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ABSTRACT: Waters of Newfoundland and Labrador, Canada, are home to a variety of shark species,
many of which have been previously reported as incidental catch in several gillnet fisheries. However, defensible estimates of incidental catch rates are unavailable. This mortality is of concern, given
reports of considerable declines in abundance of several large shark species in this area. On the basis
of several data sources (incidental catch rates derived using different methods of reporting; fish landings and net days as measures of effort, with fishing trips as sampling units), the total numbers of incidentally caught sharks were estimated in 8 gillnet fisheries for 2001, 2002, and 2003. Confidence
intervals were estimated using resampling techniques. Most fisheries reported incidental catch of
some sharks, although there were distinct differences between different fisheries in diversity and
abundance of species encountered. Spiny dogfish Squalus acanthias was the most commonly captured species, occurring in various fisheries along the south coast of the island of Newfoundland.
Large sharks, including basking shark Cetorhinus maximus, shortfin mako Isurus oxyrinchus, porbeagle Lamna nasus, and blue shark Prionace glauca, were reported in small numbers in all fisheries.
Deepwater fisheries targeting e.g. Greenland halibut Reinhardtius hippoglossoides caught mainly
sharks of the continental slope, such as Greenland shark Somniosus microcephalus, black dogfish
Centroscyllium fabricii, and several other deepwater species. Catch rates of several species appear
high and may warrant conservation action. For the majority, however, there is insufficient information on abundance, and sometimes even basic biology, to accurately assess the impact of this incidental mortality.
KEY WORDS: Sharks · Incidental catch · Bycatch · Canada · Northwest Atlantic · Mortality ·
Dogfish · Gillnets
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High levels of incidental catch of elasmobranchs
(sharks, rays, and chimaeras) in fisheries have become
a conservation concern in recent years (FAO 1998,
Kulka et al. 2005, IUCN 2010). Stocks of many species
are reported to be declining, and several are considered globally threatened or endangered (e.g. Simpfendorfer 2000, Stevens et al. 2000, Kiraly et al. 2003,
IUCN 2010). Sharks and rays are caught in a wide variety of fishing gears including gillnets, longlines, and
trawls (Bonfil 1994, Stevens et al. 2000, Carretta et al.
2004, Diaz & Serafy 2005, Shepherd & Myers 2005,

Kulka et al. 2006). Worldwide, reported elasmobranch
landings have declined from a high of approximately
900 000 metric tonnes (t) in 2003 to 750 000 t in 2006
(FAO 2009). However, actual landings may be almost
twice as high, owing to substantial incidental and
unreported catches (Bonfil 1994, FAO 2004). Despite
considerable recent improvements, elasmobranch
catches are often not identified to species in fisheries
statistics, frustrating attempts to assess the potential
impact of fisheries on these species (Stevens et al.
2000, FAO 2004, 2006, ICES 2006).
Sharks and rays are considered vulnerable to overexploitation because of specific life-history traits. Most
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species grow slowly, mature late, and exhibit low
fecundity; thus, even under ideal circumstances, population growth rates are low. These factors make it difficult for their populations to resist widespread juvenile
or adult mortality in fishing gear (Castro et al. 1999,
Stevens et al. 2000, Lewison et al. 2004, Kulka et al.
2005). While some directed fisheries for sharks, skates,
and rays have been managed for many years at a sustainable level, most elasmobranchs are caught in fisheries targeting an assemblage of different teleost species (Walker 1998). Management strategies intended
to maximize catches of teleosts can deplete elasmobranch stocks, because teleost populations are able to
withstand higher levels of fishing mortality (Walker
1998). Furthermore, information on biological parameters, including stock structure, reproductive rates,
or estimates of abundance, is often not available.
These factors complicate attempts to establish conservation strategies for many species of elasmobranchs
(FAO 2004, 2009).
During the course of research aimed at estimating
incidental catches of small cetaceans in Newfoundland
and Labrador gillnet fisheries during the 2001 to 2003
seasons, anecdotal reports from commercial fishers
and observations at sea by fishery observers indicated
that incidental catches of several species of sharks
occurred regularly in several fisheries. These reports
were used to estimate incidental catch of these species.
Several species of sharks have been recorded in
Atlantic Canadian waters off Newfoundland and Labrador: large, pelagic species, including basking shark
Cetorhinus maximus, blue shark Prionace glauca, porbeagle Lamna nasus, shortfin mako Isurus oxyrinchus,
and thresher shark Alopias vulpinus; small demersal
species, such as spiny dogfish Squalus acanthias and
smooth dogfish Mustelus canis; and sharks from
deeper waters, such as Greenland shark Somniosus
microcephalus, black dogfish Centroscyllium fabricii,
Portuguese shark Centroscymnus coelolepis, deepsea
catshark Apristurus profundorum, and great lantern
shark Etmopterus princeps. Kulka (2006) provides a
description of the distribution and abundance of all
small demersal shark species in the waters surrounding Newfoundland and Labrador, with spiny dogfish
and black dogfish by far the most commonly encountered species in this area. Schools of spiny dogfish,
which may consist of thousands of individuals, seasonally appear in nearshore waters during summer, particularly along the south coast of the island (Templeman
1984). All spiny dogfish in this region are thought to
belong to a single stock (DFO 1996a, Castro et al. 1999,
Kulka 2006, Campana et al. 2007). Black dogfish are
occasionally found in nearshore waters but are far
more common in deeper, colder waters along the Newfoundland and Labrador continental slope and in the

Laurentian Channel in the Gulf of St. Lawrence; the
latter appears to be an important nursery area for this
species (DFO 1996b, Kulka 2006). Other demersal
sharks from these waters include Greenland shark,
Portuguese shark, and deepsea catshark; information
on stock structure is unavailable for these species.
The larger pelagic sharks (e.g. basking, blue, porbeagle, and shortfin mako sharks) are typically associated
with warmer waters off the south coast of Newfoundland, although porbeagles are known to tolerate colder
waters and are found across the Grand Banks (Campana
et al. 2003, 2005a,b). Porbeagles are most abundant
during the summer and fall months. The southern Grand
Banks and adjacent areas appear to serve as a mating
ground for porbeagles (Campana et al. 2003; Fig. 1),
but it is unknown if other species breed here. Basking
sharks forage along oceanic fronts where zooplankton
concentrations are highest, and their occurrence in
nearshore waters is therefore dependent on these conditions (Sims et al. 1997, Sims & Quayle 1998, Campana
et al. 2008). Basking sharks are most commonly reported
from the south coast of the island and on the Grand
Banks. There is limited information about seasonal distribution of other species in Newfoundland waters.
Historically, there have not been widespread directed fisheries for sharks in Newfoundland and
Labrador waters. From 1961 onwards, some Canadian

