(R

i

.__ﬁ_\“.x. .

LK
_,._.—."_.M“- e
ot
R
st










“J.’ lei i i j




3

Library and Bibliothéque et

Archives Canada Archives Canada

Published Heritage Direction du

Branch Patrimoine de I'édition

395 Wellington Street 395, rue Wellington

Ottawa ON K1A ON4 Ottawa ON K1A ON4

Canada Canada
Your file Votre référence
ISBN: 978-0-494-42109-3
Qur file  Notre référence
ISBN: 978-0-494-42109-3

NOTICE: AVIS:

The author has granted a non-
exclusive license allowing Library
and Archives Canada to reproduce,

publish, archive, preserve, conserve,

communicate to the public by

telecommunication or on the Internet,

loan, distribute and sell theses
worldwide, for commercial or non-
commercial purposes, in microform,
paper, electronic and/or any other
formats.

The author retains copyright
ownership and moral rights in
this thesis. Neither the thesis
nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

L'auteur a accordé une licence non exclusive
permettant a la Bibliotheéque et Archives
Canada de reproduire, publier, archiver,
sauvegarder, conserver, transmettre au public
par télécommunication ou par I'Internet, préter,
distribuer et vendre des theéses partout dans

le monde, a des fins commerciales ou autres,
sur support microforme, papier, électronique
et/ou autres formats.

L'auteur conserve la propriété du droit d'auteur
et des droits moraux qui protege cette thése.
Ni la thése ni des extraits substantiels de
celle-ci ne doivent étre imprimés ou autrement
reproduits sans son autorisation.

In compliance with the Canadian
Privacy Act some supporting
forms may have been removed
from this thesis.

While these forms may be included
in the document page count,

their removal does not represent
any loss of content from the

thesis.

Canad;

Conformément a la loi canadienne
sur la protection de la vie privée,
quelques formulaires secondaires
ont été enlevés de cette thése.

Bien que ces formulaires
aient inclus dans la pagination,
il n'y aura aucun contenu manquant.






INCIDENTAL CATCH OF LARGE MARINE VERTEBRATES IN GILLNET

FISHERIES IN NEWFOUNDLAND AND LABRADOR

by

Steven Benjamins

A thesis submitted to the
School of Graduate Studies
in partial fulfillment of the
requirements for the degree of
Doctor of Philosophy
Cognitive and Behavioural Ecology Programme
Memorial University of Newfoundland

September 2006

St. John's Newfoundiand



Abstract

Small cetaceans, such as harbour porpoises, often become entangled in
gillnets, and this anthropogenic mortality is a conservation concern. For years,
harbour porpoises have been captured regularly in fisheries in waters of
Newfoundland and Labrador (Canada), but defendable estimates have been
lacking. Incidental catch of small cetaceans in nearshore and offshore gillnet
fisheries in Newfoundland and Labrador waters was studied for the years 2001,
2002 and 2003, using datasets from Fisheries and Oceans Canada, reports from
fishers, and Fishery Observer records. Fisheries studied included those
targeting Atlantic cod, lumpfish, Atlantic herring, monkfish, white hake, Greenland

halibut, redfish and winter flounder.

A methodology was developed to estimate incidental catch, based on
datasets currently available within the Department of Fisheries and Oceans.
Confidence intervals were generated using resampling statistics, allowing an
assessment of uncertainty surrounding these estimates. Despite reductions in
fishing effort since 1992, an estimated average of 1,516 harbour porpoises were
captured in various Newfoundland and Labrador gillnet fisheries annually
between 2001 and 2003. Most captures occurred in nearshore fisheries for
Atlantic cod and lumpfish. Several dolphin species were also captured in smaller

numbers, mostly in the offshore monkfish fishery. The impact of this mortality on
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the population of harbour porpoise and other small cetaceans cannot be

assessed until population estimates become available.

Using the same methodology, incidental catch assessments were
compiled for numerous species of pinnipeds, seabirds, sharks and bony fish that
had been reported as incidental catch. For most species, insufficient information
exists to assess the impact of this mortality. However, catch rates of harbour
seals, murres, shearwaters, various shark species and sturgeons appear to

warrant concern.

In conclusion, Newfoundland and Labrador gilinet fisheries annually
remove considerable numbers of non-target large marine vertebrates from the
local marine ecosystem. The nearshore fisheries for Atlantic cod and lumpfish,
and the offshore fishery for monkfish, appear to capture the greatest diversity of
species, including small cetaceans, various seals, murres, shearwaters,
schooling sharks and sturgeons. Various potential measures to mitigate this
incidental catch in Newfoundland and Labrador are discussed. A framework for

assessing the impacts of fisheries on marine environments is described.
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CHAPTER 1 - INTRODUCTION: THE PROBLEM OF

INCIDENTAL CATCH IN FISHERIES

1.1 - Incidental Catch: A Global Overview

Currently, the bycatch (also called incidental catch) of non-target species
during fishing operations is considered to be one of the most important problems
facing fisheries management agencies around the world (e.g. Alverson et al.
1994; Bjgrge et al. 1994; International Whaling Commission [IWC] 1994, Dayton
et al. 1995; Alverson and Hughes 1996; Hall et al. 2000; Read et al. 2003; FAO
2004; Tudela 2004). Finding ways to reduce incidental catch requires a broad
inclusive approach, involving stakeholders from the fishing industry, academia,

conservation organizations, management agencies, and the general public.

At its most basic level, capture of unwanted (i.e., non-targeted) species
during fishing operations occurs because fishing methods and gears are not
perfectly selective (Clucas 1997). According to Hall (1996), bycatch is “that part
of the capture that is discarded at sea, dead (or injured to an extent that death is
the result). Capture, in turn, means all that is taken in the gear. The capture can
be divided into three components: (a) the portion retained because it has

economic value (catch), (b) the portion discarded at sea dead (bycatch), and (c)



the portion released alive (release).” The portions discarded dead and released
alive can involve members of the target species if they are damaged or are of the
wrong size, but the focus is usually on other species that are caught incidentally

to the target species.

Whether any species caught in fishing gear is retained or discarded varies
between individual fisheries, between different fishing cultures, and even when
comparing current fishing practices with historical data from the same fishery.
Fishers determine which portion of their capture they consider incidental catch
and may wish to discard based on a variety of factors. According to Clucas

(1997), these considerations may be:

Wrong species, size, or sex of the caught species;

- Damage to caught species due to abrasion by the fishing gear,
mishandling by the fisher, or predation/scavenging by other
animals;

- Incapacity to store caught species together with the remainder of
the catch for reasons of quality control (e.g. due to rapid spoilage,
which might lower the value of the remainder of the catch);

- Inedible, poisonous, or otherwise hazardous or undesirable nature
of the caught species to the fisher;

- Lack of space on board (especially in small vessels, but also in

large vessels that already have a large amount of fish on board);



- Preferential discarding of a marketable species in order to retain the
same species at a larger size and price, or to retain another species
of higher value (known as “high grading”; Hall et al. 2000);

- Quotas for the caught species (or for another species) have been
reached, and landing the excess catch would result in penalties;

- Capture in prohibited areas, using prohibited gears, during a
prohibited period, or of species whose capture itself was prohibited,

usually on conservation grounds.

Currently, incidental catch receives a large amount of attention mainly
because it is perceived as wasteful, due to the high mortality associated with the
process. The survival rate of the incidental catch depends on the species
involved, the depth at which they were captured, the duration of fishing, the gear
type, and the way catches are handled by the fisher, among various other
factors. In practice, the survival chances of most organisms caught in fishing
gear are limited, and additional mortality may take place some time after release
as a result of injuries sustained during capture (Alverson et al. 1994; Clucas
1997). Many marine species are also at risk from entanglement in discarded or
lost fishing gear, although the extent of this “ghost fishing” is largely unknown

(Templeman 1966; Kaiser et al. 1996; Reeves et al. 2003).



Although incidental catch has been a part of fisheries for thousands of
years, current globally high and increasing levels of fishing effort, combined with
recent advances in fishing technology, have significantly increased the impact of
this phenorﬁenon on wild populations of a large number of marine species (Hall
et al. 2000). At the same time, public perception of incidental catch and discards
has shifted, and the practice is now widely regarded as unethical, economically
wasteful, and potentially highly disruptive to populations of marine species and

entire marine ecosystems (Hall et al. 2000).

Only recently have there been attempts to quantify the global extent of the
incidental catch problem. Initial estimates of global incidental catch, based on
data from the 1980s and early 1990s, were calculated under the auspices of the
United Nations’ Food and Agriculture Organization (FAO) by Alverson et al.
(1994), who reported an average global annual estimate of 27 million metric tons
(mt), with a range of 17.9 to 39.5 million mt. This was thought to represent
approximately one quarter of the estimated total global landings of marine
fisheries at the time (approximately 100 million mt). Later studies have revised
this estimate downward, and current best estimates now place average annual
global incidental caich at approximately 8 million mt, out of a total landed catch of

approximately 93 million mt (FAO 1998, 2004).



Several reasons for this apparent reduction have been suggested,
including a change in incidental catch estimation methodology, as well as
uncertainty about the accuracy of reported fish landing data from several
sources. Possible explanations for an actual reduction in incidental catch include
introduction of new fishing gears and practices, improved legislation, introduction
and/or expansion of observer programmes, and stronger enforcement of existing
regulations. An alternative possibility is that the fraction of total catch that is
brought to market by fishers has increased, finding use for those species or age-
classes that were previously discarded (FAO 2004). This development may
either be caused by an increased awareness of the utility of previously discarded
species, or brought about by a decrease in abundance of other more desirable

species, or possibly a combination of the two.

1.2 - Marine Mammal Incidental Catch

Although the vast majority of incidental catches involve fish and
invertebrate species, it is the incidental capture of species of marine megafauna
such as marine mammals that has helped focus significant public attention on the
problem. Incidental catch in fishing gear can potentially pose a significant risk to
these species because of their long life span and typically low fecundity, which
renders their populations vulnerable to sudden increases in mortality rates (Hall

et al. 2000; Lewison et al. 2004). One of the first cases brought to the attention



of the public involved the interactions between the U.S. tuna purse seine fleet
and various pelagic dolphin species (genus Stenella) in the eastern tropical
Pacific during the 1960s and early 1970s. This fishery exploited the close
association between schools of various species of dolphins and yellowfin tuna
(Thunnus albacares Bonnaterre), resulting in an annual mortality of several
hundreds of thousands of dolphins (Gosliner 1999; Hall et al. 2000; Lennert-Cody
et al. 2004). The public outcry in response to this incidental catch was a
contributing factor in the establishment of the United States Marine Mammal
Protection Act of 1972. The levels of dolphin mortality in this fishery have since
dropped significantly due to changes in fishing practices, and marine mammal
mortality in the U.S. tuna fishery is not currently considered to be an overriding

conservation concern (Hall ef al. 2000; Reeves et al. 2003).

However, incidental catches of other marine mammal species, as well as
seabirds, seaturtles and sharks, have subsequently been identified in many
commercial fisheries world-wide, including gilinets, driftnets, trawls, longlines,
and fish traps (e.g. Lear and Christensen 1975; Ohsumi 1975; Northridge 1984,
1991; IWC 1994; Jefferson and Curry 1994; Alverson and Hughes 1996;
Bravington and Bisack 1996; Palka et al. 1996; Tregenza ef al. 1997a, 1997b;
Caswell et al. 1998; Tregenza and Collet 1998; Morizur et al. 1999; Northridge
and Hofman 1999; Silvani et al. 1999; Trippel et al. 1999; Vinther 1999; Bjarge et

al. 2002; Manly et al. 2002; Reeves et al. 2003; Lewison ef al. 2004, Neimanis et



al. 2004; Tudela 2004; Dawson and Slooten 2005). In the United States, the
Marine Mammal Protection Act was specifically amended in 1994 to manage
incidental catch of pinnipeds and cetaceans in fishing gear (Baur et al. 1999).
However, it is expected that continued expansion and industrialisation of fisheries
at a global level, fuelled by an increase in human population, will lead to an

increase in numbers of marine mammals incidentally captured in fishing gear

(DeMaster et al. 2001).

While reporting marine mammal incidental catch may serve to indicate the
existence of a problem, estimating the potential impact of these captures on
specific marine mammal populations is much more difficult. It requires detailed
knowledge of fishing effort, landed catches, and spatiotemporal distribution of
both fishery and incidental catches, as well as population size, structure, and
possible migratory behaviour of the marine mammal species in question. Such
data have historically been difficult to obtain, and are still not available for many
fisheries (Alverson et al. 1994; Clucas 1997). Read ef al. (2003, 2006) estimated
the total annual average number of marine mammals captured globally in fishing
gear, based on data collected within the United States between 1990 and 1999.
Their data indicated a mean annual bycatch estimate of 3,029 + 316 cetaceans
and 3,187 + 341 pinnipeds caught annually in U.S. fisheries. When these resuilts
were extrapolated to global fisheries, they indicated that annual worldwide catch

estimates might well reach several hundreds of thousands of animals,



corroborating other studies (IWC 2002). Such catch rates raise serious concerns
about the effects of fisheries on the survival of numerous marine mammal
populations. In some populations of small cetaceans, incidental catch in fishing
gear is believed to be the most important source of anthropogenic mortality, and
it has the potential to drive some species with restricted distributions, such as the
vaquita (Phocoena sinus Norris and McFarland), the baiji (Lipotes vexillifer Miller)
and Hector's Dolphin (Cephalorynchus hectori Van Beneden) to extinction
(Jefferson and Curry 1994; Silber et al. 1994; D'Agrosa et al. 2000; Dawson et al.

2001; Reeves et al. 2003).

1.3 - Mechanisms of Incidental Catch of Marine Mammals

For the most part, the capture of marine mammals in fishing gear is
completely incidental to the capture of the target species. Historically, with the
notable exception of the tuna purse-seine fleet operating in the eastern tropical
Pacific Ocean, cetaceans and pinnipeds have not normally been targeted by
commercial fishing operations, although recently developed artisanal fisheries in
Peru, Chile, Sri Lanka and the Philippines are known to target small cetaceans
for use as bait or human consumption (Crespo et al. 1994; Dolar 1994, IWC
1994, Lescrauwaet and Gibbons 1994; Reyes and Oporto 1994; Van Waerebeek
et al. 1997; Reeves et al. 2003). Fishers in most other areas typically consider

entanglements of marine mammals a nuisance, because of the time and effort



required to extract the animals and the potential for damage done to the fishing
gear (e.g. Lien 1980, 1994). Disentanglement of live marine mammals, and
particularly large whales, may be dangerous to fishers if they are unfamiliar with
the behaviour of the animals or otherwise not familiar with the safest procedures

(Lien 1980, 1994).

In many jurisdictions, marine mammals are protected by some form of
conservation legislation, which may or may not cover incidental mortality in
fishing gear. However, enforcement of existing regulations is often difficult and
always costly. In cases where incidentally-caught marine mammals are used for
bait or human consumption, there appears to be an economic incentive to shift
fishing activities towards directed catch of marine mammals regardless of

legislation (Northridge and Hofman 1999; Reeves et al. 2003).

The vast majority of marine mammal incidental catches appears to occur
in commercial gillnets (Northridge 1984, 1991; IWC 1994, 2000; Read 1994b;
Read et al. 2003, 2006). These nets fish by entangling individual fishes by their
gills or fins when they attempt to swim through them (hence their name). The
mesh is typically made from materials such as nylon or monofilament
polypropylene, which make the nets strong, light-weight and resistant to wear.
Net fibre thickness ranges between 0.2-1 mm (FAO 1978; Fridman 1986; P.

Walsh, MUN, pers. comm.). These nets are often designed to be near invisible



under water in order to improve catches. Typically, they are deployed together in
large numbers placed in line (termed a “fleet” or “string”) near the sea floor. Nets
are held more or less erect using a combination of floats on the headropes and
lead rope, or “footrope” (Nédélec and Prado 1990; Fig. 1.1). “Bottom-set’ gilinets
target benthic species such as gadoids or flatfish. Alternatively, gilinets can be
deployed close to the surface using larger floats, and target smaller pelagic

species such as clupeids (Neédélec and Prado 1990).

Gilinets are considered to be a relatively selective type of fishing gear,
allowing fish smaller than the net's mesh size to pass through freely, and
minimizing entanglement of older, larger fish. For this reason, as well as the
practical benefits described above, they are widespread in many fisheries around
the world. However, the fact that modern net fibres are so strong and resistant to
breaking increases the risk that air-breathing animals caught in them will have
difficulty in disentangling themselves, and perhaps die of asphyxiation. Small
cetaceans, pinnipeds, seaturtles and seabirds appear especially susceptible to
incidental catch in these nets, primarily because their small body size prevents
them from breaking out of the mesh if they get entangled (IWC 1994). Larger
whales that get entangled in fishing gear may be unable to free themselves, or
may attempt to leave the area, towing parts of the gear behind them. This will
slow them down and may lead to subsequent mortality (e.g. Kraus, 1990; Lien

1994; Read 1994a; Volgenau et al. 1995; Knowlton and Kraus 2001; Baird et al.
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2002). Responses of large whales to entanglement are variable and partially

depend on the species involved (Lien 1994).

Most research on incidental catch of marine mammals to date has focused
on cetaceans, with limited work being done on pinnipeds. Despite several
decades of research, it remains unclear why these species are so susceptible to
entanglement in bottom-set gillnets. Pinnipeds navigate underwater using a
combination of visual cues and hydrodynamic reception by their vibrissae
(Dehnhardt et al. 1998, 2001; Levenson and Schusterman 1999). Numerous
species of odontocetes are known to possess a highly sophisticated bioacoustic
sensory system that enables them to produce ultrasonic sounds and use the
returning echoes to perceive the environment around them (Au 1993). This
echolocation system enables them to forage and feed in dark or turbid waters
where visual cues are limited or absent, detect conspecifics or predators, and
alert them to potential obstacles in their path. Based on field observations and
anatomical studies, it is assumed that all odontocetes have echolocation
capabilities (e.g. Norris et al. 1961; Kastelein et al. 1995b; Wartzok and Ketten
1999). Experiments with captive odontocetes under controlled conditions, as
well as with these animals in the wild, have shown that the acoustic capabilities
of various species such as the harbour porpoise (Phocoena phocoena L.), Dall's
porpoise (Phocoenoides dalli True) and bottlenose dolphin (Tursiops truncatus

Montagu) should allow the animals to detect the net at sufficient distance to avoid
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entanglement (Au and Jones 1991; Au 1994, Hatakeyama et al. 1994; Kastelein

et al. 2000). There are different theories about why small cetaceans still become

entangled (IWC 1994; Lawson 2006):

1)

2)

Although small cetaceans have been shown to be able to detect nets in
captive settings, their ability to detect returning echoes decreases markedly
when the angle of approach to the net increases from 0° (i.e., away from a
perpendicular approach). Gillnets have a density similar to seawater, and
thus do not reflect strong echoes back to the animal (Kastelein et al. 2000).
The knots in the mesh, together with the head- and footrope, provide the
strongest echoes, but these may not be strong enough to alert an

approaching cetacean to the presence of a barrier (Au 1994).

Small cetaceans may not echolocate continuously, for instance when
attempting to avoid detection by predators or potential prey (Goodson et al.
1994; IWC 1994; Wilson and Dill 2002). Under these circumstances, nets
can only be detected by means of passively listening to the sounds generated
by movements of the net itself, or by visual observation. The sounds
produced by water movement through a net or by wave action may be loud,
but most of the emitted sound is low-frequency, to which small cetaceans are
less sensitive (Lien ef al. 1990). Wave actibn may produce areas of aerated

water, especially in stormy weather, that may reduce the range and detection
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3)

4)

capabilities of cetacean echolocation systems (IWC 1994). Vision ‘is
important to most species of cetaceans, but appears to be limited by
attenuation at medium to long distances underwater. Most types of gillnets
have been designed to appear nearly invisible under water, and it is possible
that cetaceans are unable to visually detect nets in time to avoid collisions.
However, observations of different species of cetaceans around nets indicate
that they can visually detect these nets (Lien et al. 1990; Hatakeyama ef al.

1994).

Upon successful acoustic detection, small cetaceans may not perceive
gillnets as a physical barrier, due to lack of experience with such features in
the marine environment (Au 1994; IWC 1994). It has been suggested that the
low intensity of returning echoes may appear as a cloud of air bubbles or
possibly aggregations of smaller animals as found in the deep scattering layer
in pelagic ecosystems (Au 1994). Experiments on captive harbour porpoises
indicate a potential for learning to avoid entanglement, provided the animal is
capable of disentangling itself before dying (Kastelein et al. 1995a). This may
explain the preponderance of (inexperienced) juveniles reported in some

incidental catch studies (IWC 1994).

Small cetaceans may be foraging for food in the general location of the nets

and focus all their attention on detecting prey, increasing their vulnerability to
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5)

6)

entanglement. This is thought to play a role in the entanglement of harbour
porpoise, which are known to engage in “bottom-grubbing” benthic foraging
behaviour (Lockyer et al. 2001). 1t has been suggested that benthically
foraging species such as the harbour porpoise are at greater risk of incidental

catch because of this habit.

Some cetaceans may be attracted to nets by enhanced foraging opportunities
due to entangled fish. Some species of cetaceans will engage in
depredation, defined as the removal of, or damage to, captured fish or bait
(Zollett and Read 2006). This behaviour is more commonly associated with
pinnipeds (e.g. Lunneryd and Westerberg 1997, NMFS 1997), but has been
reported in cetaceans, such as bottlenose dolphins (Lauriano et al. 2004).
Small cetaceans may be unable to acoustically detect nets if many entangled
fish are present, due to the much stronger echoes received from the fish (Au
1994). Interactions between marine mammals and mobile gear types such as
trawls and longlines have also been reported (Corkeron et al. 1990,
Pemberton et al. 1994, Wickens 1995; Yano and Dahtheim 1995; Visser

2000).

In some cases, cetaceans may be playing, resting, or sleeping, and thus fail
to detect the net in time to avoid it. Cetaceans, unlike most other mammals,

appear able to restrict brain activity to one brain hemisphere while the other
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half is asleep, in order to always maintain the ability to surface and breathe
(Rattenborg et al. 2000; Ridgway 2002). Several species of small cetaceans
have been observed swimming with one hemisphere of their brain apparently
asleep. However, it is not known whether odontocete echolocation is
possible with unihemispheric brain activity (Rattenborg et al. 2000). In
several oceanic dolphins, some animals in a pod appear to be actively
echolocating at any given time, although the majority of their conspecifics
may be resting, thereby increasing the chances of detection of obstacles

(IWC 1994).

The specific cause of entanglement of small cetaceans is likely a

combination of two or more of the factors listed above. Research is ongoing to

determine the relative importance of these factors, and how to prevent incidental

catches (e.g. Cox et al. 2003; Hood 2001, Kastelein et al. 1995a, 1995b, 2000;

Lawson 2006; Lockyer 2001; Read 2000; Teilmann et al. 2006). These factors

likely vary among different species, among different fisheries, and among

different locations, contributing to the complex nature of this problem.

1.4 - History of Gillnet Fisheries in Newfoundland and Labrador

Incidental catches of marine mammals have been observed in a variety of

commercial fisheries historically and currently active in Newfoundland and

Labrador. They are primarily thought to be caused by the monofilament gilinets
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used in many sectors of these fisheries, and which has been implicated in the
vast majority of incidental catches of marine mammals worldwide (Read 1994;
Donovan and Bjgrge 1995; Read et al. 2003). In this section, a concise overview
of the history and current state of each fishery will be provided with a focus on
technological advances in fishing equipment and the accompanying risks of
incidental catch to marine mammals. From this point onward, all geographic
designations refer to management units as defined by the Northwest Atlantic
Fisheries Organization (NAFO), the organization responsible for international
fisheries management in northwest Atlantic waters beyond the 200 nm limit of the

Canadian Exclusive Economic Zone (EEZ; Figs. 1.2, 1.3, 1.4).

1.4.1 - The Nearshore and Offshore Atlantic Cod Fishery

The historical relevance of the fishery for Atlantic cod (Gadus morhua L.)
for the development of Newfoundland and Labrador can hardly be overstated.
From the 15" century, the plentiful cod stocks in nearshore waters and on the
Grand Banks attracted fishing fleets from France, England, Spain and Portugal,
the major seafaring European nations of the time (Lear 1998, Fig.1.1). From this
period onward, catches of cod remained the backbone of settlement and

subsequent economic development of Newfoundland and Labrador until 1992.

The European fishery was initially seasonal in nature, undertaken by

vessels crossing the Atlantic with most of their required equipment on board, with
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fish prepared on shore in temporary residences during the summer. By the mid-
17™ century, the first settlements had appeared, and by the 19" century, most
nearshore and offshore waters, including the coastal waters of southern
Labrador, were fished by native-born Newfoundlanders. [t is estimated that
between the late 16" and early 20" century, an annual average of between
100,000 and 300,000 mt of cod were caught by the combined nearshore and
offshore fleets (DFO 1993a; Hutchings and Myers 1995). Most of these catches
were processed by hand and exported as salted and dried cod. Despite
significant fluctuations in catches, cod stocks remained so plentiful that
Newfoundland became the world’s largest exporter of salt fish by the middle of

the 19" century (Ryan 1971).

During this time, the fishery was conducted primarily through use of baited
hooks let down from the vessel, also known as “hook-and-line”, or handline
fishing, although longlines were introduced in the 19™ century, and cast nets
were used locally along the Northern Peninsula and the west coast (Hutchings
and Myers 1995; Lear 1998). The first evidence of gillnet use in the
Newfoundland fishery dates from the 1840s (Hutchings and Myers 1995). They
enjoyed only »limited popularity because the cotton fibres soaked up significant
amounts of water while fishing, making them heavy and difficult to haul. The only
fishery mainly conducted with gillnets was a herring fishery, which was used as

bait for lobster traps (DFO 1993b). These nets would not become widely
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adopted by the Newfoundland fishing industry until the 1960s, by which time
various technological advances in the development of monofilament gilinets

made them a far more attractive gear type.

In contrast to the limited acceptance of the gilinet by Newfoundland
fishers, the cod trap, invented in 1866 at Bonne Esperance, Quebec, rapidly
became popular. This device, essentially a stationary seine net, works much like
a herring weir, and consists of a lead net running from shore into deeper water,
into a box-like arrangement of nets. Any fish travelling parallel to shore would
follow the lead net into the trap where it would be retained. Cod traps have been
implicated in incidental capture of small cetaceans and pinnipeds, but more
commonly entangle various species of large whales, primarily humpback
(Megaptera novaeangliae Borowski) and minke whales (Balaenoptera

acutorostrata Lacépéde; e.g. Lien 1980, 1983, 2001; Lien et al. 1989a).

In the first decades of the 20" century, several significant technological
changes were 'taking place in the Newfoundland and Labrador cod fisheries. In
1906, the first steam-powered otter trawlers had appeared on the Grand Banks
as part of the French fishing fleet, and by the 1930s, diesel-powered side-
trawlers, where nets were hauled over the side of the vessel, were commonplace
in Newfoundland waters. At this time, gasoline-powered engines first appeared

in the nearshore fishery, although they would not become widespread until after
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World War ll.  Additionally, innovations in hauling technology led to the
development of hydraulic winches, which significantly increased the numbers of

lines or gilinets that could be set (Hutchings and Myers 1995).

The development of large offshore freezer trawlers in the 1950s marked
an even more important change, which significantly increased fisheries capacity.
It encouraged the development of offshore fishing industries by countries other
than those traditionally fishing in Newfoundland waters, such as the Soviet Union
and its allied Eastern European states. At this point, a significant shift in fishing
effort from the nearshore to offshore waters occurred (Templeman 1966). During
the 1960s, the exploitation of fish stocks around the world increased significantly.
Landed catches of cod reached record heights, with an estimate of over 800,000
mt of cod landed in 1968 (Templeman 1966; Hutchings and Myers 1995;
Schiermeier, 2002). Most of these catches came from the offshore areas of the
Grand Banks and Labrador and were caught by stern-hauled otter trawlers
(known in Newfoundland as "draggers”), offshore longliners, and gillnetters,
many of whom originated in Europe and Asia (Anonymous 2005d). Catches
were further improved by the development of echo sounders and “fish finders”,
which enabled vessels to pinpoint the location of schools of fish with vastly

improved accuracy.
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Gillnets became significantly more popular among fishers in the 1960s. A
significant innovation was the development of artificial fibres such as nylon and
polypropylene. These materials were both lighter and significantly stronger than
the cotton gillnets, and soon became the norm in the industry. During the 1960s,
the federal government offered financial incentives for fishers to switch to gilinets
under the Inshore Fisheries Assistance Programme (Wright 2001). There was a
strong movement away from the traditional hook-and-line fishery in favour of the
new and improved gillnets in most fishing communities of the province, except
along the southwest coast of the island. The first gillnets used were multifilament
nylon nets, but in later years the monofilament gillnets became more popular,
chiefly because of a reduction in accidental tangling of the gear (Templeman
1966; Hutchings and Myers 1995). The effect of this change in technology on
incidental catch of small cetaceans was, in all likelihood, highly significant,
because nets made of these materials were significantly more difficult to detect
underwater (both visually and acoustically by means of sonar), and too strong to
be easily broken by a small marine mammal that inadvertently had become

entangled (Read 1994).

During the 1970s cod populations contracted in many areas, particularly
off the coast of Labrador (NAFO Divisions 2GH), causing a distinct southward
shift in fishing effort (Fig. 1.3, 1.4). With fewer fish to catch, gear conflicts

between trawlers and various other sectors became more common (Lear and
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Parsons 1993). Cod and other groundfish stocks decreased dramatically during
the mid-1970s, only to recover somewhat after the 200 nm Exclusive Economic
Zone (EEZ) was declared by Canada in 1977 (Macdonald 1984). From this point
onward, foreign fleets were no longer allowed to fish inside the Canadian EEZ,
and they accordingly redirected their activities to international waters of the
Grand Banks and Fiemish Cap located just outside of this boundary (Fig. 1.2,
1.3, 1.4). They were replaced inside the 200 nm limit by a modern, Canadian-
owned offshore trawler fleet which mainly operated out of Newfoundiand ports

(Macdonald 1984; Felt and Locke 1995; Schrank 1996).

During the 1980s, gillnet fisheries expanded further into offshore waters, a
trend made possible by the continued development of accurate navigational
equipment such as the land-based LORAN-C system. This technology enabled
fishers to record the location of large fleets of fishing gear for future retrieval,
greatly improving the usefulness of this gear type (Shortall 1973). During this
time, there was a trend towards smaller mesh sizes, from approximately 18 cm

(77) to the current 14 cm (5.5”; Hutchings and Myers 1995).

Catches of Atlantic cod remained stable at approximately 200,000 mt
during the 1980s, but declined again in the early 1990s, primarily due to
continued unsustainable fishing effort, despite initial conservation measures

(Hutchings and Myers 1994; Sinclair and Murawski 1997). It is thought that
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various technological advantages enabled the fishing industry to maintain large
catches despite dwindling stocks, particularly in offshore waters (Rose and Kulka
1999). Mangers’ reliance on data from these increasingly efficient offshore
fishing vessels meant that warning signals from researchers and other sectors of
the industry were not heeded until it was too late (Anonymous 2005b). The
declines were presumably exacerbated, and current recovery prevented, by
concurrent changes in ambient average water temperature and shifts in the
ecosystem, involving changes in the biomass of many species including
(Mallotus villosus Miller) and harp seals (Pagophilus groenlandicus Erxleben)
(e.g. DeYoung and Rose 1993; Colbourne et al. 1997, Drinkwater and Mountain
1997; Sinclair and Murawski 1997, Stenson et al. 1997a, 1997b; Rose and

O'Driscoll 2002; Rose 2003).

In 1992, a moratorium was announced on the fishery for Northern cod in
NAFO Divisions 2J3KL (Figs. 1.3, 1.4). A year later, this moratorium was
extended to cover cod stocks off the south coast and in the Gulf of St. Lawrence
(NAFO Divisions 3NO and 4R; DFO 2004d, 2004c; Figs. 1.3, 1.4). A Sentinel
fishery was instituted in 1994, to enable fisheries scientists to obtain a minimum
of fishery data even in areas otherwise closed to commercial fishing. Following
strong pressure from the industry, a limited fishery was allowed on the cod stocks
in nearshore areas of NAFO Subdivisions 3Ps, 3Pn and Divisions 4RS in 1997,

using gillnets and longlines (Figs. 1.3, 1.4). Catches in these areas have
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remained at historically low levels (DFO 2004d, 2004c; Anonymous 2005d). In
1998, a small Index fishery was reopened for nearshore fishers along the
northeast coast (NAFO Divisions 2J3KL; Anonymous 2005d; Fig. 1.4). In 2003,
this fishery was again placed under moratorium due to continued lack of recovery
(DFO 2004c; Anonymous 2005d; Fig. 1.4). In the same year, the fishery in the
northern Gulf of St. Lawrence (NAFO Divisions 4RS and Subdivision 3Pn) was
closed for similar reasons, but it reopened with a small quota in 2004
(Anonymous 2005d; Figs. 1.3, 1.4). In nearly 15 years since the declaration of
the various moratoria, the offshore cod stocks have shown almost no signs of
recovery, while the inshore stocks may have recovered to some extent in certain
areas (Anonymous 2005d). However, there are distinct differences of opinion
between fishers and management agencies regarding the present status of cod
stocks and their ability to support a commercial fishery. The call to list several
stocks of Atlantic cod under the federal Species At Risk Act (SARA) has
exacerbated these differences of opinion (COSEWIC 2003). In April 2006, the
federal government decided not to list Atlantic cod stocks off the east coast of
Newfoundland, the northern Gulf of St. Lawrence and off Nova Scotia under the
Species At Risk legislation, citing the development of “comprehensive recovery
plans” for these stocks within the Department of Fisheries and Oceans (DFO

2006a). A small commercial directed fishery for cod along the northeast and
west coasts of the island during the 2006 fishing season was announced soon

after (DFO 2006b).
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The nearshore fishery for cod has traditionally been the most widely
practiced fishery in the province, and gillnets have been an important gear type
for the majority of participants for many years. Most nearshore fishers were
unable to use trawling gear due to the relatively large vessel size and engine
requirements, and so gillnets, cod traps and longlines constituted the vast
majority of fishing effort. Cod traps are not thought to pose a significant risk to
small cetaceans, although large whales and basking sharks are knoWn to have
been entangled in cod traps since this gear type came into widespread use; its
prevalence has dwindled considerably since the cod moratoria (J. Lien, MUN,
pers. comm.). Longlines have been implicated in the incidental catch of large
cetaceans as well as seabirds in Newfoundland and Labrador waters, but appear
to impact small cetaceans to a far lesser extent (J. Lien, MUN, pers. comm.;
Brothers ef al. 1999; Ledwell 2005). However, it is probable that gillnet fisheries
targeting Atlantic cod have regularly captured small cetaceans, as well as various
species of seals, seabirds and other large marine vertebrates, since the
widespread introduction of these nets in the 1960s (e.g. Lien 1983, 1989, 2001;

Lien et al. 1989b; Piatt and Nettleship 1987; Piatt et al. 1984).

During this period, there have been significant fluctuations in overall
fishing effort due to reductions in cod stocks. It is known that significant amounts

of fishing gear, including gilinets, were used in the years immediately prior to the
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cod moratoria of the early 1990s, in an attempt to maintain catch rates despite
decreasing stocks (J.Lien, MUN, pers.comm.). Such practices could easily have
lead to an increase in catches of marine mammals. For instance, anecdotal
reports and scientific studies indicate that large numbers of porpoises were being
caught during the 1970s and 1980s (DFO 2001). It is therefore likely that the
rate of increase of some marine mammal populations occurring in Newfoundland
and Labrador waters was reduced to an unknown degree, and possibly to
negative values, due to incidental mortality in cod gillnets. Current low fishing
intensity is thought to have reduced the impact of gilinets on these populations,

potentially allowing for some recovery.

1.4.2 - The Nearshore Lumpfish Fishery

The nearshore gilinet fishery for Lumpfish (Cyclopterué lumpus L.) in
Newfoundland and Labrador waters is of comparatively recent origin. Although
the fish is seasonally common in most nearshore areas of the province and had
been used locally as a source of food and bait for lobster pots, it had historically
never enjoyed widespread appeal as a target species among fishers (Collins
1976). In 1969, due to efforts by the provincial government to diversify the
fishing industry, the first catches of lumpfish roe were landed for export to
Germany, where they would be processed into substitute caviar. The fishery
then went through a period of rapid expansion from a total landed catch of 21 mt

in 1970 to over 3,000 mt in 1987. Newfoundland and Labrador quickly became
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one of the world’s dominant exporters of lumpfish roe (Stevenson and Baird
1988), as closure of fisheries for Atlantic cod and other groundfish in the early
1990s led to a significant increase in the number of fishers targeting this species.
There have been several significant fluctuations in landed catches since then,
with extremely low catches being reported in recent years (less than 500 mt;
Myers and Sjare 1995; DFO 2004b). The overall catch per unit effort appears to

also have dropped significantly (Myers and Sjare 1995; Neis ef al. 1999).

Lumpfish are captured by using large-mesh (22 ¢cm/10.5") monofilament
gillnets, primarily from small vessels in nearshore waters, during a relatively short
fishing season from late April to early June, when the fish migrate inshore to
spawn. The fishery is practiced in all areas of the province, but especially along
the south coast of the island (DFO 2002a). Nets are often left in the water for
several days; the resilient nature of lumpfish enables them to survive
entanglement in this gear for this long (J. Lawson, DFO-NL, pers. comm.). Since
the roe (eggs) of the lumpfish is generally considered to be the only marketable
product, males and juvenile females, as well as the carcasses of the mature
females, are usually discarded. Concerns have been raised over the species’
vulnerability to overexploitation as a result of exclusively targeting mature pre-
spawning females, who are capable of producing approximately 1 kg of roe

(~140,000 eggs; Scott and Scott 1988; DFO 2004b).
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Despite the rapid increase in numbers of fishers targeting lumpfish since
the closure of the cod fisheries in the 1990s, and considerable catches of
pinnipeds, the risk of entanglement of small cetaceans in lumpfish gear is
thought to be limited (Walsh et al. 2000). This is due to the early opening and
closing of the fishing season, when many small cetaceans are thought to still be
in warmer waters further south and/or offshore. However, small cetaceans have
been reported as incidental catch in this fishery (Walsh et al. 2000), suggesting
that this risk evaluation may need to be reviewed in the light of a detailed

analysis of incidental catch dates.

1.4.3 - The Nearshore Atlantic Herring Fishery

The nearshore fishery for Atlantic herring (Clupea harengus harengus L.),
while not as socio-economically significant as the cod fishery, has existed in the
province for centuries, both as an independent commercial fishery and a bait
fishery to support the cod hook and line fishing effort. The main centres of
herring abundance are the nearshore waters off the south and west coasts,
particularly in Fortune Bay and Placentia Bay along the south coast (NAFO units
3Psbc), and waters around the Port-au-Port Peninsula on the southwest coast
(4Rcd; Fig. 1.4). Atlantic herring approach the northernmost edge of their range
along the northeast coast of Newfoundland and Labrador, and their distribution in
this area is therefore susceptible to changing environmental circumstances (DFO

2004a). Most large bays have resident stocks of herring, which can each be
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divided into spring and fall spawners. These two groups do not appear to
interbreed, and are considered separate substocks for management purposes

(Scott and Scott 1988; DFO 1993b).

The fishery in its most traditional form uses small-mesh (~6 cm/2.25%)
monofilament pelagic gillnets. These nets are generally set in shallow nearshore
waters, and are tended daily to ensure quality. The use of purse seines became
more common in the late 1960s, and these nets currently account for
approximately half of the total annual catch. Bar seines are also used in some
areas such as Fortune Bay in preference to purse seines (DFO 1993b, 2004a,
2004f). Most landings are exported, although an unmonitored fishery exists for
bait in pots set for lobster (Homarus americanus Milne Edwards) and snow crab
(DFO 1993b, 2004a, 2004f). This bait fishery typically does not involve more

than 1 net per license holder.

Herring stocks were heavily fished for producing fishmeal in the 1960s,
and stocks have not fully recovered from this overexploitation (Rose, 2003).
Most of the current fishery for Atlantic herring in Newfoundland waters occurs in
nearshore waters along the west coast of the island (NAFO Division 4R; DFO

2004f; Fig. 1.3). The main fishing season typically occurs during the spawning
period of the fall substocks, although historically this has been known to fluctuate

(DFO 2004a). Annual landings have averaged approximately 15,000 mt in this
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area over the last 15 years, with most of these catches taken by large seining
vessels in NAFO area 4Rd (Fig. 1.4). Most gillnets are used in NAFO unit 4Ra
(Strait of Belle Isle; Figs. 1.2, 1.4), where catches of small cetaceans, particularly
harbour porpoises, have also been reported anecdotally. The herring gillnet
fishery along the northeast and south coasts is typically restricted to early spring,

and catches are typically limited (DFO 2004a, 2004f).

Impacts of herring purse seine fisheries in the northwest Atlantic on
marine mammals appear to be negligible, with only occasional reports of
incidental captures that could often be released alive (Anonymous 2005e; Baraff
and Loughlin 2000; Gilbert and Wynne 1985; NEFMC 2004). Based on
anecdotal information, purse seines also have never been implicated in incidental
catch of small cetaceans in Newfoundland and Labrador (J.Lien, MUN, pers.
comm.). It is possible that the increased use of purse seines to catch herring
may have reduced the use of gillnets, thereby potentially reducing incidental

catch of marine mammals.

1.4.4 - The Offshore Monkfish and Skate Fishery

The directed offshore fishery for Monkfish (Lophius americanus
Valenciennes) and skates (various Rajidae species, but principally thorny skate
Amblyraja radiata Donovan) is also a relatively recent phenomenon in

Newfoundland and Labrador waters. Monkfish and skates had been caught as
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bycatch species in Atlantic cod and other groundfish fisheries for many years.
However, it was not until the implementation of the various groundfish moratoria
in the first half of the 1990s that a directed, mixed fishery for monkfish and skates
developed in this province. The vast majority of fishing activity targeting these
species takes place on the south-western slope of the Grand Banks and the
northern edge of the Laurentian Channel (NAFO Division 3LNOP), with most
catches occurring in NAFO units 30a, 30c and 30e (Kulka and Miri 2001; Figs.
1.2, 1.4). Catches for monkfish generally remained low in terms of total weight
landed (on the order of 300 mt) during the 1990s, but increased significantly in
the years immediately after the turn of the century (to 2,795 mt in 2003; DFO
2003). This increase was driven by an increase in fishing effort in response to
favourable market conditions. Catches of skates appear to have remained stable
during this time, with a far lower average annual landed catch of approximately

1,350 mt (DFO 2004b).

This fishery was originally set up using trawl gear. However, an
experimental bottom-set monofilament gilinet fishery in 1993 proved successful,
and became the standard for this fishery up to this day (Kulka and Miri 2001).
Nets used in this fishery have a large mesh size (~30 cm/12”), and are typically
set in a relatively narrow area along the continental shelf break of the soufh-
western Grand Banks and the Laurentian channel, at a depth of several hundred

meters. One noteworthy aspect of this fishery is the tendency for the net to be
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deployed in such a way that a significant part of the net “overhangs” the sea
floor, rather than stands up straight in the water column. This deployment
strategy ensures higher catches of monkfish and skates, by also entangling fish
when they rise off the sea floor while foraging and travelling. Nets are typically
left to soak for several days, principally because of the significant time involved in

travelling to and from these fishing grounds.

The gillnet fishery for monkfish and skates has the potential to capture
small cetaceans and pinnipeds (Perez and Wahrlich 2005). The fishery is
prosecuted during the summer months in regions of comparatively high
productivity, which also attract small cetaceans. Based on the recent increase in
numbers of fishers participating in this fishery, the potential risk of entanglement
to marine mammals is thought to also have increased. However, it is not known

to what extent the fishery overlaps with areas of importance to marine mammals.

1.4.5 - The Offshore White Hake Fishery

White hake (Urophycis tenuis Mitchill) is a benthic gadoid species
commonly found in waters of 200 m and deeper off the continental shelf and
slope. It has been reported from southern Labrador southwafd to North Carolina,
but in Canadian waters is most common in the southern Gulf of St. Lawrence, the
continental shelf of Nova Scotia and the southern Grand Banks of Newfoundland

(Scott and Scott 1988; DFO, 2002). A preference for water temperatures of 5-
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11°C normally restricts the distribution of this species in Newfoundland waters to
a comparatively narrow band of shelf and slope waters off the southwestern

Grand Banks and the Laurentian Channel (DFO, 2002, Fig. 1.2).

White hake has never supported a fishery of great economic significance
in this region. The fishery started in the early 1970s, using a combination of
gillnets (13.3 cm/5.25” mesh size) and trawls (Scott and Scott 1988). Between
1977 and 1990, average annual landings were approximately 5,000 mt, the
majority of which was landed by Canadian vessels, although foreign vessels also
targeted this species (DFO 2002b). From 1988 to 1995, colder seawater
temperatures are believed to have caused a significant reduction in abundance
of white hake in the area. In recent years, overall landings have not exceeded
1,200 mt, although this reduction was at least partially caused by fisheries
closures due to high amounts of cod bycatch (DFO 2002b). Current gillnet
fisheries account for 300-350 mt in annual landings, or approximétely a quarter of

total effort.

The gilinet fishery is limited geographically, with most effort concentrated
offshore in the 30-3Ps border area along the continental shelf break (Fig. 1.4),
where it has been closely associated with the fishery for monkfish and skates

that takes place in the same region. The nearshore component of this fishery is
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limited but has increased in recent years, with most catches originating in NAFO

unit 3Psa (Fig. 1.4).

The risks for entanglement of marine mammals in the white hake fishery
appear to be comparable to the fisheries for monkfish and skates, in terms of the
seasonality and geographical distribution of the offshore fishery along the edge of
the Grand Banks. However, nets targeting white hake are deployed in the
manner typical for gillnets, more or less perpendicular towards the seabed, and
thus would not normally present much of an overhang to capture marine
mammals. Some incidental catches of marine mammals in these gillnets may
occur, but overall the white hake fishery probably constitutes a minor risk for

marine mammals in Newfoundland and Labrador.

1.4.6 - The Nearshore and Offshore Greenland Halibut Fisheries
Greenland halibut (Reinhardtius hippoglossoides Walbaum), commonly
known in Newfoundland and Labrador as “turbot’, is a deepwater fish occurring
offshore along the edge and slope of the continental shelf, as well as in deep
sections of nearshore bays and channels, throughout most of the waters of the
province. It has been reported from the high Arctic southward to the Scotian
Shelf, and is most commonly encountered between 500-1,200 m (Vis et al.
1997). Greenland halibut appear to form a single stock throughout Atlantic

Canadian waters, with spawning grounds in the Davis Strait area, with the
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exception of a small subpopulation in the Gulf of St. Lawrence (Scott and Scott
1988; Vis et al. 1997). The deepwater habits of this species have made it difficult
to capture in commercially attractive quantities until the 1990s. A small-scale
hook-and-line fishery for this species was active in some areas of Newfoundland
and Labrador, but it was not of major economic significance (Scott and Scott
1988). Due to the collapse of stocks of Atlantic cod and other species in the
early 1990s, the fishery for Greenland halibut has become the major demersal
fishery in the northwest Atlantic, especially in the Davis Strait area (NAFO
Subarea 0; Anonymous 2005a; Fig. 1.3). Catches of Greenland halibut
increased from approximately 500 mt in 1960 to over 40,000 mt in 1979, but
have witnessed subsequent steep declines in some areas, with current total
annual landings averaging at approximately 13,000 mt (Templeman1966;
Anonymous 2005a). In offshore waters, the fishery is conducted from large
vessels by means of bottom trawls, longlines and gillnets (mesh size ~15 cm/6”),
whereas the nearshore fishery typically uses gillnets of similar mesh size

deployed from smaller vessels.

The nearshore component of the fishery for this species is somewhat
limited, with current fisheries concentrated in deep waters in Fortune Bay (NAFO
unit 3Psb), as well as locally off the northeast coast (NAFO Divisions 3KL) and
off the west coast (primarily NAFO units 4Rbc; Figs. 1.3, 1.4). The offshore

component typically targets fish along the shelf edge from the southern Grand
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Banks north to Labrador, particularly along an area north of the Grand Banks
known as the Orphan Basin (NAFO units 3Kg3Lde; Fig. 1.4). In addition, there is
significant fishing activity in waters around Baffin Island (NAFO Subarea OFig. ;
Figs. Fig. 1.3), including the recent development of small-scale winter fisheries

using longlines through the ice (Walsh 2006).

The main threats towards marine mammails in this fishery appear to come
from the gillnetting sector. In recent years, there has been a decrease in the
amount of fish landed using gillnets, as fishing effort has shifted towards bottom
trawls and longlines. This has been especially pronounced in offshore waters (in
NAFO Subarea 0, NAFO Divisions 2GHJ, 3K, 3L and 3N; Fig. 1.3). However, in
2006 many fishers in waters off northern Labrador and Baffin Island (NAFO
Subarea 0) switched back to using gillnets after suffering continued and repeated
depredation of bait and hooked Greenland halibut by killer whales (Orcinus orca
L.), sperm whales (Physeter macrocephalus L.) and northern bottlenosed whales
(Hyperoodon ampullatus Forster) (Ledwell 2005; J. Lawson, DFO-NL, pers.
comm.). These events may have been instigated by animals being fed fish offal
associated with this and other fisheries. At this point, the scope of this interaction
and its potential impact remain to be investigated, but in recent years there have
been anecdotal reports of entanglement and mortalities of several whale species
(Ledwell 2005; J. Lawson, DFO-NL, pers. comm.). In summary, while the overall

risk of entanglement in gilinets used in the Greenland halibut fishery is thought to
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have declined for marine mammals in Newfoundland and Labrador waters,
locally gilinets are (again) the fishing gear of choice (P. Winger, MI-MUN, pers.

comm.).

1.4.7 - The Nearshore and Offshore Redfish Fishery

Redfish (Sebastes spp.) occur in cold waters from Baffin Island south to
waters off New Jersey, and are principally found at depths between 100-1,000 m
(Scott and Scott 1988; Anonymous 1991). Three closely related species (S.
fasciatus Storer, S. marinus L., and S. mentella Travin) occur in this area, but are
difficult to distinguish without specialist knowledge. For commercial fisheries
purposes, all species are managed as one unit. It is thought that S. mentella
constitutes the majority of commercial catches in Atlantic Canadian waters (DFO

2004e).

These species were not commercially exploited in any significant way until
recently, when technological developments and associated expansion of fishing
effort in the 1950s brought the stocks within the reach of industrial fishing
(Anonymous 1991). Catches peaked at 400,000 mt in 1959 and have since
declined to below 200,000 mt for the entire northwest Atlantic (Lear 1998), with
current catches in Newfoundland and Labrador waters concentrated along the
southwestern corner of the island of Newfoundland (NAFO Divisions 30,

Subdivisions 3Ps and 3Pn, and the southern portion of Division 4R; Figs. 1.3). In
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this area, catches have remained below 10,000 mt in recent years (DFO 2004e).
The current fishery employs a combination of deepwater bottom trawls, midwater
trawls and bottom-set gillnets (~14 cm/5.5" mesh size). The gillnet component of
the fishery is almost exclusively located in nearshore waters in NAFO

Subdivisions 3Ps and 3Pn (Figs. 1.3, 1.4).

Overall, the risk of entanglement of small cetaceans in this fishery appears
to be limited, due to its geographically localized nature along the southern edge
of the Grand Banks and in the Cabot Strait area (NAFO Divisions 3Pn, 3Ps and
4Vn). Gilinets account for <10% of total annual redfish landings in Newfoundland
waters, but generate between 45-60% of annual landings in nearshore waters
along the south coast. Nets are similar to other deepwater fisheries that have
been known to catch marine mammals and incidental catches of marine
mammals in redfish gillnets in these areas are therefore possible (Perez and
Wabhrlich 2005). Gillnet redfish catches have remained relatively stable in recent

years, and therefore no changes in risk to marine mammals are expected.

1.4.8 - The Nearshore Winter Flounder Fishery

Winter flounder (Pseudopleuronectes americanus Walbaum) is a species
of flatfish that occurs commonly in nearshore waters from southern Labrador to
Georgia (Scott and Scott 1988). The species is locally known as “blackback

flounder.” It has historically not been of great commercial significance in
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Newfoundland and Labrador, although some fishers used it as baitfish for lobster
traps. The directed fishery is commonly conducted in nearshore waters with
gilinets (mesh size variable between approximately 16.5 cm-20.5 cm/6.5"-8"), as
well as various seines and bottom trawls. Catches have fluctuated in recent
years, varying between 500-1,500 mt (DFO 1999). The main purpose of this

fishery continues to be to supply bait for the lobster and crab fisheries.

