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Common Terms Defined
In this study, we use the term fisherman or fishermen to refer
to men and women who make their livelihoods through
fishing. We do not use the word harvest when referring to the
capture of wild marine species, as the term has agricultural
connotations, which are not relevant to the natural production
of marine organisms. When referring to the action of fishing
with bottom trawls, we use the word trawling throughout the
report although we recognize that in the Atlantic Ocean,
dragging is more frequently used. We define habitat as the
physical seafloor and associated structure-forming species
including but not limited to cold-water corals, sponges,
hydroids, bryozoans and seaweed. Bycatch refers generically
to all non-target species brought onboard during any fishing
activity. Bycatch can be separated into bycatch that is kept and
landed as part of the commercial catch and bycatch that is
discarded. Unless otherwise stated, the term bycatch in this
report refers to all species caught incidentally during a fishery,
and this report deals specifically with the impacts of fishing
gear on discarded bycatch.

Sandy habitats on Canada's east coast are home to clams, sand dollars
and bottom feeding fish species. PHOTO: Andrew Martinez.
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Executive Summary
The ecological impacts of fishing gear on seafloor habitat and
the incidental catch of non-target marine species should play a
significant role in fisheries management. Nevertheless,
Canadian fisheries managers do not currently consider habitat
impacts in management decisions, and only selected fisheries
are managed with bycatch quota or with bycatch mitigation
measures for non-target species. As a result, significant
unrecorded discarding of marine species and damage to
marine habitat are ongoing problems in a number of Canadian
fisheries. The purpose of this study is to present a
comprehensive analysis of the severity of habitat impacts and
discarded bycatch resulting from major commercial fishing
gears used in Canada.
The initial phase of this study consisted of a literature review of
habitat impacts of fishing gear, and analysis of bycatch
information where available, for all Canadian fisheries. We
focused on experimental studies conducted in Canada on
fishing gear impacts and international research conducted in
adjacent or similar marine ecosystems to those found in
Canada. Bycatch data were obtained from scientific reports on
Canadian fisheries and wherever possible we analyzed data for
individual fisheries, with catches greater than 1000 tonnes.
The majority of the data compiled and synthesized in this
review was from 2005, the most recent year for which
comprehensive data was available. This information was
presented at a multi-stakeholder workshop where we asked
participants to review and comment on the data, contribute
additional information on gear impacts and then rate those
fishing gears according to their impacts. Their ratings became
the basis of a survey comparing the severity of habitat and
discard impact scenarios caused by 13 fishing gears used in
Canada. Ninety-seven fishermen, scientists, marine
conservation professionals and fisheries and marine managers
across Canada completed the survey. Based on the survey
results, we then ranked fishing gears according to their
ecosystem impacts from most severe to least severe.
One of the most important results of this study is the agreement
among stakeholders on the relative ecological impacts of
fishing gear used in Canada. All respondent groups ranked the
impacts associated with bottom trawls as the most severe.
Canadian bottom trawl fisheries largely target groundfish in the
Pacific, and shrimp and groundfish in the Atlantic and Arctic.
Bottom gillnets were considered to be the second highest in the
severity of habitat and bycatch impacts. Dredges, which
include scallop and hydraulic clam dredges, were ranked third
LEFT:

in overall ecological impact. Bottom longlines followed as
having the fourth highest ranking in impact severity. Midwater
trawls, pots and traps, pelagic longlines and purse seines
followed with respectively decreasing levels of severity of
ecosystem impacts. Hook and line gear, which included rod
and reel for pelagic fishes, salmon trolling and groundfish
hook and line, was considered to have low impacts on habitat
and bycatch. The least damaging fishing gear was the harpoon,
used in the North Atlantic swordfish fishery, which was
considered to have no impact on habitat or bycatch, and only
affected the target species. Based on an analysis of the volume
of fish caught by fishing gear type, the gear
used most extensively in Canada also has
the highest ecological impact.
Our results provide a clear direction for
Canadian fisheries managers, scientists,
and ocean policy makers, as well as a
basis for a new fisheries management
paradigm for how and where we should
fish. As well, our results show that not all
Wolffish, considered threatened under
fishing gears cause the same level of
Canada's Species-At-Risk legislation are
caught as bycatch in eastern Canadian
damage, and that the use of less
groundfish fisheries. PHOTO: H.R. Yao.
destructive fishing gear, wherever
possible, will protect against further collateral damage to the
Canadian marine environment. Based on the severity of
fishing gear impacts reported in this study, we recommend
the following to advance sustainable fisheries and resilient
marine ecosystems in Canada:
Fisheries managers should immediately implement
ecologically risk averse strategies to minimize the
impacts of fishing gear on habitat and bycatch.
These strategies include habitat protection, and
access to fishing grounds and quota allocations
based on gear substitution.
Adequate monitoring, research and data collection
on fishing gear impacts to habitat and non-target
species must be undertaken, and made publicly
available, to support ecosystem and spatial
management practices.
Implement, inform and develop policies and
management practices that prioritize the
minimization of habitat destruction and
incidental catch and discarding of target and
non-target species.

Shallow water kelp forests and associated species in British Columbia. PHOTO: Dale Sanders.
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Box 1

Gearing up:
Fishing gear and technology introductions in Canadian
waters
For over a century, fisheries in the North Atlantic and North Pacific have been
characterized by a continual “gearing up,” where a low-impact gear is
replaced with a higher-impact gear in efforts to catch more fish, more quickly
and more efficiently. Each technological increase marks an increased
pressure on the marine ecosystem.

The Challenge of
Managing Our Fisheries
Fisheries in Canada have changed greatly since the time when
humans first began living off the bounty of the sea. Canada's
oceans were once richly endowed with marine life, supplying food
for First Nations and Inuit communities on all three coasts. Now,
most of our fish populations are in steady decline, with several
populations considered collapsed. The shift from subsistence
fishing to industrial fishing, which began in the late 1800’s, has
been accompanied by declines in targeted fish populations as well
as significant impacts on fish habitat and non-target species.
The consequences of commercial exploitation of fish on the east
and west coasts of Canada have followed much the same pattern,
as once-abundant species have proven no match for fishing
pressure. Since the collapse of the cod stocks in the early 1990s,
Atlantic Canada has come to rely heavily on invertebrate species
such as lobster, crab, scallop and shrimp to maintain coastal
communities and viable fisheries. On the Pacific coast, the
salmon populations are greatly depleted from historic levels. The
Arctic Ocean is positioned as the next frontier for Canadian
fisheries expansion, and little protection exists to ensure that
Arctic marine species do not follow the pattern of decline seen in
Canada’s other oceans.
Canadian vessels on all of our oceans are now fishing farther
north and in deeper waters to maintain the fishing industry.
Historically, and continuing to the present day, as fish populations
are depleted, vessels are forced to go farther offshore, to explore
new areas and adopt fishing methods and gear with ever
increasing capacity. These improvements in catch efficiency have
often gone hand in hand with more destructive, less selective gear
(see Box 1 for a history of fishing gear introductions in Canada).
Conventional single-species management has neglected important
ecosystem impacts of fishing and does not take into consideration
the growing number of scientific studies on the impacts of fishing
gear on habitat or the incidental catch of non-target species.
Increasingly, it is becoming clear that how and where we fish
matters. The time has come for fisheries scientists and managers
to recognize the impacts of fishing on the marine ecosystem as a
whole and address the impacts of gear technology, not only on the
target species, but on fish habitat and non-target species as well.
Managing for habitat protection and reducing discards are key
components of the ecosystem approach, which is increasingly
being applied through fisheries management plans in Canada.
Our study examines the ecological impacts of the most common
types of fishing gear used in Canada and assesses the relative
severity of these impacts to seafloor habitat and discarded bycatch
of target and non-target species.
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Reading the Chart

Fisheries in Canada
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Figure 1

Size and Value of Catch
Landings (tonnes) and dollar value
(millions) for fisheries >1000t in each
DFO management region. Pie charts
illustrate the landings by gear type and
major species targeted.
Data Sources: Data were synthesized from information
provided by DFO Statistical Services.