Fig. 1. Newfoundland and Labrador waters, and geographical
aggregations of fishing effort data and incidental catches
of sharks in nearshore (1–3) and offshore (2GHJ3K, 3LN,
3OPs) areas, based on Northwest Atlantic Fisheries Organization (NAFO) Divisions of Newfoundland and Labrador
waters. 1 = northeast coast, 2 = south coast, 3 = west coast
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trawling effort was directed towards spiny dogfish in
the northwest Atlantic, but total landings remained
below 30 t until 1986 (DFO 1996a). Canadian landings
have averaged about 2500 t annually since 2000, with
the majority being directed catch by handline and
longline, followed by gillnets, primarily based in Nova
Scotia and the southern Gulf of St. Lawrence (DFO
2007a). Following implementation of US quota restrictions in 2000, these catches currently represent a considerable fraction of dogfish landings in the northwestern Atlantic. The species is often caught incidentally in
various fisheries throughout Atlantic Canada including
Newfoundland and Labrador. Most of this catch is discarded because of poor local market conditions, with
discard levels averaging 2000 to 3000 t in recent years.
Given the hardy nature of spiny dogfish, this has been
estimated to result in annual discard mortality levels of
about 850 t (DFO 2007a). Canadian catches were unrestricted prior to 2002, but precautionary directed catch
quotas based on past catches have subsequently been
put in place; since 2004, these have been set at 2500 t.
However, these quotas have not been based on scientific advice, and to date there are no restrictions on discarding and bycatch in other fisheries (Campana et al.
2007, DFO 2007a). Its life history traits make spiny
dogfish highly vulnerable to overexploitation, and the
species is classified as ‘Vulnerable’ in the northwestern
Atlantic by the International Union for the Conservation of Nature (IUCN) (Bundy 2003, NEFSC 2003,
Kulka 2006, IUCN 2010).
Porbeagles in Atlantic Canada were historically targeted by Norwegian and Faroese vessels using pelagic
longlines (Templeman 1966, Castro et al. 1999). Porbeagle catches peaked at 9281 t in 1964 but declined
rapidly because of overexploitation (Castro et al. 1999,
Campana et al. 2003, COSEWIC 2004). Catches in
Atlantic Canadian waters remained at low levels in
subsequent decades but increased substantially from
1990 onward, with the development of a directed longline fishery. Licensed vessels were primarily Canadian,
although Faroese vessels also participated until 1994
(Joyce 1999). Catches peaked at 1615 t in 1994 but
have declined in recent years to < 300 t (DFO 2005).
Most catches took place off the Scotian Shelf, but some
occurred in deep waters surrounding the Grand Banks
(Hurley 1998). This fishery also targeted small quantities of blue sharks (~250 t), with shortfin mako being
caught incidentally (Campana et al. 2003, DFO 2005).
These species are also incidentally captured in considerable numbers in numerous other fisheries in the
area, particularly longline fisheries for swordfish and
tunas (e.g. Campana et al. 2003, 2004, 2005b). Porbeagles and shortfin mako incidentally caught in such
fisheries are typically retained and landed, while most
blue sharks are discarded (DFO 2007b). Mortality rates
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of bycaught and discarded sharks are generally poorly
known but considered to be high (Campana et al.
2006). Populations of these species appear to have
declined substantially because of historic overexploitation (Campana et al. 2004, 2005b, 2006, COSEWIC
2004, 2006a,b). Directed catches have been reduced
throughout the region owing to the implementation of
management practices designed to preserve shark
stocks, including quota restrictions (DFO 2005). Shark
finning, the practice of removing the fins and discarding the remainder of the carcass while at sea, has been
banned in Canada since 1994 (DFO 2007b).
Other shark species are found as incidental catch in
Newfoundland fisheries. Basking sharks have been
regularly recorded as incidental catch in fish traps
targeting Atlantic cod Gadus morhua and capelin Mallotus villosus, as well as gillnets (e.g. Lien et al. 1982,
1985, 1995, Lien & Fawcett 1986). Historically, such
catches were sometimes sold but often discarded,
typically after expending considerable effort to disentangle the carcass from the fishing gear. However, the
species does not appear to have ever been directly
targeted in Newfoundland waters, unlike elsewhere in
its range (ICES 1995, Castro et al. 1999). Greenland
sharks and black dogfish, in particular, are regularly
reported as incidental catch in numerous offshore fisheries, particularly those targeting Greenland halibut
Reinhardtius hippoglossoides. The majority of these
catches are discarded at sea owing to poor local
markets; the impact of these catches on the species’
populations is unknown at present (Kulka 2006).

METHODS
Data used to derive incidental catch estimates of
sharks for 2001 to 2003 were derived from fishery
observers deployed to commercial fishing vessels contracted to the Canadian federal Department of Fisheries and Oceans, Newfoundland and Labrador Region
(DFO-NL), and from bycatch collectors, an existing
network of selected commercial fishers. Fishery
observers were independent recorders of detailed fishing catch and effort, assigned to fisheries as required
under existing management regulations (Kulka & Firth
1987). Bycatch collectors were fishers originally
recruited by the Marine Mammal Section of DFO-NL
to report incidental catch of seals, as well as fishing
effort, in their commercial fisheries, but who had been
requested to maintain accurate records of incidental
catches of all species. Both bycatch collectors and fishery observers reported incidental catch of sharks,
invertebrates, marine mammals, seabirds, and reptiles,
captured during normal fishing operations. Fishery
observers received training in the identification of
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sharks and were equipped with identification guides while at sea, while
bycatch collectors received similar
identification materials from DFO technicians. Despite these aids, carcass
decomposition and/or lack of observer
knowledge prevented the identification
to species of some sharks. Such records
of ‘unidentified sharks’ were not used to
estimate incidental catch in this study.
As sharks are not homogeneously distributed in the Newfoundland and
Labrador area, all fisheries effort data
were organized geographically based
on Northwest Atlantic Fisheries Organization (NAFO) Divisions of Newfoundland waters (Table 1, Figs. 1 & 2).
In this study, ‘nearshore’ fisheries were
defined as those occurring in NAFO
subareas immediately adjacent to land
(Fig. 2), whereas ‘offshore’ fisheries
occurred in NAFO subareas further
from land (Fig. 1). Bycatch collectors
mainly fished in nearshore waters,
while fishery observers typically monitored larger vessels further offshore.
We studied nearshore gillnet fisheries
for Atlantic cod, lumpfish Cyclopterus
lumpus, Atlantic herring Clupea harengus, redfish Sebastes sp., Greenland
halibut, and winter flounder Pseudopleuronectes americanus, and analyzed
these using bycatch collector data
where possible. Because of low observer coverage in nearshore fisheries,
we used only observer data for these
fisheries when bycatch collector data
were unavailable. We studied offshore
gillnet fisheries for Atlantic cod, monkfish Lophius americanus and skates
(Rajidae), white hake Urophycis tenuis,
redfish, and Greenland halibut, using
fishery observer data. Observer coverage levels varied greatly between fisheries, from year to year, and also between bycatch collectors and fishery
observers (Table 1).
The incidental catch rate R for each
species in each fishery was calculated as:

2003
% effort observed
(BC)
(FO)
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Table 1. Total landed catches (t, round weight) and estimated fishing effort (net-d) for various Newfoundland gillnet fisheries in 2001, 2002, and 2003, including fractions of
landed catch and net-d as reported by bycatch collectors (BC) and fishery observers (FO), respectively. ‘ND’ indicates that no bycatch collector or fishery observer data were
available. Note the difference in coverage between bycatch collectors and fishery observers in terms of % catch observed in different fisheries (e.g. the monkfish/skate fishery)
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Using log records from DFO fisheries, the amount of
fishing effort E was estimated for individual fisheries
within predefined geographical and temporal limits.
The total incidental catch estimate N was then calculated by:
N = E·R

