of either species and, although 
basic morphological descriptions are available, these 
data are insufficient for use in the identification of stocks. 
However, different colour-morphs of C. squamosus have 
been recorded at Hatton Bank, where around two-thirds 
of adult individuals are black, and off Portugal and around 
Madeira, where a brown type predominates. These could 
indicate different stocks.

Parasites and genetics.  There is little information re-
garding the parasites of C. squamosus or C. coelolepis, and 
there are no published studies on population genetics. 

Movements and migrations.  There is a lack of 
knowledge on migrations (Girard, 2000), though it is 
thought that female C. coelolepis move to shallower 
waters for parturition and vertical migration may occur 
(Clarke et al., 2001). Evidence from fishing records sug-
gests that both species may be highly migratory.

Stock identity.  DELASS concluded that the biologi-
cal data available were insufficient to ascertain the stock 
structure of C. squamosus or C. coelolepis within the 
Northeast Atlantic and, in the absence of any evidence 
of stock separation, it was assumed that the preliminary 
assessment should focus on a single stock of each spe-
cies. As much of the landings data from the west of the 
British Isles are combined (as "siki"), a joint assessment 
of C. squamosus–C. coelolepis may have some benefits. 
Given the increasing fishing pressure on these species, 
further studies are warranted. Because fishery-independent 
surveys are unlikely to be undertaken in the near future, 
and tagging studies are not practical, the use of population 
genetics and parasites offer the greatest promise for deter-
mining stock identity in deep-water squaliform sharks.

Conclusions and Recommendations

1)	 There have been considerable changes in the 
exploitation of elasmobranchs in the last two decades 
but, for most species, research programmes have not 
yet been developed that enable sound management 
proposals to be made in relation to biologically 
meaningful stock units. It appears that fisheries 
scientists, at least in the short term, need to take a 
flexible approach to elasmobranch stock identification 
if preliminary assessments are to be undertaken and 
advice given on management strategies.

2)	 Although characteristics such as maturity ogives, 
length-weight conversion factors, morphometrics 
and meristics may have a role in classical studies of 
teleost stock identity, the natural variability in such 
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characters and the difficulty in obtaining suitable 
sample sizes for the various life-history stages over 
an appropriate geographical scale for elasmobranch 
fishes suggest that they are not good indicators of 
stock separation if used in isolation. Parasitological 
approaches appear to offer more promise, particularly 
if used in conjunction with other methods, although 
more information on the taxonomy, life-history and 
biogeography of parasites of elasmobranch species 
is required. 

3)	 Ideally, an appropriate method for stock identification 
would allow individuals sampled from commercial 
landings to be assigned to specific stocks. Although 
molecular techniques may be able to differentiate 
between different stocks, elasmobranchs may not be 
the target species and may be discarded or processed 
at sea, and it is unlikely that market samples can be 
attributed to specific biological stocks or management 
units. As a consequence, the practical use of genetic 
markers may be limited, other than in the monitoring 
of trade (e.g. shark fins) and identification of protected 
species (e.g. those species listed under CITES). 

4)	 Information on population demography (age/length 
structure, spatial distribution of various life stages) 
does enable us to recognise the relationships between 
fisheries and resource, and to point out where sampling 
should take place. Although such data are typically 
available for coastal demersal elasmobranchs, the 
absence of internationally-co-ordinated, fishery-
independent surveys for pelagic and deep-water 
sharks restricts data availability for many important 
fishery species. 

5)	 Tagging studies have provided the best evidence 
for stock migrations and separation, but they have 
targeted comparatively few elasmobranch species and 
most were not designed to explore population/stock 
structure on an appropriate spatial scale. Whereas data 
for the more abundant commercial and/or recreational 
sharks (e.g. blue shark and spurdog) are relatively 
robust, data for less abundant species may be lacking. 
More carefully planned tagging programmes are 
required to better establish the relationships between 
fish in adjacent regions.

6)	 Integrated studies that incorporate the results from 
tagging experiments are most likely to produce 
working hypotheses on stock identity that can be 
tested with other techniques (e.g. genetics, parasites) 
and, once validated, can be adopted and used by 

fishery managers. Tagging studies may also provide 
valuable information for age validation, growth 
determination and longevity, subjects which are an 
important component in stock identification and 
management. 

7)	 Whereas traditional tagging programmes will indicate 
the main range and migrations of a species, and 
identify which fisheries are involved in exploitation 
of the stock, there is also the need to understand 
fine-scale movements between breeding, spawning, 
nursery and feeding areas, and whether a species is 
local in its movement. Hence, the use of archival tags 
is a priority. The use of such tags, including pop-up 
tags, should also be investigated for those data-poor 
species for which conventional tags have not provided 
sufficient information.

8)	 Studies on the distribution and movements of 
elasmobranchs should also examine the environmental 
parameters that are associated with the species' 
distribution (e.g. habitat and hydrographic data), 
and that may be used to show likely boundaries of 
movement. Such data would further the application 
of Geographical Information Systems (GIS) in the 
management of elasmobranch stocks. 

9)	 Undoubtedly, a comprehensive understanding of their 
life-history is an important element in the successful 
identification and management of elasmobranch 
stocks. Similarly, information on the various life-
history stages (e.g. egg-cases of oviparous species, 
gravid females and juveniles in nursery areas) 
from surveys and commercial landings will aid 
interpretations of distribution, movements and, 
ultimately, the identity of the component stocks.

10)	 A high-quality description of the various fisheries 
exploiting the stock is essential, not just to help with 
stock identity, but to plan any biological sampling 
programmes with which appropriate data can be 
collected for the assessment of stocks in relation to 
exploitation and biological sustainability.
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