24% T Bottom trawl
11% $ Pacific Ocean perch

85% T Bottom Trawl
80% $ Northern shrimp
5% T Bottom Longline
8% $ Greenland halibut

13% T Seine
10% $ Pink salmon

Pacific Region

10% T Bottom Gillnet
12% $ Greenland halibut

199,735 T ($309 million)
8% T Bottom longline
21% $ Halibut

Central and Arctic Region
16,113 T ($40 million)

5% T Pot and Trap
29% $ Prawn
5% T Other
21% $ Geoduck

45% T Midwater trawl
8% $ Pacific hake
41% T Pot and Trap
73% $ Snow crab

18% T Other
10% $ Capelin

7% T Other
3% $ Clams and Oysters
4% T Dredge
2% $ Sea scallop

44% T Bottom trawl
45% $ Northern shrimp

6% T Bottom Gillnets
6% $ Atlantic cod

7% T Bottom Gillnet
5% $ Greenland halibut

Newfoundland and
Labrador Region
366,735 T ($508 million)

14% T Pot and Trap
35% $ Snow Crab

Quebec Region

9% T Midwater Gillnet
1% $ Herring

56,730 T ($152 million)

32% T Bottom Trawl
16% $ Other

18% T Purse seine
4% $ Mackerel

35% T Midwater Gillnet
4% $ Herring

24% T Dredge
14% $ Sea scallops

26% T Other
5% $ Swordfish

6% T Purse Seine
<1% $ Herring
4% T Bottom Trawl
2% $ Northern shrimp
3% T Bottom Gillnet
2% $ Greenland halibut

Gulf of St. Lawrence Region
(excluding Quebec)
141,872 T ($380 million)

14% T Other
16% $ American oyster

3% T Bottom Longline
3% $ Atlantic halibut

17% T Bottom Trawl
8% $ Haddock

3% T Hook and Line
1% $ Mackerel

13% T Pot and Trap
69% $ Lobster

Maritimes Region
288,259 T ($660 million)
35% T Pot and Trap
75% $ Lobster

17% T Purse Seine
1% $ Herring

Figure 2

Catch volume and value
(millions of dollars) aggregated
by gear type for all Canadian
fisheries greater than 1000t.
Bars represent tonnes caught.
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Fisheries in Canada
A variety of fishing methods are used throughout Canadian
waters, from lobster traps in the Atlantic Provinces to salmon
drum seines in British Columbia. In order to assess the
ecological impacts of Canadian fisheries we focused on those
fishing methods with landings greater than 1000 tonnes (t) as
of 2005 in the six Canadian fisheries management regions
(Figure 1). For example, we did not include shore-based
activities, such as clam digging or seaweed harvesting, or gears
such as the Danish and Scottish seine or British Columbia
shrimp beam trawls as they are not in large-scale use.
In total, we examined 13 different fishing gear types (Figure 3).
In instances where gears were found to be similar in terms of

their operation and general use, we collapsed the gears into
one category. For example, the Atlantic side, stern, pair and
shrimp trawl, along with the British Columbia and Atlantic
groundfish otter trawls are all included under bottom trawls.
Crab traps, lobster traps, shrimp traps and fish pots are
grouped under pots and traps. We collected information on
volume and landing value of fisheries and combined these
across gear type in order to understand the relative magnitude
of Canadian fisheries. Bottom trawls catch the largest volume of
fish in Canada, while fisheries conducted using pots and traps
are the most valuable (Figure 2).

Assessing Ecological Impacts of Fishing Gear
For the purposes of this study, we define habitat as the physical
seafloor and associated structure-forming species including
cold-water corals, sponges, hydroids, bryozoans and seaweed.
Bycatch refers generically to all non-target species brought
onboard during any fishing activity. Bycatch can be separated
into bycatch that is kept and landed as part of the commercial
catch and bycatch that is discarded. Unless otherwise stated,
the term bycatch in this report refers to all species caught
incidentally during a fishery.
To assess the ecological impacts of fishing gear, we first
conducted a literature review of scientific studies on fishing
impacts and compiled available data on bycatch. We then held
a workshop, bringing together fishermen, scientists and
conservation professional to discuss reports of fishing impacts
from previous studies and existing data, as well as add more
information based on their experience with different types of
fishing and fishing gear in Canada. We combined all
information during the workshop, and asked participants to

rate the relative impacts of a range of fishing gears through a
series of exercises. Based on the workshop results and further
validation, we conducted a survey of stakeholders in the fishing
industry asking them to compare sets of ecological impacts.

Habitat Impacts, Bycatch and Discards
To date, relatively few studies have been conducted in Canada
on the ecological impacts of fishing methods. For the 13 fishing
methods covered in this report we collated the available habitat
impact information from national and international scientific
studies, and analyzed discard data from those Canadian
fisheries where data are available. We focused on studies in
Canadian waters or nearby jurisdictions with similar ecosystem
characteristics. Bycatch and discard data came mainly from
Fisheries and Oceans Canada (DFO), while other information
was found in research documents. Bycatch is primarily
assessed through independent observers. Coverage ranges
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from 0 to 100% of trips, depending on the fishery, but many
fisheries had less than 1% of the catch observed.
In many cases, observers are required to only report on
commercial species that are discarded and non-commercial
discards are often ignored. For some fisheries, we found a
considerable lack of published information or primary data on
ecosystem impacts (Box 2).
Despite the lack of information for some fisheries, there have
been improvements in fisheries monitoring in recent years. For
example, observers in the Northwest Atlantic fisheries are now
required to record corals and sponges as well as other noncommercial species. Selected scallop fisheries also require
that observers record all species caught, including those
retained and discarded. In western Canada, the three-year
Groundfish Pilot Integration Program implemented in 2006,
has improved commercial bycatch management in all
groundfish fisheries; it requires individual quotas for all
commercial bycatch (transferable between all commercial
groundfish fisheries), and 100% at-sea electronic monitoring
or on-board observers. Most fisheries research surveys
quantify the non-commercial catch, which can also be used to
assess the impact of a particular gear type used in the survey.

A description of each gear type assessed in this study as well as
a synthesis of bycatch and habitat information collected during
the literature review and data synthesis is presented in Table 1.

Box 2

Data gaps
In gathering information to assess the impacts of fishing gear types on
habitat and bycatch, it was evident that several fisheries are data
deficient. For example, there is relatively little available research survey
or observer data on the commercial and non-commercial bycatch of
scallop or hydraulic clam dredge fisheries, both of which have a high
impact on the seafloor.
Most pot or trap fisheries in Canada, with the exception of snow crab in
some areas on the east coast and the British Columbia sablefish fishery,
exhibit a complete lack of data on bycatch or habitat damage, and there
is relatively little available information on the ecosystem impact of
fisheries using midwater gillnets and purse seines. Although these gear
types are considered relatively low impact, it is unclear if this conclusion
is simply a result of the lack of data.
West coast salmon fisheries in general tend to have little available
bycatch data, as do fisheries targeted with hook and line gear, including
handline and rod and reel. When it comes to bycatch in Canadian
groundfish fisheries on both coasts, the presence of some observer
coverage means that data tend to be better than in other fisheries.
Overall, however, significant gaps remain in our understanding of the
bycatch impacts of many fisheries in Canada, even when their effort and
spatial extent are large.