Fig. 2. Nearshore Newfoundland waters, including NAFO
subareas discussed in the text. Any fishing effort recorded
within these NAFO subareas was classified as ‘nearshore’
in subsequent analyses (see also Table 2)

servers. All analyses used individual fishing trips of
fishers as sampling units. Bycatch collectors reported
the total number of individual sharks in their catch,
while fishery observers recorded total weight of caught
sharks. In order to compare these results, the latter data
set was analyzed using total weight, and subsequently
converted to estimated minimum number of sharks
using average body mass values from the literature.
The following multipliers were used to estimate the
number of sharks caught based on recorded weight:
2 kg ind.–1 for spiny dogfish (Nammack et al. 1985,
Kulka 2006);
0.4 kg ind.–1 for juvenile black dogfish, concentrated
in the Laurentian Channel (included within area 3OPs;
see below; Kulka 2006);
1.2 kg ind.–1 for adult black dogfish along the
2GHJ3K shelf edge (Kulka 2006);
1.2 kg ind.–1 for deepsea catshark (based on length–
weight relationships of black dogfish; Kulka 2006);
4 kg ind.–1 for Portuguese shark (estimated, based on
length–weight relationships of black dogfish; Kulka
2006)
750 kg ind.–1 for Greenland shark (the maximum
reported weight; Froese & Pauly 2006).
Recorded capture weights of other species were sufficiently low to assume that they involved a single animal, and this was always assumed in order to provide
minimum incidental catch estimates. However, this
method can provide only a general estimate of total
numbers of sharks caught.

Wherever possible, 95% confidence intervals for
these estimates were calculated using resampling software (Blank et al. 2001). We did not calculate confidence intervals when insufficient data were available
(n < 20 trips).
Incidental catch estimates in nearshore fisheries
were calculated on the basis of geographical area (3
coastlines of the island of Newfoundland: Northeast,
South, and West; Fig. 1) and time of year (4 quarters
where relevant, depending on the fishery: January to
March, April to June, July to September, and October
to December). Only limited fishery observer data were
available for the west coast (NAFO Division 4R). Gillnet fishing is limited in nearshore waters of Labrador,
and this region is underrepresented in data collection
efforts. We have therefore excluded this area from further analysis.
For offshore fisheries, we stratified data geographically into the following areas, based on a combination of oceanographic and NAFO jurisdictional
boundaries (Fig. 1): 2GHJ3K (subarctic waters off Labrador and northeastern Newfoundland, characterized
by a relatively narrow continental shelf, influenced by
the Labrador Current); 3LN (cold temperate waters of
the eastern and northeastern part of the Grand Banks,
characterized by a wide continental shelf, influenced
by the Labrador Current); and 3OPs (temperate waters
of the southern and southwestern part of the Grand
Banks, characterized by a wide continental shelf, influenced by the North Atlantic Current).

RESULTS
Reported incidental catch of sharks in Newfoundland
and Labrador gillnet fisheries
Bycatch collectors only rarely reported catching
sharks in their gillnet fisheries (Table 2). Most cases
involved small numbers of ‘dogfish’ (here presumed to
be spiny dogfish) caught in nearshore gillnets targeting cod along the south coast. Occasional records of
porbeagle, blue shark, basking shark, and ‘unknown
shark’ were reported from the nearshore fisheries for
cod, herring, and Greenland halibut.
In contrast, fishery observers reported far more incidental catch events of sharks, as well as a wider range
of species (Table 3). The most commonly reported spe-
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Table 2. Summary of reported incidental catch events of sharks in different fisheries, by nearshore Northwest Atlantic Fisheries Organization (NAFO) subareas, from 2001 through 2003, from bycatch collectors. Nearshore NAFO
subareas where catches occurred are indicated (see Fig. 2). Values indicate
number of reported catches of individual sharks. Note that data referring to
‘unknown sharks’ were not used for further analysis
Species

Porbeagle
Blue shark
Basking shark
Spiny dogfish

Unknown shark

NAFO
area

3Psb
3Lq
3Psc
3Kh
3Kh
3Psb
3Psc
4Rb
3La
3Psb
3Psc
4Ra
4Rc

Target species
Cod
Herring Greenland halibut
2001 2002 2003
2001
2001 2002
2
1
1
5
2
9.5a

52.6a 11.3a
47.4a
20a

4.1a

white hake, monkfish, and skates
were concentrated along the shelf
edge of the southwestern Grand Banks
(NAFO Divisions 3OPs), while fisheries for Greenland halibut occurred
along the continental shelf edge from
the southern Grand Banks to northern
Labrador (Fig. 1). Nearshore fisheries
for Greenland halibut took place
locally wherever deep waters (> 200 m)
occurred close to shore, such as near
Fogo Island (NAFO subarea 3Ki), in
Fortune Bay (NAFO subarea 3Psb),
and off the west coast (particularly
NAFO subarea 4Rb; see Fig. 2).

1
1
1

Estimated incidental catch of sharks
in Newfoundland and Labrador
gillnet fisheries

1
1

a

Indicates total round weight (in kg) for spiny dogfish catches, where relevant

cies overall were spiny dogfish (primarily in nets fishing for cod and redfish along the south coast) and black
dogfish (mainly in nets fishing for Greenland halibut in
deep waters along the shelf edge in NAFO Divisions
2GHJ3K and 3OPs). Larger species of sharks were
reported less frequently; most of these (excluding
Greenland sharks) were captured in both nearshore
and offshore waters off the south coast, in fisheries for
cod, monkfish, skates, white hake, Greenland halibut,
and redfish. Greenland sharks were reported in deep
water along the shelf edge in NAFO Divisions 0A/B,
2GHJ3K, and 3OPs from fisheries targeting Greenland
halibut, monkfish, skates, and white hake. Catches of
sharks were only occasionally reported in the nearshore lumpfish fishery, and no sharks were reported in
the herring and winter flounder fisheries.

Current gillnet fishing effort in Newfoundland and
Labrador
Gillnet fisheries for Atlantic cod, lumpfish, and winter flounder were widespread in nearshore waters
throughout the island of Newfoundland and southern
Labrador (Table 1). Offshore fisheries for cod occurred
only on the western Grand Banks (NAFO Division
3Ps). Gillnet fisheries for herring and redfish were concentrated along the northwest coast (NAFO subarea
4Ra), and the southeast and south coasts (NAFO subareas 3Pn/3Psa and adjacent offshore sections of Division 3Ps), respectively (Fig. 2). Offshore fisheries for