It is presently unknown to what extent gillnets targeting winter flounder
pose a risk to marine mammals in Newfoundland and Labrador. Many fishers
who use this species as bait in lobster traps set their nets in very shallow water
(<10 m), which are likely to be less frequented by small cetaceans, but may be
frequented by pinnipeds. However, it has been suggested that, for many fishers
who participate in this fishery, the target species ié actually the limited amounts
of Atlantic cod that are allowed as incidental catch, in contravention of the cod
moratoria (DFO 2004g; J. Lien, pers. comm. 2005; Anonymous 2005¢). Such a
fishery would in all likelihood be prosecuted in deeper waters where cod are
more abundant, and thus pose a greater risk of incidentally catching small
cetaceans. Greater interest in this fishery could increase the number of gillnets
used in these areas, and potentially contribute to greater amounts of incidental

catch of marine mammals.
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1.4.9 - Summary of Entanglement Risks for Small Cetaceans in

Newfoundland and Labrador Waters

Despite significant reductions in fishing effort since the cod moratoria were
imposed in 1992, the nearshore Atlantic cod fishery appears to present the
greatest risk in absolute terms for small cetaceans in nearshore waters, due to its
widespread nature and the significant numbers of gilinets used. The lumpfish
fishery is also extensive in nature and uses large numbers of gilinets. However,
early opening and closing of the fishing season may limit the degree of
interaction with marine mammals, particularly small cetaceans. The nearshore
fishery for Atlantic herring is limited geographically and may therefore only be of
limited overall importance to marine mammals in this province. The offshore
fisheries for monkfish, skates, white hake and Greenland halibut along the edge
of the Grand Banks may be of potential significance due to their presence in
highly productive waters that may attract marine mammals. The fishery for
redfish is thought to be of minimal importance due to its limited geographic scale.
Finally, the winter flounder fishery is thought to be of little importance due to its
concentration in very shallow waters; however, an expansion of this fishery into
deeper waters is a potential cause for concern. None of these fisheries, with the
exception of the fishery for Atlantic cod, has ever been evaluated for incidental
catch of small cetaceans (Lien 1989, 2001; Lien et al. 1989b; Piatt and Nettleship

1987).
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1.5 - Biology and Status of Small Odontocetes in Newfoundland

and Labrador Waters

The harbour porpoise is a small cetacean species that is frequently
captured in gilinets in Newfoundland and Labrador waters (Lien et al. 1989,
2001; Lawson et al. 2004; Piatt and Nettleship 1987). A sizeable quantity of
research has been done on this species in various parts of its range, but many
aspects of its biology and stock status in Newfoundland and Labrador waters
remain unknown. In addition to the harbour porpoise, other commonly occurring
species of small odontocetes in these waters are pelagic dolphins, most notably
the common dolphin (Delphinus delphis L.), the Atlantic white-sided dolphin
(Lagenorhynchus acutus Gray) and the white-beaked dolphin (L. afbirostris
Gray). Despite their regular occurrence in the northwest Atlantic, little is known

about their biology and stock status in this area.

1.5.1 - Harbour Porpoise Biology and Stock Status

The harbour porpoise is the smallest of all odontocetes inhabiting Atlantic
Canadian waters, with lengths and weights ranging between approximately 145
cm and 50 kg for males and 160 cm and 65 kg for females (Richardson 1992;
Carwardine 1995; Read and Tolley 1997; Read 1999; Lockyer and Kinze 2003).
The species has been reported in all areas off Newfoundland and Labrador, but

is most commonly observed in nearshore waters (Lien 1985, 1989; Alling and
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Whitehead 1987; Stenson and Reddin 1997; Stenson 2003). It is known locally

as the ‘puffin pig’, for the sound produced during exhalation (Ledwell 2005).

Harbour porpoises are not long-lived; most die before reaching 10 years,
although specimens of up to 24 years have been reported (Richardson 1992,
Lockyer 1995; Read and Hohn 1995). Mean ages at sexual maturity are 3 — 4
years for females, and 2 — 3 years for males (Read 1990; Read and Gaskin
1990; Richardson 1992). Reproduction is strongly seasonal, with both ovulation
and peak sperm production occurring in June-July in most areas (Neimanis ef al.
2000). Gestation lasts for approximately 11 months, and calves are born
between mid-May and mid-July; they remain with their mothers for a subsequent
lactation period of approximately 8 months (Boérjesson and Read 2003, Lockyer
2003). Studies in Denmark and Germany indicate a concentration of mother-calf
pairs in shallow nearshore waters, suggesting that these areas are important for

reproduction (Sonntag et al. 1999; Lockyer and Kinze 2003).

Harbour porpoises are typically observed alone, in pairs or in small
-groups, though larger aggregations of up to several hundred have occasionally
been reported in areas where exceptional feeding opportunities exist, or where
narrow straits constrict migration patterns (Carwardine 1995; Kinze 1995). As a

rule, harbour porpoises do not approach boats, and are unobtrusive at the
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surface. This, together with its small size, makes the harbour porpoise difficult to

detect visually, complicating abundance estimations (Palka 1995).

Harbour porpoise have been reported to feed on a variety of pelagic and
benthic fish species, as well as various invertebrates (Recchia and Read 1989,
Smith and Read 1992; Fontaine et al. 1994, Aarefjord et al. 1995; Gannon et al.
1998; Borjesson et al. 2003; Lockyer and Kinze 2003, Vikingsson et al. 2003).
Because of low sampling effort, the seasonal variability of the diet is not well
documented (Palka et al. 1996). Animals usually forage alone or in small groups,
although larger groups have been observed feeding communally in some areas
(Pierpoint et al. 1994). Harbour porpoise have been observed in multi-species
feeding associations (Camphuysen and Webb 1999). Many of the prey items of
harbour porpoise are also sought out by commercially targeted fish species,
which may lead porpoises into waters where fishing occurs. In some cases (e.g.
when fishing for species such as Atlantic herring), fisheries directly target an
important harbour porpoise prey species, which may lead to harbour porpoises

encountering fishing gear.

Observations on captive harbour porpoises have shown them to engage in
“‘bottom-grubbing” behaviour in which the animals position themselves facing
downward directly towards the sediment and proceed to excavate prey items that

may be hidden among debris or buried under the sand while slowly rotating
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around their body axis by movements of the tail flukes (Lockyer et al. 2001,
personal observation). Harbour porpoises are able to detect objects buried
several centimetres deep in sediment using echolocation, and are assumed to
hunt benthic fish in this fashion (Kastelein et al. 1997). A similar behaviour,
termed “crater feeding”, has been observed under natural conditions in various
populations of bottlenose dolphins (Rossbach and Herzing 1997, 1999; Connor
et al. 2000). During studies of this behaviour on captive animals the porpoises
displayed reduced vigilance toward the impending threat of incidental capture in

fishing gear (Lockyer et al. 2001; IWC 2002).

Harbour porpoises may spend days, even weeks in relatively restricted
areas, then quickly move large distances to spend time in other, fairly restricted
areas (Read and Westgate 1997). In the Gulf of Maine/Bay of Fundy region,
harbour porpoises that were equipped with satellite tags routinely travelled
distances of between 10 - 30 km in a day, implying large seasonal home ranges
(Read and Westgate 1997). There is some evidence that individuals may return
to the same areas for several consecutive years (Gaskin and Watson 1985).
Small-scale oceanographic features, such as temporary fronts and eddies off
islands and headlands, may be important in determining distribution of harbour

porpoises (Johnston and Westgate 2005).
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Harbour porpoises have traditionally been considered to be limited to
relatively nearshore waters of depths less than ~200 m (Read, 1999). Harbour
porpoises are commonly reported in shallow inshore waters, but they have also
been observed or incidentally captured in deep offshore waters (Christensen and
Lear 1977; Bjegrge and Qien 1995; Northridge et al. 1995; Read and Westgate
1997, Stenson and Reddin 1997). A dive depth of 226 m was recorded for a
harbour porpoise in the Bay of Fundy (Westgate et al. 1995). However, average
reported dive depths are typically around 20 to 50 m (Westgate et al. 1995; Otani

et al. 1998).

Harbour porpoises occur in three populations in the northern hemisphere
(Read 1999). In the western north Atlantic, harbour porpoises (P. p. phocoena)
are found from Baffin Island and western Greenland southward to at least Cape
Hatteras, North Carolina. In the eastern north Atlantic, animals range from the
Barents and White Seas southward to at least Moroccan waters, and into the
Baltic Sea (Gaskin 1984; IWC 1996; Koschinsky 2002). There is a separate
harbour porpoise population (P. p. relicta) in the Black Sea and Sea of Azov
(Tomilin 1957; Read 1999). Finally, harbour porpoises (P. p. vomerina) occur on
both sides of the northern Pacific Ocean, ranging as far north as the Beaufort
Sea and the Mackenzie River delta (Northwest Territories, Canada) and as far
south as Japan and California (Barlow and Hanan 1995; van Bree et al. 1977,

Gaskin 1984, 1992c; Read 1999).
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The population structure of harbour porpoises within the northwest Atlantic
region has not yet been completely elucidated. Harbour porpoises occur
regularly in the Gulf of Maine and Bay of Fundy, throughout the Gulf of St.
Lawrence, around Newfoundland and Labrador, and off southwestern Greenland
north to at least Upernavik (Palka et al. 1996; Read 1999). These four general
areas were originally defined as subpopulations by Gaskin (1984, 1992c) and
were later adopted as management units by the International Whaling
Commission (IWC 1996). Recent studies using skull morphometrics, genetics
and contaminant analyses have broadly confirmed this description of harbour
porpoise subpopulation structure in Atlantic Canada (Gao and Gaskin 1996;
Wang et al. 1996; Rosel et al. 1999a; Westgate and Tolley 1999). However,
many details of the relationships between these subpopulations are still unclear.
Female harbour porpoises appear to show a greater degree of philopatry, and
are therefore more likely to be identifiable to a subpopulation level, than males
(Tiedemann et al. 1996; Wang et al. 1996; Borjesson and Berggren 1997; Walton
1997, Rosel et al. 1999a; Andersen et al. 2001). Lack of variability on a
microsatellite level among harbour porpoises from the four putative populations
might be explained by male-mediated gene flow (Wang et al. 1996, Rosel et al.
1999a). Small-scale population differentiation has been established within a
continuous distribution in various areas, based on both nuclear and mitochondrial

DNA (Rosel et al. 1999a; Chivers ef al. 2002). Variability in migration patterns
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between males and females has also been suggested for some populations

(Andersen et al. 2001).

Most observations of harbour porpoises in the waters of Newfoundland
and Labrador occur during the summer months. The species appears to only be
seasonally present in most of Atlantic Canada (Gaskin 1984, 1992c; Palka et al.
1996; Read and Westgate 1997; Westgate and Tolley 1999). Aerial and ship-
based surveys indicate an abundance of approximately 89,700 harbour
porpoises in the Gulf of Maine/Bay of Fundy region, and between 12,000-21,000
animals in the Gulf of St. Lawrence (latter estimate uncorrected for visibility
biases such as submerged animals; Kingsley and Reeves 1996; Palka 2000;
COSEWIC 2003). No abundance estimates are currently available for
Newfoundland and Labrador or Greenland waters. Also, their winter distribution
in the northwest Atlantic region is not well understood. During winter, low
seawater temperatures and sea ice formation occur throughout large portions of
the region. It is thought that most harbour porpoises leave nearshore Atlantic
Canadian waters in the fall to avoid lack of food and possible ice entrapment
(Worthy and Edwards 1990; Gaskin 1992c; Brodie 1995; McLellan et al. 2002;
Stenson 2003). Seasonal movements of harbour porpoise have been identified
elsewhere in the species’ range (Kinze 1995; Northridge et al. 1995; Read and
Westgate 1997). Stranding reports of harbour porpoises in the mid-Atlantic

United States increase significantly during late winter and early spring,
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suggesting some form of seasonal north-south migration along the coast, or
offshore along the continental shelf (Polachek et al. 1995; Read and Westgate
1997; Rosel et al. 1999a; Rossman and Merrick 1999). Mitochondrial DNA
analysis of these stranded animals indicates that animals from all four northwest
Atlantic subpopulations are present in waters off the mid-Atlantic United States
during winter (Rosel et al 1999a). However, little else is known about these

movements at present.

1.5.2 - Common Dolphin Biology and Stock Status

Common dolphins are among the smallest delphinids inhabiting
Newfoundland and Labrador waters, with adults reaching up to 2.6 m in length
and weighing up to 135 kg (Evans 1994). Common dolphins are generally
pelagic in distribution, but occasionally individuals or small groups come inshore
(Gaskin 1992b). In the northwestern Atlantic, the species appears to be closely
associated with the continental shelf edge, occurring in waters from 200-2000 m
(Waring et al. 2003). Common dolphins are seldom encountered alone, and
most commonly occur in groups of 10-200 animals, although much larger
aggregations have been reported (Gaskin 1992b; Evans 1994). The species has
been reported mainly in offshore waters to the south and southeast of
Newfoundland (Whitehead and Glass 1985). It is locally known as the
“saddleback dolphin”, for its distinctive dark cape, easily spotted when the animal

bowrides.
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The diet of common dolphins is primarily composed of small pelagic
schooling fish and cephalopods (Overholtz and Waring 1991; Couperus 1997;
Ohizumi et al. 1998). Common dolphins often hunt cooperatively, and the
species is well known for its role in multispecies feeding aggregations in various
areas around the world (Clua and Grosvalet 2001). Little work has been done on
quantifying the dive capabilities of common dolphins. Stomach content records
indicate that animals dive down to forage in the deep scattering layer, which will
rise up to within a few hundred meters below the surface at night (Scott and Scott

1988, Couperus 1997). However, no direct measurements are available.

Worldwide, common dolphins have been reported caught in various types
of fishing gear, particularly pelagic trawls and gillnets (Bjorge et al. 1994;
Couperus 1997; Tregenza et al. 1997; Tregenza and Collet 1998; Morizur ef al.
1999; Reeves et al. 2003, Carretta et al. 2004). Dolphins may forage around or
inside the trawls, which often concentrate prey (Tregenza and Collet 1998;
Morizur et al. 1999). It is thought that incidental catch in trawls occurs when the
trawl collapses if the vessel suddenly slows down or changes direction. Dolphins
may also be attracted to sounds of gilinets being set and hauled, as well as to
bright lights when fishing at night, potentially leading to entanglement (Tregenza
et al. 1997). One such record is available from Spanish trawlers off the Grand

Banks (Lens 1997).
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Common dolphins are considered seasonal visitors to Canadian waters
(Gaskin 1992b). Concentrations of common dolphins have been reported on the
offshore banks and shelf edge off Nova Scotia and southern Newfoundiand,
including the Flemish Cap, during summer and fall (Sergeant et al. 1970;
Gowans and Whitehead 1995; Waring et al. 2003). In these waters, the species
appears to be associated with the warm waters of the Gulf Stream and north
Atlantic Current. Sightings of common dolphins off the eastern coast of the
United States were reduced during the summer months during the 1978-1982
CeTAP surveys, suggesting seasonal northward movement of the stock towards

Atlantic Canada, including waters off southern Newfoundland (CeTAP 1982).

The taxonomical status of common dolphins ‘has proven to be complex.
Based on morphological, behavioural and genetic evidence, two species are
currently recognised: the short-beaked common dolphin (D. delphis) and the
long-beaked common dolphin (D. capensis) (Evans 1994; Heyning and Perrin
1994; Rosel et al. 1994; Rice 1998; Jefferson and Van Waerebeek 2002).
Common dolphins in Atlantic Canadian and northeastern United States waters

are considered to be the short-beaked species (Perrin 2002; Waring et al. 2003).

The best current population estimate for common dolphins in northeast

U.S. waters adjacent to Canadian waters is on the order of 90,000 animals

49



during late spring/early summer (Palka 2006). There is no information on stock
structure in the region at present, nor is there any detailed information on
migration routes and calving grounds. Studies on common dolphin stock
structure within the northwestern Atlantic are currently ongoing; variability in
morphometrics suggests the existence of more than one stock (Waring et al.

2003).

1.5.3 - Atlantic White-Sided Dolphin Biology and Stock Status

The Atlantic white-sided dolphin is endemic to the north Atlantic. Itis a
stockily built dolphin, with adult males measuring up to 270 cm and weighing up
to 230 kg, adult females are slightly smaller (Reeves et al. 1999a). The species
is most commonly encountered in waters over the continental shelf and slope of
between 200 and 1,000 m depth, but also occurs close to shore. It is a social
‘animal, almost always observed in pods of 5 to 50 individuals, although much
larger pods have been reported in some areas (Evans 1980). They are highly
active at the surface, and are often attracted to vessels. The species has been
recorded in most Newfoundland and Labrador waters, at least as far north as
shelf waters off southern Labrador (Sergeant et al. 1980; Stenson and Reddin

1997, Reeves et al. 1999a).

Atlantic white-sided dolphins are catholic feeders, preying on a variety of

epipelagic and mesopelagic species of fish such as herring, mackerel, gadoids,
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and sand lance, as well as squid (Selzer and Payne 1988, Gaskin 1992a;
Couperus 1997; Rogan et al. 1997). They often hunt cooperatively, and the
species has been reported as part of multispecies feeding aggregations in
various parts of its range (De Boer 1989). In parts of Newfoundland and
Labrador, these animals are called “squidhounds”, ostensibly because of the
greater emphasis on squids in their diet, or “jumpers” because of their lively
behaviour at the surface. There is only limited information on the dive capacity of
Atlantic white-sided dolphins. A single individual was equipped with a satellite
tag in the Gulf of Maine in 1991, it remained in the area for at least 6 days, during
which the animal stuck closely to the region around the 100 m isobath (Mate et
al. 1994). No dive depth data were available, but the vast majority of dives were
less than 1 minute in duration. This reinforces the conclusion that the Atlantic
white-sided dolphin is a fast-swimming forager on pelagic prey species. Atlantic
white-sided dolphins have been reported caught in various types of fishing gear,
particularly trawis and gillnets (Bjarge et al. 1994; Couperus 1997; Morizur et al.
1999). Dolphins may forage aroUnd or inside the trawls, and become trapped
when the trawl collapses if the vessel suddenly slows down or changes direction
(Tregenza and Collet 1998; Morizur et al. 1999). Several instances of captures
in trawis in Atlantic U.S. and Canadian waters have been recorded (Hooker et al.

1997).
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Atlantic white-sided dolphins occur in Newfoundland and Labrador waters
throughout the year, although they appear to move offshore and southward to
some extent during the winter. Little is known about migrations in this species.
Mortality due to entrapment in heavy sea ice is occasionally reported (Ledwell
2005). The total population size of Atlantic white-sided dolphins has been
estimated to be on the order of tens of thousands to low hundreds of thousands
(Reeves et al. 1999a). In the northwest Atlantic, three substocks have been
proposed for the Gulf of Maine/Bay of Fundy region, the Guif of St. Lawrence,
and the Labrador Sea, based on sightings, strandings and incidental catch
records (Palka et al. 1997). There are very few records of Atlantic white-sided

dolphins from the east coast of Nova Scotia (Gaskin 1992a; Waring et al. 2003).

A 1999 population estimate of 51,640 animals was obtained for the area
between Georges Bank and Cabot Strait, including the Gulf of Maine/Bay of
Fundy area, based on aerial and ship-based survey data (Waring et al. 2003).
Kingsley and Reeves (1998) provided an estimate of 11,740 animals for the Gulf
of St. Lawrence during a 1995 aerial survey; however, a subsequent survey in
1996, which covered only the nothern portion of the Gulf, yielded an estimate of
approximately 500 animals. It is unclear what this apparent interannual regional
variability in density implies for the proposed stock structure of this species in

Atlantic Canadian waters. No population estimates for Atlantic white-sided
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dolphins are available for waters off the eastern coast of Newfoundiand and

Labrador.

1.5.4 - White-Beaked Dolphin Biology and Stock Status

The white-beaked dolphin is endemic to the cold temperate and subarctic
waters of the north Atlantic. It is a large, robust dolphin with adults reaching up
to 3 m in length and weighing up to 350 kg (Reeves et al. 1999b). In the
northwest Atlantic, the species is found from Davis Strait to Cape Cod (Mikkelsen
and Lund 1994; Reeves et al. 1999b). In the northeast Atlantic, it occurs from
Svalbard, Iceland and the Barents Sea south at least to northern France,
although the species has been reported further south on several occasions
(Duguy 1981, 1988). It has been observed both in inshore and offshore waters.
In Newfoundland and Labrador, the species is most common along the northern
coast of the island and the waters off Labrador, but has been observed
elsewhere as well (Whitehead and Glass 1985; Ledwell 2005). White-beaked
dolphins occur in small groups of between 10 and 30 animals, although larger
aggregations have been reported (Gunnlaugsson et al. 1988; Reeves et al.
1999b). They are often highly acrobatic at the surface, and may approach
vessels (Alling and Whitehead 1987; De Boer 1989). Their impressive aerial
displays have given these animals the name “jumpers” among Newfoundland

fishers.
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White-beaked dolphins have been reported to prey on a variety of pelagic
and benthic species of fish, cephalopods and crustaceans (Dong et al. 1996;
Kinze et al. 1997). The species has been reported in multispecies feeding
aggregations in various parts of its range (Haase 1987, De Boer 1989;
Camphuysen and Webb 1999). White-beaked dolphins have been reported
caught in various types of fishing gear, inéluding pelagic trawls, gillnets and
codtraps (Bjgrge et al. 1994; Couperus 1997, Lien et al. 2001). Dolphins may
forage around or inside the trawls, and get captured when the trawl collapses if
the vessel suddenly slows down or changes direction (Tregenza and Collet 1998;
Morizur et al. 1999). White-beaked dolphins appear to be wvulnerable to
entrapment in sea ice in Newfoundland and Labrador waters (Lien et al. 1982,
2001; Buck and Spotte 1986; Dong et al. 1996). There are no published records

of diving depths for the white-beaked dolphin.

Estimates of the white-beaked dolphin population for the entire north
Atlantic run from the high tens of thousands to several hundred thousand animals
(Reeves et al. 1999b). There is morphometric evidence for some degree of
separation between animals in the northeast and northwest Atlantic (Mikkelsen
and Lund 1994). No further information on subpopulation structure is Available

online at: this time.
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There are few reliable population estimates of white-beaked dolphins in
Atlantic Canadian waters. Hay (1981, 1982) estimated the presence of 5,500
animals in the coastal waters of eastern Newfoundland and southeastern
Labrador, based on aerial survey data. This estimate was corroborated by Alling
and Whitehead (1987), who estimated a population size of 3,486 animals based
on a 1982 ship-based survey off southern Labrador. Kingsley and Reeves
estimated approximately 2,500 white-beaked dolphins in the Gulf of St. Lawrence
during their 1995 and 1996 aerial surveys; the species was only observed in the
extreme northeastern portion of the Gulf and the Strait of Belle Isle (Fig. 1.2;
Kingsley and Reeves 1998). There are no abundance estimates for other areas

of Newfoundland and Labrador for this species.

1.6 - Thesis Overview and Goals

The goal of this thesis is to analyse the extent of incidental catch of small
cetaceans and other species of megafauna in gillnet fisheries of Newfoundiand
and Labrador from 2001 to 2003. Catch estimates will be based on several
different modes of analysis, geographic scale, and measures of fishing effort, to
determine the most suitable method given the available data. Incidental catch
estimates of small cetaceans will be presented and compared to those from other
areas. Uncertainty in these estimates will be described where possible. This

methodology will also be applied to catches of other species, such as seals,
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seabirds and sharks. Finally, the management implications of these incidental

catch estimates are discussed.

In the first chapter, the global problem of incidental catch in fishing gear
was introduced. The impacts of fishing gear, particularly gillnets, on small
cetaceans were described, and an overview of possible reasons that may lead to
entanglement was presented. Subsequently, the historical development and
current status of various gillnet fisheries in Newfoundland and Labrador was
detailed. Finally, the biology, distribution and status of the four species of small
cetaceans most commonly found in Newfoundland and Labrador waters were
described, with a focus on how these characteristics might influence the

likelihood of entanglement in gillnets.

In Chapter 2, all available historical records that deal with incidental catch
of small cetaceans in Newfoundland and Labrador are presented. Some of these
reports merely mention the occurrence of incidental capture events, while others
use such records to provide estimates for larger areas of the province. A review
of methods that can be used to assess incidental catch is also provided, with a
focus on methods that have been put into practice in Newfoundiand and

Labrador.
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Chapter 3 focuses in detail on the methodology used to estimate incidental
catch, based on the available datasets. Various estimates are presented, using
different metrics of effort, at different geographic scales, using information from
the 2002 nearshore gilinet fishery for Atlantic cod as an example. The different
datasets on which these estimates are based are also described. Several
hypotheses are tested: 1) whether there is a difference between incidental catch
estimates based on either weight (kg landed catch) or fishing effort (net-days,
where 1 net-day equals a single net fishing for 24 hours); 2) whether the use of
individual fishing trips as sampling units, as opposed to grouping all trips
together, will affect incidental catch estimates; and 3) whether grouping data at
increasing geographic scales will affect incidental catch estimates. Based on
these results, a preferred method of estimating incidental catch in Newfoundkand

and Labrador is presented.

In Chapter 4, the incidental catch estimation methodology developed in
the previous chapter is applied to a series of nearshore and offshore gilinet
fisheries active in this province, for the years 2001, 2002 and 2003. Incidental
catch estimates for harbour porpoise are derived for all fisheries, with an
indication of uncertainty wherever possible. Finally, these estimates are
compared to published incidental catch estimates for harbour porpoises from
other areas, in order to provide a broader context. The following hypotheses are

tested: 1) whether incidental catch rates differ between different fisheries; 2)
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whether ‘hot spots’, or areas where catch rates are considerably higher than

average, can be identified.

Chapters 5, 6 and 7 present the application of the same incidental catch
methodology to estimate the concurrent incidental catch in the same fisheries
during the same time period of seals, seabirds, and sharks and several large
bony fish species, respectively. There are widely varying conservation concerns
for these species, and so they have been separated into different, but closely

associated, chapters.

Finally, in Chapter 8, the management implications of these incidental
catch estimates are discussed in the broader context of the current global
management trend towards an ecosystem approach to fisheries. An overview of
currently existing mitigation measures is presented, and suggestions are
provided on how to address the problem of incidental catch in Newfoundland and

Labrador.
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CHAPTER 2 - SMALL CETACEAN INCIDENTAL CATCH

RESEARCH IN NEWFOUNDLAND AND LABRADOR

2.1 - Introduction

Substantial numbers of small cetaceans, most of which were harbour
porpoises, have been reported entangled in various fisheries in parts of the
northwest Atlantic over the last several decades (e.g. Lien 1987; Read and
Gaskin 1988, Jefferson and Curry 1994; Read 1994b; Donovan and Bjgrge 1995;
Palka et al. 1996; Stenson and Reddin 1997; COSEWIC 2003; Read et al. 2003;
Stenson 2003; Waring et al. 2003). The continued occurrence of these incidental
catches in gillnet fisheries in Atlantic Canadian and U.S. waters have led to the
responsible management agencies taking action to assess and, where possible,
minimize the impact of this anthropogenic mortality. Only limited data are
available for Newfoundland and Labrador waters, but there have been repeated
indications of potentially significant levels of incidental catches. The widespread
reduction in nearshore fishing effort in Newfoundland and Labrador and other
parts of Atlantic Canada, following the commercial closure of various demersal
fish stocks in the early 1990s, is suspected to have reduced the frequency of
incidental catch of harbour porpoise (DFO 2001). However, this assumption has

yet to be accurately tested.
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The first section of this chapter reviews methods used to assess incidental
catch of small cetaceans, with a particular focus on Newfoundland and Labrador.
The remainder of the chapter describes the various studies that have previously
reported incidental catches of small cetaceans in Newfoundland and Labrador.
Additional information is presented on small cetacean incidental catch in adjacent

northwest Atlantic waters.

2.2 - Methods of Assessing Incidental Catch

The study of incidental catch of cetaceans in commercial fisheries has
become more prevalent in recent decades, due to an increased understanding of
the potential threats caused by catches in fishing gear to cetacean populations.
However, there is no consensus on the most efficient means to monitor and
manage this incidental catch. Any successful data collection scheme must
acknowledge potential changes in the commercial fishing industry, including
technological advances, rapid changes in gear types, geographical and/or
temporal shifts in fishing effort, combined with possible changes in environmental
parameters that may affect the marine ecosystem as a whole. Fisheries
management organizations in some nations have a legislative mandate to
observe and manage marine mammal incidental catches, but this is not the norm

in many parts of the world, including Canada.
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Various methods have been developed to monitor and estimate rates of
incidental catches of small cetaceans in commercial fisheries, including observer
programs, strandings surveys, reporting schemes, carcass salvage schemes,
interviews and logbook analysis (Northridge 1996; Spencer et al. 1999). All of
these methods have potential advantages and drawbacks, depending on local
circumstances. In any study collecting data on incidental catch of marine
mammals, a compromise must be reached between programme cost and data
accuracy. Various methods may be used in tandem, to make use of as many
sources of information as possible. Methods described in this chapter are

summarized in Table 2.1.

2.2.1 - Observer Programs

A dedicated marine mammal observer programme is considered one of
the most accurate, if expensive, methods to monitor incidental catch of marine
mammals (e.g. Waring et al. 1990; Edwards and Perrin 1993; Northridge 1996;
Trippel et al. 1996; Couperus 1997; Tregénza et al. 1997a; 1997b; Morizur et al.
1999; Spencer et al. 1999; DFO 2001; Lesage et al. 2004). ldeally, independent,
trained observers 1) should be distributed through the commercial fishery based
either on overall fishing effort or on the likelihood of incidental catch in specific

fisheries; 2) should focus solely on monitoring marine mammal bycatch and
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associated fisheries data; and 3) should be debriefed upon completion of each

deployment to clarify any uncertainties (Northridge 1996; Babcock et al. 2003).

In practice, it may be impossible to meet some or all of these conditions.
The main problem with observer programs is the violation of the assumption that
all observations are representative of the fishery as a whole. Observers are
often unable to study a randomly selected and representative subsample of
fishing activity in all hauls, on all types of vessels, in all fishing areas. This can
be caused by lack of space for observers aboard small vessels, logistical
difficulties of placing observers on vessels in remote rural areas, and opposition
from some fishers. The percentage of fishing activity that is actually monitored
may vary from 100% in some fisheries such as the Eastern Tropical Pacific tuna
fishery, to less than 1% in many small-boat fisheries (Northridge 1996; Babcock
et al. 2003). A coverage level of 50% of total fishing effort may be required to
achieve reasonable coverage of incidental catches of species that are only rarely
encountered, such as marine mammals (Babcock et al. 2003). This also

assumes that fishers are supportive of such an observation scheme.

An independent marine mammal incidental catch observer programme
can be expensive. Consequently, monitoring of incidental catch of marine
mammals has often been incorporated into existing fisheries monitoring

programs (Northridge 1996, Spencer et al. 1999). In practice, this means that
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most observations of marine mammal incidental catch are made while collecting
data on other species, which likely leads to underreporting of marine mammal
catch (Northridge 1996; Richter 1998; Hood 2001). Regardless of the degree of
coverage, it is impossible for Fishery Observers to record all incidental capture
events taking place in fishing operations. Some animals may die in fishing gear
such as gillnets but may subsequently fall out or otherwise get disentangled by
wave action or by net movement as they are being hauled in (Tregenza 1994,
Bravington and Bisack 1996). Nighttime fishing activity may also reduce
observers’ chances of detecting animals. In addition, observers may not be able
to sample the catch of every haul, especially when gear is not taken out of the
water between sets, as may be the case in industrial fisheries using trawis

equipped with fish pumps (personal observation).

Another possible source of uncertainty includes “observer bias”, where the
presence of an observer on board the vessel changes the way the crew decides
to deploy their fishing gear (Babcock et al. 2003; Lesage et al. 2004). Other
sources of uncertainty include accidentally combining distinct sectors of the
fishery to achieve a larger sample size during data analysis (when fishing sectors
that differ in gear use, fishing methods etc. are not recognized as such), and
inaccurate recording by observers due to lack of training, friendship with the

crew, intimidation, or bribery (Babcock et al. 2003).
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Notwithstanding their potential impact on populations, incidental catches of
small cetaceans and pinnipeds are typically rare events in the day-to-day
experience of most fishers and Fishery Observers. The vast majority of catches
will have no incidental catch associated with them, but a small fraction may have
large numbers of animals being captured at the same time. This clumped
distribution can severely influence the final estimate of incidental catch. A
possible solution is increasing the observer coverage, but this may not be
possible or practical. Resampling methodologies may be employed to
redistribute incidental catch rates according to a normal distribution (Blank et al.

2001).

The Department of Fisheries and Oceans has maintained a Fishery
Observer programme in Newfoundland and Labrador since 1980 (see Chapter
4). The observers record the exact geographical fishing location, depth, duration
of haul, number and length of nets, and exact amounts of catch and discards of
all species (Kulka et al. 2000). Observers also record incidental catches of
marine mammals and other types of marine megafauna such as sharks, marine
turtles, and seabirds. This is not considered to be the observers’ main activity,
and data collected in this manner may therefore vary between years, depending
on the emphasis put on collecting this information. In addition, data collection
may be affected by other types of bias, as described above. Details of the

dataset generated through this programme will be discussed in Chapter 4.
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2.2.2 - Strandings Surveys

The study of stranded small cetaceans offers a way to collect basic
biological information on small cetaceans, supplement data on potential
fluctuations in the interactions with commercial fisheries, and even to initially
identify that a problem involving incidental catch of small cetaceans actually
exists (Cox et al. 1998). However, this method can only provide an absolute
minimum estimate of the impact of incidental catches, as the vast majority of
ihcidentally captured small cetaceans that are removed from fishing gear at sea
are unlikely to end up on beaches and become accessible to stranding surveys
(Cox et al. 1998; Tregenza and Collet 1998). Even when a carcass is
discovered, logistical difficulties or ignorance may mean the event is never
reported, and inaccessibility of the stranding location may hamper subsequent
data collection. It is often impossible to conclusively establish cause of death
from a stranded cetacean carcass, and this uncertainty is one of the major
objections against using strandings surveys as the main source of incidental
catch information. In addition, it is often unclear if stranded animals represent an
unbiased subset of the population, due to possible spatio-temporal age and sex

segregation among animals (ECS 1996; Cox et al. 1998).

The large, often sparsely populated coastline of Newfoundland and

Labrador presents significant challenges in terms of reporting and collecting
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stranded cetaceans. The responsibility for gathering this information is shared by
DFO and the Whale Release and Stranding Group, both based in the greater St.
John's metropolitan area. Repeated delays in reporting of stranding events to
these authorities have resulted in loss of scientific sampling opportunities, and
public awareness needs to be strengthened to increase the number of timely

stranding reports, especially from isolated areas.

2.2.3 - Reporting Schemes

In some areas, fishers have been asked to voluntarily report any
entanglements of marine mammails to the relevant authorities (Northridge 1996).
In other jurisdictions, it is a legal requirement to report such entanglements (as in
the United States under the Marine Mammal Protection Act;, NMFS 1997).
Voluntary reporting schemes generally do not provide detailed information, since
there is no motivation for most fishers to report catches, nor is there a reliable
measure of concurrent fishing effort (Berggren 1994; Northridge 1996). A
mandatory reporting scheme can be unpopular with fishers, since it adds to the
administration they need to maintain. It does have the potential to provide
important data on incidental catches, but enforcement may be a problem

(Northridge 1996).

Neither mandatory nor voluntary reporting systems have been used in any

Newfoundland and Labrador fishery. No federal legislation currently exists to
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mandate a reporting scheme for fishers, and it is unlikely that this will appear
soon. With fishers being so widely distributed in this province, it appears unlikely

that such a scheme would be practical in the Newfoundland context.

2.2.4 - Carcass Salvage Schemes

Some research programs have contacted fishers to request that they bring
ashore any marine mammal carcasses that are found entangled in their fishing
gear, for the purposes of correct identification and further scientific data
collection, including morphometrics and tissue samples (Crespo et al. 1994,
Kinze 1994, Lien et al. 1994; Lockyer et al. 2001). Carcass salvage schemes are
unlikely to provide more than a minimum estimate of incidental catch (Northridge
1996; Spencer et al. 1999). Such a scheme can be expensive, particularly where
fishers are widely distributed, requiring potentially significant costs for storage
and transportation of carcasses (Table 2.1). Fishers may object to storing
carcasses due to space limitations on board their vessels, excessive time spent
handling the carcass, and/or a sense of self-implication by bringing marine
mammal catches (and, in some areas, the consumption of marine mammals) to
the attention of outsiders (Table 2.1). These factors may limit or negate the
effectiveness of carcass recovery schemes (Crespo et al. 1994; IWC 1994;
Lescrauwaet and Gibbons 1994; Reyes and Oporto 1994; Reeves et al. 2003).

Providing fishers with financial compensation (for storage costs etc.) may
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improve the level of cooperation; however, compensation should not entice

fishers to actively target marine mammals (Lien et al. 1994, Spencer et al. 1999).

In Canada, it is illegal under the Fisheries Act for fishers to bring marine
mammals ashore unless specifically authorized to do so by DFO. The Marine
Mammal Section of DFO has licensed several fishers around the province to
bring in any seal or small cetacean they find entangled in their fishing gear, under
the auspices of the locally administrated Marine Mammal Bycatch Collector
programme (Chapter 3). These permits are updated yearly and fishers receive a
payment of C$25.00 per animal at the end of the year to compensate them for

costs incurred while handling, storing or transporting the carcass.

Until recently, DFO technicians periodically travelled around rural
Newfoundland to collect locally stored carcasses for detailed necropsies in St.
John’s. In 2006, due to financial and logistic constraints within the Department,
the scope of this programme was limited with a request to fishers to no longer
retain carcasses, but collect some samples (e.g. the lower jaw) at sea before
discarding the remains. No samples have been received to date (W. Penney,

DFO-NL, pers. comm.).
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2.2.5 - Interviews

Various types of interviewing techniques have been used by researchers
to obtain information from fishers on incidental catch of a variety of species,
including marine mammals. These are generally considered to be low-cost
alternatives to dedicated observer programs (Spencer et al. 1999). Examples
include mailed questionnaires, phone interviews, and “dockside” face-to-face
interviews (Fontaine et al. 1994, Lien et al. 1994). Care must be taken to contact
a representative subsample of fishers, though this requirement may be difficult to
fulfil in some situations. Results may also be affected by fishers’ inability or
unwillingness to recall incidental capture events, especially when discussing
historical catches (Lien et al. 1994). Care must be taken when using estimates
volunteered by fishers, as they may have reason to underestimate incidental
catch levels. An initial vetting process may limit the subsample of fishers to
individuals more motivated to provide accurate information, but even in these
cases, repeated checks may be necessary to develop a pool of fishers
experienced in data collection. Identification of small cetaceans is often difficult
due to lack of shared nomenclature between fishers and interviewers. Often,
interviewers must try to determine which species of small cetacean is actually
meant in fishers’ reports through detailed follow-up questions. Fishers have also
been shown to estimate incidental catches in a non-linear fashion, with counts

running ‘1-2-3-4-5-dozens-hundreds-thousands’ (Lien ef al. 1989).
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Mailed questionnaires, where fishers are requested to report information
on fishing effort and incidental catch, require the least effort from the researcher,
but can be costly if many questionnaires are mailed out over long distances.
Also, the noncommittal nature of this interview type often results in low returns,
since only a subset of fishers (often those already interested in the issue) are
likely to take the time to complete the questionnaire (Lien 1980; Fontaine et al.
1994). These time requirements may also cause seasonally fluctuating return
rates, as fishers will be more likely to fill out such questionnaires when they are
less busy (Spencer et al. 1999). However, including a small financial reward (the
equivalent of C$1) in the envelope has been shown to increase the return rates

(J. Lien, MUN, pers. comm.).

Telephone interviews, in which fishers are asked a series of questions on
fishing effort and incidental catch by trained interviewers, may be more useful
when collecting incidental catch data, because interviewers can ask directed
questions. In some cases, mailed interviews may be followed by a telephone
interview to clarify written statements. Lien et al. (1994) reported fishers to be
generally willing to provide information through phone interviews, but that
estimates given by fishers were influenced by factors such as the gender of the

interviewer, and their own previous fishing experience.
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Dockside face-to-face interviews may provide relatively reliable results,
although, as with telephone interviews, care must be taken to avoid bias by
solely obtaining interviews of fishers who are readily available to the interviewer
due to their nearshore fishing practices (Lien ef al. 1994). Lien et al. (1994)
reported that a long-standing relationship between interviewers and the fishers
resulted in the most reliable estimates of incidental catch of marine mammals.
Conducting the interview in the presence of crew or colleagues of the interviewed
fisher often resulted in reinforcement or correction of their incidental catch
estimates (Lien et al. 1994). It is then also easier to determine which species of
marine mammals are caught by using guidebooks or other media. However, in
other areas where a less trusting relationship might exist between fisher and
interviewer, fishers may be less willing to conduct interviews that they perceive
as providing potentially incriminating evidence of incidental catches of marine

mammals in their fishing gear (Northridge 1996).

One downside of dockside face-to-face interviews is the amount of
logistical and financial resources required for interviewers to physically meet all
the fishers in their sample. The desired relationship of trust between researchers
and fishers needs several years to develop, making this method less practical for
short-term research. Finally, the results may vary from year to year, even for the

same fisher. This variation may be caused by changes in the distribution of
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marine mammals as well as fish species, and economical or management

changes to fisheries in the area.

Mailed questionnaires, telephone and face-to-face interview
methodologies have all been used in Newfoundland and Labrador during the last
25 years (Lien 1980, 1989, 1994; Lien et al. 1994). Based on these experiences,
face-to-face interviews are the most desirable means of gathering information,
followed by telephone interviews (Table 2.1). In recent years, DFO technicians
have conducted face-to-face interviews with fishers who collect fishing effort data

under the Marine Mammal Bycatch Collector programme (Chapter 3).

2.2.6 - Logbook Analysis

In several jurisdictions, fishers have been asked to maintain logbooks of
their fishing effort, while recording incidental catch of species such as small
cetaceans, seals or seabirds (Spencer et al. 1999). In some areas (e.g. the
U.S.), this is a mandatory requirement, but elsewhere a subsample of fishers
may be requested to participate in a voIQntary data collection scheme (Northridge
1996). These schemes can supplement dedicated observer programs, if a
sufficiently large subsample of fishers agrees to supply data such as fishing
effort, amount of gear used, amount of time the gear remained in the water,

landed catch data, and any records of incidental catch of the species of interest.
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If sufficient numbers of fishers are willing to participate, significant
quantities of data can be collected, although several types of error may be
inadvertently introduced (Table 2.1). Care should be taken that fishers supplying
data are widely dispersed to prevent geographical clumping, although this
depends heavily on local conditions and may be difficult to achieve. Consistency
and reliability of data are common problems; meetings between researchers and
fishers may be needed to clarify what data need to be collected. These meetings
may help establish a long-term relationshipAof trust between the fisher and the
researcher, which can enhance data quality (Table 2.1). Researchers have
commented on the relative lack of cooperation from fishers who were asked to
maintain a logbook, despite the offer of payment for returned logbooks that were
correctly filled out (Polachek 1989, Lien et al. 1994; Read 1994). This may be
caused by the feeling among fishers that they already have enough

administration (Spencer et al. 1999).

The Marine Mammal Section of DFO-NL has maintained a Bycatch
Collector programme among nearshore fishers across the island of
Newfoundiand for the past 15 years. Fishers participating in this programme
report detailed information on commercial gillnet fishing effort, landed catch, and

incidental catches. This dataset is discussed in Chapter 3.
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2.3 - Historical Reports of Incidental Catches of Small Cetaceans
in Newfoundland and Labrador Waters

A number of reports and estimates of incidental catches of small
cetaceans in the waters around Newfoundland and Labrador have been
published over the last 27 years (Lien 1979, 1980, 1983, 1987, 1989; Lien and
Aldrich 1982; Lien et al. 1984, 1986, 1987, 1988; 1989, 1993, 1994a, 1994b,
2001; Alling and Whitehead 1987; Piatt and Nettleship 1987; Richardson 1992;
Stenson and Reddin 1997; DFO 2001; Hood 2001). Most of these reports
involve harbour porpoises. Incidental capture of white-beaked and Atlantic white-
sided dolphins in Atlantic Canadian waters appear to occur less frequently,
although captures are likely to be under-reported for these species as well.
Common dolphins have only rarely been reported as incidental catches in
Atlantic Canadian waters, apparently due to their limited seasonal and geo-

graphical distribution in the area.

However, many published reports only describe small numbers of
incidental capture events of harbour porpoise or other small cetaceans in
nearshore fisheries, and these data were often not collected systematically.
Many of these instances were recorded in the annual reports of the Whale
Entrapment Programme, operated by Memorial University of Newfoundland, the

federal Department of Fisheries and Oceans, and the provincial Department of
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Fisheries of Newfoundland and Labrador. These reports only represent a minimal
indication of incidental catch of small cetaceans, since no concerted efforts were
made to collect data. Rather, reports were collected during the course of day-to-
day work with fishers who contacted the Programme with requests for assistance
with large whale entanglements. Porpoises were most often reported caught in
gillnets set for cod, although some captures in salmon gillnets and codtraps were
reported (e.g. Lien et al. 1985, 1986, 1988). In most cases, no official fishing
effort data were available for extrapolation of incidental catch rates to the entire
fishery. It was suspected that fishers did not report most incidental captures of
small cetaceans such as harbour porpoise to the Whale Entrapment Programme,
because these entanglements typically did not cause significant damage to
fishing gear, animals could fall out the net unobserved, and additional assistance
to remove entangled animals from the net was not required. In addition,
incidentally caught porpoises were historically consumed in some areas, further
reducing the likelihood of the capture being reported (J. Lien, pers. comm.).
Fishers may also have felt that reporting incidental catches of small cetaceans

was not in their best economic interest.

Few incidental catch estimates have been calculated for small cetaceans
in this province. Lien (1980) reported incidental catch estimates for harbour
porpoise for the entire province that ranged from approximately 1,800 animals

(using number of porpoises per crew) to over 25,000 animals (using number of
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porpoises caught per net). Based on limited data from the Entrapment
Assistance and Stranding Programme, Lien (1983) derived a harbour porpoise
incidental catch estimate of approximately 1,800 animals a year throughout the
province, with a possible maximum of 3,000 animals per year (see also Lien
(1989)). This estimate was based on landed catch as a measure of fishing effort.
Piatt and Nettleship (1987) reported on incidental catches of harbour porpoise
during the 1981-1984 fishing seasons in the vicinity of four major seabird
colonies along the eastern coast of Newfoundland, based on catch per unit effort
data (net-days) from logbooks filled out by selected fishers. An average annual
catch of 140 harbour porpoises (varying annually between 112-168) was
reported, leading to an estimated catch of 558 animals in this area of the eastern
Newfoundland coast for the total four-year study period. Small numbers of
unidentified dolphins were also captured. These data were not extrapolated to
the fisheries in other parts of Newfoundland and Labrador due to a lack of
coverage. Alling and Whitehead (1987) estimated that catches of small
cetaceans (mostly white-beaked dolphins) along the entire Labrador coast could

have been as high as 320 animals per year.

At the 2001 International Harbour Porpoise Workshop, sponsored by
DFO, the current state of knowledge on harbour porpoise in Atlantic Canada was
reviewed (DFO 2001). Estimating incidental mortality in fisheries in waters

around Newfoundland, Labrador and the Gulf of St. Lawrence was identified as a

98



high priority. At this meeting, several harbour porpoise incidental catch estimates
were provided that had not previously been published (Lien 2001). Results from
a 1980 logbook survey indicated catches of 1,368 harbour porpoises (based on
percentage of fishers in the subsample who caught harbour porpoise) or 2,242
harbour porpoises (based on landed catch), when extrapolated to the entire
fishery. A telephone survey in 1990 resulted in a new incidental catch estimate
of 1,931 harbour porpoise in 1989, based on rates of porpoise capture per fishing
enterprise (see also Lien ef al. 1994b). A 1990 logbook survey of a small
subsample of fishers yielded- incidental catch estimates between 2,852-4,416
harbour porpoises, based on animals caught per enterprise. Finally, data from a
1992 telephone survey among a subsample of Newfoundland fishers on
incidental catch of harbour porpoise in Newfoundland and Labrador gillnet
fisheries indicated an estimated total annual catch of 2,283 animals in 1992
(DFO 2001). This estimate was based on the percentage of fishers in the
~ subsample reporting incidental catch of porpoise. None of these estimates were

linked to fishing effort.
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2.4 - Historical reports of incidental catches of small cetaceans

in adjacent northwest Atlantic waters

2.4 1 - The Gulf of Maine/Bay of Fundy

Most harbour porpoise research in the northwest Atlantic to date has been
conducted on the population in the Gulf of Maine/Bay of Fundy area, including
research on interactions with fisheries, as well as studies on aspects of biology
such as morphometrics, diet, growth, reproduction and distribution (e.g. Gaskin
et al. 1985; Read and Gaskin 1988, 1990; Woodley and Read 1991; Read
1994a; Brodie 1995; Palka 1995; Read and Hohn 1995; Westgate et al. 1995;
Kraus et al. 1997, Read and Westgate 1997; Richter 1998; Trippel et al. 1999,
Cox et al. 2001, Hood 2001; Borjesson and Read 2003; Neimanis ef al. 2004;

Trippel and Shepherd 2004).

For the period 1989-1993, average total incidental capture of porpoises in
the Gulf of Maine/Bay of Fundy area was estimated to be approximately 1,876
animals per year (Blaylock et al. 1995; Waring et al. 2003). However, an overall
reduction in fishing effort, together with a series of conservation initiatives aimed
at conserving both harbour porpoise and various fish species, has led to a
significant reduction in incidental catch of harbour porpoise in the Gulf of

Maine/Bay of Fundy region (NMFS 1998; Richter 1998; Hood 2001; Waring et al.
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2003; Trippel and Shepherd 2004). Recent incidental captures are estimated at
approximately 150 animals per year including both Canadian and American
fisheries. This level of anthropogenic mortality is not considered to be an

immediate risk to this population (Waring ef al. 2003).

Other small cetaceans in the Gulf of Maine/Bay of Fundy area do not
appear to get entangled in fishing gear as often as harbour porpoises. For 1990-
1995, the estimated average annual bycatch in U.S. fisheries in the Gulf of
Maine/Bay of Fundy area was 181 animals, with most animals taken in bottom-
set gillnets and pelagic trawls (Palka et al. 1997). A more recent incidental catch
estimate of Atlantic white-sided dolphins is of 102 animals/year in the period
1997-2001 in various U.S. fisheries (Waring et al. 2003). No information is
available on incidental captures of white-beaked dolphins in this region. Small
numbers of common dolphins have been reported entangled in various bottom-

set gillnets and trawls (Waring et al. 2003).

2.4.2 - The Gulf of St. Lawrence

Only limited incidental catch data are available for the harbour porpoise
population in the Gulf of St. Lawrence. Studies of harbour porpoise distribution
and mortality around the Gulf of St. Lawrence were initiated by Laurin (1976).
High levels of incidental catch (approximately 2,000 harbour porpoises per year)

have been reported from this area during the 1980s and 1990s based on
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questionnaires (Fontaine ef al. 1994). Recent estimates by Lesage et al. (2004)
show a continued high incidental catch of harbour porpoise by the nearshore cod
gillnet fishery in this area (on the order of 2,000 animals per year). Occasional
incidental catches in gillnets of both white-beaked dolphin and Atlantic white-
sided dolphin have been reported from the Gulf of St. Lawrence (Fontaine ef al.

1994; Read, 1994b).

2.4.3 - West Greenland

A sizeable amount of biological data on harbour porpoise is available from
western Greenland, partly because the animals there are hunted for local
consumption and sampling is therefore relatively straightforward (Lockyer et al.
2001, 2003). Incidental catches in salmon driftnets were reported during the
1972 fishing season (Lear and Christensen 1975; Christensen and Lear 1977),
but this fishery was closed in the 1980s. There have been few reports of
incidental catch in recent years. Most current fishing activity in Greenland waters
involves deepwater fisheries targeting Greenland halibut and northern shrimp
(Pandalus sp.), which are thought to have a lesser chance of incidentally
catching harbour porpoise. The main anthropogenic impact on harbour porpoise
in western Greenland continues to be directed hunting, with average annual
catches of 668 animals (Teilmann and Dietz 1998; Lockyer et al. 2003). This hunt

is currently unregulated, leading to concerns of overexploitation (Anonymous
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2006). No data on incidental catches of other species of small cetaceans are

currently available.