In reviewing information we did not attempt to analyze the
scale or “footprint” of a fishery or the status of a bycatch
species in terms of the Species At Risk Act or listing by the
Committee on the Status of Endangered Wildlife in Canada
(COSEWIC). These are important to consider when assessing
gear impacts, but they are not
necessarily inherent in the Figure 3 Illustration of common fishing gears used in Canada (gear and vessels not drawn to scale)
selectivity or habitat impacts of
1 Prawn Trap
9 Midwater Salmon Gillnet
17 Bottom Gillnet (groundfish gillnet)
a specific gear type, and so did
2 Dive
10 Pelagic Longline (swordfish longline)
18 Groundfish Bottom Longline
not influence the bycatch and
3 Groundfish Bottom Longline
11 Harpoon (swordfish harpoon)
19 Pot and Trap (crab pots)
habitat impact rating of fishing
4 Shrimp Beam Trawl
12 Purse Seine (herring seine)
20 Dive
gears in this study.
5 Groundfish Otter Trawl
13 Groundfish Otter Trawl
6 Midwater Trawl
7 Hook and Line
8 Salmon Purse Seine

Key

14 Offshore Hydraulic Clam Dredge
15 Dredge (scallop dredge)
16 Pot and Trap (lobster trap)

West coast gear type
East coast gear type

11
12
13

14

18

15

19

16
17

20
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Table 1

Overview of fishing gear and associated ecological impacts
Information in this table is a synthesis of published studies and analysis of bycatch and discard data available from Fisheries and
Oceans Canada.

Bottom Gillnet
Bottom gillnets hang vertically in the water column and catch fish in their mesh. Anchors or weights are attached to the
gillnet, securing it to the seafloor. Bottom gillnets are only used in Atlantic Canada.

Bycatch
Observer coverage is very low and little bycatch information is available for the bottom gillnet fisheries. For bottom gillnet
fisheries targeting Greenland halibut in the Atlantic, discards account for 3% of the total biomass caught, though significant bycatch of snow
crab have been reported in some areas [1]. Incidental marine mammal catch is an issue in some fisheries: the lumpfish fishery off
Newfoundland caught an estimated 5000 harp seals in 2003 [2] while the cod fishery off southern Newfoundland caught as many as
1500–3000 harbour porpoises in 2002 [3]. It is also estimated that between 3000 and 14,000 common murres were caught in bottom
gillnets targeting Atlantic cod off the northeast coast of Newfoundland in 2001–2003 [4].

Habitat Impact
Bottom gillnets contact the seafloor, although the area impacted is assumed to be less than that of mobile gear such as trawls and dredges.
Cold-water corals have been caught in bottom gillnet fisheries in Atlantic Canada, with coral caught in 27% of bottom gillnet sets targeting
Greenland halibut [5].

Bottom Longline
Bottom longlines consist of a single mainline to which hundreds of shorter lines are attached
armed with baited hooks. Anchors attached to the longline secure the gear to the ocean floor.

Bycatch
There is a lack of fish discard data for the Atlantic Canada bottom longline fisheries. On the Pacific
coast fishermen’s logbook data for 2005 show minimum discard rates in this fishery of 0–15% by weight (based on fishermen’s logbook
data submitted to DFO). In the Pacific halibut fisheries, 44% of the catch was discarded in 2006, with undersized halibut constituting the
majority of discards (DFO Fishery Operations System database). Bottom longlines in the Pacific also catch seabirds, the species of greatest
concern being the black-footed albatross. In 2002/2003 mitigation measures became part of the bottom longline license conditions:
depending on vessel size and area fished, electronic monitoring and bird scaring devices must now be used. Despite these measures, 30
albatross were caught in the Pacific halibut fishery in 2006 (DFO Fishery Operations Systems database) and the seabird bycatch in the
rockfish bottom longline fishery was estimated at up to 70 birds [6].

Habitat Impact
Habitat damage from bottom longlines depends on the gear configuration including weights, number of hooks and type of line as well as
hauling speed and technique. Habitat damage is also dependent on bottom type, with documentation of damage to corals and sponges. In
one study, 4% of corals along a transect had been damaged by bottom longlines [7]. Thirteen percent of bottom longline sets deeper than
125 m off Newfoundland and Labrador contained some coral, although the amount of coral taken was not available [5].

Bottom Trawl
Bottom trawls consist of large nets dragged along the seafloor. The net may
be held open by a pair of heavy metal doors (otter trawling) or by a beam
(beam trawling). In Canada, beam trawling only occurs in the west coast
shrimp trawl fishery, which was not assessed in this study.

Bycatch
Observer coverage in bottom trawl fisheries in Canada ranges from less than 10% to 100%, depending on the target species, region and
boat size. In fisheries where complete bycatch information is available, discard rates vary from 2% to 15% of the catch [1, 8, DFO
PacHarvTrawl database]. Discarded bycatch reported in these fisheries is primarily non-target and undersized groundfish, though small
pelagic fish are recorded in several bottom trawl fisheries. In the Atlantic, the introduction of haddock separator trawls, where the net is
split in two, with the upper net capturing the haddock that swim upwards and the lower net with an open end that allows the cod to escape,
has greatly reduced cod bycatch in haddock fishing on Georges Bank.
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Greenland sharks are the highest-volume discarded bycatch species in the Greenland halibut otter trawl fishery in the Arctic [1]. Bycatch
data for the northern shrimp fishery in Scotia–Fundy indicate that 96% of the catch is northern shrimp, with discards mainly consisting of
juvenile groundfish and small pelagic fish [8]. As of 1996, the Pacific groundfish trawl fishery has had 100% observer coverage. In 2005,
discards from bottom trawling in the Pacific largely consisted of undersized target species and species which cannot be retained under
current regulations. Mortality estimates of fish caught in trawls and discarded, or that contact trawls but are not caught, range from 0 to
100%, depending on the species and the conditions [9].

Habitat Impact
Multi-year studies of the impacts of groundfish otter trawling carried out in the Atlantic by DFO [10-12] show short-term disruption of
benthic communities, including reductions in the biomass and diversity of benthic organisms. Some previously fished seafloor habitats
showed recovery within one to three years but frequently trawled habitats remain in an altered state. Destruction of glass sponge reefs from
groundfish otter trawling in British Columbia has also been documented [13, 14].
The otter trawl fishery for shrimp differs from traditional groundfish otter trawling because shrimp are targeted primarily on muddy
substrate. In addition, the net is fished higher in the water column, attached to the footrope along the ground by a series of chains. Studies
on the impacts of shrimp trawling on seafloors are fewer, but muddy seafloor communities are generally more resilient to disturbance than
are those on hard, rocky seafloors [15].
Large catches of corals and sponges have been recorded, particularly when groundfish otter trawls enter new areas. For example, in
Greenland halibut fishing in Newfoundland and Labrador from 1997 to 2002, the mean catch of sponges per fishing set was 18 kg, although
the maximum caught in one set was 5000 kg (DFO Observer Database). Additionally, it is thought that 50% of the glass sponges off the west
coast may already have been destroyed by bottom trawling when they were discovered there in the 1980s [16].

Dive
Bycatch
There are no known bycatch concerns in the dive fishery.

Habitat damage
In general, habitat damage from dive fisheries is minimal. However, hydraulic tools used in the Pacific geoduck fishery
can disturb sediment and infauna (burrowing animals). Even careful and gentle handling by divers has the potential to destroy kelp and
invertebrates living on or near the seafloor.

Dredge
Scallop dredges consist of metal baskets that are dragged along the seafloor to capture scallops.
A clam dredge uses a hydraulic jet to liquefy the sediment and then catches any solid objects in
its path. There is a small dredge fishery in the Pacific but only dredging in Atlantic Canada was
considered in this study.