Incidental catch estimates of sharks
in gillnet fisheries varied considerably
from species to species, but small
sharks comprised the majority of catches. Black dogfish were captured in large numbers (an estimated
10 000 to >100 000 ind. yr–1), mainly in the Greenland
halibut fishery along the 2GHJ3K and 3OPs shelf edge
(Table 4). More than 40 000 spiny dogfish were estimated to have been captured annually in 2001 and
2002, with approximately 15 000 caught in 2003. The
vast majority of these were caught in the gillnet fisheries for cod and redfish, mostly in nearshore waters
along the south coast (Tables 4 & 5). Other small deepwater shark species were captured in small numbers
(hundreds annually) in the Greenland halibut fishery
along the 2GHJ3K shelf edge (Table 4).
Large sharks were captured far less frequently, principally in offshore fisheries operating off the south
coast of the island. Total annual estimates varied from
species to species and were highly dependent on infrequent capture events, leading to considerable interannual variability and wide confidence intervals
(Tables 4 & 5). Nevertheless, between several tens and
several hundred porbeagle, blue, shortfin mako, and
basking sharks were estimated to have been caught on
a yearly basis in all fisheries operating in this area
between 2001 and 2003. Occasional catches of
thresher sharks were not used to extrapolate, owing to
their rarity, but indicate that this species does infrequently occur in Newfoundland waters, presumably
during temporary influxes of warm water (Scott & Scott
1988). Estimates of Greenland sharks presented in this
study represent an absolute minimum of catches (50 to
100 yr–1), based on the maximum reported individual

119 (21)
22 (3)

7 (1)

0A/B
2GHJ3K
3LN
3OPs offshore

2GHJ3K
3OPs offshore

South coast
nearshore
3OPs offshore

South coast
nearshore
3OPs offshore
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South coast nearshore

3OPs offshore

Basking shark

Blue shark

Porbeagle

Shortfin mako

Thresher shark

Shark (unknown)

3OPs offshore

Greenland shark

75 (1)

457 (4)
150 (1)
200 (1)

68 (1)

205 (4)

20 (1)

100 (1)

5 (1)

145 (1)

2 (1)

11 (1)

5 (1)

46 (2)
1285 (10)

30 (1)

122 (5)

25 (1)

78 (3)
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97 (2)

2 (1)

17 (8)

304 (4)

1035 (9)
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3134 (4)

17 (7)

50 (1)

1283 (9)

444 (9)

263 (6)

475 (4)

12 (2)

70 (1)

20 (1)

2 (1)

63 (3)

27 (7) 210 (40) 18 (7)

South coast nearshore

438 (20)
2 (1)

30 (2)

92 (8)

129 (15)
55 (6)

5443 (1)

2730 (6)

2766 (7)
2636 (4) 12 430 (4)
1816 (1)
1050 (2) 1200 (2)

2 (1)

Dogfish indet.
(Squalidae)

182 (14)
1 (1)

90 (19)

120 (1)

200 (1)

5 (1)

4831 (78) 2330 (41) 2190 (43)
1 (1)
2 (2)

16 (3)

2 (1)

2GHJ3K
3LN
South coast nearshore
3OPs offshore

13 (13)

2GHJ3K

28 (7)

4 (1)
223 (44)
3086 (65) 1172 (60)
35 (7)

Greenland halibut
2001
2002
2003

Spiny dogfish

1 (1)

Target species
White hake
2001
2002
2003

Portuguese shark

15 (5)

2003

Lumpfish
Monkfish/skate
2001
2001
2002
2003

2 (1)
260 (6)

0A/B
2GHJ3K
3LN
South coast nearshore
3OPs offshore
4R

Black dogfish

2001

Cod
2002

Deepsea catshark 2GHJ3K
3OPs offshore

Area

Species

4 (1)

Redfish
2002 2003

107 (1)

424 (2)

200 (1)

318 (11) 425 (12) 5 (1)

2001

Table 3. Summary of reported incidental catch of small sharks from 2001 through 2003 used to estimate incidental catch, based on fishery observer data. Areas where catches occurred are indicated (see Figs. 1 & 2). Numbers denote total recorded weight (in kg) of caught sharks; values in brackets indicate number of sets in which the species was found.
Note that instances in which shark catches were not identified to species were not used in subsequent analyses
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South coast
nearshore
3OPs
offshore

South coast
nearshore
3OPs
offshore

South coast
nearshore
3OPs
offshore

Porbeagle

Shortfin
mako

3OPs
offshore

2GHJ3K

3OPs
offshore

3LN

2GHJ3K

0A/B

3OPs
offshore

Blue
shark

Basking
shark

Greenland
shark

2GHJ3K

Spiny
dogfish

3LN
South coast
nearshore

2GHJ3K

3OPs offshore

2GHJ3K

3LN
South coast
nearshore
3OPs
offshore
4R

Portuguese
shark

Deepsea
catshark

0A/B

Black
dogfish

2GHJ3K

Area

Species

137
(0–410)
68
(N/A)

3701
(978–
6880)
10
(N/A)

1865
(168–4883)

2001

128
(0–360)
4
(0–13)

119
(0–359)
6
(0–17)

177
(0–540)
22
(4–46)

5
(0–15)

42 752
(5442–
109 606)
7
(0–22)

Cod
2002

309
(0–902)
42
(N/A)

11
(N/A)

4
(N/A)

14 149
(2183–
31 521)
39
(N/A)

2003

115
(0–
349)

Lumpfish
2001

9
(0–21)

14
(0–39)

4
(0–11)

1
(0–3)

48
(7–117)

10
(0–30)

11
(0–25)

22
(2–50)

7
(1–16)

6
(0–15)

8
(1–19)

1639
(11–4670)

104
(23–210)

18
(2–37)

20
(4–42)

18
(0–46)

9
(0–25)

19
(0–55)

93
(0–273)

Monkfish/skate
2001
2002
2003

1
(N/A)

2
(0–6)

226
525
59
(N/A)(274–821)(9–129)

50
(0–148)

Target species
White hake
2001 2002 2003
2881
(N/A)
9133
(3902–
15 948)
521 (N/A)

4
(N/A)

5
(N/A)

50
(0–131)

104
(0–301)

114
(0–301)

205
(0–572)
570 (N/A)

53
(0–136)

5
(N/A)
59
(0–162)
43
(N/A)
4
(N/A)

650
(86–1385)
393 (N/A)

70
(0–214)

109 378
36 693
(N/A)
(N/A)
450 (N/A) 290 (N/A)

199
(N/A)
136 230
(22 996–
343 359)

1
(N/A)

20
(N/A)

952
(N/A)

64 055
(N/A)

10 026
(N/A)

Greenland halibut
2001
2002
2003

276
(N/A)

39 860
(N/A)

2001

34
(0–94)

7421
(1689–
16 474)

565
(0–1695)

Redfish
2002

29
(N/A)

252
(N/A)

2003

Table 4. Incidental catch estimates (of number of individuals) of small sharks in Newfoundland gillnet fisheries, 2001 to 2003, based on fishery observer records. Where available,
95% confidence intervals are included in brackets. ‘N/A’ indicates insufficient data for resampling analyses
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Table 5. Incidental catch estimates of number of sharks in Newfoundland nearshore gillnet fisheries, 2001 to 2003, based on
bycatch collector records. Where available, 95% confidence intervals are included in brackets. ‘N/A’ indicates that insufficient
data were available to perform resampling analyses

Species

Area

Target species
2001

Porbeagle
Blue shark
Basking shark
Spiny dogfish

South coast nearshore
South coast nearshore
Northeast coast nearshore
Northeast coast nearshore
South coast nearshore
West coast nearshore

309 (0–919)
428 (64–941)
511 (N/A)
303 (0–720)

weight of 750 kg (Froese & Pauly 2006; Table 4). Actual
numbers caught are likely to be higher, given levels of
estimated catches (e.g. > 80 t in 2002).