2.5 - Conclusions

In recent decades, several methods have been developed to assess
incidental catch of small cetaceans in fishing gear. There are potential difficulties
to all of these methods, and often several different methodologies are combined.
In Newfoundland and Labrador, the most successful methods used to date
include observer programmes, directed interviews of fishers, and analysis of
logbooks maintained by dedicated fishers (Table 2.1). Most studies in this region
to date involve interviewing fishers about their fishing effort and associated
incidental catch. A lack of reliable fishing effort data has often complicated

attempts to estimate incidental catches of small cetaceans.

Incidental catch of small cetaceans, especially harbour porpoise, has been
reported regularly in Newfoundland and Labrador waters for over 25 years, since
data on this issue were first recorded. Incidental catches of these species have
probably occurred regularly for many years, presumably since gilinets came into
wide use in Newfoundland and Labrador in the 1960s. However, there has been
no attempt to calculate incidental catch estimates since the introduction of the

various moratoria on cod fisheries. This will be the focus of Chapter 3.
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CHAPTER 3 - METHODOLOGY OF INCIDENTAL CATCH

ESTIMATION

3.1 - Introduction

Harbour porpoises are considered to be vulnerable to incidental catches in
fishing gears, particularly in bottom-set gillnets (Gaskin 1984; Read and Gaskin
1988; Smith et al. 1993; IWC 1994, Larrivée 1996; Trippel et al. 1996; Berggren
et al. 2002; Lesage et al. 2004; Stenson 2003). Substantial historicél harbour
porpoise catches are thought to have occurred in Newfoundland and Labrador
waters, since this area has traditionally supported large gillnet fisheries for
Atlantic cod (Gadus morhua) and other species (Chapters 1, 2). Recent reports
from fishers indicate that porpoises continue to be caught despite reduced fishing

effort since the cod moratoria ended in the late 1990s (Chapter 2).

Available information on small cetacean bycatch in Newfoundland was
summarized by Lien et al. (1988), and subsequently by DFO (2001; see Stenson
[2003] for a review). Based on logbooks and interviews, Lien et al. estimated
that the catches of harbour porpoises were likely in the low thousands during the
1980s and early 1990s (Lien et al. 1988; Bjorge et al. 1994, DFO 2001). These

estimates are known to be biased, as they were based upon reported catches by
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a limited number of fishers, often in restricted areas of the province. Also, total
fishing effort in Newfoundland is very difficult to determine, and was not always
available for extrapolation of incidental catch rates. Therefore, these previous
estimates of incidental catch in Newfoundland must be regarded with caution

(DFO 2001).

Incidental catch estimation typically involves the calculation of a catch
ratio, which indicates the number or quantity of a particular species over a
measure of fishing activity. This can be total weight landed, numbers of nets,
soak time of nets, length of nets, fishing trips, net-days, trawl hauls, or even
numbers of fishers (e.g. Bjorge et al. 1994; Lien 2001, Northridge et al. 2003).
This ratio is then multiplied by a factor representing a similar measure for the
entire fishery in the area of interest, to derive an estimate of incidental catch for a
particular fishery in a particular area (and often only during a particular time of

year).

The decision on which catch ratio‘ to use depends greatly on the available
data: landed catch data is generally available, but concurrent information on the
number, soak time and length of nets may not be available, thereby limiting the
options. In practice, the vast majority of incidental catch studies have used
landed catch, because it is often the only parameter available for analysis.

However, there may be significant variability in catches between areas, between
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fishers in the same area, and even for a single fisher from day to day, particularly
for small-boat fishers in nearshore waters. This variability will increase the
uncertainty in the incidental catch estimate. In some cases, catch data are
available for each fishing trip for each individual fisher, but often, data for longer

time periods are combined, further increasing the variability of the dataset.

Another factor to consider is the scale of analysis. Fisheries are often
conducted over wide areas, but there may be significant geographical variability
in landings between fishers within that area, due to small-scale environmental or
biological factors influencing the abundance of the target species. In addition,
there may be certain areas that have some special significance to the species
(e.g. calving grounds, superior foraging habitat, etc.), where the chance of
incidental capture of harbour porpoises is greater than in others. Finally, the
distribution of both fisheries and harbour porpoises may vary seasonally,

introducing another source of variability that needs to be accounted for.

Because of the potential for significant variability within various fishing
effort datasets, the final estimate of incidental catch may vary depending on
which metric is used, and at what scale. In this chapter, a series of incidental
catch estimates of harbour porpoises will be compared that were calculated

using several different methods. This will be used to identify the most suitable
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method for determining incidental catch of small cetaceans, based on the data

that are currently available.

3.2 - Method's

The 2002 nearshore gillnet fishery for Atlantic cod was used to compare
measures of incidental catches, for the following reasons. Gillnet fisheries were
assumed to pose the greatest risk for incidental entanglement of small cetaceans
given their frequent use in Newfoundland fisheries, anecdotal information from
fishers concerning incidental catch, previous studies on incidental catches in this
area, and known susceptibility of harbour porpoises to incidental catches in
gillnets in other areas (Chapter 1). The nearshore cod fishery is of interest due
to the large number of participating fishers, as well as the significant amount of
effort expended studying this fishery. Finally, 2002 was the last year a
commercial gillnet fishery for cod operated along the northeast and west coasts
of Newfoundland. This ‘Index’ fishery had opened in 1998 at quota levels of
<10,000 mt in response to industry pressures, but conservation concerns led to

closure in 2003.

Datasets were made available from several sources within the Department

of Fisheries and Oceans (DFO). Estimates of incidental catch were based.-on a
catch-effort database for vessels >35 ft long (10.7 m, hereafter quoted in feet), a

fish landings database for vessels <35 ft, a Sentinel Fishery database, and
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Marine Mammal Bycatch Collector data. No porpoise incidental catch data were
available from the offshore cod fishery off the south coast of the island, and this

fishery will therefore not be considered further here.

First, an attempt was made to test whether using soak time (net-days) or
target species catch weight (kg, round weight) as estimators of fishing effort
made a difference in the incidental catch estimate. The effect of grouping fishing
trips into larger sampling units was investigated by subdividing the datasets into
1) a grouping that contained all individual fishing trips for all fishers; or 2) a group
that contained combined values of all fishing trips made by individual fishers (i.e.,
separating different fishers). Both these groupings (“trip per fisher” and “fisher”)
were used as sampling units to determine if the increased clustering when using
the “fisher” grouping might make a difference. Finally, the data were also
clustered at three increasing geographic scales, to determine the effect of
geography on the analysis. For some fisheries that continued throughout the
year, temporal variability was addressed by separating the data into four

quarterly subsets, based on month of the year.

3.2.1 - Fishing Effort Data

The two measures used to estimate fishing effort were kg landed catch
(round weight) of the target species, and soak time (in net-days). Round weight

was calculated from the gutted weight using a set of standard correction factors
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devised by DFO. These correction factors varied between species. A net-day
equated to the number of nets set per day, multiplied by the number of fishing
days, where one day equaled 24 hours. Ten nets fishing for one day, and one

net fishing for 10 days, both equated to 10 net-days.

3.2.1.1 - Catch-Effort Database for Vessels > 35 Feet Long

The Policy and Economics Branch at DFO in St. John’s maintains a catch-
effort database for larger vessels (235 ft), based on information collected through
DFO’s Dockside Monitoring Programme (DMP; A.-M. Russell, DFO-NL, pers.
comm.). This database contains detailed information on total fish landings per
trip, species composition, and landed catch by individual species for all fisheries
(both gutted and round weight). However, its usefulness in estimating soak time
(in net-days) and amount of gear deployed was limited because these effort
estimators were not always recorded reliably by all fishers. When possible, data
from the Groundfish Logbook database (see below) were used in combination
with the landed catch data to better calculate total fishing duration, or total

amount of gear deployed.

3.2.1.2 - Fish Landings Database for Vessels <35 Feet Long
The landings database maintained by the Policy and Economics Branch at

DFO in St. John's contained detailed information on commercial fish landings per

118



trip for small vessels (<35 ft) for all fisheries, based on information collected
through DFO’s Dockside Monitoring Programme (DMP; A.-M. Russell, DFO-NL,
pers. comm.). This database was often the only source of information available
for these vessels and contained the total landed weight for all landed species
separately. However, this database suffered from both a lack of effort
information (no data on either the duration of the trip, or the number of nets
deployed by a fisher), and the lack of any detailed geographical information aé to
where the fish were caught. Due to safety concerns, most fishers do not take
small vessels far offshore, and catches were therefore assumed to have been
made in waters close to the vessels’ home ports (S. Savory, DFO-NL, pers.

comm.).

3.2.1.3 - Groundfish Logbook Database

A logbook database for the nearshore fishery for Atlantic cod and
associated groundfish was set up in 1997 by the Groundfish Section of the
Department of Fisheries and Oceans as an alternative to the Statistics Branch’s
catch-effort database, which had been considered incomplete and inaccurate in
certain areas. This database contained detailed fishing effort data on a per-day
basis, including a description of the number of nets used, and the number of
hours fished. In the present study it was used to derive a corroborative measure

of net-days for all vessels. Unfortunately, this database did not contain all fishing
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effort as not all fishers submitted their logbooks, despite the fact that cooperation

with this programme is a DFO licensing requirement.

3.2.2 - Incidental Catch Data

3.2.2.1 - Marine Mammal Bycatch Collector Database

The Marine Mammal Bycatch Collector dataset consisted of extremely
detailed reports on a variety of fisheries, collected by a small group of dedicated
commercial fishers (n = 45 fishers in 2002). Fishers in this programme were
most active in the nearshore gilinet fisheries for Atlantic cod, lumpfish, and winter
flounder, although some also fished for Atlantic herring. These fishers were
originally selected because they participated in fisheries that were known to have
high incidental catches of seals (e.g. lumpfish fishery). However, small
cetaceans, especially harbour porpoise, were also reported regularly. From 2001
onwards, the programme was set up to provide increased information on
cetaceans, in addition to seals. Participating fishers recorded location of sets,
water depth, net characteristics, the number of nets hauled daily, length in the
water, and catch (fish, seabirds and marine mammals) and discards. In many
cases, the information on location of ;:atches was limited (usually identified by a
local fandmark) and the boats employed were small, so it is assumed that the
majority of catches were made close to the home port. Over 80% of fishers who

initially agreed to collect the requested information sent in their forms within the
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same year, although this rate declined slightly in following years, and reminder
letters had to be sent in several cases (W. Penney, DFO-NL, pers. comm.). As
part of this programme, fishers received special dispensation from DFO to land

harbour porpoise (W. Penney, DFO-NL, pers. comm.).

3.2.2.2 - Sentinel Fishery Database

The Sentinel Fishery database consists of detailed fisheries data collected
through the scientifically managed Sentinel Fishery for cod (n = 81 in 2002). The
Sentinel fishery was established in 1995 after the introduction of the groundfish
moratoria to enable a continued monitoring of the cod stocks in nearshore waters
by fishing under scientifically designed protocols (FRCC 1994). Almost | all
vessels involved were <35 ft, and their effort was limited, typically involving up to
6 nets for periods less than 24 hours, at predétermined geographical locations.
Despite this, the fishery was considered to be generally comparable to the
commercial nearshore cod fishery, which fishes with similar gears within the
same geographic area (D. Maddox-Parsons, DFO-NL, pers.comm.). As such,
the Sentinel Fishery data offered an opportunity to obtain comparative measures
of fishing effort for the small-boat, nearshore fisheries for Atlantic cod. Fishers
participating in the Sentinel Fishery reported incidental catches of marine
mammals to DFO’s Marine Mammal Section in St. John's, which were combined
with their reported fishing effort. Sentinel fishery catch per unit effort (net-day)

data were compared with Bycatch Collector data from the same time and area to
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determine if datasets could be combined, using resampling methodology
(Resampling Stats in MS Excel; Blank et al. 2001). Where data did not differ
significantly, Sentinel catch reports were incorporated into the total catch

estimates for that particular area and period of the year.

3.2.3 - Deriving Small Cetacean Incidental Catch Estimates

Small cetacean incidental catch events were recorded in the Bycatch
Collector and Sentinel datasets. Rates of incidentally caught small cetaceans
obtained from these datasets were extrapolated to the entire fishery, based on
data from the fish landings database, the catch/effort database, and groundfish
logbook data. Units of effort used in these calculations were total weight of
landed catch of target fish species (in kg round weight) and number of net-days.
Effort of each fisher was identified based on unique vessel codes included in the
fish landings and catch/effort datasets, which had been made available through
DFO’s Licensing Section. For most vessels <35 ft, only landed catch was
available as a measure of effort, and it was necessary to estimate the number of
net-days of effort for these vessels. These estimates were based on the
relationship between landed catch and net-day that were derived from the
Bycatch Collector, Sentinel and groundfish logbook datasets. For each fishing
trip or fisher (depending on which sampling unit was used), the ratio of kg landed
catch per single net-day was calculated. These ratios were averaged over the

area and period in question, and the resulting average (kg landed catch/net-day)
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ratio was then applied to the total amount of landed catch to estimate the

equivalent numbers of net-days.

Nearshore cod gillnet fisheries catch/effort and incidental catch data were
analysed based on time of year (divided into January-March, April-June, July-
September, and October-December), and area (divided by NAFO areas). Data
were analysed at three increasing geographical scales: at the scale of individual
NAFO areas; at the “coastline” scale, lumping adjacent NAFO areas together into
three ‘coastlines’ to the northeast, the south and west of the island; and at the
“‘island” scale, combining all data for the entire island. The “coastline” scale
consisted of the south coast (NAFO areas 3Pn, 3Psa, 3Psb, 3Psc and 3Lq
combined), the northeast coast (NAFO areas 3Ka, 3Kd, 3Kh, 3Ki, 3La, 3Lb, 3Lf
and 3Lj combined), and west coast (NAFO areas 4Ra—d combined; see Figs.
1.2, 1.3, 1.4). Compared to other parts of the province, the intensity of gilinet
fishing effort off the coast of Labrador was very limited. Also, for logistical
reasons this area could not be visited by DFO technicians. The small amount of
gilinet fishing effort off coastal Labrador (most in NAFO unit 2Jm) was therefore

excluded from further analysis.

Incidental catch rates were calculated using either individual fishers

(identified by their vessel codes) or fishing trips of individual fishers as sampling

units. Marine Mammal Bycatch Collector and Sentinel datasets were combined
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when catch rates per unit effort did not differ significantly; in other cases, only
Bycatch collector data were used, where available. Sentinel data were only used
in isolation if no other effort data were available. Catch rates per trip were
averaged to obtain the estimated incidental catch rate for a particular area and
period. An example is given in Appendix 1. The main sources of variability in
both Bycatch Collector and Sentinel datasets were variation in cod catches
between different fishers, differing by as much as several orders of magnitude,
and variation in cod catches on different trips for individual fishers, which only

became apparent when analyzing individual trips per fisher.

Sample size under consideration was frequently small, and the residuals
in the various samples were not distributed normally around the mean of each
sample. Thié precluded the use of parametric tests to analyse the incidental
catch data (Efron and Tibshirani 1993; Simon 1997). The uncertainty associated
with estimates of incidental catch was derived using a resampling proceduré
(Resampling Stats in MS Excel, Blank et al. 2001). Unlike conventional statistics,
resampling methodology does not require assumptions about the distribution of

residuals in the dataset, and can be used with comparatively small samples.
These incidental catch rate values were resampled 10,000 times, with

replacement, while using incidental catch estimates per fisher or trip per fisher for

the relevant geographical scale as resampling units. The overall mean, and the
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upper and lower 95% confidence limits, were then used as incidental catch rates.
Irrespective of the geographical scale of analysis, catch estimates were summed
across areas to deliver final catch estimates for the entire island, per period. To
present data summaries, the variances of the point estimates were summed to
provide a range (95" percentile) to approximate confidence intervals (e.g. it is
assumed that the variance of the sum of the point estimates is equal to the sum
of the separate point estimate variances; M. Koen-Alonso, DFO-NL, pers.
comm.). At the smallest scale of individual NAFO units, only those areas for
which detailed reports from Bycatch collectors or Sentinel fishers were available
were used for the incidental catch estimation analysis, thus potentially
underestimating levels of incidental catch. At larger scales, the average
incidental catch rate from sampled areas was applied to adjacent, unsampled

areas.

3.3 - Results

3.3.1 - The Nearshore Fishery for Atlantic Cod

In 2002, approximately 2,700 vessels landed catch as part of the Atlantic
cod fishery. The total landed catch was approximately 12,000 mt (round weight),
of which 10,200 mt (~ 90%) was cod. Most of this was caught along the south
coast of Newfoundland, where the returns from the fishery have remained

relatively stable in recent years (DFO 2004a; Figs. 3.1 A-D). Approximately 67%
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of landed catches occurred in the third quarter of the year, but some fishing
activity continued throughout the year, particularly along the south coast. Both
Bycatch Collectors and Sentinel fishers were active throughout the commercial
fishing season on all coasts, while Sentinel fisheries also occurred outside this
period. Both Sentinel fishers and Bycatch Collectors were distributed throughout
the island. During 2002, a total of 45 Bycatch Collectors recorded data during
453 fishing trips. At the same time, 81 Sentinel fishers recorded data for 1,672
trips. In most cases, nets were left fishing for approximately 24 hours, but
occasionally storms or technical difficulties prevented fishers from retrieving their

nets, and soak times increased accordingly.

3.3.2 - Records of Incidental Capture of Small Cetaceans

A total of 64 small cetacean entanglements were reported in 2002 by By-
catch Collectors, Sentinel fishers, and other fishers who were not involved with
either program. Of these, 44 specimens were collected and identified by DFO
technicians. All collected specimens were harbour porpoises, but the incidental

capture of other species of small cetaceans cannot be discounted.

Of the 64 reported entanglements, 10 were reported by fishers who were
not involved with either the Sentinel or the Bycatch Collector programme, but
who had become aware of DFO’s research efforts through word of mouth.

However, there were no fishing effort data associated with them and they were
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excluded from further analysis. The remaining 54 catch events were distributed
evenly among Bycatch Collectors (26 caught; 12 collected and identified as
harbour porpoise) and Sentinel fishers (28 caught; 22 collected and identified as
harbour porpoise). Of the 26 capture events in the Bycatch Collector dataset, 19
were reported from the nearshore cod fishery (9 collected and identified as
harbour porpoise). The remaining 7 capture events took place in the nearshore
fishery for Greenland halibut and the offshore fishery for monkfish and skate.
These events will be discussed in greater detail in Chapter 4. In all, a total of 47
capture events were reported in the nearshore cod fishery in 2002, of which 31

were collected and identified as harbour porpoise.

3.3.3 - Small Cetacean Incidental Catch Estimates for Nearshore
Newfoundland Cod Gilinet Fisheries in 2002

Tables 3.1 and 3.2 list the incidental catch estimates for small cetaceans
at increased geographic scales, with all estimates for the entire island combined,
by quarter, using either kg landed catch (round weight) or net-days, based on
either fishers or trips per fisher. The majority of estimated catches occurred
during the third quarter. In several instances, resampling proved impossible due

to insufficient sample sizes.

Unsurprisingly, most incidental catches were estimated to occur along the

south coast, where most fishing effort occurred. In all cases, incidental catch
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estimates based on kg landed fish catch were larger than estimates based on
net-days. When using trips per fisher, catch estimates based on landed catch
were consistently greater than estimates based on net-days. This difference was
not as pronounced when using data based on fishers. Incidental catch rates
were dgenerally low, with slightly higher rates along the south coast. Rates

among the NAFO units varied greatly, even within the same time period.

3.4 - Discussion

Incidental catch of harbour porpoise and other small cetaceans occurs
regularly in the gilinet fisheries that are active in Newfoundland and Labrador.
Although the nearshore fishery for Atlantic cod has been reduced in effort since
the early 1990s, many fishers still target this species, thereby potentially causing

high levels of small cetacean incidental catch.

3.4.1 - Fishers versus Trips per Fisher

It was suggested by reviewers of an earlier draft of this document that
resampling also be conducted using "fishing trip per fisher" as a sampling unit.
When net-days were used as a measure of effort, choosing individual fishers as
sampling units typically resulted in larger variability in the incidental catch

estimates than when using “trips per fisher”, as evidenced by the 95% confidence
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intervals in Tables 3.1 and 3.2, making “trips per fisher” the preferred sampling

unit where net-day data were available (Lawson et al. 2004; Tables 3.1, 3.2).

In several cases, sample size was small when using individual fishers as
sampling units, particularly at the smallest geographical scale of NAFO areas.
When n was less than 20, no resampling was attempted, because it was felt that
the variability between different resampling runs would be so large as to
invalidate overall resampling assumptions of similarity between runs (Lunneborg
2000; Beleites et al. 2005). This meant that, in these cases, no 95% confidence
interval could be calculated. This problem did not occur when using “trips per
fisher” as sampling units, due to the far greater sample sizes available for

resampling.

In conclusion, the usage of “trips per fisher” is considered to be preferable
to “fisher”, particularly when using net-days as measure of fishing effort, due to

the generally smaller confidence intervals, and the greater sample size.

3.4.2 - Landed Catch versus Net-day

There were differences between incidental catch rates for net-days and kg
landed catch, but these were not consistent in direction. Incidental catch rates
estimated using landed catch were higher and more variable than those obtained

using net-days (Tables 3.1, 3.2). The primary cause appears to be the
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magnitude of the underlying day-to-day variability in catches of fish, even for
individual fishers at the same geographical location. The maximum number of
nets used is typically limited through fishing license conditions, and the soak time
is likely to be kept to a minimum due to the significant reduction in quality (and
thus monetary value) of cod after being entangled for longer than 1-2 days (P.
Walsh, MI-MUN, pers. comm.). The resulting lower variability is the main reason

why net-days are preferred over landed catch as a measure of fishing effort.

In addition, several hauls did not contain any fish catch at all, but
incidental catch did occasionally occur in these hauls. In these cases, an
average value of landed catch for that individual fisher had to be used to
calculate an incidental catch / landed catch ratio, increasing the uncertainty of the
final catch estimate. This problem did not occur when using net-days, since the
soak time was not directly influenced by the lack of catch. Net-days measure
actual fishing effort, rather than a proxy of effort (kg landed catch), and are

therefore preferable.

Annual incidental catch estimates based on landed catch were on the
order of several thousand to more than 10,000 porpoises caught per year,
depending on geographic scale and the usage of “fishers” or “trips per fisher” as
sampling units. Although confidence intervals are extremely large, these

estimates appear unrealistically high relative to the number of reports of
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incidental catch of small cetaceans in the nearshore fishery. No population
estimates currently exist for harbour porpoise in Newfoundland waters, but catch
rates in the high thousands would likely have translated in estimates of many
hundreds of thousands of porpoises, which would probably lead to the species
being reported more frequently than is currently the case. Sightings of harbour
porpoises in nearshore waters appear to have increased after the moratoria were
announced, suggesting the possibility of release from fisheries pressure,
although tﬁis has not been thoroughly studied and may also reflect greater focus
on cetaceans among the public (J. Lien, MUN, pers. comm.). Nonetheless,
annual incidental catch estimates of high hundreds to low thousands appear to
be most likely given anecdotal reports of porpoise abundance and lack of

complaints from fishers.

In conclusion, net-days are generally less variable than landed catch as a
measure for fishing effort. For this reason, as well as the fact that soak times,
unlike landed catch, cannot be zero, and measure actual fishing effort, the use of
net-days as a measure for fishing effort is recommended where such data are

available.

3.4.3 - The Effect of Increasing Geographic Scale
Incidental catch estimates were lowest at the smallest geographic scale of

NAFO areas. This was likely caused by absence of coverage in some areas,
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and limited coverage in others, leading to an underestimation of incidental catch
at this geographic scale. This indicates the importance of achieving sufficient
coverage for data collection. Under the present data collection regime, the
distribution of collaborating Sentinel fishers was governed to a large extent by
financial considerations in the Department of Fisheries and Oceans. In later
years, the number of fishers participating in the Sentinel programme was

reduced as a measure to reduce costs.

Incidental catch estimates were greatest at the “coastline” scale, but in the
majority of cases, estimates at the coastline and island scale were of the same
order of magnitude. Analysis at the coastline scale would appear to be most
useful to take account of the regional variability in fisheries management
regulations. The coastline scale also makes more sense on a biological basis
given that it is unlikely that porpoise either restrict themselves to a single NAFO

unit or are distributed uniformly across the island.

With only small numbers of reported incidental catch events, there are
areas where no incidental catch was reported in a given quarter, and where
therefore the estimated incidental catch rates were zero. At the smallest
geographic scale (NAFO unit level), there were 68 potential values (four quarters
of the year, for 17 different NAFO units). Of these 68 values, 16 did not have any

fishing effort associated with them (i.e. no fishing activity occurred, mostly during

132



the first quarter); while six did have an active fishery, but no detailed catch/effort
reports were available (i.e. none of the Bycatch Collectors or Sentinel fishers was
fishing in the area during that time). 32 of these 68 values were zeroes based on
at least one reporting fisher, and 14 of the 68 values were greater than zero. The
“coastline” level of analysis appeared to represent the best balance between
adequate sample size for resampling and the proportion of cells that contained

no data or zero incidental catch.

In conclusion, performing the analysis for incidental catch of small harbour
porpoises at the “coastline” scale appears to be a reasonable compromise
between the need for geographic detail and the realities of imperfect data
collection protocols. As well, there is reason to believe that this scale most
accurately reflects harbour porpoise distribution. For this reason, this scale is
considered to be preferable for studying small cetaceans. However, other

species with different distributions may require analysis at a different scale.

3.4.4 - Caveats for Incidental Catch Estimation
A number of factors have the potential to decrease the accuracy of the
incidental catch estimates from this, and similar, studies:
1. Generally, sample sizes are small: in several NAFO areas fewer than five

fishers collected data, although most undertook numerous trips;
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2. Bycatch Collectors do not always include all their fishing effort in their
reporting sheets, and some do not send in all their sheets, leading to an
underestimation of fishing effort and potentially of incidental catches;

3. Detailed geographical data (latitude, longitude) for catches from small
vessels are often unavailable, and this will be particularly problematic for
fishers operating near the margins of several NAFO areas, as they may be
arbitrarily assigned to one or the other area,

4. 1t is unclear whether the subsample of fishers used to derive incidental
catch multipliers in this study could be unrepresentative of the entire fleet.
Sentinel fishing data collection does not automatically occur in the same
place and time as commercial fisheries, making them potentially
unrepresentative as incidental catch estimators for the commercial fleet
(Lesage et al. 2004).

5. Inaccurate reporting may occur due to difficulties in correct cetacean
species identification by some fishers, or underreporting (see pt.2).
Deploying dedicated observers on every boat has been suggested as a
means to improve incidental catch reporting. However this is impractical
for many Newfoundland fisheries as most vessels are small and the cost
of such a programme would be prohibitive. In this study, participating
Bycatch Collectors and Sentinel fishers are unlikely to underreport their

incidental catches given their skill and motivation (i.e., most have a long

134



working relationship with DFQO’s Marine Mammals Section, and are not at

risk of sanctions if they report catches of small cetaceans).

3.5 - Conclusions

The data analyzed in this study show that incidental catch of harbour
porpoise is still occurring in the nearshore Atlantic cod fishery, despite the
reduction in the scope of this fishery over the last decade. Several different
methods were used to estimate incidental catch, using either “fisher” or “trips per
fisher” as sampling units; using either “net-days” or “kg landed catch” as a
measure of fishing effort; and assessing the effect of performing these analyses
at increasing geographical scales. Based upon this research, the following

suggestions are made:

e The usage of “trips per fisher” is considered to be preferable to
“fisher”, particularly when using net-days as a measure of fishing
effort, due to the generally smaller confidence intervals, and the

greater sample size available for resampling.

o Net-days are generally less variable than landed catch as a
measure for fishing effort. For this reason, as well as the fact that

soak times, unlike landed catch, cannot be zero, the use of net-
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days as a measure for fishing effort is recommended where data

are available.

o Performing the analysis for incidental catch of small harbour
porpoises at the “coastline” scale appears to be a reasonable
compromise between the need for geographic detail and the
realities of imperfect data collection protocols. As well, there is
reason to believe that this scale most accurately reflects both
harbour porpoise distribution and the scale of fisheries
management. For this reason, this scale is considered to be

preferable for studying small cetaceans in this province.

Based on the significant variability encountered in the dataset, the
preferred mode of analysis for the estimation of incidental catch of small
cetaceans would be to use “trips per fisher” as sampling units, net-days as an

estimator of fishing effort, and to cluster data at the “coastline” geographic scale.
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CHAPTER 4 - RECENT SMALL CETACEAN INCIDENTAL
CATCH IN GILLNET FISHERIES OF

NEWFOUNDLAND AND LABRADOR, CANADA

4.1 - Introduction

Despite reduced fishing effort in many North Atlantic fisheries following the
closure of the commercial groundfish fishery in the early 1990s, concerns remain
about the viability of a number of harbour porpoise (Phocoena phocoena)
populations (Stenson 2003). Although potential limiting factors for these
populations include habitat change, changes in prey abundance or distribution,
marine pollutants, and global warming (Donovan and Bjgrge 1995, Aguilar and
Borrell 1995, Brodie 1995, Hutchinson 1996, Teilmann and Lowry 1996,
Anonymous 1999, Koschinski 2002), a primary concern continues to be the
levels of direct mortality, primarily through incidental catches in fishing gear. The
harbour porpoise is recognized as a species particularly vulnerable to incidental
catches in fishing gear; bottom-set gilinets, and to a lesser extent fish weirs and
traps, represent gear types most often responsible for takes of harbour porpoises
(Christensen and Lear 1977; Gaskin 1984; Read and Gaskin 1988; Smith et al.
1993; IWC 1994; Jefferson and Curry 1994; Read 1994b; Barlow and Hanan

1995; Larrivée 1996; Trippel et al. 1996; Tregenza et al. 1997b; Caswell et al.
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1998; Northridge and Hofman 1999; Trippel et al. 1999; Vinther 1999; IWC 2000;

Berggren et al. 2002; Koschinski 2002; Stenson 2003; Lesage ef al. 2004).

Numerous reviews have concluded that large numbers of porpoises are
caught in commercial fishing gear throughout their range, but that catches
appeared highest in the north Atlantic (e.g. Jefferson and Curry 1994, Read
1994, Donovan and Bjgrge 1995, Anonymous 1998, CEC 2002, Stenson 2003).
This situation prompted the IWC to formally recognize the western north Atlantic
stocks of the harbour porpoise as one of several small cetacean stocks
worldwide that were under severe pressure from incidental capture in passive
fishing gear, including gillnets (IWC 1994). The IWC recognised that no single
solution to alleviate fisheries-related cetacean incidental catch existed that could

be applied to all fisheries around the world (IWC 1994).

Based upon declining sightings and/or the perceived impacts of incidental
catches, many porpoise populations have been classified as being in danger by
either national or international groups responsible for assessing the status of
animals. In Atlantic Canada, harbour porpoises are currently listed as ‘Special
Concern’ by the Committee on the Status of Endangered Wildlife in Canada
(COSEWIC 2003c), while the International Union for the Conservation of Nature
(TUCN) considers harbour porpoises to be ‘Vulnerable’ throughout their range

(Klinowska 1991).
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Although harbour porpoise incidental catch occurs in a number of fisheries
in Newfoundland waters, there are few defendable estimates (Lien et al. 1988;
DFO 2001). Substantial harbour porpoise catches are thought to have occurred
in the past since this area has traditionally supported large gillnet fisheries,
particularly for Atlantic cod. Previous information on cetacean incidental catch in
Newfoundland was summarized by Lien et al. (1988), and subsequently DFO
(2001); see Stenson (2003) for a review. Based on logbooks and interviews,
Lien estimated that the incidental catch of harbour porpoises was likely in the low
thousands during the 1980s and early 1990s (Bjgrge et al. 1994, DFO 2001).
However, these estimates were based upon reported catches by a limited
number of fishers, often in restricted areas of the province. Also, total fishing
effort in Newfoundland is very difficult to determine. Therefore, these previous
estimates of incidental catch in Newfoundland must be regarded with caution

(DFO 2001).

As in most areas of the northwest Atlantic, effort in the Newfoundland cod
fishery has been reduced significantly since the early 1990s. This fishery, which
accounted for the majority of harbour porpoises caught in this area (Lien et al.

1994, Read 1994, DFO 2001), was closed off the northeast coast of
Newfoundland in 1992, and along the south coast in 1993. Cod gillnet fisheries

have reopened since 1997, but at reduced levels. The fishery off the northeast

141



and west coasts of Newfoundland was closed again in 2003, but reopened in
2006. Incidental catches of porpoise were probably significantly reduced during
these moratoria (DFO 2001) and may continue to be less than prior to the
moratoria, although recent reports indicate that porpoises continued to be caught
despite reduced fishing effort since reopening of these fisheries in the late 1990s.
Evidence of similar reductions in incidental catch due to reductions in fishing
effort is available for the Bay of Fundy/Gulf of Maine population (Rossman and

Merrick 1999, Waring et al. 2001; Trippel and Shepherd 2004).

In general, there has been little effort to monitor marine mammal incidental
catch in fisheries in Newfoundland and Labrador. Data are available through a
fisher's logbook programme, combined with directed phone surveys and
interviews. Vessel-based independent observers have been recommended as
the best means to monitor incidental catch, but this system has not been
implemented widely in Newfoundland and Labrador, partly because much of the
local fishery is conducted using small vessels (<10 m; IWC 1994). Dedicated
fisheries observers are present aboard some larger fishing vessels (e.g. DFO’s
Fishery Observer Programme), but they provide limited coverage of the fleet, and
their primary duty is to document catch level of directed species rather than
identifying marine mammal incidental catch. Since 1989, DFO-NL's Marine
Mammal Section has maintained a network of dedicated fishers spread

throughout the province, who collect and report marine mammal incidental catch,
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as well as detailed fishing effort data. In addition, fishers involved with the
scientifically-managed Sentinel fishery for Atlantic cod were contacted, and

asked to retain and report small cetacean catches.

In 2001, additional effort was placed on optimizing data collection on small
cetacean catches by fishers participating in the logbook programme.
Subsequently, a review of all available data on fishing effort and catches of
harbour porpoise was initiated to improve the understanding of harbour porpoise

incidental catch in Newfoundland and Labrador.

The goal of this chapter is to estimate incidental catch of small cetaceans
in nearshore and offshore gillnet fisheries in Newfoundland and Labrador, for the
years 2001, 2002 and 2003. The fisheries for which incidental catch of small
cetaceans was estimated include the gillnet fisheries for Atlantic cod, lumpfish
(Cyclopterus lumpus), Atlantic herring (Clupea harengus), monkfish (Lophius
americanus), skates (Rajidae), white hake (Urophycis tenuis), Greenland halibut
(Reinhardtius hippoglossoides), redfish (Sebastes sp.), and winter flounder
(Pseudopleuronectes americanus). These fisheries were chosen based on
previous anecdotal reports of incidental catch from various sources in the fishery,
as well as their potential to generate incidental catch of small cetaceans due to
location or fishing season. Incidental catch estimates were calculated according

to the methodology described in Chapter 3. Based on these estimates, the
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relative importance of the different fisheries will be assessed in terms of the risk

of incidental catch to small cetaceans.

4.2 - Methods

Estimates of harbour porpoise incidental catch were made using incidental
catch rate multipliers derived from captured porpoises reported by Bycatch
Collectors, Sentinel fishers and Fishery Observers. The focus of this study was
on gillnet fisheries, since these were assumed to pose the greatest risk for
incidental entanglement of small cetaceans in the current Newfoundland fisheries
environment. Data were grouped geographically based on Northwest Atlantic
Fisheries Organization (NAFO) divisions of waters around Newfoundland (Figs.

1.3, 1.4).

Databases used to estimate incidental catch in this study included a catch-
effort database for vessels >35 ft long (10.7 m, hereafter quoted in feet), a fish
landings database for vessels <35 ft, a Fishery Observer database, a Sentinel
Fishery database (see Chapter 3), and Marine Mammal Bycatch Collector data
(see below). Together, these databases covered the vast majority of catches in

all types of gillnet fisheries currently active in the province.
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4.2.1 - Fishing Effort Data

Fishing effort datasets used to estimate incidental catch of small
cetaceans were described previously in Chapter 3. However, some additional
information was required to estimate total catches and net-days for offshore
fisheries conducted by the larger vessels (= 35 ft). Some vessels fishing off the
province’s south coast occasionally landed their catch in Nova Scotia, which
meant that information for those trips was not incorporated in the original catch-
effort database. These records were subsequently added from a separate
dataset that incorporated all catch data by Canadian vessels irrespective of its

origin (D. Kulka, DFO-NL, pers. comm.).

4.2.2 - Incidental Catch Data

Datasets used to estimate incidental catch of small cetaceans have been
described in Chapter 3. However, the coverage of offshore fisheries by Bycatch
Collectors was very limited, and the Sentinel dataset was restricted to nearshore
waters. The only available data on incidental catch of small cetaceans in
offshore fisheries were collected through DFO’s Fishery Observer Programme,
which is described below (D. Kulka, DFO-NL, pers. comm.). No Bycatch
Collector was active in the fishery for white hake during 2001-2003. Sentinel
fishers were not asked to report incidental capture in any other fishery than their

Sentinel gillnet fishery for cod, unless they were specifically recruited for that
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purpose to the Bycatch Collector Programme by DFO technicians, in which case
their Sentinel fishing data were treated separately from other commercial fishing
records. For logistical reasons, DFO technicians were unable to include fishers
targeting cod and lumpfish along the southeastern coast of Labrador (NAFO unit
2Jm) in the Bycatch Collector programme, and this region was therefore not

included in the present analysis.

4.2.2.1 - Fishery Observer Database

The Newfoundland and Labrador Fishery Observer Programme was
formerly run directly by the Department of Fisheries and Oceans, but is currently
contracted to SeaWatch Inc, a company based in St. John's, NL. The
observers’ main task was monitoring incidental catches of various fish species,
particularly those currently under moratorium, such as Atlantic cod, American
plaice (Hippoglossoides platessoides Fabricius), and redfish (Kulka et al. 2000).
In addition to providing information on marine mammal incidental catch it also
provided an independent estimate of fishing effort. Data from trips that included
a fisheries observer were compared to the records for the same trips in other
databases and used to correct for reporting errors. Observers recorded the
exact amounts of catch and discards, geographical location, depth, duration of
haul, number and length of nets. This database is biased towards certain
fisheries and vessel sizes, as over 80% of observing effort for gilinetting fisheries

currently takes place on vessels targeting deepwater species such as Greenland
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halibut and monkfish. Observers were placed on fishing vessels based primarily
on the volume and economic value of the target species catch, rather than
according to a scientific allocation scheme. Coverage was estimated based on
the percent of total landed catch that was observed in each directed fishery; time
spent fishing was not accounted for (J. Firth, DFO-NL, pers. comm.). Since the
fishing sector contributes 70% of the costs required to run the observer
programme (typically by means of a levy on sold catches; J. Firth, DFO-NL, pers.
comm.), the bulk of observer activity takes places on vessels fishing for
economically important species such as snow crab (Chionoecetes opilio
Fabricius) and northern shrimp (Pandalus sp.). In these fisheries, close to 100%
coverage of fishing effort may be achieved (J. Firth, DFO-NL, pers. comm.). In
practical terms, there is only limited opportunity for Fishery Observers to ‘board
the smallest vessels <35 ft long, and there is no protocol in place to ensure
randomized deployment of observers on these vessels (J. Firth, DFO-NL, pers.
comm.). There is presently no legal requirement to monitor fisheries in Canadian
waters for incidental catch of small cetaceans or other species, so the resuits
from this observer programme are potentially negatively biased (B. Wong, DFO,
pers. comm.). For this reason, the Fishery Observer database was only used
when no other datasets were available, such as in the offshore fisheries for cod,

monkfish and skates, white hake, redfish and Greenland halibut.
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4.2.3 - Deriving Estimates of Small Cetacean Incidental Catch

Small cetacean incidental catch events were recorded through the data
collection programmes described above. Rates of incidentally captured small
cetaceans per unit effort obtained from the Sentinel and Bycatch Collector
logbooks were extrapolated to the entire fishery based on data from the fish
landings database and groundfish logbook data (Table 4.3). The unit of effort

used in these calculations was the number of net-days (Chapter 3).

Nearshore gillnet fisheries catch/effort and incidental catch data were
organised based on time of year (divided into four quarters where relevant:
January-March, April-June, July-September, October-December), and area
(based on NAFO units). Nearshore fisheries around the island of Newfoundland
were defined as those fisheries occurring in NAFO units immediately adjacent to
land, while offshore fisheries occurred outside these waters. Nearshore fisheries
were geographically aggregated to correspond to the three coastlines
surrounding the island of Newfoundland (northeast coast: NAFO units
3KadhiLabfj; south coast: 3LqPnPsabc; and west coast 4Rabcd; Figure 1.4), and
analysed for all three coasts separately. Incidental catich estimation analyses
were performed at the geographic scale of coastlines, because it appeared
unlikely that porpoise either restricted themselves to a single NAFO unit or are
distributed uniformly around the island of Newfoundland (Johnston et al. 2005).

Also, management regimes for nearshore fisheries in the area are typically set up
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at this scale (Chapter 3). For logistical reasons, no data on bycatch of small

cetaceans could be collected in the nearshore fisheries for cod and lumpfish that

were conducted along the southeastern coast of Labrador (NAFO unit 2Jm), and

this region has been excluded from further analysis.

For offshore fisheries, the following geographic stratification scheme was

used (based on a combination of oceanographic and NAFO jurisdictional

boundaries; see Figs. 1.2, 1.3, 1.4):

0A/B (arctic waters in Baffin Bay and Davis Strait)

2GHJ3K (subarctic waters off Labrador and northeastern Newfoundland,
characterized by a relatively narrow continental shelf)

Northeast coast (identical to nearshore fisheries)

3LN (the eastern and northeastern part of the Grand Banks, influenced by
the Labrador Current)

3M (the Flemish Cap)

30Ps (the southern and southwestern part of the Grand Banks, influenced
by the north Atlantic Current)

South coast (identical to nearshore fisheries)

West coast (identical to nearshore fisheries)

This stratification scheme was only employed when dealing with Fishery

Observer data of offshore fisheries. This stratification scheme may not take into
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account variability at a smaller scale. However, it was felt that these larger areas
provide a reasonable preliminary assessment of these fisheries, where incidental
catches of small cetaceans have not been studied in detail (D. Kulka, DFO-NL,

pers. comm.).

In many cases, only landed catch was available as a measure of effort,
and it was necessary to estimate the number of net-days of effort per trip for
these fishers. These estimates were based on the relationship between landed
catch and net-day that were derived from the groundfish logbook database. For
each fishing trip, the ratio of kg landed catch per single net-day was calculated.
These ratios were averaged over the area and period in question, and the
resulting average (kg landed catch/net-day) ratio was then applied to the total
amount of landed catch to estimate the equivalent numbers of net-days. Data
from trips monitored by a Fishery Observer were compared to the records for the

same trips in other databases and used to correct for reporting errors, if any.

Small cetacean incidental catch rates were calculated using fishing trips of
individual fishers as sampling units (Chapter 3). The nearshore landings
database was organized based on trips, determined by sailing and landing dates.
For offshore fisheries, where trips could take several days, the database
organization was based on individual hauls that had to be aggregated into trips in

order to be used as comparable sampling units. When deriving a small cetacean
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incidental catch estimate, effort and incidental capture data from Marine Mammal
Bycatch Collectors (and Sentinel fishers, in the case of the Atlantic cod fishery)
were used to calculate an estimated incidental catch rate per net-day of effort.
The incidental catch rates for all trips were averaged to obtain the estimated
incidental catch rate for a particular time of year, in a particular area. These
estimated incidental catch rates were muitiplied by fishing effort data for the
entire fishery for that area and time of year to calculate a total small cetacean

incidental catch estimate (Chapter 3).

Sample sizes were often small, and the residuals in the various samples
were not distributed normally around the mean of each sample. The uncertainty
associated with estimates of incidental capture was derived using a resampling

procedure (Resampling Stats in MS Excel; Blank et al. 2001; Chapter 3).

4.2.4 - Age determination

Age determination in odontocetes typically involves sectioning individual
teeth to count Growth Layer Groups (GLGs) in the dentine and/or cementum.
GLGs consist of a single light and dark layer, which are likely caused by variation
in calcium phosphate deposition in response to fluctuating environmental
conditions (IWC 1980). Since odontocete teeth continue to grow throughout the
animals’ lives, GLGs have long been thought to represent a record of incremental

growth. Each GLG has been shown to equate to a single year of life in the vast
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majority of species where animals of known age have been examined (Hohn et
al. 1989; IWC 1980). In older animals, the total number of GLGs will represent
the animal’s minimum age, since the oldest layers at the tip of the tooth are

gradually worn away by handling food items and sediment.

Teeth were extracted for age determination purposes by DFO technicians
during necropsies of small cetaceans that were caught in fishing gear. Two teeth
of each animal were immersed in RDO®, a commercially available decalcifying
agent based on hydrochloric acid, for up to 36 hr. Subsequently, one decalcified
tooth was frozen to —20 °C, mounted and cut into 20 um-thick sections with a
Leica® cryostat, according to the protocol described by Lockyer (1995). Tooth
sections were cut in the longitudinal plane to obtain the broadest possible
section. Sections were stained using Ehrlich’s haematoxylin and aged using a
binocular dissecting microscope to count the total number of GLGs. Teeth were
independently aged at least twice by two experienced readers. Results from the
two readers generally varied between 1-2 years, and the second decalcified tooth
tooth was prepared in cases of a discrepancy of 22 years, or if further analysis

was required.
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4.3 - Results

4.3.1 - Incidental Capture Records of Small Cetaceans in 2001-2003

4.3.1.1 - Bycatch Collector Reports and Sentinel Programme Data

A total of 39, 64, and 35 reports of incidental catch of small cetaceans
were received through the Bycatch Collector and Sentinel programmes in 2001,
2002, and 2003, totalling 138 records (Table 4.4). Of these, 33, 44, and 31
specimens, respectively, were collected and identified by DFO technicians (108
specimens, or an average of 81%). All were harbour porpoises, and there was
no apparent deviation from a 50:50 sex ratio (53 females vs. 55 males). The
remainder of the bycaught small cetaceans (6, 20, and 4 specimens in 2001,
2002 and 2003, respectively) were not collected and therefore the fisher's
identification could not be independently verified. Several of these unidentified
small cetaceans were probably harbour porpoises, but others may have been
Atlantic white-sided dolphins (Lagenorhynchus acutus), whitebeaked dolphins (L.
albirostris) or common dolphins (Delphinus delphis). Misidentification of small
cetaceans by Bycatch Collectors and Sentinel fishers is possible, but educational
materials and discussions with DFO staff have helped to minimise this problem

(W. Penney, DFO-NL, pers. comm.).

Age was determined for 31, 37 and 31 harbour porpoises incidentally

captured in 2001, 2002 and 2003, respectively (Table 4.6). Age structure of
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incidentally caught harbour porpoise did not differ substantially between males
and females. In all three years, the majority of animals caught (both females and
males) were under 6 years of age (74%, 51%, and 61% respectively). On
average, neonates, calves and newly weaned juveniles (0-<2 years) made up
‘approximately 14 % of the sample. The present sample of animals may be of
slightly older average age than the sample used by Richardson et al.
(Richardson 1992; Richardson ef al. 2003), who reported a majority of animals
(55.9%) being under 4 years of age. The oldest animals were 13 years of age,
similar to results by Richardson et al. (2003), where the oldest animal was 12

years old.

An Atlantic white-sided dolphin was reported as caught in fishing gear in
2003 by a Fisheries Officer along the northwest coast of the island, in NAFO unit
4Ra (Fig. 1.4). In the same year, a white-beaked dolphin was reported stranded
dead by a fisher participating in the logbook programme; incidental catch is
thought to have been a factor in its death. These specimens were collected and
identified by DFO technicians, but have not been used for further analyses due to

the uncertainty associated with their origins.
Most of the reported bycatch events occurred in the nearshore cod gilinet

fishery (73% of cases in the Bycatch Collector and Sentinel programmes for all

years combined). The remainder of catches were reported by Bycatch Collectors
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in the nearshore fisheries for lumpfish roe (25 cases, or 18%), herring (six cases,
or 4%), and Greenland halibut (three cases, or 2%), as well as the offshore
fishery for monkfish and skate (three cases, or 2%). No catches were reported in
fisheries for redfish or winter flounder. Most of the recorded catches (103 out of
138) occurred in July and August, whereas 34 captures were recorded in the
second quarter, three took place in the fourth quarter, and none were reported in
the first quarter, when there is limited fishing activity. The majority of catches
involved single animals, although multiple captures of up to 4 animals (including
mother-calf pairs) were occasionally reported (nine times over three years).
There was considerable intra-annual variation in catch rates (number of small
cetaceans/net-day) among fishers within the same area, as well as variation in
catch rates from the same fishers in consecutive years. Most fishers did not
capture any small cetaceans during any given period, while some caught as
many as 8 animals per year. Multiple catches of small cetaceans were reported
from numerous areas around Newfoundland, including Fogo Island (NAFO unit
3Ki), in Conception Bay (NAFO unit 3Lf), St. Mary’s Bay (NAFO unit 3Lqg) and

Bay St. Georges (NAFO unit 4Rd; Figure 1.4).

4.3.1.2 - Fishery Observer Programme Data
A total of 10, 24 and 3 records of cetacean incidental catch events were
made available through the Fishery Observer Programme in 2001, 2002 and

2003 respectively (Table 4.4). Bycatches were associated with the offshore
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monkfish and skate fishery (N=25), the nearshore cod fishery (N=10), the
offshore white hake fishery (N=1) and the offshore Greenland halibut fishery
(N=1). The first records of incidental catch events in the fishery for monkfish and
skates occurred in 2001 (one report), and then increased dramatically in 2002
(21 reports), before dropping again in 2003 (three reports). In the nearshore cod
fishery, a total of eight records were reported in 2001, two events in 2002, and
none in 2003. There was a single report of small cetacean bycatch in the
offshore gillnet fishery for white hake, in 2002. All these reports referred to
various species of dolphins and porpoises. The incidental catch in the offshore
Greenland halibut fishery involved at least one long-finned pilot whale

(Globicephala melas), caught in 2001.

Observer coverage of nearshore fisheries was low; on average, 0.7% of
landed catch in the nearshore Atlantic cod fishery was observed during the
period 2001-2003 (Table 4.1). This coverage represents a smaller fraction of the
fishery (based on kg landed catch) than the combined Bycatch Collector and
Sentinel programmes. The only instance when Fishery Observer coverage was
greater than that of Bycatch Collector and Sentinel programmes was during the
first quarter, along the south coast. This might be caused by the fact that the
small-boat fishers, who make up the vast majority of the combined Bycatch

Collector and Sentinel datasets, may be less able to fish during the winter
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months due to inclement weather, whereas Fishery Observers typically work on
larger vessels that are not restricted in this way.

There is considerable uncertainty regarding the number of animals
involved in incidental capture events. Fishery Observers only reported the total
discarded weight of the small cetaceans for each individual capture event without
recording the number of animals, and this, combined with occasional uncertainty
in species identification, may have led to a biased estimate of the total numbers
of cetaceans caught incidentally in these fisheries. This study has attempted to
minimise this bias by assuming the lowest possible number of individuals
involved in any given incident (typically a single animal), by referencing total

catch weights with weights reported in the literature.

4.3.2 - Current Fishing Effort and Associated Incidental Catch

4.3.2.1 - Atlantic Cod

As of 2002, approximately 2,700 vessels landed catch as part of the
Atlantic cod fishery (Tables 4.1, 4.2). This included small-boat, nearshore
operations as well as larger vessels capable of going further offshore. Nets used
in this fishery typically have a 14 cm mesh size. In 2001 and 2002, most cod
fishing effort occurred along the south and west coasts of Newfoundland; there
was relatively little effort offshore. In 2003, the cod fisheries along the

east/northeast and west coasts of Newfoundland were closed for conservation
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purposes, limiting the directed cod fishery to the Sentinel fishers in those areas.
This reduced the total number of participants to 962, fishing mainly off the south
coast where a commercial fishery for cod continued on a limited basis (DFO
2004; Figs. 3.1, 4.1 and 4.3). Landings were highest in July-September (third
quarter) of each year, but considerable amounts were also landed in the fourth
quarter (Figs. 4.2 C-D, 4.3 C-D, 4.4 C-D). Observer coverage for this fishery was
relatively low — Observers recorded approximately 0.7% of nearshore landings,
and 5.9% of offhore landings.