Bycatch
Relatively little information is available about bycatch in the inshore and offshore scallop fisheries in Atlantic Canada. In 2006, however, an
estimated 479 t of yellowtail flounder, Atlantic cod and haddock were recorded as discarded bycatch for 2700 t of scallops landed in the
Georges Bank fishery [17]. In assessments of scallop discards, 261 species have been recorded in the Bay of Fundy (Atlantic Canada) [18]
while observers in the South West Nova Scotia scallop fishery have recorded 113 species (DFO Maritimes, unpublished data). Observed sets
of the 2006 hydraulic clam fishery show that 7% of the catch was discarded. Discards consisted of sand dollars and other small invertebrates
(DFO Maritimes, unpublished information), but a large portion of the retained bycatch is propeller clam, for which there is no official total
allowable catch (TAC) or management plan.

Habitat Impact
Specific impacts of scallop dredging documented in Canada include damage both to scallops not caught in the dredge and to other nontarget shellfish [19]; changes to physical habitat such as movement of boulders [20]; and, in one study, a change in community structure
from long-lived sessile species to short-lived mobile species [21]. In an international review of experimental studies of fishing impacts,
scallop dredging had the highest impact on seafloor ecology of any mobile fishing method [15]. Hydraulic clam dredging is less widely
used in Canada, but in a study conducted on the Scotian Shelf (Atlantic Canada) the community remained altered two years after dredging
ceased [22, 23].
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Harpoon
Harpooning involves sighting a swordfish that is basking or finning at the sea surface, then spearing it with a 4–5-metrelong harpoon attached to a line. The line is usually attached to a buoy or floating drum to allow the swordfish to tire
before being hauled onboard [24]. Harpoons are only used in Atlantic Canada.

Bycatch
There are no known bycatch concerns in the harpoon fishery.

Habitat Impact
There are no known concerns of habitat damage from the use of this gear.

Hook and Line
In this study, hook and line refers to fisheries that have a single or only a few hooks on a line. Examples of hook and line
fisheries include troll, jig, handline and rod and reel.

Bycatch
There are no available published data on bycatch for hook and line fisheries in Atlantic Canada. On the Pacific coast,
bycatch information has been collected since 2006 for all groundfish species because of mandatory 100% observer coverage or electronic
monitoring. At the time of publishing, however, technical difficulties with the DFO database mean that the data are not yet available. There
are also few data from the British Columbia salmon fisheries; voluntary reporting in 2006 from 3% of the salmon troll fishery showed a
10% discard rate, mostly of other salmon species (DFO Pacific Region, unpublished information). There is no bycatch information for the
British Columbia albacore tuna jig fishery.

Habitat Impact
Though suspended in the water, groundfish hook and line fisheries can come into contact with the seafloor, snagging or entangling
structures such as corals and sponges [25]. Otherwise, associated habitat damage is low.

Midwater Gillnet
Midwater gillnets consist of nets that hang vertically in the water column. The depth at which nets are set depends on the
target species, and they are not intended to contact the seafloor.

Bycatch
In the Atlantic, bycatch information from midwater gillnets is only available from a small study on the Atlantic herring
bait fishery where bycatch amounted to 24% of fish caught [26]. In the Pacific salmon gillnet fishery, all bycatch information is reported
voluntarily so information is only available for a small percentage of the fishery. Reported discards were only 2% in 2005 and consisted
almost entirely of other salmon species (DFO Pacific Region, unpublished information) Extrapolated bycatch from a test fishery in British
Columbia estimated seabird discard mortality at 16,000 common murres and 5000 auklets per year [6]. Porpoise and seal bycatch have
been reported on the west and east coasts [27, 28].

Habitat Impact
There are no known concerns of habitat damage in these fisheries.

Midwater Trawl
The midwater trawl is similar to the bottom trawl except it lacks rollers on the footrope, and has rectangular doors and
a larger mesh in the mouth of the trawl. Midwater trawls are often fished near the seafloor and in Canada are widely used
only in the Pacific.

Bycatch
This Pacific fishery has 10% observer coverage and bycatch information is reported by fishermen. The midwater trawl in British Columbia
has a discard rate of 1%, equaling 900 t of discarded marine life in 2005. The discard largely consists of undersized Pacific hake and
groundfish (DFO PacHarvTrawl database).

Habitat Impact
When on occasion a midwater trawl contacts the seafloor, it can cause benthic disturbance [29]. There were no available data on impacts
of midwater trawls in Canadian fisheries.
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Pelagic Longline
Pelagic longlines consist of a long “backline” from which thousands of smaller lines hang, each with a baited hook. The
line is suspended in the water column by a series of floats. Mainlines are typically 64 km long and baited with 1000–3000
hooks at a time [30]. Pelagic longlines are only used in Atlantic Canada.

Bycatch
Information on bycatch for this fishery comes mainly from DFO observer coverage, where there has been ~5% coverage in recent years.
Since 2001, the proportion of discards in the pelagic longline fishery in Nova Scotia has been approximately 50% (DFO Observer Database).
The majority of the discarded bycatch (>80%) was blue shark, but leatherback and loggerhead turtles, juvenile swordfish, and other sharks
were also caught. In this fishery, discards may be released alive, depending on how long the animals have been caught. Of 104 blue sharks
caught in the Atlantic Canada pelagic longline fishery, 38% were healthy when released, 44% were injured and 18% were dead [31]. In
2006, approximately 13 leatherback and 32 loggerhead sea turtles were recorded in 17 observed trips, approximately 5–10% of the total
fishery (based on estimated weights in DFO observer data). The majority of sea turtles were released alive (97% in 2001), but their survival
after release is unknown, as is the case for other discard species, such as sharks.

Habitat Impact
We have no data on habitat damage from this gear but it is generally thought to be low.

Pot and Trap
A number of different retrievable pots and traps are used in Canada. For
this study, we focused on retrievable pots and traps because there is no
bycatch information for fisheries using weirs or fish traps that are
attached to the shoreline.

Bycatch
Bycatch rates are not available in most pot and trap fisheries in Canada as trap fisheries generally do not have observer coverage. Two
notable exceptions are the British Columbia sablefish fishery, which has had mandatory 100% electronic monitoring since 2006 and the
snow crab fishery in Nova Scotia, which had 9 % coverage overall, but up to 30% in some areas. For 2005, when the sablefish fishery was
only partially observed, fishermen logbook data show an 8% discard rate consisting mostly of undersized sablefish. In the observed part of
the snow crab fishery in Nova Scotia, discards were 0.01% of the fishery [32]. In areas of the inshore lobster fishery in Atlantic Canada that
have been observed, groundfish bycatch including cod and cusk has been reported [33]. Bycatch in pots and traps varies widely and
depends on the target species and size of the trap, though often bycatch consists of undersized individuals of the target species.

Habitat Impacts
Habitat damage from pots and traps can depend on many factors: size, weight and material of the trap; hauling speed and ocean conditions;
depth of haul; number of traps set; and the substrate where the trap is placed. When traps make contact with the seafloor, they cause benthic
disturbance, especially during hauling when they may be dragged over the seafloor. Fish traps are often larger and heavier than invertebrate
traps so can cause more damage than lighter gears such as inshore lobster pots.

Purse Seine
The purse seine, the most commonly used seine, employs large sections of net with floats along
the top edge and weights along the net bottom. Purse seines are set in the water in a circle using
a small boat called a skiff. Once the fish are encircled, the bottom is pulled together to close the
net around the fish.

Bycatch
Seine fisheries on both coasts have little or no observer coverage or bycatch information. The Scotia–Fundy herring fishery and the Pacific
salmon fishery have information for a small percentage of each fishery and both show relatively low discard rates [34].