DISCUSSION
Impacts of fishing on sharks
The results from this study provide insight into the
potential impact of incidental catches of different shark
species in gillnet fisheries in Newfoundland and Labrador. The frequency of reported incidental catches of
sharks varied widely and depended on both the fishery
and shark species in question. Large sharks were typically reported as individuals, while black and spiny
dogfish were generally recorded in schools (especially
in offshore fisheries targeting Greenland halibut and
cod, respectively). Most entrapments occurred during
summer months, a reflection of both heightened fishing activity and increased numbers of many shark
species in the area.
There were clear geographical differences in
catches of different shark species. The most diverse
assemblage of shark species (over the 3 yr period) was
encountered in the offshore waters of the southern
Grand Banks (the 3OPs offshore area), as both large
pelagic species such as porbeagle, blue, and shortfin
mako, as well as deepwater species such as black dogfish and Greenland shark, were found here. From 2001
to 2003, no fishery was reported to have caught all 9
species reported here, but the largest number of species (7) was reported through the fishery observer program on board vessels targeting monkfish and skates
(on the southwestern shelf edge of the Grand Banks,
included in area 3OPs; Fig. 1). This included all species
except the Portuguese shark and deepwater catshark.
No data on catch depth of individual sets were available, but it is likely that some degree of spatial segregation by depth occurs given the various species’
divergent habitat preferences (e.g. Scott & Scott 1988,

Cod
2002

2003

Greenland halibut
2002

115 (0–289)
35 (0–105)
5575 (0–16 641)
676 (0–1797)

789 (158–1629)

12 (0–41)

Campana et al. 2004, 2005a, 2008, Kulka 2006). It
should be noted that when all fishery observer reports
from both inshore and offshore fisheries for Greenland
halibut throughout the Newfoundland and Labrador
area are combined, a total of 8 species have been
reported from this fishery, excluding only the blue
shark. As this fishery is active in a large proportion of
Newfoundland waters, it represents a potentially widespread risk for many shark species.
Black dogfish is the most commonly captured species
in Newfoundland gillnet fisheries but occurs almost exclusively in nets fishing for Greenland halibut in deep
waters of 2GHJ3K and 3OPs. The latter area includes
the Laurentian Channel, where the species is considered to aggregate for reproduction (Kulka 2006). The
species is thought to be vulnerable to overexploitation
because of its expected low metabolism and reproductive rate (Kiraly et al. 2003). Although incidental
catches appear substantial (an estimated average of
68 t yr–1 from 1998 to 2005 in numerous deepwater fisheries [including gillnet fisheries], equating to 57 000 individuals), survey indices indicate that the population
has remained stable in recent years. Specifically, number of individuals tow–1 from demersal trawl surveys on
the Grand Banks did not change appreciably (from 0.02
to 0.06) between 1995 and 2005 (Kulka 2006; note that
the surveys upon which these indices are based do not
cover the whole range of this species).
Spiny dogfish are caught in most fisheries along the
south coast of Newfoundland but are especially common in nets targeting cod and redfish. Occasional
catches have been reported further north, along the
northeast coast of Newfoundland as well as offshore
areas (Table 2). Catches are highly variable, likely
owing to the species’ habit of travelling in large, ageand sex-segregated schools, and Newfoundland’s
position on the northern edge of the species’ range
(Kulka 2006, Campana et al. 2007). Because of small
sample sizes in some of the contributing data sets, no
overall confidence interval for the incidental catch estimate could be calculated, but it is likely to be large.
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Spiny dogfish captured in Atlantic Canadian waters
have traditionally been considered part of a single
greater northwest Atlantic population, but this has
recently been questioned. There is now increasing evidence that dogfish in this area form a metapopulation
of reasonably well defined groups that remain largely
separate but can interact periodically through migration (Castro et al. 1999, NEFSC 2003, Fordham 2004,
Kulka 2006, Campana et al. 2007, DFO 2007a).
Directed catch levels are presently low, and the stock
is not thought to be overfished. However, concerns remain regarding the effects of historic, high levels of
fishing effort targeting mature females and the potential for affecting particular groups within the metapopulation (Kulka 2006, Sosebee & Rago 2006, DFO
2007a,b).
Total catch estimates of the various large, pelagic
sharks during the 2001 to 2003 period are typically low,
with an estimated average annual catch in the tens to
low hundreds for these species. It is unknown how
such catches may affect populations of these sharks.
However, all species are considered vulnerable to
overfishing (e.g. Campana et al. 2003, 2004, 2005a,b,
2006, COSEWIC 2004). Porbeagle, blue shark, and
shortfin mako were reported only from waters south of
Newfoundland, in nets fishing for cod and redfish inshore and on top of the Grand Banks, and in nets targeting monkfish, skates, white hake, and Greenland
halibut on the southwestern shelf edge (within the
3OPs offshore area). This area is known to be a breeding ground for porbeagle, and consequently seasonal
closures have been put in place for the directed porbeagle fishery in this area (DFO 2002a). Although the
reproductive status of reported incidentally caught
sharks is unknown, continued incidental catches in
this area may have a negative effect on the eventual
recovery of porbeagle in Atlantic Canadian waters.
The northwest Atlantic stock of porbeagle, the only
species for which abundance estimates are available,
is thought to have declined by 90% since exploitation
began in the 1960’s (COSEWIC 2004). As such, even
low levels of incidental catch may negatively affect the
recovery of porbeagle.
On the basis of various indices of population health,
both shortfin mako and blue sharks also appear to
be overexploited in Canadian waters; they are not
thought to breed here (Campana et al. 2005a,b). On
the basis of their life histories, these species may be
somewhat more resilient to fisheries-related mortality
(including incidental catch) than porbeagle. Nonetheless, shortfin makos have been classified as ‘Threatened’ by the Committee on the Status of Endangered
Wildlife in Canada (COSEWIC), while blue sharks
have been classified as species of ‘Special Concern’
(COSEWIC 2006a,b). It should be noted that Atlantic