There were no reports of any incidental catches in the offshore fishery for
cod off the south coast of Newfoundland. Therefore, incidental catch estimates
were calculated for the nearshore fishery only, and are presented for each
quarter of the year (Table 4.5). Based on recovered carcasses, all of these
animals were likely harbour porpoises. The average annual incidental catch
estimates were 688 animals (95 % C.l.: 102-1,715) in 2001, 1,296 animals (95%
C.l.: 365-2,632) in 2002, and 2,001 animals (95% C.l.: 295-4,678) in 2003. In
2001 and 2002, the majority of estimated catches (77% and 61% respectively)
occurred in July-September (third quarter) but in 2003, 73% of all estimated

catches occurred in April-June (second quarter).

4.3.2.2 - Lumpfish
The lumpfish fishery is a relatively small-scale fishery, mainly prosecuted

with small vessels in shallow nearshore waters on all coasts of the island. The
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number of participating vessels varied from 1,528 in 2001, to 811 in 2002, to
1,009 in 2003. Nets used in this fishery typically have a 25 cm mesh size. There
have been substantial fluctuations in landings in recent years (Tables 4.1, 4.2;
Fig. 4.5). The season for the lumpfish fishery is short when compared to other
species, with the majority of catches being landed in May and June. For this
reason, all landings in a given year were analysed together. Fishery Observer
coverage in this fishery was low;, Observers recorded approximately 1.4% of
nearshore landings (Table 4.1; Fig. 4.6).

Based on collected specimens, all of whom were harbour porpoise, it is
assumed that most bycaught small cetaceans in the nearshore lumpfish fishery
were of this species. In 2001, the total average incidental catch estimate for the
nearshore lumpfish fishery was 84 small cetaceans (95% C.I.: 2-240; Table 4.4).
Bycatch Collectors did not report any incidental catch of small cetaceans in 2002,
when poor catches were reported in the lumpfish fishery (Table 4.1). An
independently identified specimen collected by a fisher not affiliated with the
Bycatch Collector programme indicated that despite reduced fishing effort,
harbour porpoises were still captured in lumpfish nets in 2002. For 2003, the

average incidental catch estimate was 211 small cetaceans (95% C.1.: 20-499).

4.3.2.3 - Atlantic Herring
The nearshore gillnet fishery for Atlantic herring is practiced on a small

scale in various parts of the province. The greatest concentration of participants
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was along the west coast of the island, particularly in NAFO unit 4Ra (the Strait
of Belle Isle; Figs. 1.2, 1.4). Numbers of participating vessels varied from 207 in
2001, to 196 in 2002, to 97 in 2003. Total landed catches were variable during
this time (Tables 4.1, 4.2). Nets used in this fishery typically have a 6 cm mesh
size. Since western Atlantic herring reaches its northernmost distribution in
Newfoundland waters, catches often vary from year to year. There are several
clearly defined substocks of herring in these waters, each fished in either the
spring or the fall. For this reason, data were separated by quarter. There was
virtually no Fishery Observer coverage of this fishery (Tables 4.1, 4.2).

All incidental catch in this fishery occurred during July-September. Based
on collected specimens, all of whom were harbour porpoise, it is assumed that
the vast majority of bycaught small cetaceans in the nearshore herring fishery
were of this species. In 2001, the average incidental catch estimate for the
nearshore herring fishery was 89 small cetaceans (95% C.1.: 26-176; Table 4.5).
Bycatch Collectors did not report any incidental catch of small cetaceans in 2002.
In 2003, the total average incidental catch estimate for the nearshore herring

fishery was 10 small cetaceans (95% C.1.: 0-29).

4.3.1.4 - Monkfish and Skates
The monkfish and skate fishery has been prosecuted over the last decade
in offshore waters along the southern edge of the Grand Banks (NAFO Divisions

30 and 3Ps), primarily along the shelf edge between 100 and 1,000 m (DFO
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2000; Tables 4.1, 4.2; Figs. 1.2, 1.3). Only larger vessels (>35 ft) participated in
this fishery, using nets with a 30 cm mesh size. The number of participating
vessels increased over time, with 36 vessels in 2001, 58 in 2002, and 90 vessels
in 2003. Total landed catches of monkfish and skate have increased significantly
in recent years (Tables 4.1, 4.2; Fig. 4.10). Incidental catch estimates were
calculated for a single area (the continental shelf break in NAFO Divisions OPs).
All fishing effort was concentrated in one relatively short period during the
summer months; for this reason, all landings in any given year were analysed as
one set of data. Fishery Observer coverage in this fishery was relatively high,
with Observers recording approximately 36% of landings (Table 4.1; Fig. 4.11).
Various pelagic dolphins, as well as harbour porpoises, were reported as
catch in this fishery by Fishery Observers. For 2001, the average annual
incidental catch estimates for the offshore monkfish and skate fishery was found
to be one small cetacean (95% C.1.: 0-4), based on net-days (Table 4.5). By
2002, these estimates had increased to an annual average of 60 small cetaceans
(95% CI: 33-92), of which approximately 6 animals may have been harbour
porpoises, based on the fraction of animals identified as such by Fishery
Observers. In this season, 21 incidental capture events were reported, of which
two were identified as harbour porpoises, six as common dolphins, six as Atlantic
white-sided dolphins, and seven as unspecified dolphins or porpoises. This

would imply a harbour porpoise bycatch estimate of approximately 6 animals. In
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2003, annual rates of incidental catch had again declined to approximately 5

small cetaceans (95% CI: 0-12).

4.3.2.5 - White Hake

Most of the gilinet fishery for white hake occurs in offshore waters along
the southern edge of the Grand Banks (NAFO Divisions 30, 3Ps), where the
species reaches its northernmost distribution (DFO 2002; Figs. 1.2, 1.4). Only
larger vessels (>35 ft) participated in this fishery, although small catches were
also made inshore locally by some small-boat fishers. Nets used in this fishery
typically have a 14 cm mesh size. The number of participating vessels
decreased from 38 vessels in 2001, to 24 in 2002, and 22 in 2003. Total landed
catches have been variable during this time (Tables 4.1, 4.2; Fig. 4.12). All
fishing effort was concentrated in one relatively short period during the summer
months; for this reason, all landings in any given year of the offshore component
of this fishery (the continental shelf break in NAFO Divisions OPs) were analysed
as one set of data. No reports of incidental catch events were available for the
nearshore component of this fishery. Fishery Observers recorded approximately
14% of landings (Table 4.1; Fig. 4.13).

For 2001 and 2003, no incidental catch events were reported. in 2002,
the total average incidental catch estimates was 29 porpoises (not resampled;
Table 4.5). This was based on one incidental catch event of harbour porpoises

(Table 4.4).
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4.3.2.6 - Greenland Halibut

The Greenland halibut fishery is conducted mainly in offshore waters
along the edge of the Newfoundland and Labrador continental shelf between 600
and 1,400 m, with concentrations in NAFO Divisions 0B, 2J3KL, and 30 (Figs.
1.2, 1.3, 1.4). Alimited nearshore fishery also takes place wherever deep waters
occur close to shore, such as in NAFO units 3Ki, 3Lb, 3Psb and particularly 4Rb
(Fig. 1.4). Vessels fishing offshore were all large (235 ft), but in the nearshore
areas, smaller vessels also participated; nets typically have a 15 cm mesh size.
The number of vessels ac in this fishery has fluctuated, from 317 in 2001, to 178
in 2002, and 183 in 2003. Total landed catches of Greenland halibut have
declined in recent years (Tables 4.1, 4.2; Figs. 4.14, 4.16 and 4.18). Incidental
catch estimates were calculated for each quarter of the year. Most fishing effort
occurred in the summer months, during the second and third quarter. Fishery
Observers recorded approximately 1.5% of nearshore landings, and
approximately 4.4% of offshore landings (Table 4.1; Figs. 4.15, 4.17 and 4.19).

All incidental catch occurred in the second and third quarter of the year,
and all reported small cetaceans were harbour porpoise. It is therefore assumed
that most small cetaceans caught incidentally in this fishery were harbour
porpoises. For 2001 and 2003, no incidental catch was reported in the
nearshore fishery. In 2002, the total average incidental catch estimate was 29

small cetaceans (95% C.I. 0-78; Table 4.5). No small cetaceans were reported
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in the offshore fishery, apart from a single long-finned pilot whale that was

reported caught in waters of NAFO Division 3L by a Fishery Observer in 2001.

4.3.1.7 - Redfish

The redfish gillnet fishery in Newfoundland and Labrador waters is
concentrated in nearshore waters along the southwestern Grand Banks and the
Laurentian channel, as well as in the Gulf of St. Lawrence (Figs. 1.2, 1.3, 1.4).
Sets occurred at a depth of several hundred meters, along the shelf edge, and
nets typically had a 14 cm mesh size. A total of 138 vessels were active in this
fishery in 2001, 93 vessels in 2002, and 86 in 2003. Landings have remained
relatively stable in recent years (Table 1; Fig. 4.20). Nearly all vessels involved
in this fishery were smaller than 35 ft. Most catches were landed during the third
quarter of the year. Observer coverage in this fishery was limited, with
Observers recording approximately 1.5% of nearshore landings (Table 4.1, Fig.
4.21). No incidental catch of small cetaceans was recorded in this fishery

between 2001-2003.

4.3.1.8 - Winter Flounder

The gillnet fishery for winter flounder in Newfoundland and Labrador is
conducted almost exclusively in nearshore waters, particularly along the

northeast and south coasts. 227 Vessels participated in this fishery in 2001, 178
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in 2002, and 261 in 2003. Landings of winter flounder have decreased in recent
years (Table 1; Fig. 4.22). Most catches were landed in the third quarter. The
vast majority of vessels were smaller than 35 ft, and nets typically had a mesh
size between 16.5cm and 20.5 cm. Observer coverage in this fishery was
limited, with Observers recording approximately 0.5% of nearshore landings
(Table 4.1; Fig. 4.23). No incidental catch of small cetaceans was recorded in

this fishery between 2001-2003.

4.4 - Discussion

4.4.1 - Estimated Small Cetacean Incidental Catch In 2001-2003

Based on data presented here, annual mean incidental catch estimates of
small cetaceans, the majority of whom are likely harbour porpoises, in
Newfoundland fisheries were approximately 1,516 animals per year, with the vast
majority of these occurring in nearshore fisheries around the island of
Newfoundland. By comparison, the last incidental catch estimate for harbour
porpoises was 2,242 porpoises in all of Newfoundland a decade earlier (DFO
2001; Lien 2001). The confidence limits around the present estimates are large,
so it is difficult to determine if these estimates represent a decline or increase in
porpoise incidental catch since the onset of the moratoria. The wide confidence
intervals are indicative of the variability associated with incidental catches of

small cetaceans. Such events occur only during a minority of fishing trips, and
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this results in a resampling of a dataset composed primarily of zeroes with a few
catch rates greater than zero, determined by the amount of net-day effort and
number of animals involved. While the number of nets that fishers can use is
limited by their license conditions, the soak time can vary considerably due to
weather conditions and other logistical factors, leading to a wide range of
incidental catch rates (expressed as number of small cetaceans per net-day).
This accounts for the wide confidence intervals observed in various incidental
catch estimates. Further complicating such comparisons is the fact that Fishery
Observer coverage rates are very low or non-existent for fisheries which have the
potential to be sources of incidental catch mortality for harbour porpoises, such

as the nearshore lumpfish or herring fisheries.

There may be several reasons why there is such variation in incidental
catch reported among fishers, with some fishers having larger harbour porpoise
catches than others. Perhaps some fishers are operating in harbour porpoise
“hotspots” where there is an overlap of harbour porpoise and their prey, or simply
areas of higher harbour porpoise density. When the number of net-days required
to land a certain weight of cod by those fishers that reported small cetacean
incidental catch were compared with those that did not, it was found that there
was no greater effort required to land cod when small cetaceans were also
caught (Lawson et al. 2004; Fig. 4.24). This suggests that the larger catches of

small cetaceans by these fishers may not be simply due to these cetaceans
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chasing the same prey as the cod, in the same area. There were not enough
data in this study to provide strong evidence of “hotspots” around the island of
Newfoundland, although there is a suggestion of this for the Fogo Island area
(NAFO unit 3Ki), Conception Bay (NAFO unit 3Lf), St. Mary’s Bay (NAFO unit
3Lq), Placentia Bay (NAFO unit 3Psc), and the Strait of Belle Isle (NAFO unit
4Ra), based on the repeated occurrence of captured porpoises in these areas
(Fig. 1.4). i such data were available, it might assist in interpreting these results
if one could stratify the study area according to harbour porpoise density. In this
way, the possible relationship between porpoise abundance and incidental catch
rates, as well as the potential influence of other factors such as prey abundance
and distribution, could be further explored. Harbour porpoises are known to use
oceanographic features such as fronts and island wakes while foraging, and a
detailed analysis of where these features co-occur with gillnet fisheries, taking
into account the geographical location of incidental catch reports, might allow the
identification of harbour porpoise *high-risk zones’ in Newfoundland and Labrador

(Johnston et al. 2005).

The distribution of catch reports appears to confirm the suggestion that
harbour porpoise are present seasonally in waters around the island of
Newfoundland (Fig. 4.25). Porpoises are captured from May-October, initially in
the lumpfish fishery, and subsequently also in other fisheries such as the cod

fishery. Frequency of catches appeared to change from coast to coast: there
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were no catch reports available from the south coast after August despite
continued fishing activity, but catches were reported along both the northeast and
west coasts of the island through September and into October. It is possible that
harbour porpoises along the south coast of Newfoundland are more migratory
than porpoises along the other coasts, and leave for presumed wintering grounds
off the eastern coast of the United States at an earlier date. Alternatively,
porpoises could move into nearshore waters along the south coast during early
summer, and then move northward on both sides of Newfoundland as the
season progresses, possibly in search of food. Further research is required to
determine how harbour porpoises use the nearshore environment around

Newfoundland throughout the year.

It is presently unknown how the fisheries for monkfish, skates and white
hake capture pelagic dolphins, since these species are not generally considered
to be benthic foragers. Dolphins may be attracted to sounds of gillnets being set
and hauled, as well as to bright lights when fishing at night, potentially leading to
entanglement as the gear is being deployed or hauled in (Tregenza et al. 1997).
Further research is required to test this hypothesis. It is also unclear why the
incidental catch estimates in the monkfish fishery are so variable. There is no
evidence for a redistribution of fishing effort over this period. Possible reasons
might include an influx of pelagic dolphins in response to temporarily favourable

conditions in 2002, or increased focus among some observers on documenting
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small cetacean incidental catch. Both common and Atlantic white-sided dolphins
are known to range widely over large areas, and their occurrence is strongly
linked to patchily-distributed pelagic food resources (National Audubon Society
2002; NMFS 2005a, 2005b). Stochastic fluctuations in prey availability may have
lead to a periodically higher abundance of these species in areas targeted by the

monkfish and skate fishery in 2002.

4.4.2 - Potential Difficulties with Fishery Observer Data

Several difficulties were noted when using data from the Newfoundland
and Labrador Fishery Observer programme to estimate incidental catch of small
cetaceans. Coverage is limited or absent in several nearshore fisheries, largely
due to lack of financial resources for the Observer programme. The Fishery
Observer programme is set up to adequately sample levels of incidental catch of
fish species, but these coverage levels are insufficient to reliably record catch of
relatively rare species such as harbour porpoise. This requires a high level of
observer coverage that can only be achieved through considerable investment in
manpower (Babcock et al. 2003). Bycatch Collector data may be used to
describe incidental catch in these fisheries, but that database also suffers from
lack of coverage in some fisheries that may capture seabirds (e.g. nearshore
gilinet fishery for Atlantic herring). An expansion of the Bycatch Collector

programme to include more fishers active in these fisheries is desirable.
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Although Observers record incidental catches of marine mammals and
other species of large marine vertebrates, this is not their core activity, and the
data collected in this manner may be biased in various ways. Observers receive
intensive, DFO-administered training in identification of fish species, in line with
their core responsibilities of identifying incidental catch of species under
moratorium, but are also trained in identifying marine mammals and other
species by representatives of the Marine Mammal Section (DFO-NL). However,
it is possible that not all Observers receive sufficient training to correctly identify
incidentally caught marine mammals down to species level. This is problematic
with regard to identification of small cetaceans such as dolphins and harbour
porpoise, which may look similar to the untrained observer. Because incidental
catch of marine mammals remains a relatively rare event, there may be little
opportunity for observers to become familiar with these species. Possibly as a
result of this, several Observer records are of “Unidentified dolphin” or “Porpoises
(Phocoenidae)”. Some observers may be diligent in reporting additional species,
while others may be less inclined to do so. Also, Observer records of incidental
catch events of comparatively rare species such as small cetaceans are typically
not checked for accuracy once their reports have been sent in. In such a
situation, cases of misidentification may go unnoticed (D. Kulka, DFO-NL, pers.
comm.). This problem appears to be caused by a lack of resources at the level
of the Observer Programme. Mechanisms to independently assess the reliability

and validity of identifications are urgently required. In addition, having Observers
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record the estimated number of individuals involved would enhance the utility of

the Fishery Observer data for monitoring incidental catch of small cetaceans.

4.5 - Conclusions

The current best average estimate of incidental catch of small cetaceans
in nearshore gillnet fisheries in Newfoundland waters is approximately 1,516
animals per year, based on analysis of three years of data on various nearshore
and offshore gillnet fisheries between 2001 and 2003, although confidence
itnervals are considerable. Most of these animals are thought to be harbour
porpoise, based on recovered identified specimens. The nearshore fishery for
Atlantic cod appears to be the major source of incidental mortality, despite
reductions in fishing effort since widespread fisheries closures in the early 1990s.
Smaller numbers of harbour porpoises were reported as incidental catch in other
nearshore gilinet fisheries. Catches of several species of small cetaceans,
including harbour porpoises, have been reported in offshore fisheries for
monkfish, skates and white hake. Average annual incidental catch estimates for
these fisheries range in the low to high tens of small cetaceans, although
interannual variability is large. The available data did not permit the identification
of areas where incidental catch is more prevalent. Conclusions on the
sustainability of this incidental mortality in the longer term will require increased
understanding of harbour porpoise abundance and population structure in

Newfoundland and Labrador.
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CHAPTER 5 - INCIDENTAL CATCH ESTIMATES OF
SEALS IN NEWFOUNDLAND AND LABRADOR

GILLNET FISHERIES, 2001-2003

5.1 - Introduction

5.1.1 - An Overview of Pinniped Incidental Catch in Fisheries

Incidental catch of pinnipeds in fishing gear is thought to cause
considerable incidental mortality in some areas, and has led to declines or local
extinctions of some species (Wickens 1995). Each year, hundreds of thousands
of pinnipeds worldwide become entangled in gillnets, get hooked on longlines, or
caught in trawls (Christensen and Lear 1977; Lien ef al. 1987; Woodley and
Lavigne 1991; Harcourt et al. 1994; Pemberton et al. 1994; Wickens 1995;
Berrow et al. 1998; Morizur et al. 1999; Manly et al. 2002; Carretta et al. 2004;
Tudela 2004, Read et al. 2006). Pinnipeds display life history traits characteristic
of large-bodied predators, in that they are long-lived, take several years to
mature, and produce a single young per year. These traits make pinniped
populations vulnerable to anthropogenic mortality, such as entanglement in
fishing gear, which may lead to rapid declines in population size (Wickens 1995;
Lewison et al. 2004). Pinnipeds are also impacted by other anthropogenic

stressors, such as direct hunting, pollution, disturbance of haul-out sites, and
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climate change, which may negatively affect their populations (DFO 2000, 2003;
Bowering and Atkinson 2003; Waring et al. 2003; Kakuschke et al. 2005; Shaw et
al. 2005). Incidental catch of pinnipeds in fishing gear is a potential conservation
concern. Consistent monitoring of incidental catch of seals can help assess the
impacts of this mortality, but is often difficult to achieve. Many observer
programmes focus on catches of commercially valuable fish species, and
observers may not have the time, training, or inclination to report incidental
catches of seals. Despite these problems, observer data can be used to
generate minimum estimates of incidental catches for these species (Wickens

1995).

In this chapter, incidental catch estimates of seals in Newfoundland and
Labrador gillnet fisheries will be calculated, based on the methodology outlined in
Chapters 3 and 4. Possible sources of variation among these incidental catch
estimates will also be discussed. The mortality estimates can be put in the
context of the population estimates of each species, where available, to
determine the possible effect of these catches on the populations of the different
seal species. If no population estimates are available, the context will be

provided qualitatively.
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5.1.2 - Pinnipeds of Newfoundland and Labrador

Coastal waters of the island of Newfoundland are seasonally frequented
by six species of pinnipeds, all of which are phocid seals (Bowering and Atkinson
2003). These include harp seals (Pagophilus groenlandicus Erxleben) and
hooded seals (Crystophora cristata Erxleben), both of which breed on sea ice in
offshore Newfoundland waters and range widely around the island; harbour seals
(Phoca vitulina concolor L.) and grey seals (Halichoerus grypus Fabricius), which
occur locally around the island, particularly along the southern and western
coasts; and ringed seals (Pusa hispida Schreber) and bearded seals (Erignathus
barbatus Erxleben), which are relatively uncommon winter visitors to the northern
tip of the island and the coasts of Labrador. Historically, the Atlantic walrus
(Odobenus rosmarus rosmarus L.) occurred in Atlantic Canadian waters, but was
extirpated through hunting; it is now only rarely recorded as a vagrant (Kingsley

1998; Dyke et al. 1999).

Harp seals are by far the most abundant species of seal in most areas of
the province, with a current estimated population of 5.9 million seals (DFO 2005).
During the breeding season in March-April, the species congregates in several
localized patches on sea ice in the Gulf of St. Lawrence and off the northwest
coast of Newfoundland, where breeding and molting take place. Subsequently,
seals disperse from the patches in a generally northward migration toward

Greenland and Arctic Canadian waters (Lavigne and Kovacs 1988; Sergeant
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1991). Seals leaving the Gulf of St. Lawrence may follow the southern coast of
Newfoundland toward the Grand Banks, or exit through the Strait of Belle Isle in
the north (Fig. 1.2). These movements may bring large groups of seals close to
shore. Little is known about harp seal distribution in the open ocean, although
use of satellite dataloggers in recent years has begun to clarify this issue (G.

Stenson, DFO-NL, unpublished data).

Hooded seals are distributed in similar areas as harp seals in
Newfoundland and Labrador waters, although they are not as abundant and
typically do not come close to shore (National Audubon Society 2002). Based on
survey effort in 1990-1991, the total abundance at the time was estimated at
450,000-470,000 animals (DFO 2003). Current abundance is unknown, although
a survey was conducted in 2005 (G. Stenson, DFO-NL, pers. comm.). Little
information on hooded seal distribution at sea is available, but seals are thought
to disperse offshore along the continental shelf edge in Canadian, Greenland and

Icelandic waters (Bowering and Atkinson 2003).

Harbour seals occur locally in nearshore waters throughout most of the
province (Sjare et al. 2005). Little is known about the distribution of this species
in Newfoundland and Labrador waters due to lack of widespread survey effort,
and no current reliable abundance estimates are available. There are thought to

be several thousand harbour seals in Newfoundland waters, based on historical
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data (Hammill and Stenson 2000). in addition, preliminary survey data collected
in 2001-2003 revealed that harbour seals continue to frequent several well-
known haulout sites, and that their abundance at these sites has increased or at
least remained stable since the last major study of harbour seals in

Newfoundland in 1979 (Boulva and McLaren 1979; Sjare et al. 2005).

Little is known about the distribution or abundance of grey seals in
Newfoundland waters, primarily due to lack of survey effort. Grey seals do not
appear to breed in large numbers in Newfoundland, but significant colonies exist
south of the province on Sable Island, N.S., and in the Gulf of St. Lawrence
(Hammill et al. 1998; Robillard et al. 2005), and grey seals summer on the
French island of Micquelon, just off the south coast of Newfoundland (Hammill
2005). In Atlantic Canada, the total estimated abundance of grey seals in 2004
was greater than 250,000, up from 195,000 in 1997 (DFO 2003; Hammill 2005;
Trzcinsky et al. 2005). Some grey seals haul out in areas that are also
frequented by harbour seals, potentially complicating abundance assessments

(Sjare et al. 2005).

Ringed seals and bearded seals are uncommon winter visitors to coastal
waters of northern Newfoundland (Gosselin and Boily 1994; Cleator 1996;
Reeves 1998). No abundance estimates for these species are currently

available for the area, although ringed seals are considered to be more abundant
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than bearded seals (Bowering and Atkinson 2003). In Newfoundland waters,
numbers of these species are variable, which is considered to be due to their

close association with sea ice, which varies from year to year.

Incidental catch of seals in fishing gear has occurred for many years in
Newfoundiand and Labrador, and anecdotal evidence suggests that catch rates
can be high (Lien et al. 1989). However, only limited effort has been put into
assessing this incidental catch, and there are few reliable estimates (Piatt and
Nettleship 1987; Walsh et al. 2000). Seals have been reported caught in various
types of fishing gear such as trawls, longlines and crab pots, but most appear to
be caught in gillnets (DFO Fishery Observer data; Walsh et al. 2000). The
nearshore fisheries for Atlantic cod (Gadus morhua) and lumpfish (Cyclopterus
lumpus) appear to account for the majority of incidental catch records. Piatt and
Nettleship (1987) recorded incidental catch of seals in nearshore gillnet fisheries
during the 1981-84 fishing seasons near seabird colonies, as part of an
investigation into incidental catch of seabirds (see also Chapter 6). They
reported an average annual catch of 746 harp seals, 29 harbour seals, and very
small numbers (<10) of hooded seals. At the time, most seals were reported
caught in the nearshore cod fishery. In 1992, significant declines in cod stocks
forced the closure of most fisheries targeting cod and other associated fish
species, leading to a substantial reduction in overall fishing effort and the

removal of large numbers of nets. The subsequent reduction in numbers of cod
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gillnets is thought to have led to a decrease in the numbers of seals captured.
However, high levels of fishing effort in the lumpfish fishery are responsible for
most incidental catches of seals (Walsh et al. 2000). Catch estimates in this
fishery over the last 35 years have been variable, with estimated total catches of
as many as 45,000 harp seals in 1994. In recent years, catches have declined to
several thousand seals per year in this fishery (Sjare ef al. 2005). No other
current information is available on incidental catch of other seal species in

Newfoundland and Labrador.

5.2 - Methods

Fisheries and methodologies used to estimate incidental catch were
described in detail in Chapters 1, 3 and 4. Incidental catch estimation analyses
were performed using trips per fisher as sampling units, using net-days as
measure of effort, at the geographic scale of coastlines, because it is unlikely that
seals either restrict themselves to a single NAFO unit or are distributed uniformly
around the island of Newfoundland. Only limited Fishery Observer data were

available for NAFO Division 4R.

5.2.1 - Identification of Seals
Some uncertainty exists with regard to the correct identification of some

seals by fishers. This problem is particularly acute for harbour seals and to a far
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lesser extent for ringed seals, which may resemble juvenile harp seals (known
locally as “beaters” or “spotted harps”) that also have spotted coats. However, it
is assumed that Newfoundland fishers are at least somewhat familiar with the
various seal species, due to the fact that some species of seals are more likely to
come ashore to rest and breed, which increases their visibility; the annual harp
seal hunt, in which many fishers also participate; and the potential for
depredation by seals on fish in fishing gear. In addition, all fishers participating in
the Bycatch Collection programme were presented with various identification
materials during interviews, which, it was hoped, improved their ability to
correctly identify different seal species. In the present analysis, all “unknown”
seals were considered harp seals, because of the seasonal abundance of this
species in many parts of the province during times of greatest gillnet fishing
effort. Nevertheless, this may have resulted in an overestimation of the
incidental catches of harp seals and a complementary, negative bias in the

incidental catch estimates of harbour and ringed seals.

5.3 - Results

5.3.1 - The Nearshore and Offshore Cod Fishery
Bycatch Collectors reported 37, 29 and 6 seals caught in gillnets fishing

for cod nearshore during 2001, 2002 and 2003, respectively (Table 5.1). Most
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(44, or approximately 61%) were identified as harp seals by fishers, while an
additional 22 (31%) were not identified; many of these were likely also harp
seals. There was no clear indication of segregation according to age category
among recorded harp seals. Most of these seals (10, 29 and 6, respectively)
were caught along the south coast, although 14 were caught in the 4™ quarter of
2001 along the northeast coast. Catches in 2003 were lower than earlier years
due to widespread fisheries closures along the northeast and west coasts
(Chapter 1). Incidental catch estimates varied from 3,234 (no 95% C.1. available)
in 2001, to 1,218 (95% C.1.: 345-2,279) in 2002, to 364 (95% C.1.: 0-1,002) in
2003, leading to a total catch estimate of 4,815 harp seals (no overall 95% C.1.
available) in the nearshore cod gillnet fishery around the island of Newfoundland

during 2001-2003 (Table 5.3).

Harbour seals and hooded seals were also reported in the nearshore cod
fishery (4 and 2 individuals, respectively, all in 2001). Approximately 90 hooded
seals (95% C.I.: 0-273) and 115 harbour seals (95% C.I.: 0-319) were estimated
to have been captured in this fishery during 2001 (Table 5.3). There were no

records of these species from other years.

Fishery Observers recorded 5, 8 and 1 captures of seals in this fishery
during 2001, 2002 and 2003, respectively, including 7 harp seals, 1 harbour seal

and 6 unknown seals, which were assumed to be harp seals (Table 5.2). All 13
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nearshore incidental catch records originated from the south and west coasts,
and most (12) were caught during the first and fourth quarter. Harp seal
incidental catch estimates varied from 448 (95% C.I.: 0-1,121) in 2001, to 425
(95% C.1.: 120-837) in 2002, to 43 (95% C.1.: 0-134) in 2003. Also, 143 harbour
seals (95% C.1.: 0-445) were captured in 2001 (Table 5.4). In the offshore 30Ps
cod gillnet fishery, a single harp seal was captured in 2002, leading to an
estimate of 55 harp seals (95% C.l.: 0-169; Table 5.4). No records were

available for 2001 or 2003.

5.3.2 - The Nearshore Lumpfish Fishery

The lumpfish fishery has been known to regularly catch large numbers of
harp seals (Walsh et al. 2000). The main reason for this is the timing of the
fishery, which takes place from late April to June, during the main northward

migration of the harp seals away from the breeding and molting patches.

Bycatch Collectors reported a total of 522, 130 and 115 harp seals in
lumpfish gilinets in nearshore waters in 2001, 2002 and 2003, respectively (Table
5.1). These seals represented approximately 94% of all seals reported (552, 141
and 121 reports). Approximately 80% of identified harp seals were juveniles, in
line with previous reports (Walsh et al. 2000). An estimated 23,379 (95% C.I.:
14,983-33,078) seals were caught in 2001, 9,342 (no confidence interval

available) in 2002, and 9,321 (95% C.l.: 2,226-19,294) in 2003, leading to a total
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estimate of 42,042 harp seals caught during 2001-2003 (no overall confidence
interval available; Table 5.3). Harp seals were captured around the entire island,
however a particularly large number of seals were captured along the west coast
in 2001 (393 seals, or 75% of that year’s reports). Bycatch Collectors frequently

reported catching >10 seals per trip in this year.

Bycatch Collectors also reported other species of seals in lumpfish
gillnets, including harbour seals (4 and 1 individuals in 2001 and 2002, or a total
of <1%), grey seals (4 individuals in 2001, or <1%), hooded seals (9 and 1
individuals in 2001 and 2002, or 1%), ringed seals (5, 7 and 6 individuals, or 2%)
and bearded seals (6 and 2 individuals in 2001 and 2002, or 1%; Table 5.1).
Incidental catch estimates for harbour seals varied from 622 (95% C.1.: 0-1,696)
in 2001, to 8 (95% C.1.: 0-24) in 2002, to zero in 2003. The vast majority of these
catches occurred along the south coast. An estimated 273 grey seals (95% C.1.:
0-794) were caught in 2001 along the south coast. Hooded seals were captured
along south and west coasts in 2001 (322 seals 95% C.I.: 15-887), and along the
northeast coast in 2002 (424 seals, 95% C.l.: 0-1,283). Ringed seals were
caught almost exclusively along the northenmost part of the northeast coast,
leading to a total estimate of 430 (95% C.lI.: 79-859) in 2001, 336 (95% C.1.: 78-
672) in 2002, and 1,077 (95% C.1.: 126-2,531) in 2003. Bearded seals displayed

a similar distribution in the northernmost parts of the northeast and west coasts,
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with catch estimates of 190 (95% C.1.: 0-516) in 2001 and 13 (95% C.1.: 0-33) in

2002 (Table 5.3).

According to Fishery Observer data for the same fishery, harp seals were
caught in all years (1, 3 and 6 in 2001, 2002 and 2003, respectively; Table 5.2),
leading to an estimated total of 119 (95% C.1.: 0-378), 250 (95% C.l.: 0-500) and
182 (95% C.I.: 61-337) harp seals caught in 2001, 2002 and 2003 (Table 5.4).
Harbour seals were captured in 2001 and 2003 (7 and 2 specimens,
respectively), leading to catch estimates of 629 (95% C.1.: 181-1,088) seals in
2001 and 61 (95% C.1.: 0-153) seals in 2003. Hooded seals were only captured
in 2002 (3 specimens), leading to an estimated catch of 249 hooded seals (95%
C.l.: 0-500) for that year. A single grey seal was captured in 2003, leading to an

estimated catch of 32 grey seals (95% C.I.: 0-92) caught in that year (Table 5.4).

5.3.3 - The Nearshore Herring Fishery

Bycatch Collectors reported 2 harp seals and 6 hooded seals caught in
2001, leading to an incidental catch estimate of 168 harp seals and 713 hooded
seals in 2001 (no 95% C.l. available for either species). No seals were reported

as incidental catch during 2002 and 2003 (Table 5.1, 5.3).
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5.3.4 - The Offshore Monkfish and Skate Fishery

Fishery Observers recorded small numbers of harp seals, harbour seals
and grey seals in this fishery (Table 5.2). Based on these numbers, the monkfish
and skate fishery captured an estimated 18 (95% C.l.: 4-35) harp seals in 2001,
23 (95% C.1.: 3-48) harp seals in 2002, and 10 (95% C.I.: 1-21) in 2003. Three
grey seals (95% C.I.: 0-10), and three harbour seals (95% C.l.: 0-9) were

captured in 2002 (Table 5.4).

5.3.5 - The Offshore White Hake Fishery

No seals were reported as incidental catch in the gillnet fishery for white

hake in the period 2001-2003.

5.3.6 - The Nearshore and Offshore Greenland Halibut Fishery

Five harp seals were reported by a single Bycatch Collector as incidental
catch in the nearshore Greenland halibut fishery along the south coast in 2001.
This equates to 58 harp seals captured in this area during 2001 (no 95%
confidence limit available; Table 5.1, 5.3). No seals were reported caught by
Bycatch Collectors in nearshore areas in 2002 or 2003.

Fishery Observers reported a single harp seal captured in the offshore

Greenland halibut fishery in 2002. The event occurred in April 2002 near the
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southern Grand Banks (NAFO Division 30), and indicates that approximately two

harp seals (95% C.1.: 0-6) were captured in that area in 2002 (Tables 5.2, 5.4).

5.3.7 - The Nearshore and Offshore Redfish Fishery

No seals were reported as incidental catch in the gillnet fishery for redfish

during 2001-2003.

5.3.8 - The Nearshore Winter Flounder Fishery

No seals were reported in 2001. In 2002, 4 seals were reported by
Bycatch Collectors, of which 2 were harp seals, 1 was a ringed seal, and 1 an
unidentified seal (presumed to be a harp seal). This equates to an estimated
catch of 40 harp seals (95% C.1.. 0-86) and 11 ringed seals (95% C.I.: 0-34) in
2002 (Table 5.1, 5.3). All seals were captured along the northeast coast, and
most were caught in the third quarter. In 2003, 2 harp seals were reported along
the northeast coast by Bycatch Collectors. This represents an estimated
incidental catch of 32 harp seals (95% C.1.: 0-79) in 2003 (Table 5.4). No seals

were reproted by Fishery Observers.

5.4 - Discussion

The distribution of reports of incidental catches of seals generally reflects

present knowledge about the distribution of these species. Hooded seals were
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only caught in the nearshore lumpfish fishery and in the cod fishery during the
beginning of the season, reflecting their restricted seasonal presence in
Newfoundland waters. Harp seals were reported in numerous different fisheries,
but the vast majority of reports originated from the nearshore lumpfish fishery.
However, several Fishery Observers reported harp seals caught in offshore
fisheries along the southwestern Grand Banks during June and early July,
indicating that some harp seals, at least, may seek out this area to forage while
migrating out of the Gulf of St. Lawrence. This has also been reported by
Stenson and Sjare (1997) using satellite telemetry. Harbour and grey seals were
occasionally reported as incidental catch from both nearshore and offshore
fisheries. No catches of ringed or bearded seals were reported by Fishery
Observers, but Bycatch Collectors reported these species in lumpfish and winter
flounder nets along the northeast and northwest coasts during spring and early

summer, in areas where sea ice was seasonally present.

Stocks of harp, hooded, grey and harbour seals in Atlantic Canada have
been targeted by a commercial hunt, as well as historically by organized culls, for
decades or centuries (Bowering and Atkinson 2003; DFO 2003). Despite this
often-substantial direct anthropogenic mortality, all of the stocks that have been
studied appear to be either increasing or remaining stable (DFO 2000, 2003;
Hammill and Stenson 2003; Hammill 2005; Sjare et al. 2005; Trzcinsky et al.

2005). Incidental catch of seals in gillnets does not appear to be a significant
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additional source of mortality based on present knowledge, although the status of
harbour, ringed and bearded seals is largely unknown and requires further
research. The incidental catch estimates reported here represent the first recent
estimates for hooded, harbour, grey, bearded and ringed seals in Newfoundiand
and Labrador gillnet fisheries. Such data are important to determine trends in

incidental catch that may prompt management decisions.

5.4.1 — Impact of Incidental Catch on Seal Stocks

Based on Bycatch Collector data, 51,786 seals of different species (overall
95% C.1. not available) were estimated to have been caught in various fisheries
in Newfoundland waters during 2001-2003. Fishery Observers reported 2,695
seals during this period (95%C.I.: 250-5,883). The discrepancy between the two
estimates is likely caused by the lack of Fishery Observer coverage in nearshore

fisheries, particularly the lumpfish fishery.

The most commonly captured seal was the harp seal, and the majority of
all seals were captured in the nearshore lumpfish fishery. This fishery has
traditionally been known to catch large numbers of harp seals, due to its overlap
with the spring harp seal migration (Walsh et al. 2000). Since harp seals typically
travel in large herds, considerable numbers of seals can be captured at once,
which may lead to high catch estimates (B. Sjare, DFO-NL, pers. comm.). The

fishing season in most other fisheries typically starts in late May or early June,
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after most harp seals have left Newfoundland waters (G. Stenson, DFO-NL. pers.
comm.). Offshore fisheries along the edge of the southwestern Grand Banks are
thought to operate outside the main migratory corridor for the Gulf of St.
Lawrence harp seal herd. However, some seals appear to spend time during
summer foraging on the Grand Banks (Stenson and Sjare 1997). In addition,
fishers involved in these fisheries typically set their nets in water depths of
several hundred meters along the shelf edge. While harp seals have been
shown to be capable of dives down to nearly 600 m, most dives appear to be in
the upper 100 m of the water column, further reducing the chances of
interactions with this fishing gear (Folkow et al. 2004). This may explain the
limited catches of harp seals in the fishery for Greenland halibut along the shelf

edge in NAFO Divisions 3KL (Fig. 1.3).

An earlier analysis of the Bycatch Collector dataset using landed catch (mt
of lumpfish roe) as a measure of effort led to an annual estimated catch of
33,361 harp seals in this fishery (95% C.I.: 17,494-54,600; Sjare et al. 2005). A
possible reason for the differences between these estimates may be the lower
variability in numbers of net-days as a measure of fishing effort, when compared

to landed catch (Chapter 3).

The current estimate of the harp seal population in Newfoundland waters

is 5.9 million seals (95% C.l.: 4.6 million-7.2 million), with the population
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remaining relatively stable in recent years (DFO 2005). In Atlantic Canada, harp
seals are managed according to a precautionary approach, which calls for the
establishment of reference points for population size to identify potential
conservation concerns. Specific management actions are triggered when the
population reaches such reference points, placing greater emphasis on
conservation as populations decrease (Hammill and Stenson 2003). As part of a
five-year management plan, the quotas for the 2006 commercial hérp seal hunt
were set at 325,000 seals, which is in line with previous years (DFO 2003). The
vast majority (~ 95%) of hunted harp seals are young of the year, known locally
as “beaters” (DFO 2005). Incidental catch estimates of harp seals in the lumpfish
fishery have been taken into account during the development of the existing
management plan, but incidental catches in other fisheries have not been
estimated until now (DFO 2005). Although the harp seal incidental catch
estimates presented here are only 5-10% of the number of seals taken in the
annual hunt, the fact that adult seals are also captured may have a greater
impact on the population, and should be taken into account in the development of

future management plans (DFO 2005).

Impacts of incidental catch estimates of other seal species in
Newfoundland and Labrador waters are unknown due to a lack of current
abundance data, but catch levels appeared to be relatively low. However, there

is potential cause for concern about the incidental catch of harbour seals. Both
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Bycatch Collector and Fishery Observer datasets indicate that several hundred
harbour seals may have been captured during 2001-2003. Most of these seals
were caught in lumpfish nets. Harbour seals are closely associated with specific
haul-out sites during the annual molting and breeding seasons in spring and
summer, and may therefore experience a high mortality in gilinets in adjacent
areas (Lien et al. 1989; Ries et al. 1999; National Audubon Society 2002).
However, the impact of that mortality on the population may not be evident due to
a lack of information about harbour seal distribution, abundance, and seasonal
movements (Sjare et al. 2005; J. Lawson, DFO-NL, pers. comm.). Harbour seals
also migrate over shorter distances than harp seals, and so may be more
affected by fishing activities (Bjgrge et al. 1995; Thomson et al. 1996, 1998;
Harkonen and Harding 2001; but see Lesage ef al. 2004). Finally, harbour seals
may be misidentified as juvenile harp seals, which may have negatively biased
the harbour seal catch estimates. While the majority of harp seéls leave
Newfoundland waters during summer, small numbers remain in nearshore and
offshore areas. It is therefore not always possible to assume that small spotted
seals caught in Newfoundland waters outside the harp seal pupping and

migrating season are harbour seals.

Based on historical data fitted to an abundance estimator model, harbour
seal abundance was estimated at a 1996 populaton of 32,000 harbour seals in

the entire Atlantic Canadian region (Hammill and Stenson 2000). Approximately
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5,120 of these seals were considered to inhabit Newfoundland and Labrador
waters. Based on this preliminary estimate and subsequent limited survey effort,
several thousand harbour seals are thought to currently inhabit coastal
Newfoundland and Labrador waters (Sjare et al. 2005). A value of 0.12 is often
used as the theoretical maximum annual net productivity rate for seal populations
(resulting from additions by reproduction, less losses through natural mortality;
Barlow et al. 1995). The model developed by Hammill and Stenson (2000) used
a 5.6% annual growth rate. For an estimated population of 5,000 harbour seals,
this equates to an estimated annual pup production of 300-400. Incidental catch
estimates calculated here imply an annual catch of 279 harbour seals (95% C.1.:
60-565) based on Fishery Observer data, or 247 harbour seals (95% C.1.. 0-680)
based on Bycatch Collector data (Tables 5.1, 5.3). Although uncertainty of the
present incidental catch estimates for harbour seals is considerable, it appears
that incidental mortality in gillnets is approximately equal to pup production and
hence may be a limiting factor for harbour seals in Newfoundiand and Labrador
waters. Harbour seals in Atlantic Canada and the northeastern United States are
considered part of a single population, implying that migration from outside
Newfoundland waters may maintain present levels of abundance (Anonymous
2005). However, studies in other areas indicate population structure at smaller
geographic scales of hundreds of kilometers (Burg et al. 1999; Harkonen and
Harding 2001; Westlake and O’Corry-Crowe 2002; Lesage ef al. 2004). More

information on harbour seal distribution and abundance is required for a better
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assessment of the current risks of incidental catch in gillnets to the provincial

population of this species.

A similar problem exists for incidental catch of ringed and bearded seals
along the northeast and west Newfoundland coasts. The confidence intervals
associated with incidental catch estimates calculated here are wide.
Nevertheless, several hundred ringed and bearded seals may be caught annually
in nearshore lumpfish and winter flounder fisheries. The potential impact of this

mortality is unknown, since no population estimates are available.

5.4.2 - Potential Methodological Problems and Suggestions for
Improvement

During the course of these analyses, several problems were identified that
decreased the accuracy of incidental seal catch estimates. Identification of seals
may be a problem, as some were reported as “unidentified seal’. Most of these
were likely harp seals, but the possibility of incorrect identification cannot be
excluded. Variable coverage of nearshore fisheries (such as the lumpfish
fishery) by Fishery Observers may have led to lower incidental catch estimates.
Finally, the Fishery Observers typically only recorded the total weight of
incidentally caught seals, rather than the number of individuals. It was assumed
that each capture event represented a single seal, except when reported weights

indicated otherwise. In those cases, the likely minimum number of seals was
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used, based on maximum weights published in the literature. Having Fishery
Observers record the estimated number of individuals involved would improve
the quality of the data for monitoring incidental catch of seals. Equipping
Observers with inexpensive digital cameras would also increase the likelihood of

correct identifications.

5.5 - Conclusions

Incidental catches of several species of seals were estimated for various
Newfoundland and Labrador gilinet fisheries, during 2001-2003. Catch rates of
seal species ranged from several hundred to several thousand for this period. It
is thought that harp seals' abundance and extensive spatial overlap with fishing
gear led to high catch estimates relative to those for other species. Based on
available data, the estimated incidental catch of harp seals in Newfoundland
gillnet fisheries does not appear to be an immediate cause for concern.
However, no current abundance estimates are available for most other seal
species, and so the effect of incidental catch estimates reported here is
unknown. Harbour seal catch levels appear high relative to this species’
apparent population size in Newfoundland and Labrador, and may be cause for
concern. Further information on seal distribution and abundance in
Newfoundland waters would assist in assessing the risk of incidental mortality to

these species.

198



5.6 - References

Anonymous. 2005. Harbour Seal (Phoca vitulina): Western North Atlantic Stock.
National Marine Fisheries Service Marine Mammal Stock Assessment,
Silver Springs, MD, USA; 6 pp. Available online at:
http://www.nmfs.noaa.gov/pr/pdfs/sars/ao2005sehr-wn.pdf

Barlow, J., S.L. Swartz, T.C. Eagle, and P.R. Wade. 1995. U.S. marine mammal
stock assessments: Guidelines for preparation, background, and a
summary of the 1995 assessments. U.S. Department of Commerce,
NOAA Technical Memorandum NMFSOPR-6, 73 pp.

Berrow, S.D., M. O'Neill and D. Brogan. 1998. Discarding practices and marine
mammal by-catch in the Celtic sea herring fishery. Biology and
Environment: Proceedings of the Royal Irish Academy 98B (1): 1-8.

Bjgrge, A., D. Thompson, P. Hammond, M. Fedak, E. Bryant, H. Aarefjord, R.
Roen and M. Olsen. 1995. Habitat use and diving behaviour of harbour
seals in a coastal archipelago in Norway. Page 211-223 In: Whales,
seals, fish and man. IV. A. S. Blix, L. Wallge and @. Ultang (Ed.),
Elsevier Science B.V., Tromsg, Norway.

Boulva, J, and ILA. McLaren. 1979. Biology of the harbor seal, (Phoca vitulina) in
eastern Canada. Bulletin of the Fisheries Research Board of Canada
200: 25 pp.

Bowering, W.R. and D.B. Atkinson. 2003. Seal stocks in Canadian and NAFO
waters. Management Strategies for Commercial Marine Species in
Northern Ecosystems. Proceedings of the 10th Norwegian-Russian
Symposium, Bergen, Norway, 27-29 August 2003. IMR/PINRO Joint
Report Series no. 1: 148-151.

Burg, T.M., AW. Trites and M.J. Smith. 1999. Mitochondrial and microsatellite
DNA analyses of harbour seal population structure in the northeast
Pacific Ocean. Canadian Journal of Zoology 77(6): 930-943.

Carretta, J.V., T. Price, D. Petersen and R. Read. 2004. Estimates of marine
mammal, sea turtle, and seabird mortality in the California drift gillnet
fishery for swordfish and thresher shark, 1996-2002. U S National Marine
Fisheries Service Marine Fisheries Review 66 (2): 21-30.

Christensen, O. and W.H. Lear. 1977. Bycatches in salmon drift-nets at west
Greenland in 1972. Kommissionen for Videnskabelige Undersggelser i
Grgnland 205 (5). 5-37.

Cleator, H.J. 1996. The status of the bearded seal, Erignathus barbatus, in
Canada. Canadian Field-Naturalist 110 (3): 501-510.

DFO [Department of Fisheries and Oceans). 2000. Northwest Atlantic harp seals.
Department of Fisheries and Oceans, Ottawa, ON, Canada: 7 pp.

DFO [Department of Fisheries and Oceans]. 2003. Atlantic Seal Hunt 2003-2005
Management Plan. Department of Fisheries and Oceans, Ottawa, ON,

199



Canada. Available at: http://www.dfo-mpo.gc.ca/seal-phoque/reports-
rapports/mgtplan-plangest2003/mgtplan-plangest2003_e.htm#14.

DFO [Department of Fisheries and Oceans]. 2005. Stock assessment of
Northwest Atlantic harp seals (Pagophilus groenlandicus). Canadian
Science Advisory Secretariat (CSAS) Science Advisory Report 2005/037:
12 pp. Available online at: hitp://www.dfo-mpo.gc.ca/csas/Csas/status/-
2005/SAR-AS2005_037_E.pdf.

Dyke, A.S., J. Hooper, C.R. Harrington and M. Savelle. 1999. The Late
Wisconsinan and Holocene record of walrus (Odobenus rosmarus) from
North America: A review with new data from Arctic and Atlantic Canada.
Arctic 52 (2): 160-181.

Folkow, L.P., E.S. Nordgy and A.S. Blix (2004). Distribution and diving behaviour
of harp seals (Pagophilus groenlandicus) from the Greenland Sea stock.
Polar Biology 27: 281-298.

Gosselin, J.-F. and F. Boily. 1994. Unusual southern occurrence of a juvenile
bearded seal, Erignathus barbatus, in the St. Lawrence Estuary, Canada.
Marine Mammal Science 10 (4): 480-483.

Hammill, M.O. 2005. Abundance of Northwest Atlantic grey seals in the Guif of
St. Lawrence and along the Nova Scotia Eastern Shore. Canadian
Science Advisory Secretariat Research Document 2005/036. DFO, Mont-
Joli, QC, Canada: 15 pp. Available online at: www.dfo-mpo.gc.ca/csas.

Hammill, M.O. and G.B. Stenson. 2000. Estimated prey consumption by harp
seals (Phoca groenlandicus), grey seals (Halichoerus grypus), harbour
seals (Phoca vitulina) and hooded seals (Cystophora cristata). Journal of
Northwest Atlantic Fisheries Science 26: 1-23.

Hammill, M.O. and G.B. Stenson. 2003. Application of the Precautionary
Approach and Conservation Reference Points to the management of
Atlantic seals: A discussion paper. Canadian Science Advisory
Secretariat Research Document 2003/067. Department of Fisheries and
Oceans, 23 pp. Available online at: www.dfo-mpo.gc.ca/csas

Hammill, M.O., G.B. Stenson, R.A. Myers, and W.T. Stobo. 1998. Pup production
and population trends of the grey seal (Halichoerus grypus) in the Gulf of
St. Lawrence. Canadian Journal of Fisheries and Aquatic Sciences 55:
423-430.

Harcourt, R., D. Aurioles and J. Sanchez. 1994. Entanglement of California sea
lions at Los Islotes, Baja California Sur, Mexico. Marine Mammal Science
10 (1): 122-125.

Harkonen, T., and K.C. Harding. 2001. Spatial structure of harbour seal
populations and the implications thereof. Canadian Journal of Zoology
79: 2115-2127.

Kakuschke, A., E. Valentine-Thon, S. Griesel, S. Fonfara, U. Siebert and A.
Prange. 2005. Immunological impact of metals in harbor seals (Phoca
vitulina) in the North Sea. Environmental Science & Technology 39:
7568-7575.

200



Kingsley, M.C.S. 1998. Walruses, Odobenus rosmarus, in the Gulf and Estuary
of the St Lawrence, 1992-1996. Canadian Field-Naturalist 112 (1): 90-93.

Lavigne, D.M. and K. Kovacs. 1988. Harps and Hoods. University of Waterloo
Press, Waterloo, ON, Canada.