Habitat Impacts
Habitat damage in the seine fishery is minimal unless it touches the seafloor. Contact with the seafloor can damage the seafloor and resuspend sediment.
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Rating Fishing Gear Impacts
Following the literature review, we invited individuals with
knowledge of the fisheries on the Atlantic and Pacific coasts
of Canada to participate in a two-day facilitated workshop
held in Lunenburg, Nova Scotia. Participants were selected on
the basis of their experience in fisheries, and included
fishermen, marine and fisheries scientists and marine
conservation professionals (Appendix 1). Participants were
asked to discuss and review the information on fishing gear
impacts collected during the literature review, summarized in
Table 1, and to share their relevant knowledge and
experience, and to assess the severity of gear impacts.
Workshop participants also discussed approaches to
mitigation, such as altering fishing seasons, modifying gear
and changing the behaviour of individual fishermen.
We then reviewed the information gathered during the
workshop, revisited available data, and further consulted with

Figure 4

Rating of ecological impacts of fishing gears used on the west and east coasts of Canada.
Ratings are based on expert consultations, available DFO data and reviews of the scientific literature.

Figure 5

An example of a paired comparison from
the survey.
Participants were asked which set of impacts, A or B, they
considered to be more ecologically severe.
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experts specializing in areas where we had little knowledge
and/or where there were information gaps. The workshop
participants were in general agreement about the level of
impacts of the fishing gears on discarded bycatch and habitats.
The exception was the impacts of midwater gillnets on seabird
and marine mammal bycatch. Upon further consultation with
seabird experts and based on additional information gathered
from the available literature on seabird [6] and marine
mammal bycatch [28, 35], the rating for this gear was
adjusted. Yet, because of this discrepancy, we did not use
midwater gillnet impact scenarios in developing our ecological
impact survey. The final severity ratings for each fishing gear
considered in this study by discarded bycatch and habitat
impact category, as confirmed by the workshop participants,
are shown in Figure 4.
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Survey Ranking of Fishing Gear Impacts
The final part of our study was a paired-comparison survey of
five stakeholder groups to obtain their assessment of the
relative severity of fishing impacts [see 36]. Identified
stakeholder groups included east coast fishermen, west coast
fishermen, fisheries and marine scientists, marine conservation
professionals, and fisheries and marine managers. Survey
participants were randomly selected from lists compiled
through professional contacts, staff lists, fishing associations
and personal recommendations.
Each survey page contained two ecological impact scenarios
based on the ratings obtained in the previous step (Figure 4
and see sample question in Figure 5). Each survey included 32
pairs of impact severity comparisons in randomized order such
that each survey was unique. The impact scenarios were
presented without the names of the fishing gear to enable
survey participants to judge the ecological impacts and not the

gears that cause them (survey materials can be viewed at
www.howwefish.ca).
The survey also included a series of
demographic questions to gather
information on each participant’s age,
profession and length of time in the
profession. Participants were additionally
asked to rank which bycatch and
discarded species they deemed more
ecologically important and to comment on
what influenced their decision when
choosing impact scenarios (i.e., discard,
habitat impact, or both equally). We also
asked them to list the gears for which they
had experience.

Sponge reefs found in Hecate Strait on
Canada's west coast. PHOTO: Pacific
Geological Survey of Canada.

Ranking Fishing Gears
A total of 262 individuals with experience in some aspect of
Canadian fisheries or the marine ecosystem were contacted, of
whom 70% agreed to fill in the survey. The return rate of
completed surveys was 61%. Of the 97 surveys completed, 38%
were by fishermen, 27% by scientists, 25% by marine
conservation professionals, and 10% by managers. Participants
had a range of experiences with different gear types, with all
fishermen having used more than one gear type during their
career (Table 2). Returned surveys were analyzed to obtain the
impact scores, i.e., number of times each scenario was

considered more severe. Within each stakeholder group,
scores from individual respondents were aggregated and
normalized on a scale of 0 to 100, with 0 being low severity and
100 being high severity of impacts. Impact scenarios were then
ranked according to these aggregated scores.
When given the choice between habitat and bycatch, the top
ecological concern of the respondents was habitat damage,
and participants consistently ranked scenarios with “high”
seafloor impacts as most severe. Though most respondents

Table 2

Expertise and experience of survey participants
East Coast Fishermen

West Coast Fishermen

Managers

Marine Conservation
Professionals

Scientists

Total

20

17

10

24

26

Average # years in
occupation

33

36

22

9

12

% with commercial
fishing experience

100

100

20

46

26

Percent respondents with experience with various categories of
commercial fishing gear or impacts related to specific gear types.
East Coast Fishermen

West Coast Fishermen

Managers

Marine Conservation
Professionals

Scientists

Benthic fixed gear

75

82

10

17

27

Benthic mobile gear

45

18

0

8

27

Pelagic gear

70

53

10

12

12
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indicated that they were equally concerned about habitat and
bycatch, their survey responses showed a greater concern with
habitat impacts than with bycatch (Table 3). All groups were
most concerned with groundfish, except for fishermen on the
east coast, who considered impacts on invertebrates their top
concern. This may reflect the value of the invertebrate fisheries
(i.e., lobster, crab, shrimp, scallops) on the east coast, while
on the west coast groundfish are still of greater economic value.
One of the notable results of this survey was the consistency
with which survey participants ranked the different impact
scenarios (Figure 6). The similarity between groups was very
high (Kendall’s Tau rank correlation ranged from 0.78 to 1).
Our results show that the impacts of bottom trawling are
consistently considered the most ecologically damaging (Figure
7). The high correlation found in the survey enabled the
aggregation of scores from all respondents into one scale as
shown in Figure 7. The impacts of bottom gillnets and dredges
are considered only slightly less severe than bottom trawls.
Gears considered to have moderate levels of impacts are

bottom longlines, followed by midwater trawls, pots and traps,
pelagic longlines and purse seines. Hook and line gear
including rod and reel for pelagic fishes, salmon trolling, and
groundfish hook and line are all considered to have lower
impacts on habitat and bycatch, and harpoons are judged to
have the lowest impact of all. Because the fisheries and hence
fishing gears used in Canada’s oceans vary, we identified
specific ratings for gear types used on the west coast and the
east coast, with the latter including fishing gears used in the
Arctic, as the vast majority of Arctic fisheries are an extension
of east coast fisheries, both in species targeted and fishing gear
used.
The ranking of fishing gear according to the severity of their
ecological impacts indicates that the gears we use most
extensively in Canada have the highest impact. In order to
address these impacts on a broad scale there should be a
movement to gear substitution and using the least destructive
fishing gear wherever possible.

Table 3

Importance of fishing gear impacts according to survey participants
Percentage of participants selecting the impact category as important.
East Coast Fishermen

West Coast Fishermen

Managers

Marine Conservation
Professionals

Scientists

Bycatch

6

0

0

9

13

Habitat

44

50

33

31

35

Equal consideration

50

50

67

60

52

Impact category

Figure 6

Gear rankings by survey participant group
Kendall’s Tau rank correlation analysis shows that the rankings are not signifiantly different between groups (at p=0.01 level).
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Figure 7

Severity ranking of fishing gears
normalized on a scale of 100
West Coast

MOST
SEVERE

East Coast

Bottom Trawl

Bottom Trawl

TARGET SPECIES:

TARGET SPECIES:

Groundfish

Shimp, Groundfish

Bottom Gillnet
TARGET SPECIES:

Groundfish

Dredge
TARGET SPECIES:

Bottom Longline
TARGET SPECIES:

Scallop, Clam

Bottom Longline

Halibut, Sablefish, Rockfish,

TARGET SPECIES:

Halibut, Sablefish, Rockfish, Groundfish

Groundfish

Midwater Trawl
TARGET SPECIES:

Pacific Hake

Pot and Trap

Pot and Trap

POT TARGET SPECIES:

POT TARGET SPECIES:

Crab;
TRAP TARGET SPECIES: Prawn, Sablefish

Crab;
Lobster

TRAP TARGET SPECIES:

Pelagic Longline
TARGET SPECIES:

Swordfish, Tuna

Midwater Gillnet†

Midwater Gillnet†

TARGET SPECIES:

TARGET SPECIES:

Herrring, Salmon

Herring, Mackerel

Purse Seine

Purse Seine

TARGET SPECIES:

TARGET SPECIES:

Herring, Salmon

Herring

Hook and Line

Hook and Line

TROLL TARGET SPECIES:

HOOK AND LINE TARGET SPECIES:

Groundfish, Rockfish, Salmon;
JIG TARGET SPECIES: Tuna

ROD AND REEL TARGET SPECIES:

Dive†

Dive†
TARGET SPECIES:

Groundfish
Tuna

TARGET SPECIES:

Geoduck, Scallop, Sea Cucumber

Sea Urchin, Sea Scallop

Harpoon
TARGET SPECIES:

†

Swordfish

LEAST
SEVERE
See Box 3.
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Box 3

Ranking fishing gears not incorporated in the survey
As previously stated, there was not sufficient information or consensus
reached at the workshop on some gear types to include their impacts in
the survey. Yet, we can make an inference about the level of severity of
these gears from the final ranking scheme if we are able to generate an
impact rating for each bycatch and habitat category (similar to those
shown in Figure 4). This set of impact ratings can then be compared with
the existing ones on the overall severity scale (Figure 7) and inserted
accordingly. The same approach can be applied to incorporate other gears
such as those employed in specific areas or new gears.
For example, in the post-workshop exercise, we were able to estimate the
level of impacts of midwater gillnet by incorporating the advice of an east
coast seabird expert and available literature on seabirds [6] as well as
marine mammal bycatch [26, 32]. These ratings were ‘low’ for all bottomdwelling bycatch groups, seafloor, and corals and sponges, which are
consistent with the literature and workshop ratings of other pelagic gears

(Figure 4). If we were to incorporate midwater gillnets on the severity
scale, they would be expected to rank similarly to other pelagic gears
(Figure 7).
A second example was the Canadian dive fishery, which was not
adequately discussed due to the lack of expertise among workshop
participants, and thus was excluded from the survey. When rating the
impact of dive fisheries on the seafloor, workshop participants referred
most often to the Pacific geoduck clam fishery. The geoduck fishery in
British Columbia disturbs seafloor below the surface, sometimes with
hydraulic tools significantly disturbing the sediment. In contrast, other
benthic dive fisheries remove target species such as the scallop, sea
urchin and sea cucumber dive fisheries. Despite the impacts associated
with the geoduck fishery, dive fisheries have an overall relatively low
impact when compared with other habitat damaging fisheries, which
would place them near harpoon fisheries on the severity scale (Figure 7).

Implications of Results for Fisheries Management,
Science and Policy
The relative severity of fishing gear impacts on bycatch and
habitat in Canadian waters supports the establishment of new
mechanisms to reduce the impact of fishing on the marine
ecosystem. We recognize that many initiatives, from gear
technology changes to fisheries closures and changes in fishing
strategies have been implemented over time to address
ecosystem impacts of fishing (Box 4 includes some notable

examples in Canadian fisheries). Nevertheless, there is room
for significant improvement, as indicated by the lack of
available information on habitat impacts and bycatch data for
many fisheries. We recommend changes in fisheries
management, science and policy to address the range of risks
to the marine ecosystem posed by fishing gear used in Canada
as identified in this study.

Box 4

Fishing gear modifications
In recognition that fisheries have incidental impacts on aspects of the
marine ecosystem other than the target species, there have been
improvements in fishing gear used in Canada. In addition to technological
improvements, fishermen also engage in behaviour that can reduce the
impact of fishing gear on both habitat and bycatch. The focus on
technological changes has been primarily to reduce bycatch of non-target
commercial species or species at risk.
Nordmore Grate
The Nordmore grate has been used in the Atlantic Canadian northern
shrimp fishery since 1992 specifically to reduce the bycatch of groundfish
species. The Nordmore grate has been seen to be successful in reducing
bycatch, particularly for adult groundfish. There continue to be catches of
juvenile fish, which are small enough to pass through the grate, mainly
cod, redfish and Greenland halibut [52]. There are no good estimates of
the mortality of adults that are captured, but not caught in the net as a
result of the Nordmore grate.
Haddock Separator Trawl
The need to reduce fishing mortality on cod stocks in the Northwest
Atlantic has stimulated gear changes to lessen the rate of bycatch in
fisheries where cod is often caught. As the haddock stocks on Georges
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Bank have increased, haddock separator nets have been introduced in the
bottom trawl fishery, where a panel separates the net. Cod tend to swim
downwards, while haddock swim upwards, so the bottom net is open,
allowing cod to swim through while the top net is closed, and catches the
haddock. Bycatch of cod was reduced to 3.9% of the total catch while
haddock was 91% of the total catch in the observed portion of the
haddock fishery on Georges Bank in 2007. This likely reflects a
combination of higher haddock abundances than cod, and the selectivity
of the separator trawl.
Circle Hooks and Gangion Lines Lengths
In many pelagic longline fisheries, circle hooks are mandatory as they
reduce the catch of shark and turtle species, and increase the likelihood
that hooked and released animals will survive. Also, in the US fishery it is
mandatory that the gangion line (the line leading from the main line to the
hook) be long enough to reach the surface, in all sets of 50 m depth or
less. This is to ensure that hooked turtles can reach the surface to breath.
These gear modifications are voluntarily practiced in much of the
Canadian longline fishery, but are not mandatory. They are mandatory in
US pelagic longline fisheries, where gear modifications and bycatch limits
have led to a significant reduction in turtle bycatch.

How and Where We Fish Matters
Our results show significant differences in the impacts of
fishing gear on the marine environment (Figure 7). These
impacts can be mitigated in part by closing sensitive habitats as
well as areas of high bycatch to gear types with significant
impacts on these ecosystem components. Access to fishing
grounds can also be regulated by creating gear exclusion areas
that will minimize impacts on habitat and bycatch. Replacing
gear that poses a high risk to the marine ecosystem with fishing
gear that is known to be low risk to habitat and associated
species can also mitigate ecosystem impacts of fishing.

Pacific north coast, the Beaufort Sea, the Gulf of St. Lawrence,
the Eastern Scotian shelf and Placentia Bay / Grand Banks on
the Atlantic Coast.
How we fish and where we fish matters not only to marine
species and habitat, but also to the people who depend on a
healthy marine ecosystem for their livelihoods. As gear with
greater catch capacity has been introduced, coastal
communities on both the east and west coasts of Canada have
been greatly impacted (Box 5). Fisheries quota allocations to
low-impact gear types frequently benefit small-scale fishermen,
in turn helping to maintain and restore vibrant coastal
communities. Where there are opportunities for gear
substitution, fisheries should be conducted using the gear type
that causes the least amount of impact possible. For example,
where a fishery has a high bycatch rate, such as in the pelagic
longline fishery for swordfish in Atlantic Canada, efforts should
be made to transfer fish quota to more sustainable fishing
methods such as harpooning.

Our results support the need for spatial management as part of
fisheries management, where sensitive and unique habitats are
protected from destructive fishing gears and bycatch
mitigation measures include spatial considerations. Ocean
zoning, area-based fisheries management, fisheries closures
and designation of marine protected areas are all spatial
management measures that can be used to reduce the impacts
of fishing on both habitat and non-target species.
Opportunities for Canada to implement
spatial planning exist through current
integrated management initiatives in Large
before trawling
Ocean Management Areas (LOMAs), of
which there are currently five in Canada’s
three oceans. The existing LOMAs include the

after trawling

90% of Lophelia coral on Canada's east coast has been destroyed by bottom trawling: intact coral provides protection for redfish and other
species and coral rubble following fishing activity. PHOTO: Fisheries and Oceans Canada.