Canadian waters form only a small part of the range of
these species, and most catches occur outside Canadian waters.
Confidence intervals for incidental catch estimates
are wide, indicating substantial uncertainty, but estimates are at least indicative of continuing mortality of
these species and should be incorporated into future
stock assessments. A Canadian Atlantic pelagic shark
Integrated Fisheries Management Plan has been
implemented by the Department of Fisheries and
Oceans to ensure that large shark stocks recover (DFO
2002a, 2005).
The total number of basking sharks estimated to
have been captured was small, and the effect of incidental catches on their population is unknown (Campana et al. 2008). Catches were reported mainly in offshore fisheries along the south coast of Newfoundland,
although there were also reports from along the northeast coast and further offshore. Basking sharks in
Atlantic Canadian waters are considered to be part of
a single western Atlantic population; however, there is
recent evidence of trans-Atlantic movement by individual sharks, which may indicate stronger links
between ‘populations’ at opposite ends of the north
Atlantic basin that were previously considered distinct
(Campana et al. 2008, Gore et al. 2008).
The impact of incidental catch in gillnets on populations of Greenland shark is unknown. Catches were
reported in deepwater fisheries along the entire shelf
edge off Newfoundland and Labrador from area 0A/B
down to the edge of the Grand Banks in area 3OPs offshore. Data on age at maturity, reproduction, and
longevity are unavailable, and stock structure of the
species in the northwest Atlantic is unclear. However,
the species is thought to be sensitive to overfishing
(Castro et al. 1999). In addition to catches reported
here, high catch levels have been recorded in the offshore trawl fishery for Greenland halibut in NAFO
area 0A/B (Davis Strait; DFO unpubl. data).
There is no information on stock size of deepsea
catshark and Portuguese shark in Canadian waters.
Catches were reported exclusively in the offshore
fishery for Greenland halibut, in areas 2GHJ3K and
3OPs offshore (only deepsea catshark in the latter
area). Catch levels appear relatively low (in the low
hundreds annually), but concern may be warranted
given their likelihood of low reproductive rates (Scott
& Scott 1988).
The present results indicate the potential impact of
incidental catch in a wide range of Newfoundland and
Labrador gillnet fisheries on sharks in the wider northwestern Atlantic marine environment. Most of the species reported here have very wide distributions, and
individuals may readily move hundreds, if not thousands of kilometers, making effective management
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challenging. Future management strategies will need
to take into account a wide range of pressures, including incidental mortality in a diverse suite of fisheries,
throughout the distribution of these species.
It is important to note that catches of large pelagic
sharks have been reported from fisheries where current effort is relatively low when compared to historical levels (particularly the cod fishery). Although such
catch levels might be relatively low at present, there is
a concern about the potential additional risk to these
species once target stocks recover and effort levels
subsequently increase. Similar problems might occur
in fisheries that are currently spatially limited (particularly the fishery for monkfish and skate, but also that
for white hake and redfish) but which may face calls
for expansion in the future. The potential impact of
such changes to fisheries needs to be considered as
part of a comprehensive shark management plan,
where incidental mortality in as many fisheries as possible is taken into account.

Data issues
Although some data exist on relative biomass, abundance, and distribution of shark species in Newfoundland and Labrador waters, there are difficulties when
attempting to relate the results of the present study to
these data. Most of these data were collected through
annual demersal trawl surveys for cod and other
groundfish species, yielding minimum estimates of relative biomass and abundance for all species involved
(described by Kulka 2006). However, such surveys are
by design unlikely to properly estimate the abundance
of large, pelagic sharks (e.g. blue shark, porbeagle,
basking shark), as their catchability in demersal trawls
is likely to be very low. These surveys could in theory
provide a better measure of abundance of several
demersal shark species (e.g. spiny dogfish, black dogfish, and other deepwater species). However, for these
species, the surveys described by Kulka (2006) did not
cover the entire range of their distribution (with a
considerable proportion of their populations occurring
in unsurveyed waters), did not occur at the same time
as the commercial fisheries described here, and did
not sample the same age classes. This complicates
attempts at assessing the relative impact of incidental
catch in gillnet fisheries in Newfoundland and
Labrador.
Bycatch collectors received identification sheets to
help facilitate their identifications, but large pelagic
sharks (particularly porbeagle and shortfin mako) may
have been misidentified, with some recorded as ‘large
sharks’. Fishery observers received detailed information on the distinguishing characteristics of different
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shark species during the course of their training and
were considered familiar with most species in the area.
The only species that observers may have had trouble
differentiating were Greenland shark and basking
shark (also identified as an issue by Campana et al.
2008). Interviewing observers indicated that this had
been a problem in the past but was much less so in the
period under study.
Traditionally, the focus of fishery observer training
has been on providing data on catches of teleost species, which are typically caught in large quantities and
reported by weight rather than by number, for practical reasons. As a result, information on approximate
numbers of individuals of larger species (including
sharks) is often not recorded as part of standard protocols. Because of the workload of individual fishery
observers (including e. g. estimating catches, measuring lengths of subsamples of species, recording details
of the fishing gear, performing surveillance duties), it
is not realistic to expect fishery observers to record
amounts of caught teleost fish in numbers. However, it
is recommended that fishery observers record the
approximate number of individuals involved in incidental catch events, such as those involving sharks.

Management measures
From the results described above it is clear that incidental catch of sharks occurs with some frequency in
many Newfoundland and Labrador gillnet fisheries. It
is clear that the estimates reported here likely represent underestimates, given the lack of accurate information on numbers of sharks involved; there is also
concern that landings of sharks may be underreported
in many fisheries, given the current uncertainty surrounding their conservation status in Canadian waters
(COSEWIC 2004, 2006a,b). At present, it is unclear
what the impact of this continued incidental mortality
might be. Mortality of many shark species (whether
directed or incidental) in Canadian waters is likely to
be considerably lower than the estimated mortality in
the open ocean outside territorial waters (e.g. Campana et al. 2003, 2005a, 2006, 2008). Nonetheless,
there is concern that insufficient management action
may negatively affect management actions undertaken in other parts of some species’ range (e.g. Gore
et al. 2008). Canada has developed a National Plan of
Action for the Conservation and Management of
Sharks in a move towards more holistic management
of all marine resources in Canadian waters (DFO 2005,
2007b). Additional research is required in the seasonal
abundance, distribution, movements, life history, and
population structure of most species discussed here,
particularly for deepwater species such as the Green-
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land shark and black dogfish. Expansion of fishery
observer coverage, and continued long-term contact
with inshore fishermen (in fisheries where putting
observers on small boats is impractical), would
improve our knowledge of incidental catches of sharks
in gillnet fisheries. Mortality of incidentally caught
sharks could also be reduced by ensuring that such
sharks are handled in a way that minimises further
injury and released as quickly as possible, similar to
what is already mandated for other species (e.g. various species of wolffish; Kulka et al. 2007).
Additional management measures may be required
for certain species (e.g. basking shark, porbeagle) that
have shown a recent significant decline or that appear
to be naturally uncommon. These could include temporary regional closures to fisheries to avoid capture of
migratory species such as sharks, gear modifications,
the introduction of incidental catch quotas, or possibly
financial incentives. Such recommendations are compatible with the precautionary approach to marine
management as promoted under Canada’s Oceans
Strategy, and similar to those suggested under
COSEWIC’s recommendation to list several species of
sharks under Canada’s Species at Risk Act (DFO
2002b, COSEWIC 2004, 2006a,b).

CONCLUSIONS
Incidental mortality of sharks has been quantified for
the first time in various gillnet fisheries in Newfoundland and Labrador, for the years 2001, 2002, and 2003.
On the basis of the data reported here, spiny dogfish
were most often captured off the south coast in
nearshore fisheries for cod and redfish and offshore
fisheries for monkfish and skate. Catches of pelagic
sharks such as porbeagle, blue shark, shortfin mako,
➤
and basking shark occurred regularly in a variety of
fisheries, with estimates ranging from several tens to
low hundreds yr–1. Catches of Greenland shark and
black dogfish were largely confined to the offshore
fishery for Greenland halibut, occurring together with
small numbers of several other, lesser-known deep- ➤
water species.
For almost all species, lack of adequate abundance
and stock structure data mean that the impact of this
incidental mortality cannot be evaluated. However,
concern is warranted given the low resilience of most
shark species to overfishing, and widespread lack of
understanding of these species’ basic biological characteristics and roles in the marine ecosystem. Incidental mortality of sharks in Canadian fisheries needs to
be better monitored and, where possible, reduced or
eliminated in order to facilitate recovery. For most
shark species discussed here, many aspects of their

biology, including life history, growth rates, age at
maturation, reproductive rates, longevity, distribution,
and stock structure, remain poorly known. Further
efforts to collect these data are required to better
inform the management of these species in Canadian
waters.
Acknowledgements. We thank the bycatch collectors and
fishery observers who provided information on incidental
takes of sharks and other species. We thank S. Savory and
A.-M. Russell (DFO-NL, Policy and Economics) for access to
their fishing effort and landings databases. W. Penney (DFONL) organized the bycatch collector program. J. Firth (DFONL) provided support in training observers, as well as information on at-sea observer activities. M. Koen-Alonso
(DFO-NL) provided statistical advice in deriving approximations to confidence intervals. Financial support was provided
by Fisheries and Oceans Canada through its Species At Risk
Programme. We thank 2 anonymous reviewers who provided
insightful and constructive comments on an earlier version of
this manuscript.