Lesage, V., M.O. Hammill and K.M. Kovacs. 2004. Long-distance movements of
harbour seals (Phoca vitulina) from a seasonally ice-covered area, the
St. Lawrence River estuary, Canada. Canadian Journal of Zoology 82
(7): 1070-1081.

Lewison, R.L., L.B. Crowder, A.J. Read and S.A. Freeman. 2004. Understanding
impacts of fisheries bycatch on marine megafauna. Trends in Ecology
and Evolution 19 (11): 598-604.

Lien, J., J. Papineau and L. Dugan. 1987. Incidental entrapments of cetaceans,
sharks and marine turtles in inshore fishing gear reported during 1987 in
Newfoundland and Labrador. A preliminary report submitted to the
Department of Fisheries and Oceans and the Newfoundland and
Labrador Department of Fisheries. Memorial University of Newfoundland,
St. John'’s, NL: 44 pp.

Lien, J., G.B. Stenson and I. Hsun-Ni. 1989. A review of incidental entrapment of
seabirds, seals and whales in inshore fishing gear in Newfoundland and
Labrador: a problem for fishermen and fishing gear designers.
Proceedings of the 1988 World Symposium on Fishing Gear and Fishing
Vessel Design, Newfoundland and Labrador Institute of Fisheries and
Marine Technology, St. John's, NL, Canada: 67-71.

Manly, B.F.J., A. Seyb and D.J. Fletcher. 2002. Bycatch of fur seals
(Arctocephalus forsteriy in New Zealand fisheries, 1990/91-1995/96, and
observer coverage. Department of Conservation Science Internal Series
#41, Wellington, New Zealand: 40 pp.

Morizur, Y., S.D. Berrow, N.J.C. Tregenza, A.S. Couperus and S. Pouvreau.
1999. Incidental catches of marine-mammals in pelagic trawl fisheries of
the northeast Atlantic. Fisheries Research 41 (3): 297-307.

National Audubon Society. 2002. Guide to Marine Mammals of the World. Alfred
A. Knopf, Inc., New York, NY, USA.

Pemberton, D., B. Merdsoy, R. Gales and D. Renouf. 1994. Interaction between
offshore trawlers and harp and hooded seals off Newfoundland. Biological
Conservation 68: 123-127.

Piatt, J.F. and D.N. Nettleship. 1987. Incidental catch of marine birds and
mammals in fishing nets off Newfoundland, Canada. Marine Pollution
Bulletin 18: 344-349.

Read, A.J., P. Drinker and S. Northridge. 2006. Bycatch of marine mammails in
U.S. and global fisheries. Conservation Biology 20 (1): 163-169.

Reeves, R.R. 1998. Distribution, abundance and biology of ringed seals (Phoca
hispida): an overview. Pages 9-45 in M. P. Heide-Jgrgensen and C.
Lydersen, eds. Ringed seals in the North Atlantic. NAMMCO Scientific
Publications No.1, Tromsg, Norway.

201



Ries, E.H., .M. Traut, A.G. Brinkman and P.J.H. Reijnders. 1999. Net dispersal
of harbour seals within the Wadden Sea before and after the 1988
epizootic. Journal of Sea Research 41(3): 233-244.

Robillard, A., V. Lesage and M.O. Hammill. 2005. Distribution and abundance of
harbour seals (Phoca vitulina concolor) and grey seals (Halichoerus
grypus) in the Estuary and Gulf of St. Lawrence, 1994-2001. Canadian
technical report of fisheries and aquatic sciences 2613: x + 152 pp.

Sergeant, D.E. 1991. Harp seals, man and ice. Canadian Special Publications on
Fisheries and Aquatic Science 114: 153 pp.

Shaw, S.D., D. Brenner, A. Bourakovsky, C.A. Mahaffey and C.R. Perkins. 2005.
Polychlorinated biphenyls and chlorinated pesticides in harbor seals
(Phoca vitulina concolor) from the northwestern Atlantic coast. Marine
Pollution Bulletin 50: 1069-1084.

Silvani, L., M. Gazo and A. Aguilar (1999). Spanish driftnet fishing and incidental
catches in the western Mediterranean. Biological Conservation 90 (1):
79-85.

Sjare, B., M. Lebeuf and G. Veinott. 2005. Harbour seals in Newfoundland and
Labrador: a preliminary summary of new data on aspects of biology,
ecology and contaminant profiles. Canadian Science Advisory
Secretariat Research Document 2005/030, 42. Available online at:
www.dfo-mpo.gc.ca/csas/

Sjare, B., D. Walsh, G.B. Stenson and S. Benjamins. 2005. An update on harp
seal (Pagophilus groenlandicus) bycatch estimates in the Newfoundland
lumpfish fishery. Canadian Science Advisory Secretariat Research
Document 2005/049: 23pp.

Stenson, G.B., M.O. Hammill, J.F. Gosselin and B. Sjare. 2000. 1999 pup
production of harp seals, Phoca groenlandica, in the northwest Atlantic.
Canadian Stock Assessment Secretariat Research Document 2000/080.

Stenson, G.B., and B.Sjare. 1997. Seasonal distribution of harp seals, Phoca
groenlandica, in the northwest Atlantic. ICES C.M. 1997/CC:10 pp.

Thompson, P.M., B.J. McConnell, D.J. Tollit, A. McKay, C. Hunter, and P.A.
Racey. 1996. Comparative distribution, movements and diet of harbour
and grey seals from the Moray Firth, N.E. Scotland. Journal of Applied
Ecology 33: 1572-1584.

Thompson, P.M., A. Mackay, D.J. Tollit, S. Enderby, and P.S. Hammond. 1998.
The influence of body size and sex on the characteristics of harbour seal
foraging trips. Canadian Journal of Zoology 76: 1044—1053.

Trzcinsky, M.K,, R. Mohn and W.D. Bowen. 2005. Estimation of grey seal
population size and trends at Sable Island. Canadian Science Advisory
Secretariat Research Document 2005/067. Bedford Institute of
Oceanography, Dartmouth, NS, Canada: 14 pp.

Tudela, S. 2004. Ecosystem effects of fishing in the Mediterranean: An analysis
of the major threats of fishing gear and practices to biodiversity and

202



marine habitats. FAO General Fisheries Commission for the
Mediterranean Study #74, 58 pp.

Walsh, D., B. Sjare and G.B. Stenson. 2000. Preliminary Estimates of Harp Seal
By-catch in the Newfoundland Lumpfish Fishery. Canadian Stock
Assessment Secretariat Research Document 2000/078. 16 pp.

Waring, G.T., R.M. Pace, J.M. Quintal, C.P. Fairfield, K. Maze-Foley, N. Cabana,
P.J. Clapham, T.V.N. Cole, G.L. Fulling, L.P. Garrison, A.A. Hohn, B.G.
Maise, W.E. McFee, K.D. Mullin, D.L. Palka, P.E. Rosel, M.C. Rossman,
F.W. Wenzel and A.L. Whitingham. 2003. U.S. Atlantic and Gulf of
Mexico marine mammal stock assessments - 2003. NOAA Technical
Memorandum NMFSNE-182: 287 pp.

Westlake, R.L. and G.M. O'Corry-Crowe. 2002. Macrogeographic structure and
patterns of genetic diversity in harbor seals (Phoca vitulina) from Alaska
to Japan. Journal of Mammalogy 83 (4). 1111-1126.

Wickens, P. 1995. A review of operational interactions between pinnipeds and
fisheries. FAO Fisheries Technical Paper 346; 86 pp.

Woodley, T.H. and D.M. Lavigne. 1991. Incidental capture of pinnipeds in
commercial fishing gear. International Marine Mammal Association,
Guelph, ON, Canada: 35 pp.

203



CHAPTER 6 - INCIDENTAL CATCH ESTIMATES OF
SEABIRDS IN NEWFOUNDLAND AND LABRADOR

GILLNET FISHERIES, 2001-2003

6.1 - Introduction

6.1.1 - An Overview of Seabird Incidental Catch in Fisheries
Entanglement in fishing gear is a significant source of incidental mortality
for many species of seabirds worldwide (Tasker et al. 2000). The combined
effects of numerous commercial fisheries operations pose a serious threat to
seabirds, and have brought some species close to extinction (Brothers et al.
1999; FAO 1999; Tasker ef al. 2000; Inchausti and Weimerskirch 2001).
Globally, hundreds of thousands of seabirds are killed every year in pelagic and
bottom-set longlines (Brothers et al. 1999; Inchausti and Weimerskirch 2001;
Tuck et al. 2001, 2003; Nel et al. 2002; Gilman ef al. 2005), pelagic driftnets
(Carretta et al. 2004; Uhlmann et al. 2005) and pelagic and bottom-set gillnets
(Piatt ef al. 1984; Piatt and Nettleship 1987; Melvin et al. 1999; Osterblom ef al.

2002).

Seabirds are typically long-lived, mature relatively late in life, and produce

small numbers of offspring during their reproductive cycle. Population growth
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rates are therefore often low, even under ideal circumstances. Large-scale
mortality of birds can thus have a significant impact on the population, which may
take many years to recover once depletion has taken place (Furness 2003).
Incidental mortality in fisheries may be compounded by other anthropogenic
impacts such as directed hunting, pollution and climate change, making
incidental catch mitigation a potentially significant conservation concern (FAO

1999; Lewison et al. 2005; Montevecchi 2001).

The first step in addressing the problem of incidental catch of seabirds in
fisheries is to identify the fisheries and seabird species involved, and to assess
the potential magnitude of the fisheries-related mortality on the population, where
possible (Cooper et al. 2000). Monitoring of seabird mortality in fisheries is
complicated by their often wide-ranging habits, long migrations and
inaccessibility of nesting sites. However, many species’ distributions are thought
to overlap with commercial fisheries to a significant degree. Some species, such
as albatrosses, large petrels, and gulls, are attracted to fishing operations
because of the opportunity to scavenge bait or fish offal near the surface, which
may lead to inadvertent capture (McDermond & Morgan 1993; Montevecchi
2001). Other species such as alcids, cormorants, and shearwaters, get
entangled in gillnets and driftnets as they pursue prey underwater and fail to

detect the nets in time to prevent entanglement (Montevecchi 2001).
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Consistent monitoring of incidental catch of seabirds can be difficult to
achieve. Records of bird catches are rarely recorded in fishing log records.
However, some fishery observer prorammes do record bird catches, including
the Fishery Observer Programme currently in place in Newfoundland and
Labrador (Canada). At the same time, collecting information directly from
commercial fishers may provide data in fisheries where observer effort is limited.
In this study, incidental catch estimates of seabirds in Newfoundland and
Labrador gillnet fisheries were calculated, based on data collected for Fisheries

and Oceans Canada (DFO) by commercial fishers and Fishery Observers.

6.1.2 - Seabirds of Newfoundland and Labrador

The northwest Atlantic is a globally significant region for seabirds
throughout the year (Burke et al. 2005). Groups of species that frequent these
waters include two species of loons (common loon Gavia immer Brinnich and
red-throated loon G. stellata Pontoppidan), northern fulmar (Fulmarus glacialis
L.), five species of shearwaters (Cory's shearwater Calonectris diomedea
Scopoli; greater shearwater Puffinus gravis O'Reilly; sooty shearwater P. griseus
Gmelin; Manx shearwater P. puffinus Brinnich; Audubon’'s shearwater P.
Iherminieri Lesson), two species of storm-petrel (Leach’s storm-petrel
Oceanodroma leucorhoa Vieillot, and Wilson’s storm-petrel Oceanites oceanicus
Kuhl), northern gannet (Morus bassanus L.), two species of cormorants (great

cormorant Phalacrocorax carbo L., and double-crested cormorant P. auritus
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Lesson), various species of marine ducks (family Anatidae), numerous species of
gulls, terns and jaegers (family Laridae), and six species of auks (family Alcidae;
razorbill Alca torda L.; common murre Uria aalge Pontoppidan; thick-billed murre
U. lomvia L.; dovekie Alle alle L.; black guillemot Cepphus grylle L., and Atlantic
puffin Fratercula arctica L.). A complete list of bird species occurring in
Newfoundland inshore and offshore waters is provided by Mactavish et al.
(2003). Several large seabird colonies exist within provincial boundaries, which
are of global significance for Leach’s storm petrels, Atlantic puffins and common
murres, and of regional significance for gannets and northern fulmars (Brown et
al. 1975; Montevecchi and Tuck 1987; Snow 1996). Many species aggregate in
Newfoundland nearshore waters during and after the breeding season, while
large numbers of other species (e.g. shearwaters) move into and through Atlantic
Canadian waters during summer, fall and winter on annual migrations (Brown et

al. 1975; Huetmann and Diamond 2000; Burke et al. 2005).

The problem of incidental mortality of seabirds in fishing gear in
Newfoundland has long been recognized (Piatt ef al. 1984, Piatt and Nettleship
1987; Chapdelaine 1997, Bakken and Falk 1998; Brothers et al. 1999; Chardine
et al. 2000; Cooper et al. 2000; CWS 2001; Russell 2001, Troke 2002;
Anonymous 2003; Wilhelm et a). 2003). However, there are few reliable recent
estimates available. Many historical and current reports of incidental catch of

seabirds, particularly alcids, involve the nearshore gillnet fishery for Atlantic cod
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(Gadus morhua; Piatt et al. 1984, Piatt and Nettleship 1987; Chapdelaine 1997;
CWS 2001; Russell 2001; Troke 2002; Wilhelm et al. 2003). This fishery was
historically very important to rural Newfoundland and Labrador, but fishing effort
was reduced considerably due to the widespread closure of commercial fisheries
in 1992 and 1993, in response to declines in Atlantic cod stocks (Hutchings and
Myers 1994; Sinclair and Murawski 1997). It is thought that these moratoria
indirectly led to a decrease in seabird mortality through the removal of large
numbers of gillnets associated with this fishery (Robertson et al. 2004).
However, gillnets have remained in use in other fisheries, such as those targeting
lumpfish  (Cyclopterus lumpus), Greenland halibut (Hippoglossoides
platessoides) and monkfish (Lophius americanus), in addition the nearshore cod
fisheries have been intermittently reopened on a limited scale from 1997 onward
(DFO 2006). There is a potential for many of these fisheries to negatively impact
seabirds. Recent studies on incidental catch of seabirds in Newfoundland waters
have focused largely on longline fisheries targeting various species including
Atlantic cod and Greenland halibut (Reinhardtius hippoglossoides), rather than
on gilinet fisheries (Brothers et al. 1999; Cooper et al. 2000; Kulka and Showell
2000; DFO-CWS National Working Group on Seabird Bycatch in Longline
Fisheries 2003). This indicated the need for estimation of current seabird
mortality in gilinet fisheries in Newfoundland and Labrador. During the course of
research aimed at estimating incidental catches of small cetaceans in

Newfoundland gilinet fisheries during the 2001-2003 seasons, additional reports
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became available of incidental catches of a wide variety of seabirds. These
reports were used to calculate incidental catch estimates for these species. In
the present chapter, the incidental catch of seabirds in various gillnet fisheries in
Newfoundland and Labrador will be estimated, based on the methodology
outlined in Chapters 3 and 4 An attempt will be made to assess the relative
impact of different fisheries on seabird species, and to address regional
variability in catches. Possible causes of differences among these incidental

catch estimates will be discussed.

6.2 - Method's

6.2.1 — Description 6f Methods

Methodologies used to estimate incidental catch were described in detail
in Chapters 3 and 4. Fisheries under review were identical to those described in
Chapters 3 and 4. Incidental catch estimation analyses were performed at the
geographic scale of coastlines, because it is unlikely that many non-breeding
seabirds either restrict themselves to a single NAFO unit or are distributed
uniformly around the island of Newfoundland. Only limited Fishery Observer

data were available for NAFO area 4R.

An analysis at a smaller geographic scale was performed for several

species of colonially nesting seabirds with limited foraging ranges (<100 km).
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Species analyzed at this smaller geographic scale included gannets, common
murres, Atlantic puffins and razorbills. Although these species are highly mobile
and wide-ranging, their distribution is restricted during spring and summer, with
adult birds foraging near breeding grounds (Cairns et al. 1987; Piatt and
Nettleship 1987; Huettmann and Diamond 2000; Russell 2001; Davoren et al.
2003a, 2003b). Fisheries operating near breeding colonies were considered
more likely to have a negative impact on these species than more distant
fisheries. It was therefore decided to analyze the incidental catch dataset of
these species at the smallest possible geographical scale, i.e., that of individual
NAFO units. Such analyses prevented high rates of incidental catch in waters
near breeding colonies from being used to artificially elevate the estimates of
incidental catch in other coastal areas, where these birds might be less
abundant. Where large bird colonies were located near the border between two
NAFO units, fishing effort data from both adjacent units were used. This method
may have underestimated incidental catch of these species, because incidental
catch may have occurred at low levels in some areas without being detected by
Bycatch Collectors or Fishery Observers. Confidence intervals could not be

calculated for all cases due to data limitations.

As described in Chapter 4, Fishery Observers typically recorded the total
weight of each incidentally caught species rather than total number of individuals.

Any inaccuracy in terms of the number of individuals involved may significantly
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affect the final catch estimate. This study has attempted to minimize this bias by
assuming the smallest possible number of individuals was involved in any given
incident, by referencing total reported catch weights with average body weights
reported in the literature. However, it is unknown how accurate the Fishery
Observers were in recording the weights of the various seabirds encountered. In
addition, Observers round small weights (< 1 kg) up to a single kilogram, but
many seabirds weigh less than this. Having Observers record the number of
captured individuals would enhance the utility of Fishery Observer data for

monitoring incidental catch of seabirds.

6.2.2 - ldentification of Seabirds

Correct identification of seabirds requires expertise and familiarity with the
various species that might occur in an area, some of which might appear broadly
similar to a layperson. This became apparent when analyzing the Bycatch
Collector and Fishery Observer datasets. Fishers did not always appear to
reliably differentiate several closely-related species of seabirds. This became

particularly clear when studying alcids and shearwaters.

Bycatch Collectors did not appear to distinguish common murres from
thick-billed murres, commonly referring to both species as ‘turrs’. The former
species breeds in several large colonies in the province, while the latter

overwinters in Newfoundiand waters before returning to arctic breeding grounds
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in spring. The relative proportions of common and thick-billed murres in
incidental catch are therefore unknown, although it is assumed that most cases
involved common murres, since most fishing effort occurred during the spring
and summer. It is also not known how well fishers were able to separate other
alcids from the commont/thick-billed murre clade, particularly razorbills and - to a

lesser extent - black guillemots.

A similar problem occurred in both the Bycatch Collector and Fishery
Observer datasets, where captured shearwaters could not all be identified to
species level. Five species of shearwaters are known to occur seasonally in
Newfoundland waters, although greater and sooty shearwaters are by far the
most abundant (see above). These may be very difficult to identify to species,
particularly if the specimens have been dead and entangled in fishing gear for
some time. Based on previous surveys in northwest Atlantic waters, it is thought
that most specimens were greater and sooty shearwaters (Brown et al. 1975).
Because of uncertainty in species identifications, the various species were
combined when using Bycatch Collector data to provide a minimum estimate of
incidental catch for this group (Brown et al. 1975, Mactavish ef al. 2003).
Species-specific estimates were calculated where possible when using Fishery
Observer data, but some records were insufficiently detailed for this. Equipping
Observers with inexpensive digital cameras and protocols for photographing

dead specimens would increase the likelihood of correct identifications.
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6.3 — Results

A detailed description of fishing effort in Newfoundland and Labrador can

be found in Chapters 1 and 4, as well as Section 5.3.1.

6.3.1 - The Nearshore and Offshore Cod Fishery

Various species of seabirds were reported caught in the nearshore cod
fishery by Bycatch Collectors (Table 6.1). The majority of incidental catch reports
involved murres (Uria sp.), referred to as ’turrs’ by most contributing fishers.
Small sample sizes prevented the calculation of confidence intervals in several
cases. However, confidence limits for those areas and periods where sufficient
data were available were large, reflecting the high levels of uncertainty

associated with these estimates.

In 2001, an estimated total of 7,708 murres were caught around the island,
of which an estimated 5,559 (72% of total; no 95% C.I. available) were captured
during the third quarter along the northeast coast near large breeding colonies
such as Funk Island and Witless Bay on the Avalon Peninsula (NAFO units 3Ki,
3La and 3Lj; Fig. 1.4). An additional estimated 2,045 murres were captured near
the Cape St. Mary’s breeding colony on the south coast (NAFO units 3Lq and

3Psc; Fig. 1.4), 65 (95% C.I.: 0-195) during the second quarter and 1,980 (no
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95% C.I. available) during the third quarter. Small numbers of murres (104, no
95% C.l. available) were also caught in the second quarter in the Strait of Belle
Isle area along the west coast (NAFO unit 4Ra; Fig. 1.4). Data are summarised

in Table 6.3.

In 2002, no murres were reported caught along the northeast coast, but an
estimated 1,269 murres were caught near the Cape St. Mary’'s breeding colony
on the south coast; 1,180 during the second quarter (no 95% C.l. available) and
88 (95% C.I.: 0-236) during the third quarter. An estimated 166 murres (95%
C.l.: 0-498) were caught during the third quarter in the Strait of Belle Isle area,

bringing the estimated annual total catch for 2002 to 1,435 murres.

Finally, in 2003, an estimated 1,468 murres were captured, all along the
south coast near the Cape St. Mary’s breeding colony (commercial fishery for
cod was not permitted elsewhere this year). Of these, an estimated 279 murres
(95% C.I.: 0-747) were caught during the second quarter, and the remaining

1,190 murres (95% C.1.: 0-2,998) were captured in the third quarter.

The only other species reported in the nearshore fishery by Bycatch
Collectors were various species of shearwaters. Shearwaters were only reported

in this fishery in 2001, during the third quarter (Table 6.2). An estimated 710
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shearwaters (species unknown; 95% C.1.: 0-1,802) were caught along the south

coast (Table 6.5).

In 2001, Fishery Observers also recorded numerous instances of murres
captured in nearshore areas (Table 6.2). All reports originated in NAFO units 3Lj
and 3Psc/3Lq off the east and south coast of the Avalon Peninsula, respectively,
where large murre colonies are located. An estimated 9,888 murres (95% C.1.:
1,091-25,240) were caught in NAFO unit 3Lj during the third quarter. Along the
south coast, in NAFO units 3PSc/3Lq, an estimated 2,349 murres (95% C.1.: 60-
6,051) and 58 murres (95% C.1.:0-177) were caught in the third and fourth
quarters, respectively. This equated to a total catch estimate of approximately
12,296 murres (95% C.1.: 1,151-31,468; Table 6.4). No murres were recorded by

Fishery Observers in later years (Tables 6.2, 6.4).

Atlantic puffins were only recorded by Fishery Observers in the third
quarter of 2001 (Table 6.2). An estimated 649 puffins (95% C.I.: 97-1,358) were
caught in 2001 in NAFO unit 3Lj near the large puffin colony in the Witless Bay
Islands Ecological Reserve (Table 6.4). No other Fishery Observer reports of

incidental catches of puffins were available for this or other years.

Based on Fishery Observers data, an estimated 205 greater shearwaters

(95% C.1.. 0-615) were caught along the south coast during the third quarter of
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2001. During 2002, a further 120 greater shearwaters (95% C.1.: 0-360) were
captured in nearshore waters along the south coast during the third quarter
(Table 6.5). No shearwaters of any kind were reported caught in nearshore

waters by Fishery Observers in 2003.

Fishery Observers also reported occasional captures of other bird species
in this fishery including gannets (78; no 95% C.l. available) in the second quarter
of 2001 and double-crested cormorants (136; 95% C.I.: 0-392) in the fourth
quarter of 2001. Both of these species were only reported along the south coast

(Table 6.2).

In the offshore gillnet fishery for cod in NAFO Subdivision 3Ps, Fishery
- Observers reported the capture of various seabird species, including murres and
shearwaters (Table 6.2). Small numbers of murres were reported caught in
offshore waters of NAFO Subdivision 3Ps during the fourth quarter of 2002 and
2003 (Table 6.2). An estimated 72 murres (95% C.l.: 0-197) were captured in
2002, and another four murres (no 95% C.I. available) in 2003 (Table 6.4). No

murres were recorded in 2001.

No shearwaters were reported in 2001, but an estimated 909 and 3,139
greater shearwaters (95% C.1.: not available, and 653-6,382) were captured in

the third and fourth quarter of 2002, respectively, leading to a total estimate of
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4,049 greater shearwaters in 2002 (no overall 95% C.l. available). In contrast,
only 119 greater shearwaters (no 95% C.l. available) were reported in 2003, all
during the fourth quarter. Sooty shearwaters were only recorded during the third
guarter of 2002 in small numbers (estimated catch of 89 birds; no 95% C.I.
available), while small numbers of unidentified shearwaters were also recorded,
solely in the fourth quarter of 2002 (estimated catch of 22 birds; 85% C.I.: 0-56;

Table 6.5).

6.3.2 - The Nearshore Lumpfish Fishery

There were numerous reports from Bycatch Collectors of catches of
seabirds in this fishery (Table 6.1). Most reports involved alcids, particularly
murres. In 2001, an estimated 998 murres (no 95% C.I. available) were captured
along the northeast coast, most in the vicinity of breeding colonies such as Funk
Island (see above). An additional 279 murres (no 95% C.I1. available) were
caught near the Cape St. Mary’s colony off the south coast, and an estimated 10
murres (no 95% C.l. available) were caught along the west coast, leading to a
total catch estimate of 1,287 murres for 2001. In 2002, an estimated 1,954
murres (no 95% C.1. available) were captured in the vicinity of breeding colonies
along the northeast coast. Along the south coast, no murres were reported
caught, but an estimated 12 murres (no 95% C.l. available) were captured along
the west coast. This generated a total catch estimate of 1,967 murres for 2002.

In 2003, the only recorded catches of murres occurred along the northeast coast.

217



An estimated 608 murres (no 95% C.I. available) were caught in this area in this

year.

Black guillemots were the next most commonly reported species; in 2001,
an estimated 233 (95% C.1.: 47-471) were caught along the northeast coast, and
an additional 19 (95% C.I.. 0-50) along the west coast, leading to an estimated
total catch of 252 birds (95% C.I.: 47-521) in 2001. In 2002, an estimated 109
birds were caught (95% C.l.: 0-323); catches were only reported along the

northeast coast. No black guillemots were reported caught anywhere in 2003.

Loons were reported captured in small nhumbers; in 2001, 39 loons (95%
C.l.: 0-119) were caught along the northeast coast, while an additional 48 loons
(95% C.l.: 1-108) were captured off the west coast, leading to a 2001 total
estimate of 87 loons (95% C.1.: 1-226). In 2002, loons were only reported along
the northeast coast; an estimated 27 loons (95% C.1.: 0-81) were caught this

year. There were no records of loons captured anywhere in 2003.

There were occasional records of razorbills and double-crested
cormorants in this fishery. An estimated 18 razorbills (95% C.I.: 0-41) were

caught in 2001, and an estimated 7 razorbills (no 95% C.I. available) in 2002, in

both years along the west coast. In 2001, a single cormorant (95% C.I.: 0-4) was
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estimated caught along the south coast. No other records of either razorbills or

cormorants were available for other areas or years

In contrast, Fishery Observers did not report large numbers of birds being
captured in this fishery (Table 6.2). The only species reported were common
loon (along the northeast coast, only in 2001) and common eider (along the
south coast, only in 2003). An estimated 384 loons (95% C.I.: 0-1,138) and 26
common eiders (95% C.I.: 0-77) were caught in this fishery in 2001 and 2003,

respectively (Table 6.4). These species were not reported in other years.

6.3.3 - The Nearshore Herring Fishery
No seabirds were reported as incidental catch in the herring gillnet fishery

during 2001-2003.

6.3.4 - The Offshore Monkfish and Skate Fishery

The only seabirds recorded as catch by Fishery Observers were greater
Qand sooty shearwatérs, as well as unidentified shearwaters (Table 6.2). An
estimated 81 greater shearwaters (95% C.1.: 0-192) were caught in 2001. In
2002, an estimated 263 birds (95% C.1.: 33-605) were caught, while in 2003, an
estimated 45 greater shearwaters (95% C.l.: 0-134) were captured. Sooty

shearwaters were rarely recorded, with incidental catch estimates being
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consistently low (8 birds, 95% C.1.: 0-23 in 2001; 7 birds, 95% C.1.: 0-17 in 2002,
and 6 birds, 95% C.1.: 0-19 in 2003). An estimated 47, 286 and 44 unidentified
shearwaters (95% C.1.: 0-118; 17-770; and 0-156) were captured in 2001, 2002,
and 2003, respectively (Table 6.5). When combining all species, an estimated
total of 135 (95% C.1.:0-135), 556 (95% C.I.: 50-1,393) and 96 (95% C.l.: 0-309)

shearwaters were caught in 2001, 2002 and 2003 (Table 6.5).

6.3.5 - The Offshore White Hake Fishery

Small numbers of shearwaters were reported by Fishery Observers in the
offshore component of this fishery (Table 6.2). In 2001, an estimated 211 greater
shearwaters were captured (no 95% C.I. available). In 2002, another estimated
7 birds (no 95% C.1. available) were caught (Table 6.5). No shearwaters were

reported in 2003.

6.3.6 - The Nearshore and Offshore Greenland Halibut Fishery

Two murres were reported by a Bycatch Collector in the third quarter of
2001 in the nearshore Greenland halibut fishery in NAFO unit 3La (Table 6.1).
This fishery took place in deep water (>350m), well beyond the normal diving
range of murres. This incidental catch report is therefore considered to be
anomalous, and has not been used to further estimate incidental catch in this

fishery. Murres were not reported caught in other areas or years.
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For the nearshore fishery, Fishery Observers reported occasional
incidental catches of shearwaters and northern fulmar (Table 6.2). In the third
quarter of 2001, an estimated 222 Cory’s shearwaters (95% C.I.: 0-641), as well
as an estimated 222 sooty shearwaters (95% C.I.: 0-641), were captured along
the northeast coast. No records of shearwaters in nearshore waters are
available for other years. An additional estimated 220 northern fulmars (95%
C.l.: 0-641) were also caught in this area at this time (Table 6.5); this species
was also not recorded here (or anywhere else in nearshore waters) in

subsequent years.

Several other seabird species were reported by Fishery Observers in the
offshore Greenland halibut fishery (Table 6.2). There were several records of
northern fulmars from the offshore areas of NAFO Divisions 2GHJ3K during the
third quarter of 2001. Based on these records, an estimated 75 fulmars (95%
C.1.: 0-193) were captured in this region in 2001. A single gannet was reported
captured by Fishery Observers in the third quarter of 2001 in the same area.
This generated an estimated catch of 96 gannets (95% C.1.:0-249) in offshore
waters of NAFO Divisions 2GHJ3K during 2001. A single dovekie was caught in
the second quarter of 2003 in the offshore area of NAFO Divisions 30Ps, leading
to an estimated catch of 22 dovekies in 2003 (no 95% C.I. available). None of

these species were recorded elsewhere or in other years (Table 6.4).
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Most seabirds reported caught in the offshore Greenland halibut fishery
were shearwaters. In 2001, an estimated 66 greater shearwaters (no 95% C.1.
available) were caught in NAFO Divisions 30Ps during the third quarter.
Concurrently, an estimated 246 Cory’s shearwaters (no 95% C.I. available) were
captured in NAFO Divisions 3LN, while an estimated 37 sooty shearwaters (95%
C.l.: 0-115) were caught in NAFO Divisions 2GHJ3K. This leads to a total
estimated catch of 349 shearwaters of various species caught in 2001 (no 95%
C.l. available). Two unidentified shearwaters (no 95% C.l. available) were
caught in NAFO Divisions 30Ps during the second quarter of 2002, while an
estimated 90 greater shearwaters (no 95% C.l. available) were captured in
NAFO Divisions 2GHJ3K during the third quarter of 2002, leading to a total
estimate of 92 shearwaters caught this year (no 95% C.l. available). No

shearwaters were reported caught in 2003 (Table 6.5).

6.3.7 - The Nearshore and Offshore Redfish Fishery
No seabirds were reported as incidental catch in the gillnet fishery for

redfish during 2001-2003, by either Bycatch Collectors or Fishery Observers.
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6.3.8 - The Nearshore Winter Flounder Fishery

No seabirds were reported in 2001 by Bycatch Collectors. A single loon
was reported captured along the northeast coast during the second quarter of
2002 (Table 6.1). This generated an estimated catch of 17 loons (95% C.I.: O-
52) along the northeast coast in this fishery in 2002 (Table 6.3). Three murres
and one gannet were reported along the northeast coast near breeding colonies
(NAFO units 3Ki, 3La and 3Lb; Fig. 1.4) by Bycatch Collectors during the second
quarter of 2003. This represents an estimated incidental catch of 16 murres
(95% C.I.: 0-44) and 8 gannets (95% C.1.: 0-24) in 2003 (Table 6.3). Fishery
Observers reported a single sooty shearwater and at least one gannet in 2001,
both along the south coast. Based on these records, this fishery may have
caught an estimated 62 sooty shearwaters (no 95% C.l. available), and 171
gannets (no 95% C.l. available) in 2001. There were no reports of incidentally

caught birds in 2002 or 2003 in this fishery.

6.4 - Discussion

6.4.1 - Potential Impacts of Gillnets on Seabirds in Newfoundland and
Labrador Waters

Gillnet fisheries in Newfoundland and Labrador can capture considerable
numbers of seabirds; however, not all species are at equal risk of entanglement

in all fisheries. Diving depths vary greatly among different seabird species.
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Northern fulmars are restricted to surface waters, rarely going deeper than 2 m
(Hatch and Nettleship 1998; Garthe and Furness 2001). Species such as
cormorants, eiders and loons typically forage in relatively shallow nearshore
waters (<20 m), although loons are known to be capable of diving down to 60 m
(Guillemette et al. 1993; Mcintyre and Barr 1997; Hatch and Weselow 1999).
Gannets typically plunge down from the air onto schools of prey fish and may
occasionally reach depths of 22 m in this manner (Garthe et al. 2000).
Shearwaters are known to pursue their prey underwater by swimming with both
wings and feet, and several species have been recorded at depths of 60 m or
more (Weimerskirch and Cherel 1998, Keitt et al. 2000; Burger 2001). Auks are
particularly well adapted to diving, and some species such as the common murre
and razorbill can reach depths of >100 m (Piatt and Nettleship 1985; Jury 1986;
Ainley et al. 2002). However, these species typically dive no deeper than 50 m,
while dovekie, puffin and black guillemot typically dive within the uppermost 20 m
(Piatt and Nettleship 1985; Burger and Simpson 1986; Cairns 1992; Ainley et al.
2002; Lowther et al. 2002; B. Hooper, pers. comm., in Montevecchi and
Stenhouse 2002). Clearly, birds that routinely dive deep in search of prey (such
as shearwaters and auks) are at greater risk of encountering fishing gear. On
the other hand, several species of seabirds occurring in Newfoundland and
Labrador waters (e.g., gannets, northern fulmars, various species of
shearwaters) are known to forage on discards around fishing vessels and may be

more likely to get entangled in nets that are being set or hauled, particularly if

224



such nets contain fish (Camphuysen et al. 1995; Camphuysen and Garthe 1997,
Tasker et al. 2000).

Seabirds caught in gillnets may have encountered these nets deployed
and fishing at depth while they themselves were pursuing prey underwater.
Alternatively, the birds may have been captured by the nets as they were set or
hauled; in the latter case, birds may have swum into the nets by accident, or
attempted to forage on entangled fish or discards in the vicinity of the fishing
vessel. Finally, birds that have died from other causes may be subsequently

washed into nets.

It may be difficult to determine if an entangled bird was caught at depth or
during setting/hauling operations. However, some captured birds in the present
study were reported in gillnets fishing at depths far beyond the known diving
range of the species in question (in the Greenland halibut and monkfish/skate

fisheries, in particular).

Based on the data presented here, species such as eider ducks, double-
crested cormorants, Cory’'s shearwaters, gannets, puffins, and dovekies were
reported only rarely as incidental catch in gilinet fisheries in Newfoundland and
Labrador between 2001 and 2003. Loons, black guillemots, razorbills, northern

fulmars and Sooty shearwaters were reported more regularly, while the most
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commonly reported species were murres and Greater shearwaters, as well as
unidentified shearwaters. These species also occurred in the widest range of

fishing gears, reflecting their broad distribution.

Loons were only caught in nearshore fisheries along the northeast coast
early in the fishing season, suggesting that the majority of cases involved
wintering birds. Most murres and puffins were reported near breeding colonies,
although murres were also reported by Fishery Observers in offshore cod
catches in the fourth quarter of the year, when birds disperse offshore after the
conclusion of the breeding season. Gannets displayed a similar pattern,
although captures of these birds were reported less frequently. Catches of
fulmars were only reported in the offshore Greenland halibut fishery in the
Orphan Basin area and adjacent nearshore waters (NAFO Division 3KL and
Units 3Ki/3Kh). Different species of shearwaters were reported in various
nearshore and offshore fisheries that targeted cod, Greenland halibut, white

hake, monkfish and skates, and winter flounder.

The groups of seabirds most commonly reported as caught throughout
Newfoundland and Labrador waters were murres and shearwaters. Based on
both Bycatch Collector and Fishery Observer data, several thousand murres (the
majority of which are likely to have been common murres U. aalge) were caught

annually during 2001-2003 in various nearshore gilinet fisheries. In contrast,
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Piatt and Nettleship (1987) reported an annual average of 22,070 common
murres being caught near four major Newfoundland seabird colonies during the
1981-84 fishing seasons, 81% of which were caught in the cod gillnet fishery,
which was widespread at the time. Clearly, the reduction in gillnet fishing effort
since the cod moratoria has led to a reduction in incidental catch of common
murres, although captures continue even at current low levels of gillnet fishing
effort. Both Bycatch Collector and Fishery Observer data indicate that catches
are highly variable from year to year, and are likely driven by occasional catches
of large numbers of birds in episodic mortality events. Other alcids, such as
black guillemots, razorbills and Atlantic puffins, are apparently captured less
often in cod gillnets. The tendency of murres to form dense feeding aggregations
might account for large numbers being captured at once (Piatt and Nettleship
1987; Robertson et al. 2004). Schools of capelin (Mallotus villosus Muller), the
principal prey of murres, are patchily distributed, leading to a clustering of murres
in areas of high capelin density (Davoren ef al. 2003a). This could increase the
likelihood of large numbers of murres being captured at once in small numbers of
gillnets. Puffins also feed on these aggregations, but are smaller than murres
and may therefore not get entangled to the same extent. Razorbills are
uncommon compared to murres and puffins, and so are less likely to be reported
as incidental catch. Black guillemots do not cluster in feeding aggregations and
do not breed colonially in this region, limiting the potential for large numbers of

this species to be caught at once (Brown et al. 1975).
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It is unknown what caused the difference in incidental catch rates of
murres in Bycatch Collector and Fishery Observer data in the nearshore lumpfish
fishery, where Fishery Observers did not report any murres being caught, while
this was the most commonly reported species in Bycatch Collector data.
Possible causes include low Observer coverage, the possibility that Observers
did not observe birds due to other responsibilities, or clustered distribution of

murres (Davoren et al. 2003a).

The effects of this incidental mortality on the common murre population of
Newfoundland and Labrador appear to be limited. The number of common
murre pairs currently breeding in four major breeding colonies in Newfoundland
(Funk Island, Baccalieu Island, Witless Bay and Cape St. Mary’s) has been
estimated at more than 500,000 pairs, of which over 400,000 nest on Funk
Island, approximately 150,000 in Witless Bay, 4,000 and 10,000 on Baccalieu
Island and Cape St. Mary’s, respectively, and 2,600 on Cabot Island (Chardine
2000; Troke 2002; Davoren et al. 2003; CWS 2004; W. Montevecchi, MUN, pers.
comm.). ltis thought that mortality rates of murre colonies should not exceed 6-
12 % of the population, in order to prevent declines (Piatt 1984). The total
estimated annual incidental catch of common murres is not thought to exceed
5,000 (~ 1% of total provincial population) based on presently available data,

although these data indicate that almost all of these birds were captured in the
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vicinity of breeding colonies. As an example, the incidental catch estimate of
12,296 murres (95% C.1.: 1,151-31,468; Table 6.4) during 2001 in the nearshore
cod fishery in NAFO unit 3Lj off the east coast of the Avalon Peninsula
represents approximately 4% (95% C.1.: 0.2-11%) of the breeding population of
150,000 pairs in the Witless Bay area. Such catch rates could affect the health
of individual colonies, if fishing effort were to increase. In addition to the direct
mortality through entanglement in gillnets, there is an effect on the breeding
population through subsequent chick mortality. Murres do not breed until age 5-
6, and produce a single chick each year (Ainley et al. 2002). Because foraging
efforts from both parents are required for the successful rearing of a single chick,

mortality of breeding murres in fishing gear is of concern (Ainley et al. 2002).

The vast majority of murre incidental catch appears to occur in nearshore
Atlantic cod and lumpfish fisheries. The use of gillnets along the northeast coast
of the island of Newfoundland has been limited since the closure of the large-
scale commercial cod fisheries in 1992, and most nearshore gillnets are now
deployed along the south coast of the island, where fewer murre colonies exist.
The present data indicate that incidental mortality of common murres in gillnets
continues, despite limited fishing effort, but at far smaller numbers than
historically recorded. In 2006, a limited commercial fishery for cod was re-
opened in nearshore waters along the northeast coast of the island of

Newfoundland (DFO 2006). Although this fishery could cause some incidental
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catch of diving seabirds such as murres, levels of fishing effort are not
considered to be high enough to lead to declines in seabird populations. Based
on limited Fishery Observer data, the offshore gillnet fisheries do not appear to

pose a significant risk to murres in Newfoundland and Labrador waters.

However, incidental catch of murres in gilinets represents but one source
of mortality for this species in Newfoundland and Labrador. As indicated by
beached bird surveys, oiled bird rates among Newfoundland murres are among
the highest in the world, indicating the potential importance of oil pollution as a
source of mortality among murres and other seabirds (Wiese and Ryan 2003).
An estimated 300,000 alcids (common murres, thick-billed murres and dovekies)
are estimated to die annually of oil pollution off southeastern Newfoundiand
(approximately 200,000 thick-billed murres, 31,000 common murres, and 69,000
dovekies; Wiese et al. 2004). During the winter months, common murres are
also the target of a directed hunt in Newfoundiand. The main target species is
the migratory thick-billed murre, but common murres are also taken. Of the
estimated 250,000 birds shot each year, as many as 5%, or 12,500 individuals,
might be common murres (Chardine et al. 1999). Other types of impacts, such
as disturbance of nesting sites, may also affect breeding success. Incidental
catch in gillnets should therefore be considered as one of several potential
sources of mortality for common murres, when reviewing management plans for

this species.
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The other potentially significant interaction between seabirds and gillnet
fisheries occurs off the south coast of the island and involves species of
shearwaters. [f all estimates for incidental catch are combined, over 6,000
shearwaters may be captured on average each year in gilinet fisheries off
Newfoundland’'s south coast. It is unknown why catch rates were so variable
between years, since shearwaters are regular summer and fall visitors to the
area (Huetmann and Diamond 2000). It is possible that the aggregating
behaviour of greater shearwaters led to the interannual differences in catch rates

(Brown et al. 1975).

Catches appear particularly high in the offshore cod fishery and lower in
the fisheries for monkfish and skates, white hake and Greenland halibut. It is
presently unknown how shearwaters get entangled in nets fishing for these latter
species, as the nets are typically set at a depth of several hundred meters, which
is considered to be below the diving range of these birds (Weimerskirch and
Cherel 1998, Keitt et al. 2000, Burger 2001). Some shearwater species are
known to scavenge near fishing vessels and it is possible that these species get
entangled in these nets as they are being set or hauled. This appears likely if the
hauling process takes a considerable amount of time, during which nets with fish

are suspended close to the surface near the fishing vessel (Brown et al. 1975;
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Piatt 1984; W. Montevecchi, MUN, pers. comm.). Further research is needed to

assess this.

An estimated two to three million shearwaters of various species occur
seasonally in Newfoundland waters, of which the majority are greater
shearwaters (Brown et al. 1975; Montevecchi 2000). Many of these birds forage
on the southern Grand Banks in late summer, where they overlap with fisheries
for monkfish and skates, white hake, and cod. It is unlikely that the incidental
catches of shearwaters reported here are high enough to be an immediate cause
for concern. Shearwaters are both long-lived and highly migratory, with pairs
producing a single chick each year. During their annual migrations, it is likely
they will experience mortality in numerous fisheries such as the gillnet fisheries in
Newfoundland and Labrador, the cumulative impact of which may be significant
in the long term. There is a need for a detailed analysis of incidental catch of
these species in fisheries throughout the North Atlantic, similar to the one
performed by Uhlmann et al (2005) for incidental catch of sooty and short-tailed
shearwaters .(Pufﬁnus tenuirostris Temminck) in driftnet fisheries throughout the

Pacific.
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6.4.2 - Potential Methodological Problems and Suggestions for
Improvement

The ability to correctly identify seabirds is essential for accurate incidental
catch estimation. Both Bycatch Collectors and Fishery Observers appear to
have difficulty identifying certain groups of seabirds, particularly auks and
shearwaters. Fishery Observers are most likely to receive additional training
(Chapter 4), assuming their data are reviewed for potential identification errors.
Bycatch Collectors require additional training, but not all Collectors may have an
interest in becoming proficient in seabird identification. Given the abundance of
greater shearwaters in Newfoundland waters, the task of identification could be
simplified to determining whether or not captured specimens are P. gravis. If a
specimen is not a P. gravis, photographs might allow for more detailed
subsequent identification. Similarly, whole birds or wings could be stored frozen
for later identifcation, if conditions aboard the vessel permit such sample

collection.

Problems with Fishery Observer coverage are similar to those described in
Chapter 4. Coverage is limited or absent in several nearshore fisheries, largely
due to lack of financial means to afford extension of the Observer programme.
Accurately recording these relatively rare episodic mortality events requires a
high level of observer coverage that can only be achieved through considerable

investment in manpower (Babcock et al. 2003). Bycatch Collector data may be
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used to describe incidental catch in these fisheries, but that database also suffers
from lack of coverage in some fisheries that may capture seabirds (e.g.
nearshore gillnet fishery for Atlantic herring). An expansion of the Bycatch

Collector programme to include more fishers active in these fisheries is desirable.

6.5 - Conclusions

Despite reductions in landings, current gillnet fisheries in Newfoundland
and Labrador waters continue to catch various species of seabirds. Based on
data for gilinet fisheries during the 2001, 2002 and 2003 fishing seasons, an
estimated several thousand murres, several thousand shearwaters of various
species, several hundred loons, gannets, Atlantic puffins and black guillemots,
and smaller numbers of other alcids, cormorants, fulmars, and eider ducks were
captured in gillnets each year. Several sources of bias have likely negatively
influenced these estimates, such as a lack of information about actual numbers
of incidentally caught birds, identification problems, and low observer coverage.
Despite these difficulties, the fisheries for cod, lumpfish, monkfish and skates,
white hake and Greenland halibut appear to be responsible for the majority of
incidental catch of seabirds in gilinets in Newfoundland and Labrador, while
herring, redfish and winter flounder fisheries appear less important. Although
catches are directly linked to fishing effort, they remain a relatively rare

occurrence, so it is difficult to determine where incidental catch is likely to occur.
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However, nearshore fisheries operating near seabird colonies are likely to
experience high incidental catch rates. Likewise, high catch rates may occur in

areas of high productivity, such as the southern Grand Banks.

Catch estimates of murres and shearwaters in Newfoundland waters are
considered a potential concern. Populations of these species are not presently
thought to be declining as a result of this incidental mortality; however,
populations might be affected if fishing effort were to increase following fish stock
recovery. Shearwaters’ extensive migrations ensure interactions with numerous
fisheries throughout the north Atlantic, the cumulative effect of which may be
significant. More information is required on the degree of overlap of these
species with fisheries. It is suggested that incidental catch estimates be
incorporated in management plans for these species, and that mitigation efforts

be undertaken wherever necessary.
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CHAPTER 7 - INCIDENTAL CATCH ESTIMATES OF
SHARKS AND ASSORTED BONY FISH IN
NEWFOUNDLAND AND LABRADOR GILLNET

FISHERIES, 2001-2003

7.1 - Introduction

7.1.1 - An Overview of Incidental Catch of Elasmobranchs in Fisheries

High levels of incidental catch of elasmobranchs (sharks, rays, and
chimaeras) in fisheries have become a conservation concern in recent years
(FAO 1998; IUCN 2006). Stocks of many species are reported to be declining,
and sgveral (e.g. barndoor skate [Raja batis], sawfishes [Pristidae], deepwater
sharks) are considered globally threatened or endangered (Thorson 1982;Casey
and Myers 1998; Simpfendorfer 2000; Stevens et al. 2000; Kiraly et al. 2003;
IUCN 2006). Sharks and rays are caught in a wide variety of fishing gears
including gillnets, longlines and trawls (Bonfil 1994; Stevens et al. 2000;
Carbonell et al. 2003; Carretta et al. 2004; Diaz and Serafy 2005; Shepherd and
Myers 2005). Worldwide, reported elasmobranch landings have been stable at
approximately 800 metric tons since 1996 (FAO 2004). However, actual catches

are thought to be almost twice as high, due to substantial incidental and
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unreported catches (Bonfil 1994). Smaller, more rapidly maturing shark species
may increase if populations of larger, slow-growing sharks are reduced
(Shepherd and Myers 2005). Also, deepwater species are now caught with
increasing frequency due to expansion of deepwater fisheries, such as seamount
fisheries for orange roughy (Kiraly et al. 2003). In many fisheries statistics,
elasmobranch catches are not identified to species, further complicating attempts

to assess the potential impact of fisheries (Stevens et al. 2000).

Sharks and rays are considered vulnerable to overexploitation due to
specific life-history traits. Most species grow slowly, mature late, have low
reproductive rates, and are long-lived, factors that make them vulnerable to
widespread juvenile or adult mortality (Castro et al. 1999, Stevens ef al. 2000;
Lewison et al. 2004). Some directed fisheries for sharks have been managed for
many years at a sustainable level, but most catches of elasmobranchs occur in
fisheries targeting an assemblage of different teleost species (Walker 1998).
Management strategies intended to maximize the catches of these teleosts tend
to deplete stocks of sharks and rays, because teleost populations are typically
able to withstand higher levels of fishing mortality. Furthermore, many species
are distributed over large areas in international waters, and population estimates
are often incomplete or nonexistent. These factors complicate attempts to

establish a conservation strategy for many species of elasmobranchs.
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During the course of research aimed at estimating incidental catches of
small cetaceans in Newfoundland gillnet fisheries during 2001-2003, additional
reports became available of incidental catches of a wide variety of sharks and
large bony fish. These were used to calculate incidental catch estimates. Here,
the incidental catches of sharks in various gillnet fisheries in Newfoundland and
Labrador are estimated, using a methodology developed for the assessment of
small cetaceans described in detail in Chapters 3 and 4. These incidental catch
estimates are compared to abundance estimates, where available, and the
fisheries most likely to capture different species are identified. Various species of
bony fish were also encountered as incidental catch in these fisheries, and their
catch estimates are included in this chapter. There were no available data on
incidental catches of different species of skates or chimaeras during 2001-2003,

and therefore these species are not included in the present analysis.

7.1.2 - Sharks of Newfoundland and Labrador

Several species of sharks occur regularly in Newfoundland and Labrador
waters. These include large, pelagic species such as the blue shark (Prionace
glauca L.), porbeagle (Lamna nasus Bonnaterre) and Shortﬁn mako (/surus
oxyrinchus Rafinesque), the large, filter-feeding basking shark (Cetorhinus
maximus Gunnerus); small schooling sharks of the continental shelf such as the
spiny dogfish (Squalus acanthias L.); and sharks from deeper, colder waters

such as the Greenland shark (Somniosus microcephalus Bloch and Schneider)
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and the black dogdfish (Centroscyllium fabricii Reinhardt). Numerous other
species have been reported as incidental catch in small numbers over the years

(Hurley 1998).

For the majority of these species, little is known about their abundance,
movements and habitat requirements in the northwest Atlantic. The larger
pelagic sharks (blue, porbeagle, shortfin mako) are typically associated with
warmer waters off the south Newfoundland coast, although porbeagle sharks are
more tolerant of colder waters than other species (Scott and Scott 1988). They
are most abundant during summer and fall, when warmer waters are present
near shore. Porbeagles are thought to mate on the southern Grand Banks and

near Cabot Strait during early summer (Campana et al. 2003; Fig. 1.2).

Basking sharks forage along oceanic fronts where zooplankton
concentrations are highest, and their occurrence in nearshore waters is therefore
dependent on these conditions (Sims ef al. 1997; Sims and Quayle 1998). They
are most commonly reported from the south coast. Sightings of this species in
nearshore waters of Newfoundiand have become rare in recent years, but the

reasons for this apparent decline are unknown.