Monitoring, Research and Data Availability for
Ecosystem-Based Management
In this study we use existing and available information to assess
the impacts of fishing gears. For some fisheries, however, we
found a considerable lack of information on the ecosystem
impacts (Box 2). Given that many fisheries in Canada use
research surveys to develop population estimates, these surveys
should increase collection of information on discarded bycatch
and benthic species. Without recording species that are
incidentally caught, there is no way of measuring change in
these species, which can be a proxy for seafloor community
change [21]. Monitoring is important in existing fishing areas,
but is also of even greater importance in areas that have had
relatively little fishing activity in the past (Box 6). Research
surveys can be used to create habitat maps of the seafloor,
which are key components to spatial management plans.

In addition to improved data collection, there is a need for
transparency, disclosure and public access to data on Canadian
fisheries. Without adequate and timely reporting, the ecosystem
impacts of fishing cannot be adequately assessed. In addition,
reporting and transparency of fishing information allows for
adaptive management, which is a component of ecosystembased management.
With publicly available survey information, logbook data as well
as fisheries observer data, mapping of marine habitats, fishing
effort and areas with high bycatch and discard rates can then
take place. This can provide the basis for spatial management
of Canada’s fisheries.
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Fisheries Policy and Management
To date, there are very few restrictions on bottom tending gears
aimed at protecting habitat in Canada. Fisheries management
currently does not apply a risk averse strategy to avoiding
ecosystem impacts of fishing. A few existing closures have been
put in place, and serve to protect British Columbia’s globally
unique glass sponge reefs [13], two areas on the Scotian Shelf
to protect cold-water corals [44] and a coral habitat on the
southwest slope of the Grand Banks of Newfoundland.
A policy and legal framework exists in Canada and
internationally for protecting the marine environment. The first
step in mitigating impacts of fishing gear to habitat and bycatch
from a policy perspective would be to implement existing tools.
As Canadian fisheries law and policies are revised and adapted
to reflect and provide for a comprehensive ecosystem approach
to fisheries management, our results can be used to inform
these changes. For instance, the Canadian Fisheries Act states
that it is illegal to harm fish habitat. Additionally, in 1986, DFO
adopted the Policy for the Management of Fish Habitat with the
mandate of “no net loss of fish habitat.” Unfortunately, neither
fisheries law nor habitat policy currently applies to or
addresses the impacts of commercial fishing on seafloor

habitat and there is no assessment of the impacts of different
fishing gears on fish habitat included in scientific advice or
fisheries management plans. Future revisions to the Fisheries
Act must address this oversight.
Additionally, Canada has three government agencies, including
Fisheries and Oceans Canada, Parks Canada and Environment
Canada, who have mandates to establish protected areas in the
marine environment. Implementing existing legislation that
enables the establishment of fisheries closures, marine
protected areas, national marine conservation areas and
national wildlife areas would be a major step in mitigating the
impacts of fishing gears on habitat and bycatch as identified in
this report.
New policies for fisheries management are being developed.
For instance, the Impacts of Fishing on Sensitive Benthic Areas
policy, a component of the newly developed Sustainable
Fisheries Framework (still in draft form as of November 2008),
will be of great significance, particularly as fisheries (including
Arctic fisheries) expand to new and deeper areas (Box 6). In
2006, the Canadian government convened a national review of
the impacts of fishing gear, and accepted the findings of several

Box 5

Sustaining fishing communities with low impact fishing gear
West Coast
The number of jobs associated with the commercial fishing industry in
British Columbia has been halved since 1984 [37]. The majority of job
losses occurred in small coastal communities which depended heavily on
the fishery [38]. Both job reductions and license buybacks were intended
to improve the long-term sustainability of Pacific fisheries [37] but despite
these measures, many fish populations continue to decline.
As the remaining fishermen and fishing companies strive to achieve
economic efficiencies, fish habitat is increasingly exposed to more
destructive fishing gear. For example, in the 2006-2007 British Columbia
groundfish fisheries, 63% (1.8 million t) of all groundfish quota was
allocated to the trawl sector [39]. The remaining 37% was divided
between the bottom longline, hook and line and trap fleets.
Parallels to the trawl versus passive gear allocations in the groundfish
fishery can also be found in the herring fishery. The herring roe fishery in
British Columbia is done using purse seines and gillnets (both with 100%
herring mortality) and the spawn-on-kelp (SOK) method. In SOK, herring
are released alive to spawn another season. In 2007, license allocations
to the herring roe fishery strongly favoured purse seines and midwater
gillnets as opposed to SOK, despite the abundance predictions for 2008
that three out of the five assessment regions would be unable to support
herring fisheries, up from two regional closures in 2007 [40]. In a fishery
with drastically declining populations, methods with the lowest rate of
unnecessary mortality are the obvious choice, where they are
commercially viable.
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East Coast
In Atlantic Canada, the face of the fishing industry has changed rapidly and
extensively over the last 20 years. Across the region, the shift from a
groundfish-based fishery to an invertebrate-based fishery has increased
the overall value of fisheries [41]. However, fishery-related employment
trends have varied across the region. The number of people employed by
fishing in Nova Scotia, for example, has remained fairly steady from the
mid-1980s until 2002, at around 14,000 people (full- and part-time), while
the value of the catch has doubled (without correcting for inflation) [42].
This is primarily a result of the independent owner-operator lobster fishery.
In Newfoundland, the value of the catch has also increased recently, from
$285 million in 1990 to $478 million in 2007 [43]. However, fisheries
employment has shown an opposite trend in Newfoundland, decreasing
from 26,564 fishermen in 1985 to 12,725 fishermen in 2007 [43]. This
opposing trend in fishing employment and value reflects shifts to fisheries
that are higher value but require either small crews (such as lobster) or
large offshore vessels, which have very high catch rates for the number of
people employed (such as offshore clam fishing vessels).
There are many fisheries in which different gears are used to target the
same species in some or all of the area fished in Atlantic Canada, creating
opportunities to switch from high-impact gears to low-impact gears. For
example, groundfish are targeted with bottom longlines, which have a
lower overall impact than bottom trawls (Figure 6). Similarly, both
harpoons and pelagic longlines are used to target swordfish. Pots can be
used rather than trawls to catch shrimp in inshore areas, and there are
many other examples.

international reviews [45]. The Sensitive Benthic Areas policy
could direct fisheries managers to assess the impact of bottom
tending gear on seafloor habitat, as suggested by our results,
when developing management plans.
There are management measures for addressing commercial
bycatch, particularly through new management programs in
selected fisheries as well as fishery specific gear modifications
(Box 4). The 2006 Groundfish Pilot Integration Program in
western Canada has improved the management of commercial
bycatch for all groundfish fisheries; it requires individual

quotas for all commercial bycatch (transferable between all
commercial groundfish fisheries), and 100% at-sea electronic
monitoring or on-board observers. In Atlantic Canada, several
groundfish fisheries are considered multi-species fisheries,
with a quota for the target species as well as for bycatch
species. Despite these initiatives, the Sustainable Fisheries
Framework does not include a policy on bycatch in Canadian
fisheries — a clear gap when it comes to addressing the
impacts of fishing gear on non-target species, as identified in
this report.

Recommendations
How and Where We Fish Matters
Fisheries managers should immediately implement ecologically risk averse strategies to minimize the impacts of fishing gear on
habitat and bycatch.
• Use variation orders under the Fisheries Act to protect
• Allocate quotas preferentially to low impact gears and
known areas of vulnerable marine ecosystems from
provide incentives for fishing gear substitution
destructive fishing practices.
wherever possible.
• Develop and implement a spatial plan or zoning scheme
that considers gear type and its impact on habitat and
bycatch and apply this system in all three oceans.
Monitoring, Research and Data Availability for Ecosystem-Based Management
Adequate monitoring and research on fishing gear impacts to habitat and non-target species must be undertaken, and made
publicly available, to support ecosystem and spatial management practices.
• Implement comprehensive and consistent monitoring and
assessment programs on the quantity and type of nontarget and non-commercial species and habitat damage
for all fisheries and make data publicly available.