LITERATURE CITED
Blank S, Seiter C, Bruce P (2001) Resampling stats in Excel.
Version 2. Resampling Stats, Arlington, VA
Bonfil R (1994) Overview of world elasmobranch fisheries.
FAO Fish Tech Pap 341, FAO, Rome
Bundy A (2003) Proceedings of the Canada/U.S. information
session on spiny dogfish; 4 April 2003. DFO Can Sci Advis
Sec Proc Ser 2003/019. www.dfo-mpo.gc.ca/csas/Csas/
proceedings/2003/PRO2003_019_E.pdf (accessed Mar 29,
2010)
Campana SE, Joyce W, Marks L (2003) Status of the porbeagle shark (Lamna nasus) population in the Northwest
Atlantic in the context of ‘species at risk’. DFO Can Sci
Advis Sec Res Doc 2003/07
Campana SE, Marks L, Joyce W (2004) Biology, fishery and
stock status of shortfin mako sharks (Isurus oxyrinchus) in
Atlantic Canadian Waters. DFO Can Sci Advis Sec Res
Doc 2004/94
Campana SE, Marks L, Joyce W (2005a) The biology and fishery of shortfin mako sharks (Isurus oxyrinchus) in Atlantic
Canadian waters. Fish Res 73:341–352
Campana SE, Marks L, Joyce W, Kohler N (2005b) Catch,
bycatch and indices of population status of blue shark (Prionace glauca) in the Canadian Atlantic. Int Comm Conserv Atl Tunas (ICCAT) Col Vol Sci Pap 58:891–934
Campana SE, Marks L, Joyce W, Kohler NE (2006) Effects of
recreational and commercial fishing on blue sharks (Prionace glauca) in Atlantic Canada, with inferences on the
North Atlantic population. Can J Fish Aquat Sci 63:
670–682
Campana SE, Gibson J, Marks L, Joyce W, Rulifson R,
Dadswell M (2007) Stock structure, life history, fishery and
abundance indices for spiny dogfish (Squalus acanthias)
in Atlantic Canada. DFO Can Sci Advis Sec Res Doc
2007/089
Campana SE, Gibson J, Brazner J, Marks L and others (2008)
Status of basking sharks in Atlantic Canada. DFO Can Sci
Advis Sec Res Doc 2008/004
Carretta JV, Price T, Petersen D, Read R (2004) Estimates of
marine mammal, sea turtle, and seabird mortality in the
California drift gillnet fishery for swordfish and thresher

Benjamins et al.: Shark bycatch in Newfoundland and Labrador

shark, 1996–2002. Mar Fish Rev 66:21–30
Castro JI, Woodley CM, Brudek RL (1999) A preliminary evaluation of the status of shark species. FAO Fish Tech Pap
380, FAO, Rome
COSEWIC (Committee on the Status of Endangered Wildlife
in Canada) (2004) COSEWIC assessment and status report
on the porbeagle shark Lamna nasus in Canada.
COSEWIC, Ottawa, ON. www.cosewic.gc.ca/eng/sct1/
searchform_e.cfm (accessed Mar 29, 2010)
COSEWIC (Committee on the Status of Endangered
Wildlife in Canada) (2006a) COSEWIC assessment and
status report on the blue shark Prionace glauca
(Atlantic and Pacific populations) in Canada. COSEWIC,
Ottawa, ON. www.cosewic.gc.ca/eng/sct1/searchform_e.
cfm (accessed Mar 29, 2010)
COSEWIC (Committee on the Status of Endangered Wildlife
in Canada) (2006b) COSEWIC assessment and status
report on the shortfin mako Isurus oxyrinchus (Atlantic
population) in Canada. COSEWIC, Ottawa, ON. www.
cosewic.gc.ca/eng/sct1/searchform_e.cfm (accessed Mar 29,
2010)
DFO (Department of Fisheries and Oceans) (1996a) Northwest Atlantic spiny dogfish. DFO Atlantic Fisheries Stock
Status Report 96/76E
DFO (Department of Fisheries and Oceans) (1996b) The black
dogfish in the Gulf of St. Lawrence. DFO Atlantic Fisheries
Stock Status Report 96/61
DFO (Department of Fisheries and Oceans) (2002a) Canadian
Atlantic pelagic shark integrated fisheries management
plan 2002–2007. www.marinebiodiversity.ca/shark/english/
document/2002-2007%20SHARK%20management%20Plan.
pdf (accessed Nov 28, 2009)
DFO (Department of Fisheries and Oceans) (2002b) Canada’s
ocean strategy: our oceans, our future. www.dfo-mpo.
gc.ca/oceans-habitat/oceans/ri-rs/cos-soc/index_e.asp (accessed Dec 8, 2009)
DFO (Department of Fisheries and Oceans) (2005) Recovery
assessment report on NAFO Subareas 3-6 porbeagle
shark. DFO Can Sci Advis Sec Sci Advis Rep 2005/043:11
DFO (Department of Fisheries and Oceans) (2006) Forty-two
species added for protection under the Species at Risk Act.
DFO News Release, August 24, 2006. www.ec.gc.ca/
default.asp?lang=En&n=714D9AAE-1&news=620F030E0FFB-409E-9A56-A0E63747218B (accessed Mar 29, 2010)
DFO (Department of Fisheries and Oceans) (2007a) Assessment of spiny dogfish in Atlantic Canada. DFO Can Sci
Advis Sec Sci Advis Rep 2007/046
DFO (Department of Fisheries and Oceans) (2007b) National
plan of action for the conservation and management
of sharks. www.dfo-mpo.gc.ca/npoa-pan/npoa-pan/npoasharks-eng.htm (accessed Dec 8, 2009)
Diaz GA, Serafy JE (2005) Longline-caught blue shark (Prionace glauca): factors affecting the numbers available for
release. Fish Bull 103:720–724
FAO (Food and Agriculture Organization of the United
Nations) (1998) International plan of action for the conservation and management of sharks. FAO non serial
publications, FAO, Rome. www.fao.org/DOCREP/006/
X3170E/X3170E00.htm (accessed Mar 29, 2010)
FAO (Food and Agriculture Organization of the United
Nations) (2004) The state of world fisheries and aquaculture (SOFIA) 2004. FAO, Rome. www.fao.org/sof/sofia/
index_en.htm (accessed Mar 29, 2010)
FAO (Food and Agriculture Organization of the United
Nations) (2006) Report of the FAO expert consultation on
the implementation of the FAO international plan of action
for the conservation and management of sharks. Rome,