Schools of spiny dogfish seasonally appear nearshore during summer,

particularly along the south coast. These schools migrate along the continental
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shelf, and can consist of hundreds or thousands of dogfish, typically segregated
by sex. Migrations of these schools are likely influenced by water temperature

(Castro et al. 1999).

Other small sharks that are occasionally found in shallow water include the
black dogfish, although this species and several others such as the Portuguese
shark (Centroscymnus coelolepis Barbosa du Bocage and Brito Capello) and
deepsea catshark (Apristurus profundorum Goode and Bean) are far more
common in deeper, colder waters along the continental slope. They share this
habitat with the Greenland shark, which is only rarely reported from shallow
nearshore waters. All of these cold-water species are found closer to the surface

at higher latitudes, particularly in the Arctic (NAFO Division 0A/B).

7.1.3 - Sharks and Fisheries in Newfoundland and Labrador

Directed fisheries for sharks have been limited in Newfoundland and
Labrador, but from the 1960s onward, some trawling effort has been directed
toward spiny dogfish, while large pelagic sharks such as porbeagle, blue and
shortfin mako have been caught on longlines (Templeman 1966). In the 1990s,
catches of pelagic sharks (porbeagle, blue, shortfin mako) in Atlantic Canada
increased substantially with the development of a directed longline fishery,
reaching their peak of 1,922 mt for all three species combined in 1994. Most

catches took place along the Scotian shelf, but some occurred on the Grand
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Banks (Hurley 1998). At the moment, porbeagle and blue sharks are targets of a
directed fishery, with shortfin mako retained as incidental catch (DFO 2002).
Populations appear to have declined due to overexploitation in recent years
(Campana et al. 2003, 2004, 2005a, 2005b, 2006; COSEWIC 2004). Directed
catches have since been reduced throughout the region due to the
implementation of management practices designed to preserve shark stocks
(DFO 2002). All species have been reported as incidental catch in numerous
fisheries, and are occasionally brought ashore (Lien ef al. 1982, 1984, 1985,

1986, 1987; 1989, 1990).

Historically, basking sharks were caught regularly in cod and capelin traps
and gillnets, similar to humpback whales (Lien 1979; Lien and Fawcett 1986;
Lien et al. 1982, 1984, 1985, 1986, 1987, 1988; 1989, 1990, 1994, 1995).
Although the large oily livers of basking sharks were commercially valuable, there
does not appear to have ever been a directed fishery on this species in
Newfoundland, although the species was targeted in other areas (ICES 1995;

Castro et al. 1999). The species is presently only captured incidentally.

Spiny dogfish were considered a nuisance species until recently, but
currently a fishery for this species operates in the southern Gulf of St. Lawrence
and off Nova Scotia. Current quotas are set at 2,500 mt while stock

assessments are undertaken. The species is also incidentally caught in various
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types of fishing gear throughout Atlantic Canada. Their large spines can cause
substantial damage to nets, making them unpopular with many fishers. The
species’ longevity, fate age of maturation and extremely long gestation period

make it highly vulnerable to overexploitation (Castro et al. 1999).

Other species of sharks are not captured intentionally, but may occur in
some abundance as incidental catch in several fisheries. The Greenland shark
and black dogfish, in particular, have been regularly reported as incidental catch
in numerous offshore fisheries, including those for Greenland halibut, although
the effect of these catches on their populations is not known at present due to
lack of abundance estimates. Greenland shark have also occasionally been
reported as incidental catch in nearshore gillnets (Lien et al. 1986; 1989; 1990a).
These species, as well as other deepwater species, may be especially vulnerable

to overexploitation (Kiraly et al. 2003).

7.1.4 - Bony Fish

This category includes a number of medium- to large-sized species of
bony fish that occurred as incidental catches in gilinet fisheries off Newfoundland
and Labrador, although they are not considered to be the target species of the
fishery in question. This includes Atlantic sturgeon (Acipenser oxyrinchus
oxyrinchus Mitchill), Ocean sunfish (Mola mola L.) and various species of billfish

(family Istiophoridae).
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The ocean sunfish is a pelagic species occurring throughout temperate
and tropical regions of the world’'s oceans. In Atlantic Canada, the species
approaches the northern boundary of its distribution. It is a seasonal visitor to
Newfoundland and Labrador waters, associated with warm summer waters (Scott
and Scott 1988). Globally, the species is often captured as incidental catch in
fishing operations, but can often be released alive, although the subsequent
survival rate of the individuals involved is unknown (Silvani et al. 1999; Cartamil
and Lowe 2004). Global abundance of the species is also unknown, and little
research has been conducted on this species in the past; however, the species is
not presently thought to be at risk of extinction (Froese and Pauly 2006). in
Newfoundland and Labrador waters, the species has occasionally been reported

as an incidental catch in various fishing gears.

The Atlantic sturgeon occurs in various rivers and adjacent continental
shelf waters along the east coast of North America from the Lake Melville area,
Labrador, southward to Florida, including the Gulf of St. Lawrence (NMFS 1998).
It is an anadromous species that has been depleted by historic overfishing,
overharvesting of mature females for their caviar, modifications of their spawning
habitat and pollution (NMFS 1998; Williamson 2003). It is unknown if the species
spawns in Newfoundland rivers. It has been reported in Labrador, but it is also

not known if the species spawns there (Anonymous, 2001). Seasonal
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aggregations of juveniles have been reported by fishers from the Bonne Bay
area, as well as from Gilbert Bay, Labrador (Alcock et al. 2003; B. Hooper, MUN,
pers. comm.). Based on limited information, the nearest known significant
spawning areas are the St. Lawrence estuary, Quebec, and the St. John estuary,
New Brunswick (NMFS 1998). It is unknown how sturgeons are distributed in
marine waters of Newfoundland and Labrador although it has been assumed that
the species is seasonally present, as juveniles undertake extensive migrations
after they reach marine waters (Scott and Scott 1988). No commercial fishery for
sturgeons exists in Newfoundland and Labrador, but the species has
occasionally been reported as an incidental catch in gilinets (Lien et al. 1986;

Ledwell and Huntington 2004).

The shortnose sturgeon (A. brevirostrum Lesueur), a related species, has
been reported in freshwater and estuarine environments along the east coast of
North America from the St. John river (New Brunswick) south to northern Florida.
It is smaller and more closely associated with fresh water, and considered to be
even more seriously depleted than A. oxyrinchus (Williamson 2003). It seems
unlikely that this species would be present in coastal waters of Newfoundland. It
has therefore been assumed that all instances of catches of sturgeons in

Newfoundland fisheries involve Atlantic sturgeons.
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Finally, billfish (family Istiophoridae) are medium- to large-bodied, active
pelagic predators that occur in all tropical and subtropical waters of the world.
Five species are known to occur in the northwest Atlantic ocean, and several of
these are seasonal summer visitors to Atlantic Canadian waters, including
Newfoundland and Labrador (Scott and Scott 1988). These include the
swordfish (Xiphias gladius L.), Atlantic white marlin (Tetrapturus albidus Poey)
and Atlantic sailfish (/stiophorus albicans Latreille). Of these, the most commonly
observed species is the swordfish, which occurs seasonally in offshore waters off
Nova Scotia and southern Newfoundland, and supports a local longline fishery in
the Flemish Cap area (NAFO Division 3M) and the shelf edge off the Grand
Banks (NAFO Division 3LN). A small but unquantified amount of incidental catch

is thought to occur in other fisheries in the area, including those using gillnets.

7.2 - Methods

Methodologies used to estimate incidental catch were described in detail
in Chapters 3 and 4. Fisheries under review were also identical to those
described in Chapters 3 and 4. Incidental catch estimation analyses were
performed at the geographic scale of coastlines, because it is unlikely that sharks
either restrict themselves to a single NAFO unit or are distributed uniformly

around the island of Newfoundland.
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7.2.1 —Identification of Shark Species

Many shark species appear alike at first glance, and there was the
potential for incorrect identification of some species, particulary among the
various species of dogfish and the large pelagic sharks. Bycatch collectors were
given identification sheets to help facilitate their identifications. However, it is
possible that some sharks were misidentified by Collectors. Bycatch Observers
received detailed information on the distinguishing characteristics of different
shark species during the course of their training, and were considered familiar
with the most commonly observed species (D. Kulka, DFO-NL, pers. comm.). It
is considered highly unlikely that any of the bony fish under consideration here
would be mistaken for another species by either Bycatch Collectors or Bycatch

Observers.

7.2.2 — Reporting of Shark Incidental Catch

Bycatch Collector data were reported as the total number of sharks
captured. However, Fishery Observer data had to be adjusted to generate
comparable estimates of numbers of incidentally caught sharks. Observers only
reported the total discarded weight of the sharks without recording the number of
animals involved, which led to uncertainty regarding the total numbers of sharks
caught incidentally in these fisheries. This was particularly problematic with
schooling species such as spiny dogfish or Greenland shark. Reported weights

were combined with length-weight ratios and maximum length data from
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Fishbase (Froese and Pauly 2006) to estimate the minimum number of sharks
involved. Multipliers used were 4.5 kg/individual for black dogfish, spiny dodfish,
Portuguese shark and deepsea catshark (based on length-weight relationships of
spiny dogfish), and 750 kg/individual for Greenland shark (the maximum reported
weight), to a minimum of 1 individual. 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 a minimum estimate of incidental catch.
However, it is acknowledged that this method can only provide a very rough
estimate of the total number of sharks caught in various fisheries. Fishery
Observers need to be required to note the number of individuals involved in
incidental catch events, particularly when dealing with small schooling sharks

such as spiny dogfish.

7.3 - Results

7.3.1 - The Nearshore and Offshore Cod Fishery

Only small numbers of sharks were reported by Bycatch Collectors in the
nearshore cod fishery (Table 7.1). The only identified species were blue sharks
and basking sharks. An estimated 306 blue sharks (95% C.l.: 0-919) were
caught in nearshore waters off the south coast in the third and fourth quarter of
2001 (Table 7.5). An estimated 429 basking sharks (95% C.I.: 64-941) were

reported captured off the northeast coast during the third quarter of 2001. These
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species were not recorded in later years or other areas. An estimated 2
unidentified sharks (95% C.1.: 0-6) were caught in the third quarter of 2001 off the
west coast, while an additional estimated 228 unidentified sharks (no C.L
available) were reported during the second and third quarter of 2003 off the south

coast (Table 7.5).

Data from Fishery Observers generally reflect this trend (Tables 7.6, 7.7,
7.8). Catches of porbeagle sharks occurred annually in small numbers, and it is
estimated that total catches over the three-year period may have been as high as
341 sharks (95% C.l.: 0-1,023). Blue and shortfin mako sharks were only
reported in 2002, with an estimated catch of 263 sharks (95% C.1.: 0-798) of both

species. No basking shark catches were reported.

A single thresher shark (Alopias vulpinus Bonnaterre) was reported in
nearshore waters off the south coast in 2003. Thresher sharks are not
considered regular in Newfoundland waters, but occasionally stray northward into
the area (Scott and Scott 1988). If this record is extrapolated, it would indicate a

catch of approximately 215 thresher sharks (95% C.1.: 0-645) in 2003 (Table 7.8).

Bycatch Collectors also record the presence of “dogfish” in their catches,

although this was an uncommon occurrence (Table 7.1). Most reports came

from the south coast, but occasionally from the northeast and west coasts. It
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was assumed that the vast majority of these records referred to the spiny
dogfish. An estimated 856 spiny dogfish were captured in 2001, 3,042 in 2002,

and 628 in 2003, most of which were caught along the south coast (Table 7.5).

Fishery Observer data confirmed regualr catches of spiny dodfish in the
nearshore cod fishery (Tables 7.2, 7.3, 7.4). A total of 739 kg of spiny dogfish
was reported by Fishery Observers during 2001-2003, leading to an estimated
catch of approximately 10.7 mt spiny dogfish (95% C.I.: 3.8-19.7 mt) in 2001,
approximately 113.6 mt (95% C.I.: 13.7-280.1 mt) in 2002, and approximately
28.2 mt (95% C.1.: 8.7-52.4 mt) in 2003, all along the south coast (Tables 7.6,
7.7, 7.8). An estimated total of 2,373 (95% C.l.: 855-4,385), 25,243 (95% C.1.:
3,038-62,247) and 6,275 (95% C.1.: 1,932-11,642) spiny dogfish were captured in

these three years (Froese and Pauly 2006).

Black dogfish was also reported along the south coast in 2001, but was far
less abundant than spiny dogfish (Table 7.2). Only 15 kg of black dogfish was
reported by Fishery Observers in 2001, leading to an average estimated catch of
933 kg (95% C.1.: 116-2,276 kg, Table 7.6). This leads to an estimated minimum

catch of 209 black dogfish (95% C.1.: 26-506; Froese and Pauly 2006) in 2001.

Fishery Observers occasionally reported large pelagic sharks catches in

the offshore cod gillnet fishery off the south coast (Tables 7.2, 7.3, 7.4). Basking
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sharks were rarely captured, leading to an estimated catch of only 6 sharks (95%
C.l.: 0-19) during 2002. Several porbeagles were captured each year, with an
estimated catch of approximately 58 sharks (95% C.I.: 15-118) in 2001, 6 (95%
C.1.: 0-19) in 2002, and 4 (95% C.I.: 0-13) in 2003 (Tables 7.6, 7.7, 7.8). Shortfin
mako sharks were not reported in 2001, but total estimated catches were 6 (95%
C.1.: 0-19) in 2002 and 164 (95% C.I.: 43-318) in 2003. Blue sharks were not
recorded in 2001, but an estimated 26 sharks (95% C.l.: 6-51) were caught in
2002 and another 22 (95% C.1.: 4-44) in 2003. Spiny dogfish was an uncommon
incidental catch in this fishery, with only 25 kg being reported by Fishery
Observers during 2001-2003. The estimated spiny dogfish catch was 15 kg
(95% C.I.: 0-44 kg) in 2001, 13 kg (95% C.I.: 0-39 kg) in 2002, and 98 kg (95%
C.I.: 0-229 kg) in 2003. This was estimated to equate to 3 (95% C.l.: 0-10), 3

(95% C.1.: 0-9) and 22 (95% C.l.: 0-51) sharks (Froese and Pauly 2006).

Sturgeons were reported by Bycatch Collectors in nearshore waters along
the northeast and southern Newfoundland coasts (Table 7.1). During 2001 and
2002, an estimated 292 (95% C.l.: 0-834) and 79 sturgeons (95% C.l.. 0-238)
were caught along the northeast coast (Table 7.5). In 2003, reports of sturgeon
incidental catch occurred along the south coast, leading to an estimated catch of
42 sturgeons (95% C.I.: 0-127). No sturgeons were reported by Fishery
Observers in the nearshore and offshore cod fisheries during 2001-2003. No

ocean sunfish or billfish were reported as incidental catch during 2001-2003.
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7.3.2 - The Nearshore Lumpfish Fishery

No sharks were reported caught by Bycatch Collectors in this fishery, and
Fishery Observers only reported spiny dogfish (Table 7.2). A total of 7 kg of
spiny dogfish were caught off the south coast in 2001, leading to a total
estimated amount of 634 kg spiny dogfish (95% C.I.: 0-1,904 kg), or a minimum
of 141 spiny dogfish (95% C.I.: 0-423) for this year (Table 7.6; Froese and Pauly
2006). Bycatch Collectors reported rare catches of ocean sunfish in the
nearshore lumpfish fishery (Table 7.1). An estimated total catch of four sunfish
(95% C.1.: 0-13) were captured in 2002 off the west coast. No reports of ocean
sunfish catches were available from Fishery Observers. One sturgeon was
encountered by Bycatch Collectors along the south coast in the nearshore
lumpfish fishery in 2003 (Table 7.1). Based on this record, an estimated six
sturgeons (95% C.I.: 0-19) would have been encountered in this area during
2003. No sturgeons were reported by Fishery Observers in the nearshore
lumpfish fishery during 2001-2003. Billfish were not reported as incidental catch

during 2001-2003.

7.3.3 - The Nearshore Herring Fishery

A single unidentified shark was reported by Bycatch Collectors in the third

quarter of 2001 along the west coast, leading to an estimated catch of 15
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unidentified sharks (95% C.I:. 0-43; Tables 7.1, 7.5). No ocean sunfish,

sturgeons, or billfish were reported as incidental catch during 2001-2003.

7.3.4 - The Offshore Monkfish and Skate Fishery

Fishery Observers reported several catches of different sharks during
2001-2003 (Tables 7.2, 7.3, 7.4). Porbeagles, blue sharks and shortfin makos
occurred annually, but in low numbers. An estimated 2 (95% C.1.: 0-7), 289 (95%
C.l.: 0-862) and 17 (95% C.l.: 3-35) porbeagles were caught in NAFO Division
30Ps in 2001, 2002 and 2003, respectively (Tables 7.6, 7.7, 7.8). Blue and
shortfin mako sharks were less common, with estimated catches of 6 (95% C.1.:
0-18) blue sharks in 2001, 11 (95% C.1.: 2-23) in 2002 and 17 (85% C.1.: 0-43) in
2003; and 8 (95% C.I.: 0-22) shortfin mako in 2001, 3 (95% C.I.: 0-9) in 2002,
and 15 (95% C.I.: 3-34) in 2003. An estimated 395 basking sharks (95% C.I.: 4-
1,145) were captured in 2002, with an additional 9 (95% C.1.: 0-25) in 2003. The
large weight of this species, combined with the uncertainties associated with
records from the Fishery Observer programme, mean that these estimates are
biased to an unknown degree, more so than the other shark species. At least,
this species does occur as incidental catch in this fishery. A single thresher
shark was reported in 2003, leading to a small incidental catch estimate of 1

(95% C.1.: 0-4) in this year.
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Spiny dogfish were also reported captured in the monkfish and skate
fishery, though not in very large numbers; only 46 kg of spiny dogfish was
reported by Fishery Observers during 2001-2003 (Tables 7.2, 7.3, 7.4). Catches
were variable and appeared to depend greatly on the presence of large schools
of spiny dogfish near fishing gear. An estimated total of 95 kg (95% C.I.: 13-234
kg) of spiny dogfish was captured in 2001, 3,278 kg (95% C.1.: 21-9,341 kg) in
2002, and a further 37 kg (95% C.I.: 0-20 kg) in 2003, corresponding to
approximately 21 (95% C.1.: 3-52), 729 (95% C.1.: 5-2,076) and 8 (95% C.I.: 0O-

24) specimens (Tables 7.6, 7.7, 7.8; Froese and Pauly 2006).

Black dogfish were rare catches in this fishery, with only 39 kg reported by
Fishery Observers during 2001-2003 (Tables 7.2, 7.3, 7.4). This corresponded
to estimates of 4 kg of black dogfish (95% C.1.: 0-12 kg) in 2001, 41 kg (95% C.I.:
9-85 kg) in 2002, and 37 kg (95% C.I.: 0-110 kg) in 2003, or a minimum of 1
(95% C.1.: 0-3), 9 (95% C.I.: 2-19) and 8 (95% C.1.: 0-24) black dogfish (Tables

7.6,7.7,7.8; Froese and Pauly 2006).

A total of 2,736 kg of Greenland shark was reported caught by Fishery
Observers, all but 2 kg in 2002 (Tables 7.2, 7.3). This equated to estimates of
8.0 kg (95% C.1.: 0-22.6 kg) in 2001 and 10,291.5 kg (85% C.1.: 0-25,669.7 kg) in
2002 (Tables 7.6, 7.7). A minimum estimate of 1 and 14 (95% C.l.. 0-34)

Greenland sharks were captured in 2001 and 2002 (Froese and Pauly 2006).
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No billfish were reported as incidental catch by Fishery Observers during
2001 and 2003, but five catch events involving swordfish were reported in 2002
(Tables 7.2, 7.3, 7.4). . Based on these daté, it is estimated that a total of 17
swordfish (95% C.l.: 2-37) were caught in this year (Table 7.7). No ocean
sunfish or sturgeons were reported as incidental catch in the monkfish and skate

fishery during 2001-2003.

7.3.5 - The Offshore White Hake Fishery

Fishery Observers reported several instances where sharks were
inadvertently caught in this fishery (Tables 7.2, 7.3, 7.4). The vast majority of
these involved spiny dogfish. This species was reported regularly but in small
numbers (only 255 kg during 2001-2003). Based on these records, an estimated
381 kg (no 95% C.I. available) was caught in 2001, 1,175.7 kg (95% C.I.: 786.4-
1,606.0 kg) in 2002, and 119.4 kg (95% C..: 20.2-248.8 kg) in 2003,
approximately equivalent to 85, 261 and 27 specimens (Tables 7.6, 7.7, 7.8;
Froese and Pauly 2006). A single blue shark was reported caught in 2002,
leading to an estimated catch of 5 (95% C.I.: 0-17) blue sharks this year. Few
black dogfish (approximately 2 kg) were captured in 2003, leading to an estimate
of 13 kg black dogfish (95% C.I.: 0-40 kg), or approximately three individuals
(95% C.1.: 0-9; Froese and Pauly 2006). Only 20 kg of Greenland shark was

reported in 2001, leading to an estimated catch of 282.3 kg (no 95% C.I
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available), and a minimum of one Greenland shark caught this year. A single
thresher shark was reported in 2002, resulting in a small estimated catch of 6

(95% C.l.: 0-17) thresher sharks this year.

Small numbers of swordfish were reported each year during the period
2001-2003 by Fishery Qbservers (Tables 7.2, 7.3, 7.4). An estimated 14 (no
95% C.1. available), 11 (95% C.I.: 0-28) and 7 (95% C.I.: 0-20) swordfish may
have been captured in the offshore component of this fishery in 2001, 2002 and
2003 (Tables 7.6, 7.7, 7.8). Based on these data, the white hake fishery appears
to catch a small number (10-20) of swordfish annually. No ocean sunfish or

sturgeons were reported during 2001-2003.

7.3.6 - The Nearshore and Offshore Greenland Halibut Fishery

The sharks encountered in the Greenland halibut fishery were typically
benthic sharks from deeper waters, likely due to the concentration of effort in
these areas (Table 7.1, 7.2, 7.3, 7.4). Spiny dogfish were reported once by a
single Bycatch Collector in nearshore waters along the south coast in 2002,
leading to an estimated total catch of nine spiny dogfish in this area (95% C.I.: 0-
31; Table 7.5). A single unidentified shark was reported in by bycatch collectors
along the west coast in 2001, leading to an estimated 138 unidentified sharks
caught (no 95% C.1. available). No other sharks were reported by the Bycatch

Collectors in this fishery. The only sharks reported by Fishery Observers in
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nearshore waters were small amounts of spiny dogfish off the northeast coast in
2001 (2 kg) and off the south coast in 2003 (5 kg), leading to estimated catches
of 43 kg (95% C.1.: 0-123 kg) and 361 kg (95% C.1.: 0-1,092 kg, or 9 (95% C.I.:

0-27) and 80 (95% C.1.: 0-243) individuals (Tables 7.6, 7.7, 7.8).

In the offshore component of this fishery, small numbers of basking sharks
were reported caught by Fishery Observers in 2001 and 2002 (Tables 7.2, 7.3,
7.4). An estimated 24 basking sharks (95% C.1.: 0-71) were captured in 2001,
and an additional 73 (95% C.1.: 9-166) in 2002. Small nhumbers of porbeagle and
shortfin mako sharks were reported caught in 2003 (2; 95% C.l.: 0-7 for both

species). No blue sharks were reported.

Spiny dogfish were reported in small numbers in this fishery, only in 2001
and 2002, in NAFO Divisions 2GHJ3K and 3LN (Tables 7.2, 7.3, 7.4). Catch
estimates ranged from 142 kg (95% C.1.: 0-408 kg) in 2001 to 3,774 kg (95% C.1.
1,408-6,987 kg) in 2002 (Tables 7.6, 7.7). This was estimated to correspond to
31 (95% C.I1.: 0-91) and 807 (95% C.I.: 313-1,462) spiny dogfish in 2001 and

2002, respectively (Froese and Pauly 2006).

Greenland sharks were commonly reported by Fishery Observers,

particularly in NAFO Divisions 2GHJ3K, 3LN and 30Ps (Tables 7.2, 7.3, 7.4).

Overall, an estimated 67 mt (95% C.1.: 3.2-148.7 mt) was caught in 2001, and an
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estimated 157.8 mt (95% C.1.: 2.3-449.4 mt) in 2002, equating to a minimum of
91 (95% C.1.: 4-198) and 210 (95% C.1.: 3-599) individuals (Tables 7.6, 7.7, 7.8).

This species was not reported in 2003.

Black dogfish was a commonly captured species in the Greenland halibut
gillnet fishery, most often encountered along the shelf break off the Labrador
coast (NAFO Divisions 2GHJ3K; Tables 7.2, 7.3, 7.4). An estimated 93 mt of
black dogfish (95% C.I.: 10-142 mt) was caught in 2001, an estimated 21 mt
(95% C.I.: 14-29 mt) in 2002, and 9 mt (95% C.I.: 5-13 mt) in 2003. This
corresponded to a minimum of 20,609 (95% C.1.:2,174-31,563), 4,661 (95% C.1.:
2,997-6,499) and 1,910 (95% C.l.. 1,102-2,950) individuals in these years

(Tables 7.6, 7.7, 7.8; Froese and Pauly 2006).

Other small deepwater shark species such as Portuguese shark and
deepsea catshark were reported in this fishery in small humbers (Tables 7.2,
7.3). An estimated 816 kg of deepsea catshark (95% C.I.: 119-1,808 kg) was
caught in 2001. An estimated 378 kg of Portuguese shark (95% C.1.. 0-858 kg)
was captured in 2001, and an additional 288 kg (0-695 kg) in 2002 (Tables 7.6,
7.7). Based on these estimates, a minimum of 181 (95% C.I.: 26-402) deepsea
catsharks were captured in this fishery in 2001, and 84 (95% C.I.: 0-191) and 64

(95% C.l.: 0-154) Portuguese sharks captured in 2001 and 2002 (Froese and
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Pauly 2006). No ocean sunfish, sturgeons, or billfish were reported as incidental

catch during 2001-2003.

7.3.7 - The Nearshore and Offshore Redfish Fishery

No sharks were reported by Bycatch Collectors, but some were reported
by Fishery Observers. The most commonly reported species of shark captured
in this fishery was the spiny dogfish. Fishery Observers recorded this species in
large numbers each year (Tables 7.2, 7.3, 7.4). An estimated 83 mt (no 95% C.I.
available), 19 mt (95% C.1.: 3-47 mt) and 0.4 mt (no 95% C.l. available) of spiny
dogfish was captured during 2001, 2002 and 2003, respectively, corresponding
to a minimum catch of 18,470 (no 95% C.I. available), 4,245 (95% C.1.. 756-
10,453) and 83 spiny dogfish (no 95% C.I. available; Tables 7.6, 7.7, 7.8; Froese

and Pauly 2006).

Black dogfish was a rare catch in this fishery, with only 4 kg caught in
2002 (Table 7.3). Based on this, it was estimated that approximately 141 kg of
black dogfish (95% C.I.: 0-421 kg) were caught in this fishery during 2002 (Table

7.7). This corresponded to 31 individual black dogfish (95% C.1.: 0-94).
There were occasional reports of porbeagle sharks in this fishery (Tables
7.2, 7.3). An estimated 261 porbeagles (no 95% C.I. available) were caught in

2001, and an additional 68 (95% C.I.: 0-175) in 2002 (Tables 7.6, 7.7). A single
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shortfin mako was reported in 2003, leading to an estimated catch of 75 sharks

(no 95% C.I. available) captured during this year.

A single ocean sunfish was reported by Fishery Observers during 2003
(Table 7.4). Based on this capture, an estimated 75 ocean sunfish (no 95% C.I.
available) were captured in this fishery during that year (Table 7.8). No

sturgeons or billfish were reported as incidental catch in 2001-2003.

7.3.8 - The Nearshore Winter Flounder Fishery

No sharks, ocean sunfish, sturgeons or billfish were reported captured in

the winter flounder fishery during 2001-2003.

7.4 - Discussion

7.4.1 - Fishing Impact on Sharks and Large Bony Fish

Incidental catch reports of sharks varied widely, and their frequency
depended greatly on both the fishery and shark species. Based on the available

data, it appears that the most commonly encountered species by fishers in
Newfoundland gillnet fisheries is the spiny dogfish. No recent stock assessments

exist for this species in Atlantic Canadian waters, so it is not possible to
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adequately assess the effects of these removals. However, the species exhibits
slow growth and an extremely long gestation period, and stocks in the northwest
Atlantic are considered to be overexploited (Castro et al. 1999). Studies are
underway to determine the population dynamics and migration patterns of the

spiny dogfish that seasonally enter Canadian waters (Campana et al. 2006).

Black dogfish are the most commonly encountered species in offshore
fisheries, particularly the Greenland halibut fishery. Population size of this deep-
water species in Newfoundland and Labrador waters is unknown, and there is
also a current lack of knowledge on the species’ longevity, reproductive rates and
age at maturity. The impact of these removals can therefore not be adequately

assessed.

The total catch estimates of the various species of large, pelagic sharks
are typically on the order of several hundred individuals per year, and it is
unknown how this may affect the populations of these sharks. However, all of
these species are vulnerable to overfishing pressure (Scott and Scott 1988;
Froese and Pauly 2006). Catch data indicate that populations of these shark
species in Atlantic Canadian waters continue to be adversely affected by various
fisheries (e.g. Campana et al. 2003, 2004, 2005a, 2005b, 2006; COSEWIC
2004). The northwest Atlantic stock of porbeagle, the only species for which

abundance estimates are available, may include approximately 12,000
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individuals, which represents a 90% decline since exploitation started in the
1960s (COSEWIC 2004). Under these circumstances, even low levels of
incidental catch may negatively affect the recovery of such depleted species.
The confidence intervals of the catch estimates are wide, indicating substantial
uncertainty, but the estimates are at least indicative of continuing mortality of
these species in gillnet fisheries. Such estimates should be incorporated in stock
assessments to further improve management. Conservation plans are currently
under consideration by the Department of Fisheries and Oceans (DFO 2001). In
Canada, porbeagle sharks were classified as ‘Endangered’ by COSEWIC in
2001, and have been reviewed for inclusion under the Species At Risk Act
(COSEWIC 2004). However, in August 2006 the federal minister of Fisheries
decided to not list the porbeagle shark under SARA, citing concerns for socio-
economic impacts of listing this species on sectors of the fishing industry (DFO
2006). Other shark species, such as shortfin mako and basking shark, are
currently under consideration for listing under SARA, but little is known about

their stock status (D. Kulka, DFO-NL, pers. comm.).

The effect of incidental catch in gillnets on populations of Greenland shark
is unknown. Data on age at maturity, reproduction, and longevity are almost
completely absent, and stock structure of the species is unclear. However, it is
thought to be highly sensitive to overfishing, and concern appears warranted

(Castro et al. 1999). High levels of catch have been recorded in the offshore
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trawl fishery for Greenland halibut in NAFO Division 0A/B (unpublished DFO
data). Greenland sharks, black dogfish and other deepwater sharks likely have
even lower rates of growth and reproduction than most shallow-water species
due to the low productivity of their environment (Kiraly et al. 2003). As such, they
are likely to be disproportionately impacted by deepwater fisheries, and the high

mortality estimates reported here are cause for concern.

Ocean sunfish appear uncommon catches in gillnet fisheries in
Newfoundland and Labrador, despite the fact that they are regularly sighted
locally along the south coast by Bycatch Collectors (unpublished data). Their
essentially pelagic habits may prevent them from encountering many bottom-set
gillnets. Pelagic gilinets fishing for herring, which could be expected to capture
ocean sunfish, are mostly concentrated in the Strait of Belle Isle (NAFO area
4Ra), but no large numbers of ocean sunfish have been reported from that area.
Their distribution may be limited to waters off the south coast and the southern
Gulf of St. Lawrence due to the seasonal influx of warmer water. There are no
abundance estimates for this species in the north Atlantic, nor is there any
information on population structure. However, based on present data, incidental
catch in gilinets in Newfoundland and Labrador waters does not appear to pose a

significant risk to the long-term survival of the ocean sunfish population in the

north Atlantic.
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The current stock status of Atlantic sturgeon in Atlantic Canadian waters is
unknown, but the species is likely depleted in many areas. As such, the
estimated mortality of sturgeons in Newfoundland and Labrador fishing gear
between 2001-2003 may potentially delay or prevent recovery of this species
despite conservation measures which are mainly aimed at restoring the species’
freshwater spawning habitat (NMFS 1998). Further research into the distribution
of this species in Newfoundland and Labrador waters and the potential impact of

incidental catches in fishing gear is urgently required.

Of the billfish, only swordfish were reported as an incidentally captured
species in the offshore fisheries for monkfish, skates and white hake during
2001-2003. Swordfish stocks in Atlantic Canadian waters are managed
according to a comprehensive management plan (DFO 2004). In 2005, the
International Commission for the Conservation of Atlantic Tunas (ICCAT), which
also oversees swordfish quota, allocated 1,348 mt of the north Atlantic swordfish
stock as the Total Allowable Catch to Canada. Based on the data available in
this study, an estimated 2.1 mt of swordfish was incidentally captured in gillnets
during the three-year period under consideration, or an average of 0.7 mt per
year. It therefore does not appear that the gilinet fisheries discussed here

currently form a significant source of additional mortality for the swordfish stock

occurring in Newfoundland waters.
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7.5 - Conclusions

Incidental mortality of sharks and some large bony fish in gillnet fisheries
in Newfoundland and Labrador has been quantified for the first time. Based on
the data reported here, catch rates of spiny dogfish are especially high, and
appear to mainly occur along 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, shortfin mako and basking shark, occur regularly in
various fisheries. Catches of Greenland shark and black dogfish are largely
confined to the offshore fishery for Greenland halibut, where they occur together
with small numbers of several other deepwater species. Of the bony fish
discussed here, only catches of Atlantic sturgeon appear substantial, occurring in

nearshore fisheries for cod and lumpfish.

In most cases, the impact of this incidental mortality cannot be evaluated
because stock size is unknown. However, concern is warranted given most
shark populations’ low resiliénce to overfishing. Several shark stocks in Atlantic
Canadian waters are considered depleted, and additional incidental mortality in
fisheries must be addressed to facilitate recovery of these species. However,
there are substantial data requirements concerning life history, distribution and
stock structure of most species-discussed here. In the case of Atlantic sturgeon,
there is an additional need to determine if the species currently spawns in the

province’s watersheds, to put appropriate conservation measures in place.
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CHAPTER 8 - INCIDENTAL CATCH OF LARGE MARINE
VERTEBRATES: MANAGEMENT IMPLICATIONS

AND RESEARCH NEEDS

8.1 - Introduction

At least 33 species of large marine vertebrates (small cetaceans,
pinnipeds, seabirds, sharks, bony fish) were reported as incidental catch in
commercial gilinet fisheries in Newfoundland and Labrador during 2001-2003
(Tables 4.5, 5.3-4, 6.3-5 and 7.3-8). Confidence intervals were large for many
estimates, reflecting the variability in incidental catch rates among and between
fishers. Itis recognized that the estimates presented here depend greatly on the
quality of reporting of fishing effort and incidental catch events by fishers and
observers. Nonetheless, these estimates serve as an indication of the relative
importance, in terms of entanglement risk, of different fisheries to various species
of large marine vertebrates. In order to rectify concerns related to data
collection, future concerted efforts are required to improve the quality of data
available for management, in order to reduce the impact of gilinets on these large
marine vertebrates. However, a current lack of information should not be

perceived as a reason to delay implementation of mitigative factors to aid in
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cases where high levels of incidental catches have been reported (Lewison ef al.

2004).

This chapter will provide a brief review of key findings of the incidental
catch results described in Chapters 4-7. It will also review possible measures to
improve monitoring for, and to reduce or prevent the occurrence of, incidental
catch of large marine vertebrates in gilinet fisheries of Newfoundland and
Labrador. Recommendations for future management of incidental catch of large

marine vertebrates are also made as part of an ecosystem approach to fisheries.

8.2 - Review of incidental catch of large marine vertebrates in

Newfoundland and Labrador gillnet fisheries

Incidental catch of large marine vertebrates occurred in all gillnet fisheries
studied. However, some fisheries captured greater numbers of individuals, or a
wider variety of species, than others. The nearshore gillnet fisheries for cod and
lumpfish, and the offshore gillnet fishery for monkfish and skates, appeared to be
the fisheries with the greatest impact on large marine vertebrates, both in terms
of the diversity of species caught and the large fraction of all incidental catches
for species that occurred in these fisheries per unit effort (Tables 4.5, 5.3-4, 6.3-5
and 7.3-8). The nearshore fishery for cod captured large numbers of a wide

variety of species, particularly small cetaceans, seabirds, seals and sturgeons.
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Sharks were comparatively uncommon in this fishery. The lumpfish fishery is
well known for its substantial catch rates of harp seals and other seal species
(Walsh et al. 2000). This fishery also caught large numbers of seabirds (murres,
loons) and small numbers of harbour porpoise, spiny dogfish and sturgeons.
Finally, the offshore fisheries for monkfish and skates reported relatively high
catches of harbour porpoise and various dolphins, shearwaters and a wide
variety of shark species, as well as small numbers of seals and swordfish. The
comparatively high levels of Fishery Observer coverage in this fishery are likely

responsible for this detailed assessment of incidental catch.

Offshore fisheries for cod, Greenland halibut and white hake captured a
wide range of species, and some of these incidentally-captured species occurred
in substantial numbers (Tables 4.5, 5.3-4, 6.3-5 and 7.3-8). The offshore cod
fishery off the south coast captured mainly large pelagic sharks (porbeagle, blue,
shortfin mako) and seabirds (many shearwaters, as well as small numbers of
murres), with limited catches of seals. The Greenland halibut fishery captured
large numbers of different species of sharks and shearwaters, as well as small
numbers of seals (harp seal) and small cetaceans (harbour porpoise). This
fishery was mainly concentrated in deeper waters along the shelf edge and could
therefore capture deepwater shark species, which are potentially vulnerable to
overexploitation (Kiraly et al. 2003). The white hake fishery captured small

numbers of sharks, shearwaters and small cetaceans (harbour porpoise, but
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potentially also dolphins), as well as swordfish. This fishery was mostly
concentrated in a small area along the shelf edge off the south coast of the
island, which may have limited its overall impact. It was otherwise comparable to
the offshore fishery for monkfish and skates in terms of the diversity of species

impacted.

Large numbers of spiny dogfish and several other shark species were
captured in the redfish fishery, but few other species were caught (Tables 4.5,
5.3-4, 6.3-5 and 7.3-8). This fishery is restricted to the south coast, and it is
thought that this limited distribution may have prevented a wider range of other
species getting caught. The winter flounder fishery typically takes place in
shallow nearshore waters, and this may well be the reason why many species,
including small cetaceans and sharks, were not captured in these nets. This
fishery only caught small numbers of seabirds (loons, murres, gannets) and seals

(mainly harp seals).

The nearshore herring fishery only reported occasional incidental catches
of harbour porpoise, making this the fishery with the lowest apparent impact per
unit of fishing effort on large marine vertebrates in terms of direct mortality and
diversity of affected species (Tables 4.5, 5.3-4, 6.3-5 and 7.3-8). This is a
geographically-localized fishery using pelagic nets with a small mesh size. Itis

possible that many larger species are less prone to entanglement in these nets,
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but further research is necessary to determine if this is the case. However, the
coverage in this fishery (by means of Bycatch Collectors) was low, and no

Fishery Observer data were available.

This thesis examined the potential impacts of incidental catch of a wide
variety of large marine vertebrates in different gillnet fisheries in Newfoundland
and Labrador. Incidental catch estimates for different species were provided in
Chapters 4, 5, 6 and 7 (Tables 4.5, 5.3-4, 6.3-6 and 7.3-8). Overall, catch
estimates varied widely between species, with some (e.g. harp seals) being
reported in large numbers, while others (e.g. ocean sunfish) appeared to get
caught only occasionally. For some species, (e.g. murres, sturgeons) the
incidental mortality in gillnets may affect local populations, while for others (e.g.
harp seals) current level of catches appears insignificant relative to population

sizes.

For most species discussed here, insufficient information exists to
adequately assess the impact of this anthropogenic mortality. There is a need
for current information on abundance, distribution, life history and migratory
movements of the species discussed. Reliable abundance estimates are the
most important of these data needs, because these will allow the calculation of
the mortality rate (numbers of individuals killed as a fraction of the total

population) for a first assessment of the potential impact that incidental mortality
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in gillnets might have on the species in question. Subsequently, the species’
distribution at various geographic and temporal scales, and possible migratory
pathways, should be determined to identify areas of potential critical habitat for
the species. Such an assessment is the first step in the development of a
practical long-term management strategy that will maintain and rebuild
populations of these species in Canadian waters. This strategy should
incorporate mortality rate estimates from a wide range of industries, such as
various fisheries, directed hunting, offshore hydrocarbon extraction, poliution,

and other potential limiting factors for these species.

Estimating abundance of large vertebrates, such as marine mammals,
sharks and seabirds can be complicated, because the animals range over large
areas and are often difficult to detect. Visual surveys can record abundance of
marine mammals and seabirds in a representative area, which can then be
extrapolated to a larger region, although care must be taken in designing the
survey that representative areas are covered (Camphuysen ef al. 2004). Such
surveys require good Vvisibility and specific assumptions about sighting
probabilities of species at different distances from the survey platform (Palka
2006). Sharks and other fish cannot reliably be detected using surface-based
visual surveys. Acoustic surveys can identify presence or absence of cetaceans,
but their effectiveness depends on the intensity of cetacean vocalizing activity,

and they are not useful in detecting species that do not vocalize, such as sharks.
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For such species, incidental catch records in fisheries may provide more helpful
information. Catch data of sharks from different fisheries can be used to
estimate changes in relative abundance, if a sufficiently large dataset is available

(Simpfendorfer et al. 2000).

A management plan for gillnet fisheries in Newfoundland and Labrador
that takes account of incidental mortality of non-target species (specifically,
species that are not commercially targeted fish species) is long overdue, and
should be developed in collaboration with the fishing industry and other
stakeholders. A number of changes could be made to the current Bycatch
Collector and Fishery Observer programmes to improve the data collection
process and data quality (see suggestions in Section 8.4). Several
methodologies currently exist to reduce or prevent incidental catch from
occurring, and these are discussed below. Finally, prospective changes in the
current management regime are discussed, from the perspective of an

ecosystem approach.

8.3 - Potential Mitigation Measures to Prevent Incidental Catch

Methods to reduce or prevent incidental catches of large marine
vertebrates in gillnets generally fall into two categories. One methodology

focuses on reducing opportunities for inadvertent catches by means of changes
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to fishing gears and methods, as well as temporary time-area closures, while the
other attempts to alert the animals to the presence of the nets before
entanglement occurs (Hoyt 2005; IWC 1994, Kraus et al. 1997; Melvin and
Parrish 2001; Murawski ef al. 2000; Trippel et al. 2003). These methods are not
mutually exclusive, and management agencies should carefully consider the
relative merits of a variety of potential mitigation measures before deciding on
their possible implementation. Best results may be achieved by following a
comprehensive plan that includes several different approaches with clearly
defined goals that can be independently verified. Including representatives of the
fishing industry in the decision-making process increases the likelihood of

ultimate success (Melvin and Parrish 2001).

8.3.1 - Time-Area Closures

Periodic closures of specific areas have been used in numerous fisheries
in many parts of the world as a means to prevent incidental catch of non-target
species, to allow recovery of depleted stocks, or to protect spawning
aggregations (Murawski et al. 2000; Pitcher et al. 2000). In recent years, the
idea of time-area closures has developed into the concept of Marine Protected
Areas (MPAs) where specific locations are formally placed under a year-round
conservation regime to protect vulnerable habitats and associated species
against human exploitation; this conservation regime may lead to reductions in,

or bans on, fishing effort IUCN 1999; Dayton et al. 2000; Hyrenbach et al. 2000;
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Sumaila et al. 2000; Russ and Alcala 2004). Marine Protected Areas can be
considered a form of insurance for future catastrophic events, either
anthropogenic or environmentally driven, that might lead to widespread collapse
of fish stocks. MPAs can conserve fragile marine habitats and biodiversity,
maintain ecosystem structure, and serve as a baseline to compare management
of other areas. Finally, they may allow depleted populations to rebuild and
recolonise adjacent areas, where they may become available to the fishing
industry (e.g. Lauck ef al. 1998; IUCN 1999; Sumaila et al. 2000; Roberts et al.
2001; Gell and Roberts 2003; Murawski et al. 2000, 2004). Most Marine
Protected Areas have been established in tropical waters, but increasing
numbers are now being put in place in temperate and boreal marine ecosystems
(Auster and Shackell 2000; Garcia-Charton et al. 2000; Jamieson and Levings

2001; Russ and Alcala 2004, Tissot et al. 2004; McClanahan and Graham 2005).

Closing areas to exploitation has also been used for the conservation of
stocks of marine mammals by bodies such as the International Whaling
Commission that designated the Indian Ocean Sanctuary in 1979 and the
Southern Ocean Sanctuary in 1994 as conservation mechanisms for large
cetaceans (IWC 1980, 1995). In the case of small cetaceans, areas closed to
fishing activities have been established as part of comprehensive management
schemes in several areas, including the Gulf of Maine (United States) for harbour

porpoise, the Gulf of California (Mexico) for vaquita, the Gully underwater canyon
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system off the coast of Nova Scotia (Canada) for northern bottlenose whales,
and the Banks Peninsula {New Zealand) for Hector's dolphin (Richter 1998;
Hooker et al. 1999; Hughey 2000; Murray et al. 2000; Reeves 2000; Hood 2001;

Hoyt 2005).

Pinnipeds have mainly benefited from protection of rookeries or haul-out
sites from direct exploitation, but pinniped feeding areas in the open ocean are
often unknown and unprotected. Seabird colonies may receive protection from
direct hunting, but fishing activities may continue in the vicinity of these colonies.
Feeding aggregations have been conserved in some areas (Hyrenbach et al.
2006). At present, no MPAs have been proposed specifically for the
conservation of sharks, although populations of some tropical species with
relatively sedentary habits may benefit from Marine Protected Areas in coral reef

environments (DeMartini and Friedlander 2004).

Time-area closures and MPAs appear to hold promise as a conservation
tool in cases (1) where the problem of incidental catch is localized in a
subsection of the total area being fished, (2) where the spatio-temporal
distribution pattern of the incidental catch is known and predictable, (3) where
any displacement of fishing effort from within the closure does not result in an
increase in incidental catch outside the closure, (4) where fishers understand and

support the closure, and agree to abide by its regulations, and (5) where
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sufficient information exists upon which to base a closure (Murray et al. 2000).
These conditions often remain unmet when dealing with incidental catch of large
marine vertebrates. In particular, closures may be less successful in cases
where species are wide-ranging in their habits, as is the case with the majority of
marine mammals, seabirds, and sharks (Allison et al. 1998; Gell and Roberts
2003). The wide-ranging habits of many marine species, including fish, sharks
and marine mammals, imply that significant areas of the marine environment
may have to be closed to fisheries in order for these populations to rebuild to any
meaningful extent (Lauck et al. 1998; Boersma and Parrish 1999; Murawski et al.
2000). However, smaller closures can still be effective if they include specific
areas where high aggregations of these species occur periodically, such as
harbour porpoise in the Bay of Fundy, or black-footed albatross off the coast of

California (Waring et al. 2003; Hyrenbach et al. 2006).

The majority of currently existing MPAs are in nearshore waters,
associated with fixed submerged or surface features such as reefs or islands. So
far there has been little effort to implement MPAs in offshore waters, due to the
large geographic scales involved, the ever-changing dynamic nature of the open
ocean environment, and enforcement difficulties (Boersma and Parrish 1999).
However, many species of wide-ranging large marine vertebrates would likely
benefit from the closure of portions of the open ocean to fishing activity with

MPAs. Such MPAs may not be fixed in place, but rather be dynamic,
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incorporating sections of large oceanic currents or frontal systems (Hyrenbach et
al. 2000). These MPAs could be structured around a core water mass in which
no fishing would be permitted, surrounded by a buffer area in which limited
fisheries could be allowed. Remote sensing technology can be used to measure
important oceanographic or biological features of the system, such as sea
surface temperature or chlorophyll concentrations, and the location of MPA
boundaries would then be determined on a day-to-day basis. Such information is
already used by many industrialized fisheries to locate likely fishing grounds, and
should become a regular part of open ocean management (Mikol 1997;
Hyrenbach et al. 2000). However, adverse atmospheric conditions (e.g.
continuous cloud cover) may reduce available data for areas such as
Newfoundland and Labrador, and management based on remote sensing input
should be sufficiently robust to cope with extended periods of little or no data

updates.

Fisheries management plans that include time-area closures as
components must also take into account interannual fluctuations in distribution of
the target species that may be caused by environmental variability, indicating that
the designation of closed areas by necessity will have to be a flexible process
with the capability to respond rapidly to new information. Finally, fishers need to
be involved in the development of time-area closures to help minimize any

economic hardship brought on by closure of traditional fishing grounds. The
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closure of large areas to fishing as a conservation measure may lead to
displacement of fishing effort toward other areas and fisheries, potentially
resulting in increased fishing pressure on other species (Murray et al. 2000;
Murawski et al. 2005). For this reason, fishing effort reduction should always be
considered as a component of a broader management plan. However, it may
prove politically impossible to close a sufficiently large area to fishing in order to
significantly reduce incidental catch of small cetaceans or other species, if fishers

are not included in the establishment of such a management plan.

Enforcement of time-area closures or MPAs can often be difficult,
particularly when dealing with large numbers of small fishing vessels (Read
2000). In many jurisdictions around the world, larger vessels are required to
carry Vessel Monitoring Systems (VMS), enabling surveillance using remote
sensing technology (Molenaar and Tsamenyi 2000; Drouin 2001; Deng et al.
2005; Kourti et al. 2005). Some of these systems also allow for continuous
monitoring of catch as it is being handled on deck by digital cameras, and
recording of environmental parameters using sensors attached to the fishing gear
(Gonzélez et al. 2004). However, this method is not fool-proof, as evidenced by
several recent cases where the use of technology enabled vessels to falsify their
advertised position by several thousands of kilometres (High Seas Task Force
2006). Nonetheless, the levels of monitoring have been increasing in recent

years, reflecting the increased emphasis on surveillance in offshore waters
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(Molenaar and Tsamenyi 2000; High Seas Task Force 2006). This new
technological capacity will also improve the management of offshore marine

protected areas.

8.3.2 - Improving the Detectability of Nets

Another methodology to reduce incidental catch of large marine
vertebrates in gillnets focuses on modifications of the nets to enhance their
detectability by non-target marine animals. Most of the research in this field has
focused on attempts to reduce incidental catch of small cetaceans, based on the
observation that species such as harbour porpoise and bottlenose dolphin
appear to be able to detect gillnets acoustically and, presumably, visually before
getting entangled (Au and Jones 1991; Au 1994, Hatakeyama et al. 1994, see
Chapter 1). Efforts to alert small cetaceans to the presence of gilinets have
focused on one of two methods: 1) by attaching sound-producing devices to the
gear to alert animals to its presence; or 2) by modifying the structure of the gear
to improve the chances of it being detected by the animals before entanglement

can occur. —

The sound-producing devices commonly known as ‘pingers’ were first
developed in the early 1990s by Dr. Jon Lien and colleagues at Memorial
University of Newfoundland (MUN) in collaboration with nearshore fishers in an

attempt to alert small cetaceans to the presence of fishing gear barriers (Lien et
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al. 1992, 1995). Since then, their development has been swift, and they are
among the best-known methods to reduce incidental catches of small cetaceans
in gillnets in current use. Generally speaking, these devices operate by
periodically producing underwater sounds that are intended to either alert small
cetaceans in the area to the presence of the nets, or to startle them and hopefully
drive them away from the nets (Kastelein et al. 1995; Kraus et al. 1997). They
are typically attached to the head rope of a fleet of gillnets in such a way that
they remain above the sea floor, and are typically powered by alkaline batteries.
The sounds produced by different types of modern pingers range between 2.5
and 80 kHz, with ultrasonic harmonics of some types reaching up to 160 kHz.
Source levels range from 115 dB re 1yPa at 1m to 145 dB re 1uyPa at 1m
(Lockyer et al. 2001; CEC 2002b). Several pingers may be required for every
net, as the main goal is to present an acoustic barrier to approaching animals

(IWC 1994).

The technical design of the earliest pingers was basic, with a limited
number of parts that were all easily replaceable, and thus relatively inexpensive;
most importantly, they offered fishers a method to reduce the risk of losing their
catch, or even facing the destruction or loss of their nets and fish traps if large
whales collided with them. These traits were meant to increase the likelihood of
their acceptance among fishers in small, often remote communities (Lien et al.

1995). Their effectiveness in reducing incidental catch of harbour porpoise in
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gilinet fisheries in the Bay of Fundy has been reported by various authors (Lien et
al. 1995; Trippel ef al. 1996; Richter 1998). More recent models of pingers have
become increasingly complex with additional capabilities (Lockyer et al. 2001).
The efficacy of these pingers has been tested in controlled experiments, and
significant reductions in incidental catches of small cetaceans have been
reported in several fisheries (Gearin et al. 1996; Kraus et al. 1997; Stone et al.
1997; Trippel et al. 1999, Culik et al. 2000; IWC 2000; Lockyer et al. 2001,
Bordino et al. 2002; Carlstrém et al. 2002; Barlow and Cameron 2003). This has
led to fisheries managers employing pingers as a potential solution to the
problem of incidental catch of small cetaceans. The use of pingers has
subsequently become mandatory in different fisheries in several jurisdictions
around the world (IWC 2000; Larsen et al. 2002; Barlow and Cameron 2003; EC
2004). Pingers have also proven effective in reducing incidental catch of alcid
seabirds under low-light conditions (Melvin et al. 1999). The effects of
deployment of pingers on incidental catches of other large marine vertebrates
(particularly sharks) presently remain unknown, and further research is required

in this area.

While pingers are useful tools to prevent or reduce incidental catch of
large marine vertebrates, several possible concerns have been raised about their
short- and long-term usage (Dawson et al. 1998). Individual and species-specific

behaviour patterns within and among species may influence the degree to which
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pingers can prevent entanglement. For example, the bottom-grubbing foraging
behaviour in harbour porpoises may predispose them to incidental capture,
regardless of whether or not pingers are present (Lockyer et al. 2001). It has
been suggested that small cetaceans, in particular, might be excluded from
significant portions of their habitat by the widespread application of pingers.
Based on observations of various species of small cetaceans around pingers in
wild and captive settings, the displacement effect appears to be limited, although
temporary shifts in distribution have béen reported (Stone ef al. 1997; Culik et al.
2000; IWC 2000; Larsen and Hansen 2000; Anonymous 2002; Berggren et al.
2002; Carlstrom et al. 2002). However, the problem of habituation is considered
to be of potentially serious concern (Dawson et al. 1998; IWC 2000; Cox et al.
2001; Cox et al. 2003). Among cetaceans, some experiments on captive and
wild harbour porpoises indicate a rapid habituation to pinger sounds within days
of initial exposure (Cox et al. 2001; Teilmann et al. 2006), although other
experiments have shown no evidence of habituation (Kastelein et al. 2001,
Lockyer et al. 2001). It is unknown whether, or how quickly, small cetaceans
would habituate to the presence of pingers on gilinets in an active fishery, but
there is a concern that this might reduce the pingers’ utility as tools to prevent
incidental catch. For this reason, significant amounts of research have been
focused on the development of pingers that prevent or reduce habituation by
randomizing their signal output (Goodson et al. 1997; Cox et al. 2001; Lockyer et

al. 2001). These devices show considerable potential in preventing habituation

291



and a concurrent projected increase in incidental catch rates. In addition, some
newly developed types of pingers are designed to be “interactive’, in the sense
that they only produce sounds after detecting echolocation signals from small
cetaceans (Poulsen 2004). Some interactive pingers now emit “exploratory
signals” that are meant to entice the approaching porpoise to investigate using
echolocation signals, which then activate the pinger (Poulsen 2004). This may
significantly reduce the likelihood of habituation, while simultaneously extending
the pingers’ battery life and limiting total sound output into the environment
(Lockyer et al. 2001). Of course, such pingers then become less useful in
preventing incidental catch of species that do not echolocate but do respond to

pinger sounds, such as seabirds (Melvin et al. 1999).

Aside from these effects, pingers have been considered as an additional
source of acoustic pollution, potentially impacting other species in as yet
unidentified ways (IWC 2000). Some fish, particularly clupeids, are capable of
hearing the sounds produced by pingers, which may negatively affect catches of
these species when using nets that are equipped with pingers, and may affect
fine-scale harbour porpoise distribution (Mann et al. 1997; Richter 1998; Aitken et
al. 2000). This mechanism may be partially responsible for reductions in
incidental catch of small cetaceans in herring nets equipped with pingers, and
this may lead to reluctance to deploy pingers in these fisheries (Kraus et al.

1997). Concerns have also been raised that other species, particularly
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pinnipeds, might come to associate the sounds produced by pingers with a
source of food in the form of fish entangled in the net, potentially enhancing
depredation and gear damage (the ‘dinner bell effect’; Mate and Harvey 1987,
Melvin et al. 1999; Bordino et al. 2002). For this reason, fishers may well be
reluctant to deploy pingers in areas where pipnipeds are common. No
information is available on the effects of the deployment of pingers on incidental

catch of pinnipeds.

The widespread use of pingers in gillnet fisheries around the world faces
several other practical obstacles. First, the increased electronic complexity of
pingers has led to a price increase. Although the earliest models could be
manufactured for less than US$10, the price of commercially available pingers
currently runs between US$40 and US$80 per unit, making these devices an
economically impractical solution in artisanal gilinet fisheries in many developing
countries (Read 2000). In some jurisdictions such as Denmark, where the use of
pingers has been made mandatory in several fisheries, the initial costs of
obtaining pingers have been completely or partially met by government funding,
but most additional costs of obtaining new pingers or replacing malfunctioning

ones will have to be borne by fishers (Anonymous 2005).

The complexity of modern pingers enhances their capabilities but also

makes them less robust and more susceptible to damage while being handled in
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conjunction with fishing gear. Fishers have reported that pingers may interfere
with the deployment and retrieval of nets, and concerns have been raised over
the potential effects of some pinger models on the underwater behaviour of the
net due to changes in distribution of flotation devices (Read 2000; Larsen 2004).
The increased complexity of pingers also means that fishers can no longer repair

them themselves in case of a malfunction.

The battery life of pingers has been increased to months or even years by
several technological advances (Lockyer et al. 2001). However, once the
batteries run out, the pinger loses its function as a deterrent (Lockyer et al.
2001). Concerns have been raised over the potential for ‘acoustic corridors’,
when a single pinger in a series along a string of nets fails, producing the
appearance of a passageway between sound sources that may guide small
cetaceans into acoustically silent portions of the net (IWC 2000). Most pinger
models do not allow for battery replacement, and these devices are replaced
(Lockyer et al. 2001). Some companies offer recycling programs for pingers but
the effectiveness of such programs has not yet been evaluated. In many remote
fishing communities, adequate recycling facilities for batteries may not be

available, potentially leading to batteries or entire pingers being discarded.

Finally, regulations surrounding pinger usage have proven difficult to

enforce. Even in jurisdictions where the use of pingers is mandatory, such as the

294



Guif of Maine and the Danish North Sea gillnet fisheries, widespread lack of
compliance has been reported (Read 2000; F. Larsen, DIFRES, pers. comm.).
This is mainly due to a lack of enforcement capacity on the part of the relevant
authorities. In most cases, marine enforcement agencies presently appear to be
insufficiently equipped or willing to evaluate the presence of correctly functioning
pingers on fishing gear. Instead, nets may be inspected on board or in port to
assess the state of the pingers, but these methods are time-consuming and have
other practical drawbacks that reduce efficiency. Any management programme
that aims to reduce incidental catch of small cetaceans in gillnet fisheries by the
widespread use of pingers must consider the practical limitations to the
enforcement of these regulations to be successful. Formally giving fisheries
observers the responsibility to monitor correct deployment of functional pingers
could improve the efficacy of pingers as a conservation tool, but such observer
programmes may not be available or practical in every case. This also further
increases the workload of fisheries observers, who already have a significant

number of tasks to perform.

While pingers aim to actively alert large marine vertebrates to the
presence of gillnets, there have also been attempts to change the configuration

of webbing or the physical structure of the net materials to enhance their overall
detectability. This could mean improving the underwater visibility of nets, by

using twine that is thicker, brightly coloured, or otherwise visually conspicuous.
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The addition of highly visible mesh panels in the upper portions of giillnets has
been proven to effectively reduce the incidental catch of alcid seabirds, without
significantly affecting the catch of the target species (Melvin et al. 1999).
However, these aides may be less useful in turbid waters or when fishing at

night.

For small cetaceans, research has focused on means to enhance the
acoustic qualities of gilinets, so that they might be more easily detected by the
animals when echolocating. Several types of modifications have been
attempted, often involving the inclusion of different types of line or other reflective
material into the mesh of the net. Based on field experiments, the effectiveness
of these measures has been considered to be generally limited, while in some
cases reducing fish catches (Au and Jones 1991; Dawson 1994; Hatakeyama et
al. 1994; IWC 2000). Gillnets made out of high-density monofilament line, using
barium sulphate (BaSOy) or iron oxide (Fe.O3) as filler inside the polymer, have
been reported to catch fewer harbour porpoise than nets made of standard
materials (Larsen et al. 2002; Trippel et al. 2003). Such nets might significantly
reduce the incidental catch of small cetaceans. Potential benefits of this method
would include the absence of habituation by porpoises to sound sources, the
potential to function continuously without an external power source or mechanical
and electronic components, and the absence of additional acoustic pollution of

the surrounding marine environment. Nonetheless, there are still many
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uncertainties associated with the behaviour of such nets in actual fishing
operations. There is only a limited understanding of the precise method by which
small cetaceans appear to avoid entanglement in these nets. There is
disagreement between the studies by Larsen et al. (2002a) and Trippel et al.
(2003) in terms of whether or not the modified nets are significantly more
acoustically reflective than the standard type of net, although this may partially
depend on the materials used. Cox and Read (2004) and Larsen et al. (2002)
suggested that harbour porpoises did not show increased echolocating activity
around modified nets, despite what would be expected if the increased reflectivity
of these materials led to detection of the nets through exploratory echolocation.
Larsen et al. (2002) also reported a 30% reduction in catches and a reduction in
average length of the target species (Atlantic cod) caught in the modified nets
during field trials. These nets may have prevented entanglement of both harbour
porpoise and large Atlantic cod due to their increased stiffness under water,

rather than their enhanced acoustically reflective properties.

Clearly, more research is needed to evaluate the use of chemically-treated
nets in actual fishing operations. It is possible that the properties of such nets
may adversely affect their catch rates and handling efficiency, which would
reduce the likelihood of acceptance of this technology by the industry. However,
if the increased stiffness of the nets is the factor that reduces incidental catch of

small cetaceans, it may be possible to develop a gillnet for commercial use that
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is stiffer than currently used nets (Cox and Read 2004). Such a net would have
to be comparable in target species catch rate, while being stiff enough to avoid
entanglement of small cetaceans (Read 2000). These nets could significantly
reduce the incidental catch of small cetaceans worldwide. Development studies
and field trials of such materials are urgently required in commercial fisheries

around the world.

8.3.3 - Alternative Fishing Methodologies and Fishing Gears

In addition to changing the materials used in gillnets to improve their
detectability, changes in the deployment of gilinets can also reduce incidental
catch of large marine vertebrates. Possible aspects that could be managed
include the number of nets, net fength, mesh size and shape, deployment depth,

soak time and time of day (Melvin et al. 1999; Read 2000; Gilman ef al. 2005).

Reducing the number and length of nets can have a positive effect on
incidental catch levels, but care must be taken that fishers do not compensate for
this by increasing the soak time of evach net. Changes in mesh sizes and shapes
have long been used as a means to select the types of fish most likely to get
entangled in gilinets, and considerable expertise is available with which to
attempt incidental catch reductions (Alverson and Hughes 1996). Time of day
during which nets are fishing can also have a substantial effect on the levels of

incidental catch of some species that hunt at specific times of day, and most of
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these catches may be avoided by changing the deployment time of the gear
(Melvin et al. 1999; see also below). Measures such as these are already in use
as components of management strategies to reduce incidental catch of small

cetaceans in fisheries in the United States (Read 2000).

Alternatively, there may be opportunities to induce fishers to use different
gear types that may have a reduced impact on large marine vertebrates. This
involves a detailed study of the reasons why fishers use a particular fishing
strategy in a given area, and an analysis of the specific environmental and
economic conditions under which they operate. For this reason, fishers should
be involved in such programmes from the start. A possibility might be an
increased use of hook and line fisheries that were common in many areas before
the introduction of gillnets. Greater use of recently developed, commercially-
available fish pots is another potential solution (Pol et al. 2005; Walsh and
Hiscock 2005; Walsh et al. 2006). This gear type offers potential in reducing
incidental catch of most non-target species such as small cetaceans to zero due
to the configuration of the gear, which allows fish such as cod to enter a baited,
cage-like structure, or pot, placed on the sea floor, where they remain alive until
the pot is lifted. Fish pot technology is currently used in groundfish fisheries in
several regions, such as the Gulf of Alaska, and attempts are being made to
adapt this gear type to the specific requirements of fishers in Newfoundland and

Labrador and the Gulf of Maine (Pol et al. 2005; Walsh and Hiscock 2005). If
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adopted, this gear may lead to significant reductions in incidental catch of small
cetaceans, while at the same time generating a fresh product of increased value.
However, the potential for entanglement of species such as baleen whales and
marine turtles in ropes leading to the surface may be cause for concern, and
should be further investigated. Some form of acoustic alerting device may help
prevent incidental catch in these lines (Lien et al. 1992). Despite the advantages
offered by fish pots, it may prove difficult to persuade fishers to refrain from using
a gear type such as gillnets that has proven successful in the past (IWC 1994).
Potentially, the use of gilinets could also be discouraged by placing an additional
levy on fishing licenses using these nets. The levy could be based on the ratio of
incidental catch to targeted catch. Such a system could discourage fishers from

using gilinets in favour of other, less destructive methods.

Some fisheries occur over relatively short periods, targeting species with
rapid migratory movements. The opening and closing dates of such fisheries
may be set conservatively, to allow fishers ample time to catch their quota.
However, it is possible to schedule fishing opening and closing dates based on
the relative abundance of other species (e.g. seabirds), relative to the abundance
of the target species, to prevent large amounts of fishing gear left in the water
catching unwanted species while abundance of the target species is low (Melvin
et al. 1999). This suggestion was also made by Lesage et al. (2004), who

identified an increase in incidental catch of harbour porpoise, combined with a
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decrease in the landed catch of Atlantic cod, toward the end of the fishing season
in the Gulf of St. Lawrence. Management of these fisheries may allow for more
focused opening and closing dates than is currently the case, without

substantially decreasing total catches of the target species.

8.3.4 - Fishing Effort Reductions

Typically, the primary objective of a drive towards reducing fishing effort is
conservation of depleted fish stocks, which can be achieved through a variety of
means. These include limits on the Total Allowable Catch for target species,
restrictions in the duration of fishing seasons and/or reduction in the number of
fishing vessels or licenses (FAO 2004).  Such rationalisation methods are likely
to be unpopular among the fishing industry, but may prevent collapses of fish
stocks or allow depleted stocks to recover (FAO 2004). While these measures
are in place, they can provide an important window of opportunity for depleted
populations of large marine vertebrates to rebuild, but additional conservation
measures to manage such populations will need to be considered if fisheries
using the same gears that originally led to the depletion, such as bottom-set

gilinets, are to be reopened (Read 2000).
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8.3.5 - Incidental Catch Quotas

An alternative policy instrument to reduce incidental catches of large
marine vertebrates might be to grant some form of incidental catch quota to
fishers, where the fishery would be closed once a predetermined number of
animals had been captured. A version of this system is currently operational in
the international purse seine fishery for yellowfin tuna in the eastern tropical
Pacific Ocean, where it has contributed to a significant reduction in the catches of
various species of dolphins (Gosliner 1999; Hall et al. 2060; Lennert-Cody et al.
2004; see also Chapter 1). Under the current management regime, annual
dolphin quotas are set for the whole industry. Individual vessels may request a
non-transferable portion 6f this overall quota if they fish for tuna in a manner that
would endanger dolphins. If the vessel reaches this quota limit, it is thereafter
banned from fishing in this manner for the remainder of the fishing season, and
has to switch to alternative methodologies. The 100% observer coverage
requirement has undoubtedly been an important factor in ensuring adherence to

these regulations.

The benefit of this system is that it directly encourages the individual
vessel's adoption of fishing methodologies that minimise the catch of dolphins.
Since this system was introduced, annual catches of dolphins dropped from
approximately 19,500 in 1993 to below 3,000 by 2002. Although this level of

mortality is generally considered to be biologically insignificant, stocks of dolphins
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have not recovered despite the reduction in mortality, for reasons that are
currently unknown (Gerrodette and Forcada 1999; Gosliner 1999). An additional
problem with this protocol would be that changes in fishing methodology brought
about by this system may increase the incidental catches of other species, such
as sharks, billfish and sea turtles (Lewison et al. 2004). Therefore itis imperative
that effects of changes in management are better understood than is currently

the case (Norris et al. 2002).

Individual Transferable Quotas (ITQs) typically refer to quotas of target
fish species that are assigned by management agencies to individual fishers to
catch at their convenience during the course of a single fishing season; they can
also be sold (are transferable) between fishers (Copes 1986). They are
commonly used in fishing industries around the world for a variety of target
species (Arnason 1998; Dewees 1998). There have been calls to institute ITQs
for catches of harbour porpoises in the New England gillnet fishery (Bisack and
Sutinen 2006). However, more work needs to be done in order for large marine
vertebrate ITQs to become an accepted component of incidental catch reduction
strategies. A potential practical problem with this method includes the
requirement for comprehensive observer coverage approaching 100%, to ensure
compliance. This is not a problem in the yellowfin tuna purse seine fishery, but
can be difficult to achieve in situations where the industry is widely dispersed

and/or consists of many small vessels.
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8.4 - Suggestions for Improvement in Newfoundland and

Labrador Incidental Catch Management

8.4.1 - Improvement of Incidental Catch Data Collection Protocols

The quality of the incidental catch estimates presented here is only as
good as the quality of the datasets on which the estimates are based.
Unfortunately, these datasets, specifically the Bycatch Collector and Fishery
Observer datasets, are incomplete, limited in scope, and contain highly variable
data. The Bycatch Collector dataset contains data from a small number of
fishers dispersed throughout the province, who were originally recruited to report
on incidental catch of seals in their lumpfish nets. The focus of this programme
has remained on the nearshore fisheries. Very few participating fishers are
active in offshore fisheries such as those for monkfish, skates, white hake and
Greenland halibut, despite the potential importance of these fisheries for
incidental catch of small cetaceans and other large marine vertebrates. For more
comprehensive monitoring of these fisheries, further targeted expansion of the
number of Bycatch Collectors involved in these fisheries appears warranted.

The long-term relationship between individual fishers and DFO
representatives is an essential part of the success of the Bycatch Collector
programme, and should not be ignored if the data derived from this programme

continues to be used for incidental catch monitoring purposes. Regular contact
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with fishers is essential to ensure continued quality of the dataset and improve
accuracy of identification. This requires a willingness on the part of DFO to

appropriate funds and resources to engage in this type of data collection.

The Fishery Observer programme provides highly variable incidental catch
data. The reason for this variability lie in the essentially dualistic nature of the
Fishery Observer programme in Newfoundland and Labrador, which attempts to
collect data as a means of enforcement of fisheries regulations, as well as
gathering scientific data. The two goals are at odds in several respects. The
present programme is mainly focused on monitoring incidental catch of
commercially valuable fish species, meaning that incidental catch of large marine
vertebrates might be underreported. Observers are not deployed based on
intensity of fishing effort or likelihood of encountering incidental catch, but rather
based on the financial means available to the fishing sector in question to
support them, as well as the capacity of fishing vessels to safely accommodate
Observers. Due to cost-sharing arrangements of the Fishery Observer
programme between the fishing industry and DFO, fisheries that experience low
financial returns often lack funds to deploy observers. Safety concerns may
prevent observers from monitoring catches from the smallest vessels, though
these may experience high levels of incidental catch. Data collected by
Observers are typically based on total weight of caught species, which is not

useful when dealing with large marine vertebrates, where the approximate
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number of individuals is far more important. There is presently no mechanism to
check Observer reports for errors. Since there is no independently verifiable
record of incidental catch events other than the identification made by the
Observer, there is no means to confirm the accuracy of the identification. This is

a particular concern when several species that look similar occur sympatrically.

Several measures could improve data quality from the Fishery Observer
programme. Observers need to be well-trained in identifying species of marine
mammals, seabirds, and sharks. Equipping Fishery Observers with inexpensive
digital cameras should be investigated. Observers could be required to
photograph representative specimens of each species encountered as incidental
catch for each haul. Provided that the Observers are instructed on which
aspects of different species to photograph, such pictures would allow for
subsequent validation of identifications and crosschecking of identification skills
to assess potential retraining requirements. Observers should report the number
of individuals, as well as the estimated total weight, of each species of large

marine vertebrate that they record as incidental catch.

The Fishery Observer programme has, until now, been managed for DFO
through SeaWatch Inc., a company based in St. John’s. In 2006, DFO decided
to open up the contracting arrangements for open bidding (J. Firth, DFO-NL,

pers. comm). The intent was to allow companies to compete for contracts to
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encourage competition and reduce costs. Since then, concerns have been
expressed over the possible effect of this policy change on Observer data quality.
It is conceivable that companies may reduce the data that Observers collect to a
bare minimum, unless regulations require them to collect additional information
such as reports of incidental catch of large marine vertebrates. It is also unclear
how concerns of overall profitability will influence the future distribution of Fishery
Observers among different fishing sectors. It is unclear what the future role of
the Fishery Observer programme is going to be, and whether it will become
increasingly focused on collecting data for enforcement purposes, or if efforts will

be made to ensure scientifically valid data collection protocols.

8.4.2 - Measures to Reduce Incidental Catch in Gillnet Fisheries

The Newfoundland fishing industry today has changed since the fisheries
moratoria were put in place 14 years ago. There has been a significant reduction
in the people employed in the fishery, and the main target species are currently
crustaceans such as snow crab and northern shrimp (Schrank 2005). This has
led to a reduction in the use of gilinets and codtraps in favour of crab pots and
shrimp trawls that are thought to have less impact on small cetaceans, although
sharks and bony fish are still likely to be affected. Nevertheless, entanglements
of large marine vertebrates such as small cetaceans, seabirds and sharks still
occur with some regularity in commercial gilinet fisheries. The nearshore

fisheries for cod and lumpfish, and the offshore fishery for monkfish and skates,
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appeared to affect the widest range of species, although some species were
primarily affected by other fisheries, such as deepwater sharks in the Greenland
halibut fishery. Large confidence limits and a short data series preclude detailed
analyses of trends in catch rates over the study period. Some reduction in
incidental catch of large marine vertebrates has likely occurred in the years since
the cod fisheries moratoria were put in place. However, redistribution of fishing
effort into other fisheries such as those targeting lumpfish and monkfish may
have partially negated such reductions, or led to catches of other species that

previously were not impacted.

Because of their wide-ranging impacts, fisheries for cod, lumpfish and
monkfish are obvious targets for a comprehensive approach to reduce incidental
catch of large marine vertebrates. When developing an incidental catch
reduction strategy, it is important to avoid a focus on one species, or group of
species, to the exclusion of all others, since regimes that may reduce incidental
catch of one species may not reduce catches of another. This represents a
departure from the single-species approach that traditionally has dominated
fisheries management (Sissenwine and Murawski 2004). The degree to which
fisheries impact large marine vertebrates needs to be considered for the entire
diversity of species that are incidentally caught in fisheries, before widespread

mitigation measures aimed at a single species are introduced.
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A measured approach to successfully reduce incidental catch of large
marine vertebrates would make use of a variety of methods, some of which have
been described previously. For example, research in the Bay of Fundy has
suggested that harbour porpoises may follow herring schools in their daily
vertical migration from deeper waters during the day to surface waters at night
(Cox et al. 2001; Cox and Read 2004). Further studies on the preferred foraging
depths of harbour porpoise in response to prey movements are clearly needed,
but if fishers were to deploy bottom-set gillnets only at night, when porpoises
might be foraging mainly near the surface, some reductions in incidental catch
might be achieved. Similar changes to existing fishing practices may allow for
substantial reductions in catches of seabirds and other species; for instance,
alcids, which typically forage at dawn, may benefit from management regimes
where nets are deployed during mid-day (Melvin ef al. 1999). This is a good
example of the importance of basic science to incidental impact reduction efforts

within fisheries management.

Fishers should be encouraged to replace gilinets with fishing gear that is
known to have a lesser impact on non-target species, although expansion of
longline fisheries in particular should be monitored closely to ensure that this
does not result in significant additional mortality of other species such as
seabirds or marine turtles (Brothers et al. 1999; FAO 1999; Gilman et al. 2005).

This might be achieved by introducing a levy on gillnets to discourage their use,
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as well as directed marketing schemes to promote the sale of fish that was not
caught using gillnets among the general public, potentially for a higher price.
Fish pots may provide an alternative fishing method that would eliminate
incidental mortality of small cetaceans and sharks, while securing a fresh product
of potentially higher market value, although the potential for entanglement of
other species such as large whales or marine turtles should also be evaluated
(Walsh and Hiscock 2005). In this way, the amounts of gillnets might be reduced
without a reduction in landed catch, although introductions of new fishing gears
must be monitored to ensure that they do not cause operational conflicts with
established fishers using different gear types, as has been reported along the
southwest coast of Newfoundland (P.Winger, MI-MUN, pers.comm.). In the
same vein, large marine vertebrates (particularly pinnipeds) can be captured in
various kinds of marine debris, including fishing gears that have been lost at sea
but continue to fish, which is known as ‘ghost fishing’ (Kaiser et al. 1996; Laist
1996; Page et al. 2004; Boren et al. 2006). A recovery programme, similar to
that conducted in other areas (e.g. Norway), will likely reduce the chance of
animals becoming entangled in such nets (Anonymous, 1983-1999; Humborstad

et al. 2003).

Chemically-treated nets may have significant potential as a means to
reduce incidental catch of small cetaceans, provided the nets can be

manufactured at relatively low cost and the catches of target species are not
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significantly affected. It is also possible that a combination of chemically-treated
nets and pingers or other acoustic devices might produce satisfactory results
(Culik and Koschinsky 2005). Pingers could also be made mandatory as a
stand-alone measure in certain areas where high porpoise or seabird catches
have been reported, possibly upon reaching a predetermined local incidental
catch quota. Such areas could include the immediate vicinity of seabird colonies,
where incidental catch of particularly alcids is high (Piatt and Nettleship 1987;

Troke 2005).

Certain regions that are of significant importance to large marine
vertebrates might have to be closed to gilinet fisheries, either as a time-area
closure or on a more permanent basis. Areas that appear to be important to
harbour porpoise, based on frequency of incidental catch and sighting reports,
include St. Mary’s Bay (in NAFO Unit 3Lq), the Carbonear islands (in NAFO Unit
3Lf), waters north of Fogo Island (in NAFO Unit 3Ki), and sections of the Strait of
Belle Isle (NAFO unit 4Ra). Large concentrations (‘rafts’) of seabirds occur in
offshore areas of the Grand Banks and Labrador shelf, as well as waters
adjacent to the well-known breeding colonies (Brown et al. 1975). There is
evidence that the southwestern Grand Banks are an important breeding habitat
for porbeagle sharks (Campana et al. 2001). However, for many species the

implementation of closures requires greater knowledge of what can be
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considered critical habitat. Until such data are available, a proactive approach

should be employed.

In Canada, the federal Species At Risk Act (SARA) grants the minister of
Fisheries and Oceans the power to administer Incidental Harm Permits (IHPs) to
fishing enterprises, as part of their fishing licenses. These permits allow the
incidental catch of a species that is listed under SARA to take place without
resulting in legal action being taken against the fisher, under the condition that
the species be released alive whenever possible. However, such permits are
only granted after DFO conducts a scientific review on the impact of the fishing
operations on the species for which the incidental take permit is being sought.
The permit can only be granted if it is determined that the proposed level of
incidental catch would not pose a threat to the survival or recovery of the species
(D. Osborne, DFO-NL, pers. comm.). Since 2004, IHPs have been issued to
fishers who are at greatest risk of accidentally capturing currently listed species
(which include northern wolffish [Anarhichas denticulatus Krgyer], spotted
wolffish [Anarhichas minor Olafsen] and leatherback sea turtles [Dermochelys
coriacea L.]). This process has not yet been initiated for other large marine
vertebrates such as harbour porpoise or porbeagle shark, but it is an additional
management option once a final decision on the listing status of the Northwest
Atlantic populations of harbour porpoise under SARA has been reached.

Enforcement of these regulations is the responsibility of DFO Fisheries Officers.
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Finally, incidental catch of large marine vertebrates is likely to be reduced
as a result of an overall reduction in fishing effort, through measures such as the
buying back of fishing licenses, reduction of subsidies for shipbuilding, and a
vessel retirement policy (CEC 2002a). This particular management strategy is
unlikely to be pursued as a conservation measure for small cetaceans in
Newfoundland and Labrador, but may possibly be used as part of the ongoing
long-term process to rationalize the fishing industry, leading to a reduction in

incidental catches of small cetaceans as a beneficial side-effect.

For any attempt to reduce incidental catch of large marine vertebrates to
work, a constructive long-term dialogue with representatives of the fishing
industry is essential, as demonstrated in the United States’ experience with
marine mammal Take Reduction Teams, as mandated by the Marine Mammal
Protection Act (NMFS 1998b; Read 2000; COSEWIC 2003). Such a
management approach to tackle the problem of incidental catch of small
cetaceans has been in place in the Bay of Fundy since 1995, where it appears to
have facilitated acceptance of conservation-related management changes by the
fishing industry (Anonymous 1995; Richter 1998; Hood 2001; COSEWIC 2003).
It is acknowledged that such an inclusive approach requires initial coordination
and continued cooperation between sections within the Department of Fisheries

and Oceans, as well as between different ministerial departments and between
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the federal and provincial governments, and an inclusive approach to interested
stakeholders. The absence of a Canadian equivalent to the US Marine Mammal
Protection Act (other than SARA) may make this a difficult process to initiate, but
it will be the one most likely to generate results in the long term. Encouraging
results have been achieved in the context of the Eastern Scotian Shelf Integrated
Management (ESSIM) programme, and it is hoped that such a management
regime can also be put in place in Newfoundland and Labrador (Rutherford et al.
2005). In December 2006, the federal goverment tabled draft legislation to
renew the Fisheries Act, which requires a precautionary approach to managing
fish habitat (Anonymous 2006).

It is essential that any management plan provide a series of clearly-stated
objectives that can be tested independently to determine whether the goals of the
plan have been achieved within a specified timeframe. Conservation plans to
reduce incidental catch of large marine vertebrates in Newfoundland and
Labrador should require data collection on population structure, distribution, and
movements of the populations in the area, including monitoring offshore waters;
however, for several pelagic species this degree of detail may not be obtained
easily. In the interim, further field tests of different incidental catch prevention
methodologies are urgently required in close collaboration with the fishing

industry, to determine which methods work best.

314



8.5 - Global Prognosis and Potential Solutions

The management of incidental catch of large marine vertebrates has
become an important and visible component of fisheries management in
numerous jurisdictions.  However, various factors complicate successful
management of these issues. Information on abundance, distribution, migratory
pathways, other sources of mortality, and life history strategies, is often lacking
for many non-target species. This information will be difficult to obtain without
undertaking a substantial research programme dedicated to the task. Third,
many sectors of the fishing industry are not at all or insufficiently monitored for
incidental catch, and the impact of these fisheries remains unknown. This
includes artisanal fisheries, but also illegal, unregulated or unreported (1UU)
fishing effort by modern vessels, often in international waters (FAO 2002; High
Seas Task Force 2006). Fourth, the highly migratory nature of many large
marine vertebrates means that their distribution will likely overlap with a wide
variety of fisheries across large areas of ocean. A comprehensive look at
incidental catch rates in as many fisheries as possible is therefore required, to
accurately assess the cumulative impacts of incidental catch throughout the
species’ range. This requires an international perspective, since studies of
incidental catches within national waters are likely to provide only a partial
indication of incidental catches (Lewison et al. 2004). Fifth, the capacity to
enforce management decisions in both national and international waters is

limited, due in part to inadequate resources and the absence of binding
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international agreements. In international waters, vessels are considered to be
under the jurisdiction of the nation in which the vessel is registered. This has led
many fishing vessels to be registered in nations that do not have the capacity or
political will to ensure that these vessels fish in a responsible manner. Use of
these so-called ‘flags of convenience’ are a major current problem in managing
IUU fisheries for commercially targeted species, and likewise complicate
attempts to address incidental catch of large marine vertebrates (Gianni and

Simpson 2005; High Seas Task Force 2006).

An insidious problem in fisheries management is the prevalence of the
‘shifting baseline syndrome’, describing the concept of continued exploitation of
an ecosystem causing a steadily decreasing baseline of abundance and diversity
that successive generations mistakenly consider to represent the undisturbed
biological state of that ecosystem (Pauly 1995; Jackson 2001). Many species of
large marine vertebrates have been substantially reduced in numbers or
rendered extinct due to overexploitation, incidental mortality, habitat degradation,
or other ecosystem changes (Kenyon 1977; Montevecchi 1994; Anderson 1995;
Alverson and Hughes 1996, D'Agrosa et al. 2000). It is often difficult to
comprehend how diverse marine ecosystems were in comparison to the current
situation, but historical and archaeological evidence has been used to
demonstrate the significant depletion that has occurred over centuries in many

areas (Jackson 2001; Jackson et al. 2001; Pitcher 2001). Modern marine

316



ecosystems often have a long history of exploitation behind them and their
present state should not be considered “natural’ in the sense of “untouched or

unspoilt”.

Despite these difficulties, progress has been made in recent years to
monitor, reduce, and prevent incidental catches of large marine vertebrates in
many areas. This includes international agreements, improved monitoring of
fishers at sea, increased observer coverage, adaptations to fishing gears and
methods to reduce or prevent incidental catch, closures of important areas to
some or all fishing activity, and reduction of fishing capacity (Hall and Mainprize
2004). Many incidental catch problems could be reduced by ensuring
compliance with existing regulations through more effective enforcement and
implementation and/or expansion of Fishery Observer programs. Independent
observer programmes are part of a trend towards increased surveillance and
extension of control over activities on the high seas (FAO 2002; Gianni and
Simpson 2005; Kourti et al. 2005; High Seas Task Force 2006). Monitoring of
fish stocks over a large scale using innovative remote-sensing survey techniques
could also improve timely management of fish stocks, and reduce the amount of
fishing gear capable of catching large marine vertebrates used at any given

moment (Makris et al. 2003).
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Many currently available methods to reduce incidental catch could be
made available to fisheries in other parts of the world, particularly in developing
economies. Care should be taken to assess the potential effects of such
introductions on local environments and the long-term likelihood of these
innovations being accepted, before widespread introduction. Further reductions
could be achieved through innovative use of legislation, economic incentives and
focused eco-labelling schemes (Gosliner 1999; Hall and Mainprize 2004), though
there is a need to ensure that eco-labelling, in particular, is not misused (Brown
2005). There is a trend in fisheries management toward a management regime
for large marine areas that incorporates all human activities impacting the marine

ecosystem or parts thereof, including fisheries.

8.6 - Changes to Fisheries Management

Historically, fisheries management has focused on managing fish stocks
on a single-species basis, with significant resources being directed toward stock
assessment. Little consideration was given to the potential effects of fishing
practices on other species, insofar as these did not have direct commercial value
to other sectors of the fishing industry. In addition, a lack of scientific data on
basic biological parameters of non-target species prevented an accurate

assessment of the effects of incidental catch on these species (Anonymous

2005).
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Rapid technological advances, often combined with generous financial
incentives for increases in fishing vessel numbers, size and efficiency, have
encouraged a significant expansion of fishing capacity, particularly since the
declaration of the 200 nm Exclusive Economic Zones in 1977 (Hilborn et al.
2003; Schrank 2003; FAO 2004). Worldwide, the resulting overcapacity in
fishing equipment has resulted in a great number of fish stocks being fished to
commercial extinction (Pauly et al. 2003; FAO 2004; Anonymous 2005). These
developments have resulted in a search for new management approaches that
incorporate more components of the marine ecosystem (Weeks and Berkeley
2000). However, it must be recognized that historic failures in fisheries
management have not, in themselves, been caused by the single-species
management approach, but rather by the lack of political will to implement and

enforce prudent management decisions (Mace 2004).

It is now acknowledged among the highest levels of government that the
current state of affairs in the world’s oceans is not only undesirable from a
biological and economic point of view, but also may negatively impact significant
portions of the world’'s population. Fish products are currently thought to provide
approximately 2.6 billion people with at least 20% of their daily per capita intake
of animal protein, and consumption of fish has increased substantially in many
developing economies in recent years (FAO 2004). A more sustainable form of

marine resource exploitation, in which the interrelationships between different
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components of the marine ecosystem are more fully taken into account, is
therefore required. The Ecosystem Approach to Fisheries (EAF) implies the
development of ecosystem-based fisheries management frameworks (e.g. NMFS
1998a; Caddy 1999; Garcia et al. 2003; Hall and Mainprize 2004). In effect, the
global fishing industry is being asked to reduce its ‘ecological footprint’ to ensure

its long-term survival (Folke et al. 1998).

The EAF has been endorsed at various high-level fora under the auspices
of the United Nations (UN), such as the 1982 UN Convention on the Law of the
Sea (UNCLOS 1982), the Food and Agriculture Organization's Code of Conduct
for Responsible Fisheries (FAO 1995b), the UN Agreement on Straddling Fish
Stocks and Highly Migratory Fish Stocks (UN 1995), the Compliance Agreement
(FAO 1995a) and the 2002 UN World Summit on Sustainable Development (UN
2002). It is understood that the ongoing global depletion of fish stocks
contravenes the basic conservation requirements set out in these agreements
(UNCLOS 1982; FAO 1995b; High Seas Task Force 2006). The UN Sustainable
Development Summit's Plan of Implementation, therefore, calls on nations to
“...maintain or restore...[fish]...stocks to levels that can produce the maximum
sustainable yield with the aim of achieving these goals for depleted stocks on an
urgent basis and where possible not later than 2015, and to “...develop and
facilitate the use of diverse approaches and tools, including the ecosystem

approach, the elimination of destructive fishing practices, the establishment of
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marine protected areas consistent with international law and based on scientific
information, including representative networks by 2012 and time/area closures
for the protection of nursery grounds and periods, proper coastal land use and
watershed planning and the integration of marine and coastal areas management
into key sectors” (UN 2002, Section 31a, 32¢). The present challenge lies in
successful implementation of these concepts to affect practical advances in local
management (Sissenwine and Murawski 2004). Canada has committed itself to
establishing an ecosystem approach in fisheries management by means of the

Oceans Act (Government of Canada 1996; DFO 2002b, 2006).

An Ecosystem Approach to fisheries “recognizes explicitly the complexity
of ecosystems and the interconnections among its component parts” (DFO,
2002). An EAF requires 1) an accurate description of the ecosystem and its
constituent components, 2) an assessment of the overall state of the ecosystem
relative to a standard set by society, and assessment of possible threats to the
continued functioning of that ecosystem or its components, and 3) adaptive
management strategies to maintain or improve ecosystem status and mitigate
potential threats, so that all components of an ecosystem are maintained to
ensure long-term persistence (Garcia et al. 2003; Lotze 2004). An EAF allows

for the full costs and benefits of marine resource extraction {o be taken into

account (Sissenwine and Murawski 2004).
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EAF is firmly based on the Precautionary Principle, which states that the
absence of adequate scientific information should not be used as a reason for
postponing or failing to take conservation and management measures (FAO
1995b). This strategy is generally referred to as the Precautionary Approach,
i.e., a management regime that errs on the side of caution when adequate
information is not available (e.g. Government of Canada 1996; UN 2002).
Reduction of incidental catches in fishing gear is but one aspect of such an
approach in the marine context, which may also include the closure of certain
areas to specific activities, reduction in fishing effort, tight controls on mineral
resource extraction, shipping and acoustic pollution, and prudent watershed
management on adjacent coasts (UN 2002). The introduction of some form of
Marine Protected Areas (MPAs), where fishing or other anthropogenic activities
are reduced or excluded, can-also be a component of an EAF (Agardy 2000;

Sumaila et al. 2000).

Related to such a management approach is the concept of Large Marine
Ecosystems (LMEs), defined as “areas of ocean space encompassing coastal
areas from river basins and estuaries out to the seaward boundary of continental
shelves and the seaward margins of coastal current systems, and characterized
by distinct bathymetry, hydrography, productivity, and trophically dependent
populations” (Sherman 1992, 1995). This approach recognises the geographic

extent of marine ecosystems and their frequent straddling of jurisdictional
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boundaries (Garcia et al. 2003). Large Ocean Management Areas (LOMAS) can
be established to generate an integrated ocean management policy that also
includes impacts on marine environments from terrestrial watersheds (Done and
Reichelt 1998; DFO 2002; Foster et al. 2005; Rutherford et al. 2005). This
concept can enhance an EAF by considering fisheries alongside other marine
interests in a larger management context. Such a policy explicitly attempts to
foster collaboration amongst resource users, stakeholders, the public, managers
and politicians, to achieve comprehensive planning and long-term management
of oceans and their associated marine resources (DFO 2002; Rutherford et al.

2005). However, LMEs may be complicated to define (Done and Reichelt 1998).

The management goals of an EAF should be clear and testable. There is
also a requirement for a clear set of biological and environmental indicators to
determine if the management goals are being met, and protocols for corrective
action if warranted by indicators (Done and Reichelt 1998). Indicators could
include the degree of ecological disturbance, species diversity, and number of
endemic species. In addition, an.organisational feedback system is required so
that changes to the management plan can be quickly implemented when relevant
information on the indicators becomes available. This will require a continued

commitment of financial resources to the responsible management agencies.
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Keeping in mind the pervasiveness of the ‘shifting baseline syndrome’, it
may not be appropriate to restrict the goal of marine ecosystems management to
merely maintaining the status quo. Rather, there is significant evidence that
many marine ecosystems are severely depleted when compared to their pre-
exploitation state (Pauly et al. 1998, Pitcher 2001; Myers and Worm 2003). The
goal should therefore be to facilitate a recovery of marine ecosystems away from
depleted states through a combination of strategies (Pitcher 2001). The potential
for reintroductions of species in areas of their former range where they have
been extirpated should also be considered (Pitcher 2001). Such an approach
may appear unrealistic at present, given short-term incentives for rapid
exploitation, but long-term restorative action has the potential to greatly increase
the value of marine resources. Current discount rates favour present-day
intensive exploitation of marine resources, and investing the profits, over efforts
aimed at mitigation or future restoration (Sumaila 2004). However, a different
intergenerational discounting model, which values benefits derived from
conservation (e.g. fish protein) according to the discounting rates of the receiving
future generations, instead of limiting itself to the present generation, allows for
the explicit incorporation of future benefits into current marine resource

management (Sumaila 2004; Ainsworth and Sumaila 2005).

In recent years, Canada has gained experience in developing

management tools suited for putting an EAF into practice. The development of
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the Eastern Scotian Shelf Integrated Management project is particularly
important, as it provides an opportunity to build experience in addressing
divergent interests related to ocean management in Canada and elsewhere
(Rutherford et al. 2005). In recent years, DFO has developed Integrated
Fisheries Management Plans that attempt to incorporate the interactions
between the fishery, other industries and the surrounding environment (DFO
2002a). These first steps are of vital importance for the implementation of an
ecosystem-based management system under Canadian marine governance.
The current process of renewing the Fisheries Act represents another part of this

process (Anonymous 2006).

8.6.1 - Environmental Impact Studies of Fisheries’ Effects on Marine
Ecosystems

In many parts of the world, considerable time and resourcés are spent
evaluating the potential environmental effects of anthropogenic impacts in
nearshore and offshore waters. These include coastline development for
industrial, commercial or residential purposes, garbage disposal at sea, military
exercises, large-scale scientific research projects and the exploration and
extraction of oil and natural gas. Development may not be allowed to proceed
uniess changes to the plan are implemented to reduce impact on the surrounding

ecosystem. A system of regular monitoring ensures that impacts are minimised.
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Consultations to determine the potential impacts of these activities on the
biotic and abiotic components of the surrounding environment are both expected
by the general public and mandated by legislation. It is inconsistent that the
fishing industry should be exempt from such a review process, since several
components of this industry arguably have a more significant destructive impact
on marine environments than many other economic activities (Lemons 1998;
Garcia et al. 2003). M is time to reconsider the scope of fisheries management
and apply methods from other industry sectors to minimize negative fisheries
impacts. In its 1995 Code of Conduct for Responsible Fisheries, the FAO
implicitly recognised this by stating that “ in the case of new developed or
exploratory fisheries, States should adopt as soon as possible cautious
conservation and management measures” until long-term fishery effects have
been assessed (FAO 1995b). A more rigorous process is required, including a
determination of the scale of the impact before activity is permitted, and
subsequent monitoring of the impact to assess the degree of environmental

damage, if present.

In the Canadian context, an impact assessment and monitoring strategy
exists for other industries that affect marine habitats, such as habitat alteration or
the discharge of effluents. Mandated through the Canadian Environmental
Assessment Act, Evironmental Effects Monitoring (EEM) methodology allows for

the testing of predictions on environmental impacts made through previously
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conducted Environmental Impact Studies (CEAA 2005). This is typically
achieved through detailed monitoring of a series of abiotic and biotic factors in
both affected and unaffected habitats that are compared to assess potential
adverse effects. Such monitoring can continue over a series of years. EEM thus
requires public scrutiny before undertaking an a.ctivity potentially detrimental to
marine resources, continued monitoring of the activity once it occurs, and

development of mitigation measures to reduce or prevent adverse effects.

In a fisheries context, modern fisheries management typically implements
measures such as effort controls, fishing gear modifications and local closures to
prevent overexploitation of commercially important fish stocks. Some negative
effects of fisheries on non-target species can be incorporated into management
plans (e.g. high levels of incidental catch of some threatened species such as
Atlantic cod in other gilinet fisheries may lead to local fisheries closures), such
effects are only dealt with once they are known to occur, on an ad hoc basis.
There is presently little or no attempt by fisheries management agencies to
predict the possible effects of introducing new fishing gears or methods into an
existing fishery, or expanding a fishery into areas where it was previously absent.
Given the wide geograbhic range and low levels of observer coverage in most
fisheries, considerable damage can be done before problems become apparent

and regulations need to be implemented to address the problem.
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An Environmental Effects Monitoring approach to fisheries would require
that the potential impact of major changes in fisheries management (e.g.
increases in quotas, changes in fishing gears, changes to fishing seasons, areas)
be assessed before widespread industry adoption, and that these assessments
are binding and public. Relevant information could be collected by studying the
long-term effects of similar fishing methodologies in other areas through detailed
comparative surveying effort in impacted and relatively pristine areas. As well,
small-scale experiments using controlled impacts could be performed, allowing
the process of recovery from the impact to be predicted. In this way, the various

possible effects of change in fisheries methodology could be assessed.

When changes to the intensity, methodologies or geographic range of
fisheries are proposed, there should be a legislative requirement for an
independent party to assess, among other impacts, the likelihood of incidental
catches and their potential impact on the populations of the species involved,
before the changes are implemeﬁted. Such monitoring could involve exploratory
fisheries to determine the occurrence of incidental catch, and using available
information on abundance, distribution and impacts of fisheries on the species of
concern in other areas. If incidental catch rates are deemed likely to exceed
previously set limits based on the life history, population size and growth rate of
the species in question, additional conservation measures may be required

before the change to the fishery can be implemented. This use of predetermined
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limits is similar to the Potential Biological Removal concept (PBR) used under the
U.S. Marine Mammal Protection Act (Wade 1998). In effect, this places the
burden of proof on the industry that stands to benefit from the change (in this
case the fishing industry), as is standard with many other industries (Dayton
1998; Agardy 2000). Such a method is scientifically sound in the sense that it
explicitly makes predictions about the impact of an event and then sets out to test
the validity of these predictions. This method has not been used in a commercial
fisheries context in Canada, but it is firmly rooted in the Fisheries Act, and could
be used to evaluate the effects of fisheries management practices. Such a
process would prevent potentially destructive fisheries management decisions by
explicitly requiring prior consultation with outside experts and other stakeholders,

including those not involved with the fishing industry.

Using the present study of incidental catch of small cetaceans and other
large marine vertebrate species as an example, catch rates indicate that some
species such as harbour porpoise are caught in substantial numbers under
current fishing effort. Annual catch estimates of harbour porpoise are
approximately 1,500 animals per year with large confidence limits. Most of these
animals were caught in the nearshore cod gillnet fishery, despite widespread
reduction in fishing effort for that fishery after the 1992 moratoria. Lack of
reliable abundance estimates precludes a definitive assessment of the impact of

this incidental catch. Based on this incidental catch estimate, several
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management options present themselves. All things being equal, it is to be
expected that a further increase in cod gillnet fishing effort will lead to higher
numbers of harbour porpoise being captured. Changing the opening dates from
early to late summer in some areas will decrease the opportunities for harbour
porpoises interacting with gillnets, while not substantially affecting target species
catches. Reduction of gillnets in favour of handlines or “cod pots” would likely
substantially reduce the incidental catch of this and many other large marine

vertebrate species.

A first step in an EEM-style mitigation approach would be to identify the
circumstances under which harbour porpoises get captured. These captures are
still rare events, and a detailed assessment of circumstances surrounding these
few cases could identify specific causes of these events. This could lead to
recommendations impacting small numbers of fishers, or only applicable to
spatio-temporally limited area, that might have a major impact on the incidental

catch of harbour porpoises.

Given the potential for depletion through incidental catch, as witnessed in
other parts of the species’ range where large-scale gilinet fisheries exist, it can
be hypothesized that the population of harbour porpoise in Newfoundland waters
is under pressure from the present level of incidental mortality in gillnets. As

such, any expansion of gillnet fisheries that are known to accidentally capture
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this species, such as the nearshore cod gilinet fishery, should not be allowed to
go ahead without an assessment of the risks to populations of this and other

species.

Some resistance to this new type of management is expected from both
industry and within the Department of Fisheries and Oceans. A binding external
analysis of impacts could reduce the flexibility by which the federal Minister of
Fisheries and Oceans allocates fishing quotas. The federal government may
also be required to review and possibly revise its position on the negative effects
of different fishing gears. The proposed changes to the current Fisheries Act
would address some of these issues (Anonymous 2006). Fishers might find their
economic survival threatened if the Impact Assessment leads to restrictions on
where, when and how they can fish. Assessments may take time to complete,
meaning that managers may need to plan months or years in advance. Finally,
there will be an additional cost to these assessments, and it is unclear who will
ultimately bear them. This concept needs to be further developed before it can
become a practical component of an EAF, but it has potential as a future

management tool (Rieser 2005).

Using regular monitoring allows a variety of different impacts on living
marine resources to be identified, and this knowledge needs to be shared among

stakeholders and the public. The development of Integrated Ocean Management

331



is essential to provide an open forum to address potential conflicts among
resource users and other parties, based on the Precautionary Principle

(Rutherford et al. 2005).

8.7 - Conclusions

Considerable numbers of different species of large marine vertebrates are
captured annually in Newfoundland and Labrador’s gilinet fisheries. Based on
the analyses presented in previous chapters, the nearshore fisheries for cod and
lumpfish and the offshore fishery for monkfish and skates appear to impact the
widest variety of species, capturing several species in large numbers. It is
suggested that efforts to address incidental catch of these species in gilinets

should focus on these particular fisheries.

Incidental catch of large marine vertebrates is an important concern to
ocean resource managers. Attempts to address this problem are being made,
but there is a limit to what isolated projects can achieve. It is vital that such
attempts be part of a comprehensive strategy to reduce the overall impact of
society on the marine ecosystem. A good place to start is a re-evaluation of
fisheries management strategies to incorporate potential risks of fisheries to non-
target species. An impact assessment system similar to the one used by the
Canadian Environmental Assessment Agency should be used to determine the

potential effects of changes to fisheries management before these changes
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actually occur, and make binding recommendations to reduce or prevent the
expected impacts. This could involve the mandatory use of mitigation techniques

to alert non-target species to the presence of fishing gear.

Major problems facing fisheries management today include high mortality
rates for both target and non-target species, often exceeding recommended
levels; a significant overcapacity in the global fishing and fish processing sectors,
leading to potentially unsustainable levels of exploitation and economic
marginalisation; a lack of knowledge about the natural dynamics within pristine
marine ecosystems, preventing recovery of depleted resources; and a lack of
governance tools, public pressure, and political will to adopt a comprehensive
precautionary management regime (Gréboval and Munro 1999; Mace 1997,
2004; NRC 1999). These problems are unlikely to be resolved with a piecemeal
approach, but require a broad-based effort by all stakeholders. -An Ecosystem
Approach to fisheries, as part of a management structure for large marine
ecosystems, appears a necessary approach to attempt to address the many and

varied problems affecting marine ecosystems today.