➤

➤

145

6–8 December 2005. FAO Fish Rep 795. ftp://ftp.fao.org/
docrep/fao/009/a0523e/a0523e00.pdf (accessed Mar 29,
2010)
FAO (Food and Agriculture Organization of the United
Nations) (2009) The state of world fisheries and aquaculture (SOFIA) 2008. FAO, Rome. www.fao.org/sof/sofia/
index_en.htm (accessed Mar 29, 2010)
Fordham S (2004) Conservation and management status of
spiny dogfish sharks (Squalus acanthias). CITES report
AC20 Inf. 22. www.cites.org/common/com/AC/20/E20i-22.
pdf (accessed Mar 29, 2010)
Froese R, Pauly D (2006) FishBase electronic database.
www.fishbase.org (accessed Mar 29, 2010)
Gore MA, Rowat D, Hall J, Gell FR, Ormond RF (2008)
Transatlantic migration and deep mid-ocean diving by
basking shark. Biol Lett 4:395–398
Hurley PCF (1998) A review of the fishery for pelagic sharks
in Atlantic Canada. Fish Res 39:107–113
ICES (International Council for the Exploration of the Sea)
(1995) Report of the study group on elasmobranch fishes.
ICES CM 1995/G:3. ICES Headquarters, Copenhagen
ICES (International Council for the Exploration of the Sea)
(2006) Report of the working group on elasmobranch
fishes. ICES CM 2006/ACFM 31. www.ices.dk/reports/
ACFM/2006/WGEF/WGEF2006.pdf (accessed Mar 29,
2010)
IUCN (International Union for the Conservation of Nature)
(2010) IUCN red list of threatened species v.2010.1. Available online at www.iucnredlist.org (accessed Mar 29,
2010)
Joyce WN (1999) Management of shark fisheries in Atlantic
Canada. In: Shotton R (ed) Case studies of the management of elasmobranch fisheries. FAO Fish Tech Pap 378:
74–108
Kiraly SJ, Moore JA, Jasinski RH (2003) Deepwater and other
sharks of the U.S. Atlantic Ocean Exclusive Economic
Zone. Mar Fish Rev 65:1–63
Kulka DW (2006) Abundance and distribution of demersal
sharks on the Grand Banks with particular reference to
the NAFO Regulatory Area. Northwest Atlantic Fishery
Organisation SCR Doc 06/20
Kulka DW, Firth JR (1987) Observer program training manual — Newfoundland region (revised). Can Tech Rep Fish
Aquat Sci 1335:197
Kulka DW, Musick JA, Pawson MG, Walker TI (eds) (2005)
Elasmobranch fisheries: managing for sustainable use and
biodiversity conservation. J Northwest Atl Fish Sci 35:
1–544
Kulka DW, Simpson MR, Miri CM (2006) An assessment of
thorny skate (Amblyraja radiata Donovan, 1808) on the
Grand Banks of Newfoundland. Northwest Atlantic Fishery Organisation SCR Doc 06/44
Kulka D, Hood C, Huntington J (2007) Recovery strategy for
Northern wolffish (Anarhichas denticulatus) and spotted
wolffish (Anarhichas minor), and management plan for
Atlantic wolffish (Anarhichas lupus) in Canada. Fisheries
and Oceans Canada: Newfoundland and Labrador
Region. St. John’s, NL
Lewison RL, Crowder LB, Read AJ, Freeman SA (2004)
Understanding impacts of fisheries bycatch on marine
megafauna. Trends Ecol Evol 19:598–604
Lien J, Fawcett L (1986) Distribution of basking sharks,
Cetorhinus maximus, incidentally caught in inshore fishing gear in Newfoundland. Can Field-Nat 100:246–252
Lien J, Dong JH, Baraff L, Harvey J, Chu K (1982) Whale
entrapment in inshore fishing gear during 1982: a preliminary report to Fisheries and Oceans Canada, Sep-

146

➤

Endang Species Res 11: 133–146, 2010

tember 20, 1982. Newfoundland Institute for Cold Ocean
Science, Canada DFO, Newfoundland Region
Lien J, Walter H, Harvey-Clark C (1985) Whale and shark
entrapments in inshore fishing gear during 1985. Report to
Fisheries and Oceans Canada, Newfoundland Region,
and the Newfoundland and Labrador Department of Fisheries
Lien J, Pittman D, Hood C, Richter C, Borggaard D, Marques
F, Todd S (1995) Entrapments in fishing gear and strandings in Newfoundland and Labrador reported to the
Entrapment Assistance Programme during 1994. A report
to the Department of Fisheries and Oceans and the
Atlantic Fisheries Adjustment Program. Memorial University of Newfoundland, St. John’s, NL
Nammack MJ, Musick JA, Colvocoressess JA (1985) Life history of spiny dogfish off the northeastern United States.
Trans Am Fish Soc 114:367–376
NEFSC (Northeast Fisheries Science Center) (2003) 37th
Northeast Regional Stock Assessment Workshop (37th
SAW). Northeast Fisheries Science Center Ref Doc
03-17. www.nefsc.noaa.gov/publications/crd/crd0317/
saw37advrpt.pdf (accessed Mar 29, 2010)
Scott WB, Scott MG (1988) Atlantic fishes of Canada. Can Bull
Fish Aquat Sci 219:1–731
Shepherd TD, Myers RA (2005) Direct and indirect fishery
effects on small coastal elasmobranchs in the northern
Gulf of Mexico. Ecol Lett 8:1095–1104
Editorial responsibility: Steven Cooke,
Ottawa, Ontario, Canada

➤ Simpfendorfer
➤
➤

➤

➤

CA (2000) Predicting population recovery
rates for endangered western Atlantic sawfishes using
demographic analysis. Environ Biol Fishes 58:371–377
Sims DW, Quayle VA (1998) Selective foraging behaviour of
basking sharks on zooplankton in a small-scale front.
Nature 393:460–464
Sims DW, Fox AM, Merrett DA (1997) Basking shark occurrence off south-west England in relation to zooplankton
abundance. J Fish Biol 51:436–440
Sosebee K, Rago P (2006) Spiny dogfish (Squalus acanthias).
Status of fishery resources off the northeastern U.S. Northeast Fisheries Science Center, Resource Evaluation and
Assessment Division. www.nefsc.noaa.gov/sos/spsyn/op/
dogfish/ (accessed Mar 29, 2010)
Stevens JD, Bonfil R, Dulvy NK, Walker PA (2000) The effects
of fishing on sharks, rays, and chimaeras (Chondrichthyans), and the implications for marine ecosystems.
ICES J Mar Sci 57:476–494
Templeman W (1966) Marine resources of Newfoundland.
Bull Fish Res Board Can 154:1–170
Templeman W (1984) Migrations of spiny dogfish, Squalus
acanthias, and recapture success from tagging in the
Newfoundland area, 1963–65. J Northwest Atl Fish Sci
5:47–53
Walker TI (1998) Can shark stocks be harvested sustainably?
A question revisited with a review of shark fisheries. Mar
Freshw Res 49:553–572
Submitted: August 11, 2009; Accepted: January 23, 2010
Proofs received from author(s): March 29, 2010