Management measures are only useful for the protection and rebuilding of
marine resources if the people and agencies involved (fishers, managers,
politicians, conservation non-governmental organizations, the general public)

promote their effectiveness. What is needed is the development of an Ocean
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Ethic in all sectors of society, based on an understanding of the dependence of
humans on the oceans for their well-being (Kellert 2005). Critical to this
development is the realisation among broad levels in society that fishing is not a
right, but a privilege, granted to fishers by society. This translates into
stewardship of ocean resources and marine biodiversity within administrators,
scientists, managers and those who exploit the ocean. The Code of Conduct for
Responsible fisheries by FAO has an important role to play in fostering the

development of such an Ocean Ethic among the fishing industry (FAO 1995).

There is also an important role for education to enhance knowledge of
oceanic systems among the general public. In recent decades, significant
changes have occurred in the attitudes displayed by society towards
environmental degradation and conservation of endangered species and habitats
(Kellert 2005). Marine systems, which often are less visible to many people,
have yet to receive the degree of conservation afforded to many terrestrial
ecosystems. On the other hand, marine systems, particularly those in deeper
waters further offshore, were often left unexploited until comparatively recently,
so they have not been impacted to the same extent as many terrestrial
ecosystems (Mace 2004). The road to recovery of many components of these

systems should be correspondingly shorter.
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In conclusion, there is a current awareness of the need for further
improvements in ecosystem-based management of the world's oceans. This
concept is becoming widely established, and allows for dialogue between
stakeholders where potential conflicts such as the incidental capture of large
marine vertebrates in fisheries can be discussed before they become disruptive.
~ This will require a change in management culture away from a narrow focus on
the needs and requirements of the fishing industry. However, continued lack of
political will and delays by management may undermine the effectiveness of
these calls to action, and may lead to disengagement by the general public.
Enough information currently exists to undertake decisive action toward
management of the marine ecosystem and the various human effects on it,
including incidental catch of large vertebrates. In order to circumvent these
issues, it is paramount that these concerns are addressed in a comprehensive

way by society at large.
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APPENDIX 1: SAMPLE CALCULATIONS

In this example, the data used originate from the nearshore cod gillnet
fishery in NAFO unit 3Psc (Placentia Bay), during the third quarter of 2002.
During this period, a total of 179 codfishing trips were recorded in this area by
Bycatch Collectors and Sentinel fishers. Of these, 88 trips were made by 8
Sentinel fishers, and 91 trips by 6 Bycatch Collectors. Each trip has associated
information on landed catch of cod (kg round weight) and net-days, as well as
numbers of small cetaceans caught (if any). This leads to a series of incidental

catch rates, as per Table A1-1.

All of these trip data are used to generate incidental catch ratios of
“‘number of small cetaceans / kg catch” and “number of small cetaceans / net-

k]

day’. The average value of all these incidental catch ratios becomes the
multiplier with which to estimate incidental catch for the specific area and period.
The uncertainty of the estimate is calculated by resampling the individual ratios
10,000 times, ranking the estimates and identifying the 2.5 % and 97.5 % values.
These ratios will be used to calculate the limits of the confidence interval. As an

example, the ratios for NAFO unit 3Psc during the third quarter of 2002 are

shown in Table A1-2.
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Table A1-1. Example of Bycatch Collector trip data used to estimate incidental

catch of small cetaceans, during the third quarter of 2002, in Placentia Bay

(NAFO Unit 3Psc). This particular set of data originated from a single

Bycatch Collector. Note the variability in catch rates (kg catch / net-day)

through time.
Date hauled nZts ;o:fkdt;r;g ﬁec:f c(al:;h Ss%igﬁts #omall cef:::aegn/cefar:;gnl kr?e(t:-adtgc/
fished days round) cetaceans kg catch net-day
7/2/2002 20 7 140 5514 Cod 1 0.00181 0.00714 3.93846
71712002 20 5 100 6412 Cod 0 0.00000 0.00000 6.41195
7/14/2002 20 7 140 5089 Cod 0 0.00000 0.00000 3.63520
7/24/2002 20 7 140 7163 Cod 0 0.00000 0.00000 5.11650
71312002 20 7 140 5389 Cod 1 0.00186 0.00714 3.84904
8/4/2002 20 4 80 447 4 Cod 0 0.00000 0.00000 5.59277
8/8/2002 20 4 80 4142 Cod 0 0.00000 0.00000 5.17773
8/10/2002 20 2 40 268.3 Cod 1 0.00373 0.02500 6.70860
8/12/2002 20 2 40 4148 Cod 0 0.00000 0.00000 10.36907
8/16/2002 20 4 80 2520 Cod 0 0.00000 0.00000 3.15018
9/23/2002 16 1 16 407.7 Cod 0 0.00000 0.00000 25.48042
9/25/2002 16 2 32 6352 Cod 0 0.00000 0.00000 19.85023
9/27/2002 16 2 32 9814 Cod 0 0.00000 0.00000 30.66835

Total fishing effort for the area and time of interest is calculated from

several DFO datasets.

Landed catch is summed based on the total amount

(round weight) of target species landed. Total numbers of net-days are based

upon the ratio of kg landed catch per net-day, calculated from Bycatch

Collectors, Sentinel fishers and, in the case of the cod fishery, effort data from

the Groundfish Logbook programme.

These ratios are combined and the
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resulting average ratio is used to estimate total number of net-days, based on

total amount of landed catch.

Once the total amount of landed catch and estimated total number of net-
days have been established, the incidental catch ratios can be used to estimate
the total incidental catch of small cetaceans in the given area and time period,
based on both landed catch and net-days. Data from adjacent areas can be
combined for more wide-ranging estimates. \When estimating incidental catch of
small cetaceans, all data from adjacent NAFO units along the northeastern,
southern and western coastlines were combined to calculate separate incidental

catch ratios for each coastline.

Table A1-2. Example of ratios used to calculate incidental catches of small
cetaceans. The present data refer to the nearshore cod fishery in NAFO

unit 3PSc, during the third quarter of 2002.

Metri Average Lower Confidence limit | Upper Confidence Limit
etric
estimate (2.5%) (97.5%)
Small cetaceans /
0.00041 0.00004 0.00093
kg catch
Small cetaceans /
0.00204 0.00022 0.00484
net-day
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APPENDIX 2: TABLES

Table 2.1. An overview of methodologies used to date to assess incidental

capture of small cetaceans in commercial fisheries, as described in Chapter 2.

Relative costs and utility of each method is indicated, and most important

problems are summarized.

. . Utility of data for
Dat?“cetz::ggtlon Coste(ft:(r)\:t;mal, incidental catch Potential problems
estimation
Observer programmes Degree of coverage, high
(dedicated to large +++ +++ costs, animals may be
marine vertebrates) missed
Observer programmes Lack of focus, degree of
{not dedicated to large ++ ++ coverage, animals may be
marine vertebrates) missed
Unknown what fraction of
. captured animals strand;
Stranding surveys + * cause of death often
unknown
. No inducement for fishers to
Rep(()‘fltérllgnfachimes + + report; no accompanying
ry fishing effort data
Reporting schemes ++ + Unpopular with fishers;
(mandatory) potential for underreporting
Only minimum estimates;
Carcs:?:tslzrsneg:age ++ [ +++ + limiting logistical factors;
high costs
Interviews (mailed + -+ Usually low returns;
questionnaires) seasonal fluctuations
. Potential for bias in
Interviews (telephone) *+ ++ selection of available fishers
Potential for bias in
Interviews (face-to- e S selgctlon of available
face) fishers; trust may take years
to develop
Potential for bias in
Logbook analysis ++ ++ [ +++ selection of available

fishers; trust may take years

to develop
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Table 3.1. Incidental catch estimates for the 2002 nearshore cod gillnet

fishery at increasing geographic scale, based on fishers as sampling units,

using net-days and kg landed catch as measures of fishing effort.

Estimated incidental catch

PER FISHER

PER FISHER

Estimated incidental catch

per net-day per kg landed catch
Quarter| Estimate 95% C.1. Estimate 95% C.I.
NAFO unit 1 0 not resampled 0 not resampled
NAFO unit 2 132 not resampled 690 not resampled
NAFO unit 3 661 not resampled 1,854 not resampled
NAFO unit 4 3 not resampled 8 not resampled
TOTAL 796 2,551
Coastline 1 0 0-0 0 0-0
Coastline 2 351 not resampled 1,072 not resampled
Coastline 3 1,100 not resampled 3,430 not resampled
Coastline 4 31 not resampled 266 not resampled
TOTAL 1,482 4,768
Whole island 1 0 not resampled 0 not resampled
Whole island 2 125 7-337 1,613 12 - 4505
Whole island 3 1,115 263-2,244 3,161 387-7,682
Whole island 4 198 0-497 788 0-2,318
TOTAL 1,438 270-3,078 5,561 398-14,505
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Table 3.2. Incidental catch estimates for the 2002 nearshore cod gilinet

fishery at increasing geographic scale, based on trips per fisher as sampling

units, using net-days and kg landed catch as measures of fishing effort.

PER TRIP PER FISHER
Estimated incidental catch

PER TRIP PER FISHER
Estimated incidental catch

per net-day per kg landed catch
Quarter [Estimate 95% C.I. Estimate 95% C.I.
NAFO unit 1 0 0-0 0 0-0
NAFO unit 2 131 N/A 100 N/A
NAFQ unit 3 764 N/A 3,257 N/A
NAFO unit 4 3 0-8 85 0-254
TOTAL 898 N/A 3,441 N/A
Coastline 1 ] 0-0 0 0-0
Coastline 2 181 0-551 141 0-423
Coastline 3 1,088 365-1,997 5,986 1,684-12,672
Coastline 4 28 0-84 567 0-1,700
TOTAL 1,296 365-2,632 6,676 1,684-14,796
Whole island 1 4] 0-0 0 0-0
Whole island 2 236 21-533 4,472 7-11,006
Whole island 3 872 407 - 1,401 5,099 1,694-9,792
Whole island 4 89 0-264 3,243 0-9,342
TOTAL 1,197 428-2,198 12,814 1,701-30,140
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Table 4.1. Total landed catches for various Newfoundland gilinet fisheries (mt, round weight) in 2001, 2002 and

2003, together with amounts of landed catch reported by Bycatch Collectors and Fishery Observers, respectively.

‘Not fished’ indicates that no Bycatch Collector was active in this fishery during a given year.

Fishery Total Catch (mt), Bycatch Collector reported fraction of catch | Fishery Observer reported fraction of catch
er year (mt) {mt)

2001 | 2002 { 2003 | 2001 |% of 2002 |% of | 2003 |% of 2001 % of 2002 |% of 2003 % of
total total total total total total
catch catch catch catch catch catch

Cod (nearshore) 110,264|10,233| 6,284 90.9 | 0.9 | 1245 1.2 | 88.1 14 1 970 | 09 | 60.3 06 | 315 0.5
not not not not not not
Cod (offshore) 1,394 | 1,913 | 1,780 fished | fished | fished | fished | fished | fished 787 | 56 | 1134 | 59 [ 1127} 6.3
Lumpfish (nearshore)ll 872 | 171 554 | 23.1 2.6 57 33 | 11.9 ] 21 6.9 0.8 2.2 1.3 12.1 2.2
Herring (nearshore) f| 1,430 | 1,660 | 1,025| 59.8 | 4.2 | 60.1 3.6 | 19.2 1.9 1.0 0.1 0.0 0.0 0.0 0.0
Monkfish/skate
(offshore) 942 13,027 2,659 573 | 6.1 320 | 1.1 1.8 01 |284.3| 30.2 [1,116.3| 36.9 |1,052.4| 39.6
White hake not not not not not not
(offshore) 305 | 345 | 278 |peq | fished | fished | fished | fished | fished | 211 | 69 | 62.1 | 18.0 | 356 | 1238
Greenland halibut
(nearshore) 1,687 | 868 |1,321] 18.3 | 1.1 1.5 02 | 23.2 1.8 | 66.1 3.3 6.0 0.7 4.7 0.4
Greenland halibut not not not not not not
(offshore) 7,237 5,277 | 3.517 | fisped | fished | fished | fished | fished | fished | 2194 | 3.0 | 3753} 7.1 1107.5] 3.1
Redfish not not
(nearshore/offshore) 447 | 337 | 486 | 10.1 2.3 6.3 1.9 fished | fished 1.7 0.4 9.5 2.8 5.6 1.2
Winter flounder
(nearshore) 504 | 340 | 205 0.6 0.1 2.3 0.7 2.8 1.3 2.7 0.5 0.9 0.3 1.4 0.7




96¢

Table 4.2. Total fishing effort (net-days, estimated) for various Newfoundland gillnet fisheries in 2001, 2002 and

2003, together with amounts of fishing effort reported by Bycatch Collectors and Fishery Observers, respectively.

‘Not fished' indicates that no Bycatch Collector was active in this fishery during a given year.

Fishery Fishing Effort (Net-days, Bycatch Collector reported fraction of Fishery Observer reported fraction of
estimated), per year netdays netdays
2001 2002 2003 2001 (% of | 2002 [% of | 2003 [% of | 2001 {% of | 2002 |% of | 2003 |% of
total total total total total total

Cod (nearshore) 907,309 {1,073,606| 793,147 | 6,491 | 0.7 {8,657 | 0.8 |6,759| 0.9 | 4763 | 0.5 | 4412 | 0.4 14,141| 0.5
Cod (offshore) not | not | not | not | not | not

14,299 | 22,256 | 17,546 fished |fished! fished lfished| fished |fished 769 54 | 8482 | 3.8 |960.9| 55
'(:gf;ﬁgre> 218,263 | 123,315 | 126,353 [22.251| 10.2 [12.791| 10.4 [15,904| 12.6 | 1,686 | 0.8 | 1,420 | 1.2 | 2,184 17
Herring (nearshore) | 32,073 | 23,052 | 14,140 | 627 | 2.0 | 640 | 2.8 {1,116} 7.9 35 0.1 0 0.0 0 0.0
?(")‘f’f';mfgs"ate 154,467 | 251,575 | 211,549 | 2,550 | 1.7 |1,224| 0.5 | 280 | 0.1 |25,154| 16.3 | 91,017 | 36.2 [62,757| 29.7
White hake not not | not | not | not | not
(offshore) 5907 | 12371 | 9989 |fished [fished| fished |fished| fished fished| 41 | 7-1 |2:049.016.6 1,485 14.9
Greenland halibut
(nearshore) 416,933 | 315,928 |1,695,817(3,329| 0.8 |2497| 0.8 |4,606| 0.3 | 8255 | 2.0 | 4,260 | 1.3 |1,568| 0.1
Greenland halibut not | not | not | not | not | not
(offshore) 2,563,700/2,135,685/6,674,892 fished lfished! fished lfished!| fished ﬁshecl102,511 4.0 (145693 6.8 |45,456| 0.7
Redfish not | not
(nearshore/offshore) 82,024 | 23,444 | 68,054 | 388 | 0.5 | 520 | 2.2 fished lfished 313 | 04 | 664 | 28 | 783 | 1.2
Winter flounder
(nearshore) 31,216 | 80,283 65,141 | 108 | 0.3 | 349 | 04 | 611 | 0.9 157 | 0.5 173 0.2 | 149 | 0.2




Table 4.3: Geographic distribution of Bycatch Collectors and Sentinel fishers

during 2001-2003.

Fishery Number of Bycatch Collectors Number of Sentinel fishers
2001 2002 2003 2001 2002 2003
3Ka 1 1 1 1
3Kd 3 3 3 7 6 5
3Kh 2 2 2 7 7 6
3Ki 2 3 1 10 10 8
3La 3 2 1 5 5 3
3Lb 1 2 1 5 5 4
3L 1 1 1 5 5 3
34 7 7 4
3q 2 1 4 4 4
3Pn 2 2 5
3Psa 1 2 1 1
3Psb 5 4 4 2 2 2
3Psc 5 6 4 9 9 7
4Ra 2 1 2 1 11 6
4Rb 2 3 1 4 4 3
4Re 1 1 1 2 3 1
4Rd 1 1 2 1 1
TOTAL 33 34 25 81 81 58
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Table 4.4: An overview of small cetacean incidental catch events recorded by the
Bycatch Collector and Sentinel programme, and the Fishery Observer

programme, during 2001-2003. Dashes indicate no fishing effort was observed.

Fishery Number of small cetacean catch events per Number of small cetacean catch events per
year, reported by Bycatch Collectors (and year, reported by Fishery Observers
Sentinel fishers, for the cod fishery)
2001 2002 2003 2001 2002 2003
Cod (nearshore) 23 47 21 8 2 0
Cod (offshore) 0 0 0 0 0 0
Lumpfish
{nearshore) " 0 13 0 0 0
Herring (nearshore) 5 0 1 0 0 -
Monkfish/skate
(offshore) 0 3 0 1 21 3
White hake
(offshore) - - - 0 1 0
Greenland halibut
{nearshore) 0 3 0 0 0 0
Greenland halibut
(offshore) 0 - - 1 0 0
TOTAL 39 53t 35 10 24 3

! The total number of small cetaceans reported to DFO in 2002 was 64. Eleven of these were
brought in by fishers who had no affiliation with either the Sentinel fishery, or the Bycatch
Collector programme, but who became aware of DFQ’s collection efforts through word of mouth.
Ten had been caught in the nearshore cod fishery, while one was caught in a lumpfish gilinet.
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Table 4.5; Estimated catches of small cetaceans in nearshore and offshore gillnet fisheries in all areas of the

island of Newfoundland, based on net-days, for 2001 — 2003. ‘N/A’ indicates that no confidence interval could be

calculated due to small sample size.

66¢

. 2001 2001 2002 2002 2003 2003
Fishery Scale Quarter Estimate 95% C.I. Estimate 95% C.I. Estimate 95% C.I.
Cod nearshore Coastline 1 - 0 0-0 0 0-0 0 0-0
2 119 0-~273 181 0 -551 1,467 286 - 3,149
3 570 102 - 1,443 1,088 365 -1,997 534 9-~1,529
4 0 0-0 28 0-84 0 0-0
Cod TOTAL 688 102 -1,715 1,296 365 ~2,632 2,001 295~ 4678
Lumpfish nearshore | Coastline |Whole year 84 2-240 0’ o' 211 20 - 499
Herring nearshore Coastline 3 89 26 - 176 0 0 10 0-29
Greenland halibut \
nearshore Coastline 2 0 0 1 N/A 0 0
3 0 0 28 0-78 0 0
Greenland halibut
TOTAL 29 N/A
Monkfish and skate
offshore 30Ps offshore| Whole year 1 0-4 60 32-92 6 0-17
White hake offshore |30Ps offshore| Whole year 0 0 43 N/A 0 0
GRAND TOTAL 862 160 - 1,808 1,428 N/A 2,228 315-5,223

! No Bycatch Collectors reported harbour porpoise incidental catch in their 2002 lumpfish fishery; however, a single animal was reported
by a fisher who was unaffiliated with the programme.



Table 4.6. Ages of incidentally caught harbour porpoises collected by DFO

technicians during 2001-2003. Ages were determined as described in Chapter 4.

2-Year age Year
bin 2001 2002 2003
Female Male | Female Male Female Male
0-<2 2 3 2 4 0 3
2-<4 3 3 7 3 9 3
4-<6 7 5 2 6 1 3
6-<8 1 1 5 3 5 1
8-<10 2 2 2 5 1 4
10-<12 1 0 0 1 1 0
12-<14 1 -0 1 1 0 0
Total 17 14 19 23 17 14
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Table 5.1. Reported catches of various seal species in gillnet fisheries, 2001-2003, based on Bycatch Collector data.

Pg = Harp seal, Cc = Hooded seal, Hg = grey seal, Pv = harbour seal, Ph = ringed seal; Eb = bearded seal.

3215

Fishery Number of seal catch events per year, reported by Bycatch Collectors
2001 2002 2003
Pg Cc Hg Pv Ph Eb Pg Cc Hg Pv Ph Eb|Pg Cc Hg Pv
Cod (nearshore) NCI 1% 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SCi 10 1 0 4 0 0 29 0 0 0 0 0 6 0 0 0 0 0
WCI 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lumpfish (nearshore) NCI 58 0 0 0 5 2 | 81 1 0 0 5 023 0 0 0 5 0
sci 71 2 2 4 0 0|16 O 0 0 0 6 (66 O 0 0 1 0
WCI 383 7 2 2 0 4 133 0 0 1 2 2126 0 0 0 0 0
Herring (nearshore) NCI 2 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Greenland halibut (nearshore) SCi 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Winter flounder NCi 0 0 0 0 0 0 3 0 0 0 1 0 2 0 0 0 0 0
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Table 5.2, Reported catches of various seal species in gillnet fisheries, 2001-2003, based on Fishery Observer

data. Pg = Harp seal, C¢ = Hooded seal, Hg = grey seal, Pv = harbour seal, Ph = ringed seal; Eb = bearded seal.

Fishery Number of seal catch events per year, reported by Fishery Observers
2001 2002 2003

Pg Cc Hg Pv Ph Eb Pg Cc Hg Pv Ph Eb | Pg Cc Hg Pv Ph Eb

Cod (nearshore) SCl 1 0 0 1 0 0 7 0 0 0 0 0 1 0 0 0 0 0

WCI 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cod (offshore) 30Ps 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Lumpfish (nearshore) NCI 1 0 0 0 0 0 3 3 0 0 0 0 0 0 0 0 0 0
SCI 0 0 0 7 0 0 0 0 0 0 0 0 6 0 1 0 0

Monkfish/skate (offshore) 30Ps 17 0 0 0 0 0 12 0 1 2 0 0 6 0 0 0 0 0
Greenland halibut (offshore) 2GHJ3K 0 0 0 0 0 Q 1 0 0 0 0 0 0 0 0 0 0 0
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Table 5.3. Incidental catch estimates of various seal species in gillnet fisheries, 2001-2003, based on Bycatch

Collector data.

Fishery Year Incidental catch estimates (Bycatch Collectors)
Harp seal Hooded seal Grey seal Harbour seal Ringed seal Bearded seal
Cod (nearshore) | 2001 3,234 N/A a0 0-273 0 115 0-319 0 0
2002 1,218 345-2,279 0 0 0 0 0
2003 364 0-1,002 0 0 0 0 0
Lumpfish 2001 14,983- ) O- 0-
(roarehore) 23379 a3g7g (322 15-887 (273 ;o 622 4 goq | 430 79-859 190 0-516
2002 1 9,342 N/A  |428 1253 0 8 0-24 [338 78672| 13  0-33
2003 2,226- 126-
9,321 19,294 0 0 0 1,077 2 531 0
(n::gg‘fre) 2001 168 NIA 713 NA 0 0 0 0
Greenland
halibut 2001 58 N/A 0 0 0 0 0
(nearshore)
Winter flounder 2002 40 0-86 0 0 0 11 0-34 0
2003 32 0-79 0 0 0 0 0
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Table 5.4. Incidental catch estimates of various seal species in gilinet fisheries, 2001-2003,

based on Fishery Observer data.

Fishery Year Incidental catch estimates (Fishery Observers)
Harp seal Hooded seal |Grey seal | Harbour seal
(nea?ggor o | 2001 | 448 01121 |0 0 143 0-445

2002 | 425 120-837 | O
2003 43 0-134 0

Cod (offshore) | 2002 | 55  0-169 | 0 0 0

(,:-:a”r‘sp;'::‘e) 2001 | 119 0378 |0 0 629 181-1,088
2002 | 250  0-500 [249 0-500 | O 61  0-153
2003 | 182 61337 |0 32 0920

o | 2001 | 18 435 |0 0 0
2002 | 23 348 |0 3 010|309
2003 | 10 121 |0

Greenland

halibut 2002 | 2 06 |0 0 0

(offshore)




Table 6.1. Reported catches of various seabird species in gilinet fisheries, 2001-2003, based on Bycatch Collector
data. Mu = Murres (Uria sp.); Rz = Razorbill; Bg = Black Guillemot; Lo = Loons (Gavia sp.); Dc = Double-crested

cormorant; Ga = Gannet; Su = Shearwaters (unidentified).

S9¢€

Fishery 2001 2002 2003
Area Quarter {Mu | Rz {Bg | Lo |[Dc |Ga | SujMu|[Rz|Bg|Lo|Dc|Ga]|SujMu|Rz Bg|Llo|Dc|GajSu
Cod rd
(nearshore) NCI 3 18| 0 0 0 0 0 0 0 0 0 0 0 0 0 - - - - - -
SCI 2nd 2 0 0 0 0 0 0 l141 0 0 0 0 0 0 3 0 0 0 0 0 0
3" 9 0 0 0 0 0 |20 86 0 0 0 0 0 0 11341 0 0 0 0 0 0
WClI 2nd 1 0 0 0 0 0 0 - - - - - - . - - - . - -
3% olojojojolojof1io]o]jojyo]o|oOoyf -1}t -1]-~-1-1]S-+ -] -
Lumpfish
(nearshore) NCi all 14 | 0 5 1 0 0 0 2 0 3 2 0 0 0 2 0 0 0 0 0 0
SCl all 4 0 0 0 1 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
WCI all 2 3 2 0 0 0 0 [22¢ 7 0 0 0 0 0 0 0 0 0 0 0 0
Greenland
halibut NC! 3" 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(nearshore)
Winter
flounder NCI 2m 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 0 0 1 0
(nearshore)
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Table 6.2. Incidental catch events of various seabird species in gillnet fisheries, 2001-2003, based on Fishery

Observer data. Mu = Murres (Uria sp.); Pu = Atlantic Puffin; Do = Dovekie; Lo = Loons (Gavia sp.); D¢ = Double-
crested cormorant; Ga = Northern Gannet; Gs = Greater shearwater; Ss = Sooty shearwater; Cs = Cory's
shearwater; Sh = Shearwaters (unidentified); Fu = Northern Fulmar; Ei = Eider duck. NC = northeast coast, SC =

south coast; WC = west coast; ns = nearshore, os = offshore. Note: an event may involve more than one individual.

2001 2002 2003
Fishery
Area Quarter {| Mu | Pu| Lo {Dc| Ga| Gs| Ss|Cs| Su| Fu|Mu| Gs | Ss| Su | Mu| Do | Gs| Ss| Su| Ei
Cod (ns) NC 3 14 (5 o Jo jo |o o |oJo|oJo {0 |o|oOo fo o |0 o oo
sC 2" o0 oo lo |1 |olofo|o]ojo o oo Jo o ]|o} o]|o]o
3 4 oo o fo |1 j0 0 {0 jo fo |1 oo jotofofoljoijo
4" 1100 |1 (o o {fo oo [0 ]oO 0 |0 0 fo |0 |0 |0 OO
Cod (0s) 30Ps 2" 0o oo o oo fofjo|o oo} 2 fo|o Jo|o o |ofo}jo
3 0 |0 fjo Jo o [0 o {00 |0 JO |27 |1 o fo |0 |3 |0 o joO
4" o oo Jo o o jo oo (0o ]J7 |0 |0 |1 1 /o j0 Jo |0 |0
Lumpfish (ns) NC alt 0 |0 |1 1]0 0|0 |0 |Oo|O OO }|O [O}O §0 10 j0 |0 joOo]oO
sC all 0o {o]o o |ofolofofojojo|o {o]|o fo |0 |0 |0 |03
Monkfish/Skate 0s) 30Ps all 0 |o o |0 jo |8 |2 |0 |4 |0 ]O |22 {2200 |0 |6 |4 {310
White hake {0s) 30Ps all o o |0 jOo |1 {0 (0 |0 OO |1 o {0 fo o }olo oo
Greenland halibut (ns) NC 3" 2 0 0 0 0 0 1 2 0 2 0 0 0 0 o] ] 0 0 0 0
Greenland halibut (os) 2GHJ3K 3" o {ojo o |1 ]o {1 ]o]|o |4 o4 |00 jojolo0o]o oo
3LN 3 0 {of{o o {ojolotf1jojojoto jo}lo jojoijojojoijo
30Ps 2™ o tojo|o o1 ]otojofojo |0 o |0 Joltloijololfo
3 o (o |o o oo ]|ojJolo{ojo|o Jo |3 fo o | oo O ]|oO




Table 6.3. Estimated catches of various seabird species in gilinet fisheries,

2001-2003, based on Bycatch Collector data. Mu = Murres (Uria sp.); Rz =

Razorbill; Bg = Black Guillemot; Lo = Loons (Gavia sp.); Dc = Double-crested

cormorant; Ga = Gannet; Su = Shearwaters (unidentified). NC = northeast coast,

SC = south coast; WC = west coast.

Fishery Year Quartef Area § Mu CI. IRz Cil.}JBg Cl [Lo ClL|{Dc Cl{Ga Cl|Su C.i
Cod 2001 | 2™ SC 65 01950 O 0 0 g 0 0 0 0 0 0 0
(nearshore)
WC | 104 NALIO 0 0 ] ¢} 0 0 [} 0 0 0 0
3¢ NC §5559 NA{O O 0 0 0 0 0 0 0 0 0 0
SC §1980 NA O 0 0 0 0 0 0 ¢} 0 0 710 1’262
2002 | 2™ SC 1,180 NAJOG O 0 0 g 0 0 0 0 0 0 0
34 SC 88 0-236]0 0 0 0 0 0 0 0 0 0 0 0
WC ¢ 166 04980 O 0 0 0 0 0 0 0 0 0 0
2003 | 2™ SC 279 074710 O 0 0 0 0 0 0 0 0 0 0
3¢ SC {1,190 2,32)8 [ 0 0 4] o 0 0 0 0 0 0
(k::r‘g?:r"e) 2001 | al | NC foos NA[O o f233 2|30 *lo oo oo o
SC 279 NAJO O 0 0 0 0 1 041 0 0 0 4
wC 10 N/A |18 041} 19 0-50 | 48 110-8 0 0 0 0 0 0
2002 alt NC (1954 NA|OG 0 |109 0-323}27 0-81] O 0 0 0 0 0
wWC 12 NA|7 NAJ] O 0 0 o 4] 0 0 0 0 0
2003 | all NC § 608 NAJO O 0 0 0 0 0 0 0 0 0 0
Greenland
halibut 2001 | 3¢ NC 2 NA1O O 0 (4] 0 o 0 0 0 0 0 0
{nearshore}
Winter
flounder 2002 | 2™ NC 0 0 {0 O 0 (4} 17 0521 O 0 0 0 0 0
{nearshore)
2003 | 2™ NCI 16 044]0 0O 0 0 [1] 0 0 o 8 0247 0 0
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Table 6.4. Incidental catch events? of various seabird species in gillnet fisheries,

2001-2003, based on Fishery Observer data (Part 1). Mu = Murres (Uria sp.); Pu

= Atlantic Puffin; Do = Dovekie; Lo = Loons (Gavia sp.); Dc = Double-crested

cormorant; Ga = Northern Gannet; Ei = Eider duck. NC = northeast coast, SC =

south coast; WC = west coast; ns = nearshore, os = offshore.

Fishery Year{Quarter] Area § Mu gét;ﬁ’ Pu 9(?:" Do 9C5:A’ Lo 9C5:A’ Dc gé?’ Ga 905?’ Ei 95:"
Cod (ns) 2001] 2 | sc 78 NA
3* | Nc fosss 12%’%1% 649 1?3"'5‘8
sc |2,349 6?&1
4 | sc |58 0477 136 o0
Cod (0s) 2002| 4" | 3ps | 72 o0-197
2003 4" aps | 4 NA
Lumpfish (ns)  |2001] an | NC 384 1,(1’;8
2003; all sC 26 7(;'4
Greenland halibut (0s) [2001] 3° |2GHJ3K % oo
2003) 2™ | 30Ps 22 N/A
Winter flounder (ns) [2001{ 3° | sc 171 NA

% Note: an event may involve more than one individual.
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Table 6.5. Incidental catch events® of various seabird species in gillnet fisheries,

2001-2003, based on Fishery Observer data (Part 2). Gs = Greater shearwater,

Ss = Sooty shearwater; Cs = Cory’s shearwater, Sh = Shearwaters (unidentified);

Fu = Northern Fulmar. NC = northeast coast, SC = south coast; WC = west

coast; ns = nearshore, os = offshore.

Fishery Year | Quarter Area Gs gé.);/" Ss S‘g’?’ Cs 905:/" Su %‘5;" Fu gé-):/"
Cod (ns) 2001 | g9 sc | 205 6(1-5
2002 ;3¢ sC 120 3%'0
Cod (o0s) 2002 3¢ 3Ps 909 N/A |89 N/A
& | s 3,139 ?32'2 22 gé
2003 4% 3Ps 119 N/A
M 2001 0- 0- 0-
onkfish/Skate (os) all 30Ps 81 192 8 23 47 118
2002 | 4y 30Ps {263 ggé 7 ?} 286 71;6
2003 [ gy 30Ps | 45 1%'4 6 ?;) 44 105_6
White hake (os) 2001 all 30Ps f 211 N/A
2002 30Ps 7 NA
G , 2001 " 0- 0- 0-
reenland halibut (ns) 3 NC 222 641 222 641 222 641
Greenland halibut (os) | 2001 { 3¢ | 2GHJ3K 37 12'5 75 1%'3
31 3LN 246 N/A
3¢ 30Ps 66 N/A
2002 2% 30Ps 2 N/A
3 | 2GHIK | 90 N/A
Winter flounder (ns) | 2001 3¢ sC 62 N/A

* Note: an event may involve more than one individual.
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Table 7.1. Incidental catch events of shark and other species in gilinet fisheries, 2001-2003, based on Bycatch

Collector data. Bl = Blue shark, Ba = Basking shark; Sp = Spiny dogfish; Us = Unknown shark; As = Atlantic

sturgeon; Os = Ocean sunfish. NC = northeast coast, SC = south coast; WC = west coast.

Fishery 2001 2002 2003
Area Quarter Bi Ba Sp Us As Sp As Os Sp Us As
Cod (nearshore) NC 3" 5 2 1
4" 2
sC 2nd 11
3" 1 3 12 3 1
4" 1 1 2
weC 3 1 4
4" 1
Lumpfish (nearshore) SC all 1
WC all 1
Herring (nearshore) WC 3" 1
Greenland halibut (nearshore) NC 3" 1
sc 3" 1




Table 7.2. Incidental catch events of shark and other species in gilinet fisheries,

2001, based on Fishery Observer data. Pb = Porbeagle, Bl = Blue shark, Sm =

Shortfin mako; Ba = Basking shark; Gr = Greenland shark; Sp = Spiny dogfish;

Bd = Black dogfish; Dc = Deepsea catshark; Ps = Portuguese shark; Sw =

Swordfish. NC = northeast coast, SC = south coast; WC = west coast. Values

refer to numbers of animals unless indicated otherwise.

Fishery Area {[Quarter] Pb | 8l | Sm | Ba Gr Sp Bd Dc Ps | Sw
Cod (nearshore) sc 1%
2™ 178 kg] 3 kg
3 11 4kg | 12kg
4th
Cod (offshore) 30Ps 3¢ 1kg
4" 1 4
Lumpfish (nearshore) SCi all 7 kg
Monkfish/Skate (offshore) 30Ps all 212 3 2kg 17kg| 1kg
White hake (offshore) 30Ps ali 20kg 127kg 1
Greenland halibut (nearshore)] NC 3¢ 2kg
Greenland halibut (offshore) | 2GHJ3K | 2™ 2,634 kg 245kg | 2kg
o 16
3 1 2,841 kg kg
3LN 3" 2kg
30Ps 1 548 kg
2™ 1,050 kg 3,235 kg zl:so
9
4" 1,048 kg
Redfish d
{nearshore) sl 3 i 318 kg
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Table 7.3. Incidental catch events of shark and other species in gillnet fisheries,

2002, based on Fishery Observer data. Pb = Porbeagle, Bl = Blue shark, Sm =

Shortfin mako; Th = Thresher shark; Ba = Basking shark; Gr = Greenland shark;

Sp = Spiny dogfish; Bd = Black dogfish; Ps = Portuguese shark; Sw = Swordfish.

NC = northeast coast, SC = south coast; WC = west coast. Values refer to

numbers of animals unless indicated otherwise.

Fishery Area |Quarter] Pb | BI | Sm | Th | Ba Gr Sp Bd Ps | Sw
Cod (nearshore) sSC 1 7 kg
2™ 2kg
K 1t 1] 1 429 kg
pul
Cod (offshore) 30Ps 34 2kg
4" 11411 }1
Monkfish/Skate (offshore) 30Ps all 4 | 4 2 5 |2734kg |17 kg | 25kg
White hake (offshore) 30Ps all 1 1 210 kg 2
Greenland halibut (offshore) nd 834 30
2GHJ3K 2 4 [12430 kg| 20 kg kg kg
id 338
3 2 109 kg kg
3LN 2™ 55 kg
3" 1816 kg 35kg
3ops | 2 750 kg 1;‘45
g
rd 1 00
3 kg
th 385
4 450 kg kg
Redfish (nearshore) SCi 34 2 554 kg| 4 kg
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Table 7.4. Incidental catch events of shark and other species in gilinet fisheries,

2003, based on Fishery Observer data. Pb = Porbeagle, Bl = Blue shark,

Sm = Shortfin mako; Th = Thresher shark; Ba = Basking shark; Sp = Spiny

dogfish; Bd = Black dogfish; Ps = Portuguese shark; Dc = Deepsea catshark;

Sw = Swordfish; Os = Ocean sunfish. NC = northeast coast, SC = south coast;

WC = west coast. Values refer to numbers of animals uniess indicated otherwise.

Fishery Area Quarter | Pb | Bl | Sm | Th | Ba | Sp Bd Ps | Sw | Os
Cod (nearshore) sC 2™ 61kg
3" 42 kg
4" 1 16 kg
Cod (offshore) 30Ps 3 3| 4
4" 1 6 22 kg
Monkfish/Skate (offshore) 30Ps all 9 16 9 4 113 kgy 12kg
White hake (offshore) 30Ps all 18kg} 2kg 1
Greenland halibut (offshore) 2GHJI3K qud 1 1 kzgo
sops | 2@ | 1 1?‘;5
qu 4k395
Redfish (nearshore) scCl 3" 1 5kg 1
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Table 7.5. Incidental catch estimates of shark and other speciés in gilinet fisheries, 2001-2003, based on Bycatch

Collector data. Bl = Blue shark, Ba = Basking shark; Sp = Spiny dogfish; Us = Unknown shark; As = Atlantic

sturgeon; Os = Ocean sunfish. NC = northeast coast, SC = south coast; WC = west coast. N/A indicates that no

confidence interval could be calculated. Values refer to numbers of animals.

Fishery 2001 2002 2003
Area] o, 95% 95% 95% 95% 95% 95% 95% 95% 95% 95% 95%
Bl ch |Ba ¢y (S i |Ys i |As i |SPocu |Asoch 9% o [P Vs el Mo
Cod (nearshore) | 1 o 420 471811 N | 0 292 0-834] 0 79 0-238 | 0 0 0 0
sc |06 0-919] 0 a6 2 o 0 2766 97 |o 0 623 174 220 NIA |42 0127
806 786 5184 1,274
wel o 0 0 2 06| 0 276 0-719 | 0 0 § 017 |0 0
Lumpfish (nearshore)| SC | 0 0 0 0 0 0 0 4 013 | 0 0 0
wel o 0 0 0 0 0 0 0 0 0 6 0-19
Herring (nearshore) |WC| 0 0 0 15 0-43{ 0 0 0 0 0 0 0
Greenland halibut |\~ | 0 0 129 NA | 0 0 0 0 0 0 0

(nearshore)
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Table 7.6. Incidental catch estimates of shark and other species in gilinet fisheries, 2001, based on Fishery Observer data.
Pb = Porbeagle, Bl = Blue shark, Sm = Shortfin mako; Ba = Basking shark; Gr = Greenland shark; Sp = Spiny dogfish; Bd =
Black dogfish; Dc = Deepsea catshark; Ps = Portuguese shark; Sw = Swordfish. NC = northeast coast, SC = south coast;

WC = west coast. Underlined values refer to total weight caught.

Fishery Area 95% 95% 95% 95% | Gr 95% Sp 95% | Bd 96% | Dc  95% | Ps  05% 95%
Po i | B o |Sm ¢y |Ba ¢ ci cl cl cl cl | % ¢l
= = o Ll k) G e O kg Ol |ke Cb kg Ck u
Cod 0- 3.847- 117.-
(nearshore) | SC |80 234 | O 0 0 9 10679 15734 | 889 5577 | @ 9 0
Cod 15.
(offshore) 30Ps | 58 45 | O 0 0 0 15 044 0 1} Q o
Lumpfish Q-
(nearshore) | O | © 0 0 0 9 834 . goa | O [} i 0
Monkfish/Skate
offshorey | 30Ps | 2 07 |6 o8| 8 o022 0 8 023 | 95 13234| 4 o012 | 0 0 0
White hake
(offshore) | 3OPs | O 0 0 0 283 NA (381 NA | Q )] 0 14 N/A
Greenland
halibut N o 0 0 0 0 43 01 0 0 ) 0
(nearshore)
Greenland
3,235 0- 0
halibet | 2GHJ3K | 0 0 0 24 071 |pazay 22381 o 79887 .. & | a8 0.143 | 378 0
(offshore) 140,376 12556 858
Wolo 0 0 0 0 141 0408 | 0 s U | o 0
30Ps | o 0 0 0 3144 0-8325 | 0 lizgss 2782 | o 0 0
vrr——
Redfish
(noarchorey | SO 261 N |0 0 0 0 83114 NA | 0 0 0 0
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Table 7.7. Incidental catch estimates of shark and other species in gillnet fisheries, 2002, based on Fishery

Observer data. Pb = Porbeagle, Bl = Blue shark, Sm = Shortfin mako; Ba = Basking shark; Th = Thresher shark;

Gr = Greenland shark; Sp = Spiny dogfish; Bd = Black dogfish; Ps = Portuguese shark; Sw = Swordfish. NC =

northeast coast, SC = south coast; WC = west coast. Underlined values refer to total weights caught.

R A T A B A O B 3 Lo A
(ne:r:gore) SC [265 o |284 o (205 o | O 0 ) 113,591 % 0 ) 0
(Ofgﬂgre) 30Ps | 6 049|286 651] 6 019]6 o049 |0 0 13 039 | 0 0 0
{‘gg:'ggfeh) 30ps |280 o, |11 223|309 |35 %o |0 10201 L% | s2r8 gﬁl 41 985 | 0 17 237
V:’o“#:hgf:f 30Ps | 0 § 047 0 0 5 017] @ 1,176 L—g—g—é 0 0 11 0-28
T;tffajgbgt: ‘: 2GHJK | 0 0 0 0 73 | 110225 ;ﬁ—é%_l 2165 13_‘-97_—%% 13,940 ;’;—'—gﬁ 288 & 0
SLN g 0 0 0 0 45,739 1_4&%13. 1,467 z—f.,—_gi 925 1311§_?2.:2. 0 0
0P 1o 0 0 0 0 1800 o581 | 0 sato 38| o 0
8610
(nsaefsﬁi'le) S R 0 0 0 0 19304 22*3?'4_& 141 0421 | O 0




Table 7.8. Incidental catch estimates of shark and other species in gillnet fisheries, 2003, based on Fishery
Observer data. Pb = Porbeagle, Bl = Blue shark, Sm = Shortfin mako; Ba = Basking shark; Th = Thresher shark;
Sp = Spiny dogfish; Bd = Black dogfish; Ps = Portuguese shark; Sw = Swordfish; Os = Ocean sunfish. NC =

northeast coast, SC = south coast; WC = west coast. Underlined values refer to total weights caught.

LlE

Fishery Area 95% 95% 95% 95% 95% | Sp 95% Bd  95% 95% 95%
Pooca | B cn |S™ ci B8 i | ™M Cl kg CL |k CL |SY ci |9 ci
Cod 0- 8.693-
(nearshore) SC 0 0 0 0 205 g4q (28206 55e 0 0 0
Cod (offshore) | 30ps | 4 013 |22 444 [164 5o | 0 0 98 0220 | 0 0 0
Monkfish/Skate .
(offshore) 30Ps |17 335017 043]15 334| 9 025| 0O 37 0410 | 37 o110 | o 0
White hake
(offshore) 30Ps 0 0 0 0 0 119 20249 | 13 040 | 7 020 O
Greenland 0-
halibut NC 0 0 0 0 0 #1458 | 2 0 0
(nearshore) 1.99¢
Greenland 1,886-
halibut (offshore)| 2CHJ3K | 0 0 0 0 0 2 3720 Goog | O 0
3LN 0 0 0 0 0 o s} 0 0
30Ps 3.072-
2 0710 2 0710 0 0 4874 oE | 0 0
Redfish
(nearshore) Sci 75 NA |0 0 0 0 375  NA 0 0 75 NIA
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APPENDIX 3
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Figure 1.1. A schematic overview of a bottom-set gillnet. Adapted from Spencer

et al. 2000.
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Greenland

Labrador Sea

Labrador

Orphar Basin

Figure 1.2: An overview of Atlantic Canadian waters. Major geographic
features, as well as the 200 nm-limit of the Canadian EEZ, are indicated.

Depth contour increases in 50-m increments.
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Figure 1.3: A schematic overview of the area under the

mandate of the Northwest Atlantic Fisheries Organisation

(NAFO), with major divisions indicated. Copyright NAFO.
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250

kilometres

Figure 1.4: Individual NAFO units within divisions 2GHJ, 3KLMNOP and
4RSVWX, as referred to in the text. The 200 nm-limit to the Canadian EEZ is

indicated by the dashed line. Depth contour increases in 50-m increments.
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Figure 3.1 A-B. Total amount of Atlantic cod caught in the first (A) and second (B) quarter

of 2002, per NAFO unit (mt round weight) . Circles represent total catches for separate

NAFO units.
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Figure 3.1 C-D. Total amount of Atlantic cod caught in the third (C) and fourth (D) quarter
of 2002, per NAFO unit (mt round weight). Circles represent total catches for separate

NAFO units.
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Figure 3.2 A-B. Total amount of Atlantic cod observed caught in the first (A) and second (B)




€8¢

-4 Observed

Jcatch (mt) |
50 |

25

5

Figure 3.2 C-D. Total amount of Atlantic cod observed caught in the first (A) and second
(B) quarter of 2002, per NAFO unit (mt round weight). Circles represent total catches for

separate NAFO units.
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Figure 4.1 A-B. Total amo
2001, per NAFO unit (mt round weight). Circles represent total catches for separate NAFO

units.
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Figure 4.1 C-D. Total amount of Atlantic cod caught in the third (C) and fourth (D) quarter of

2001, per NAFO unit (mt round weight). Circles represent total catches for separate NAFO

units.
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Figure 4.2 A-B. Total amount of Atlantic cod observed caught in the first (A) and second (B)
quarter of 2001, per NAFO unit (mt round weight). Circles represent total catches for separate

NAFO units.
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Figure 4.2 C-D. Total amount of Atlantic cod observed caught in the third (C) and fourth (D)

quarter of 2001, per NAFO unit (mt round weight). Circles represent total observed catches

for separate NAFO units.
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Figure 4.3 A-B. Total aount of tlantic cod caught in the first (A) and second (B) quarter of

2003, per NAFO unit (mt round weight). Circles represent total catches for separate NAFO

units.
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Figure 4.3 C-D. Total amount of Atlantic cod caught in the third (C) and fourth (D) quarter of

2003, per NAFO unit (mt round weight). Circles represent total catches for separate NAFO

units.
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Figure 4.4 A-B. Total amount of Atlantic cod observed caught in the first (A) and second (B)

e

quarter of 2003, per NAFO unit (mt round weight). Circles represent total catches for separate

NAFO units.
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Figure 4.4 C-D. Total amount of Atlantic cod observed caught in the third (C) and fourth

(D) quarter of 2003, per NAFO unit (mt round weight). Circles represent total catches for

separate NAFO units.
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Figure 4.5 A-C. Total amounts of lumpfish caught in 2001
(A), 2002 (B) and 2003 (C), per NAFO unit (mt round

weight). Circles represent total catches for separate NAFO

units.
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Figure 4.6 A-C. Total amounts of lumpfish observed caught in

2001 (A), 2002 (B) and 2003 (C), per NAFO unit (mt round

weight). Circles represent total observed catches for separate

NAFQO units.
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Figure 4.7 A-D. Tofal amounts of Atlanﬁc herring caUght in th

e first (A), second (B),

third (C), and fourth (D) quarter of 2001, per NAFO unit {(mt round weight). Circles

represent total catch for separate NAFO units.
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Figure 4.8 A-C. Total amounts of Atlantic herring caught in the

ST T

second (A), third (B) and fourth (C) quarter of 2002, per NAFO
unit (mt round weight). Circles represent total catch for separate

NAFO units. No fishing effort was recorded in the first quarter of

2002.
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Figure 4.9 A-C. Total amounts of Atlantic herring caught in the
second (A), third (B) and fourth (C) quarter of 2003, per NAFO
unit (mt round weight). Circles represent total catch for separate
NAFO units. No fishing effort was recorded in the first quarter of

2002.
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Figure 4.10 A-C. Toal
caught in 2001 (A), 2002 (B) and 2003 (C). Circles represent

total catch at the indicated coordinates (mt round weight).
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Figure 4.11 A-C. Total amounts of monkfish and skates
observed caught in 2001 (A), 2002 (B) and 2003 (C). Circles
represent total observed catch at the indicated coordinates

(mt round weight).
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Figure 4.12 A-C. Total amounts of white hake caught in
2001 (A), 2002 (B) and 2003 (C). Circles represent total

catch at the indicated coordinates (mt round weight).
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Figure 4.13 A-C. Total amounts of white hake observed
caught in 2001 (A), 2002 (B) and 2003 (C). Circles

represent total observed catch at the indicated

coordinates (mt round weight).
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Figure 4.14 A-D. Total

amounts of Greenland halibut

caught in the first (A), second (B), third (C) and fourth (D)
quarter of 2001. Circles represent total catch at the

indicated coordinates (mt round weight).
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Figure 4.15 A-D. Total amounts of Greenland halibut
observed caught in the first (A), second (B), third (C) and
fourth (D) quarter of 2001. Circles represent total observed

catch at the indicated coordinates (mt round weight).
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Figure 4.16 A-D. Total amounts of Greenland halibut
caught in the first (A}, second (B), third (C) and fourth (D)
quarter of 2002. Circles represent total catch at the

indicated coordinates (mt round weight).
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Figure 4.17 A-C. Total amounts of Greenland halibut observed caught in the second (A), third (B) and fourth (C)
quarter of 2002. Circles represent total observed catch at the indicated coordinates (mt round weight). No fishing

effort was observed in the first quarter of 2002.
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Figure 4.18 A-C. Total amounts of Greenland halibut caught in the second (A}, third (B) and fourth (C) quarter of 2003. Circles represent total catch at

o

(mt)
160

80

Landed catch f

‘iLanded catch B

(mt)

160

the indicated coordinates (mt round weight). No fishing effort was recorded in the first quarter of 2003.
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Figure 4.19 A-B. Total amounts of Greenland halibut observed caught in the second (A}
and third (B) quarter of 2003. Circles represent total observed catch at the indicated
coordinates (mt round weight). No fishing effort was observed in the first and fourth

quarter of 2003.
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Figure 4.20 A-C. Total amounts of redfish caught in 2001
(A), 2002 (B) and 2003 (C), per NAFO unit (mt round

weight). Circles represent total catches for separate
NAFO units.
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Figure 4.21 A-C. Total amounts of redfish observed

caught in 2001 (A), 2002 (B) and 2003 (C), per NAFO unit

oE l;’@’

(mt round weight). Circles represent total observed

catches for separate NAFO units.
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Figure 4.22 A-C. Total amounts of winter flounder caught
in 2001 (A), 2002 (B) and 2003 (C), per NAFO unit (mt
round weight). Circles represent total catches for separate
NAFQ units.
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Figure 4.23 A-C. Total amount of winter flounder observed

N A
y o

caught in 2001 (A), 2002 (B) and 2003 (C), per NAFO unit
(mt round weight). Circles represent total observed catches

for separate NAFO units.
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Figure 4.24 A-C. Weight of Atlantic cod caught (kg round weight) plotted as a
function of the number of netdays in each individual trip, for fishers with and

without small cetacean incidental catch, in 2001 (A), 2002 (B) and 2003 (C).
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Northeast coast, average cod landings and porpoise catch distribution
2001-2003, by month
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South coast, average cod landings and porpoise catch distribution
2001-2003, by month
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West coast, average cod landings and porpoise catch distribution
2001-2003, by month
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Figure 4.25: Monthly average landed catch of cod (mt round weight) and average

number of reports of incidentally caught harbour porpoises, for 2001-2003, per coastline.
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