• Complete comprehensive seafloor maps for all coasts.
• Complete comprehensive maps of existing fishing grounds
and areas of discarded bycatch on all coasts.

Fisheries Policy and Management
Implement, inform and develop policies and management practices that prioritize the minimization of habitat destruction and
incidental catch and discarding of target and non-target species.
• Establish a comprehensive network of protected areas
and fisheries closures, using existing legal tools, to
provide resilience against the impacts of fishing on
habitat and bycatch.
• Pending final public consultation, adopt and implement
the draft Impacts of Fisheries on Sensitive Benthic Areas
Policy as part of the Sustainable Fisheries Framework.

• Include management provisions to reduce the risk of
impacts of fishing gear on habitat and incidental catch in
Integrated Fisheries Management Plans.
• Develop and implement a national bycatch and discard
policy that includes bycatch limits for commonly caught
commercial and non-commercial species, as well as for
species at risk.
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Box 6

Threats to new fisheries and frontier areas
New Fisheries
In 1996, Canada instituted an Emerging Fisheries Policy that lays out how
new fisheries will be developed. Included are fisheries for species that
have not traditionally been fished, the introduction of new gear types, and
new fishing areas for species that have traditionally been fished
elsewhere. These emerging fisheries include a wide range of species and
gear types, though low-trophic invertebrate species have tended to
dominate new fisheries development in Canada in recent years [46].
While some new fisheries have used low-impact fishing methods like
diving (e.g., sea urchins) or pots (e.g., whelks), new trawl and dredge
fisheries have also been developed. For example, a dredge-based sea
cucumber fishery has been under development in Atlantic Canada [47]. In
the Pacific, where sea cucumber fisheries have existed for decades, diving
is the only permitted method of targeting sea cucumbers.
Fishing Deeper
In Atlantic Canada, trawling below 600 m was quite rare until the early
1990s, but since then substantial fishing effort has occurred at depths of
1000–1500 m. Similarly, a fishery for the longspine thornyhead developed
during the 1990s in British Columbia, exposing a large area at depths
between 500 and 1200 m to trawling disturbance for the first time. The
greatest damage to long-lived, habitat-providing species such as corals
and sponges comes from the first trawl pass, as this often removes or

destroys these fragile animals [48]. Observer data show a very large
increase in sponge bycatch in Atlantic Canada during the period between
1992 and 2001, as trawling in deeper water and at higher latitudes
disturbed new areas for the first time [49].
The Arctic Frontier
Expansion of trawling into previously untrawled areas continues on all
coasts of Canada, with the most rapid expansion occurring in the eastern
Arctic Ocean. Arctic ecosystems have low levels of natural disturbance and
have historically been largely inaccessible to commercial fishing because
most areas are covered by multi-year sea ice. Ecosystems that evolve with
minimal disturbance can be less resilient to fishing pressure, as the rate
of natural disturbance is low [50].
The Canadian federal government’s 2008 budget allocations dedicated
$10 million to support commercial fishery infrastructure development in
the Arctic to take advantage of “untapped inshore fishing opportunities”
(DFO budget announcement). This development augments a decade of
offshore Arctic fishery expansion that now generates $50 million annually,
almost entirely from destructive fishing methods such as bottom trawling.
Despite the existence of still pristine and unfished areas of the seafloor in
the Arctic Ocean, there is no legislation that protects the seafloor or its
inhabitants in these waters.

Conclusion
Our study corroborates the results of a similar study done in the United States [51], confirming that the
destruction of habitat is considered the most important ecological impact of fishing gear. There are also
significant concerns about discarded bycatch of both commercial and non-commercial species in certain
fisheries. There is a link between habitat impacts and bycatch as many habitat impacts are detected only
through bycatch data, such as catches of cold water corals, sponges and other habitat forming species.
The severity rankings presented here provide a basis for the development and implementation of new policies
to address the impacts of fishing gear on Canadian marine ecosystems, specifically those impacts related to
habitat damage and discarding of non-target species. Considering that the gears with the highest impact
ranking are also the gears most widely used in groundfish fisheries, a new vision for fisheries management
that incorporates the impacts of fishing on the marine ecosystem must be adopted. It is clear that when developing new fisheries,
using a new gear type, targeting a new species, or fishing in a new area, ecological impacts must be part of the management
discussion. The ranking of fishing gear impacts presented here can become the basis for new policies and provide a regulatory
framework for ecosystem-based management in Canada.

Fishing vessels at the dock in Sointula,
British Columbia. PHOTO: Bruce Burrows.

One of the most significant findings of this study is that despite the frequently contentious nature of fisheries management
decisions, fishermen, scientists, marine conservation professionals, and fisheries managers share similar attitudes regarding the
impacts of fishing gear on habitat and the amount of discarded bycatch. This provides a common place from which to begin
building a new vision for Canada’s oceans. By considering how and where we fish, and shifting from high- to low-impact gears,
we will avoid following the trends of the previous century. Repeated stock collapses, expansion into frontier areas, and fishing
down the food web could become past mistakes and a new day could dawn on Canada’s fisheries, bringing hope of sustainable
fisheries and fishing communities.

20

H O W W E F I S H M AT T E R S

LEFT: Loggerhead sea turtles caught in
the pelagic longline fishery are
released but often retain the hook in
their mouths. PHOTO: H.R. Yao.
BELOW: Sea cucumbers on Canada's east
coast are harvested by modified scallop
dredges. PHOTO: Andrew Martinez.
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Appendix 1
Workshop Participants
Jim Boutillier
Fisheries Scientist
Fisheries and Oceans Canada
Nanaimo, British Columbia

David Boyes
Fisherman
Vancouver Island, British Columbia

John Brajcich
Herring are caught by purse seines and
inshore weirs in Atlantic Canada.
PHOTO: H.R. Yao.

Fisherman
Capilano Fishing Limited
Vancouver, British Columbia

Ghislain Chouinard
Fisheries Scientist
Fisheries and Oceans Canada
Moncton, New Brunswick

Jean Guy D’Entremont
Scotia Harvest Seafoods
South Shore, Nova Scotia

Don Gordon
Fisheries Scientist (Emeritus)
Fisheries and Oceans Canada
Dartmouth, Nova Scotia

Gilbert Devine
Fisherman
South Shore, Nova Scotia

Pat Gallaugher
Professor
Centre of Coastal Studies
Simon Fraser University
Vancouver, British Columbia

Joseph Gough
Researcher and Writer
Ottawa, Ontario

22

H O W W E F I S H M AT T E R S

Jason Hall-Spencer
Marine Scientist
Marine Institute, University of Plymouth
Plymouth, United Kingdom

Roger Hunka
Executive Director
Maritime Aboriginal Aquatic Resources Secretariate
Truro, Nova Scotia

William Lee
Fisherman
Petty Harbour, Newfoundland

Dave MacLellan
Fisherman
British Columbia

Danial Smith
Fisherman
Alert Bay, British Columbia

Tucker Soltau
Fisheries Observer
Vancouver Island, British Columbia

Scott Wallace
Scientist
David Suzuki Foundation
Vancouver, British Columbia

Paul Winger
Fisheries Scientist
Memorial University
St. John’s, Newfoundland

Boris Worm
Professor
Dalhousie University
Halifax, Nova Scotia

Afterword
—Callum Roberts, University of York
The trawl is still suffered to be employed in all its baneful tendencies without restraint or limitation…
Dragged along with force over considerable areas of marine bottom, it tears away promiscuously,
hosts of the inferior beings there resident, besides bringing destruction on multitudes of smaller
fishes, the whole of which, be it observed, are the appointed diet of those edible species sought after
as human food… An interference… of such magnitude, and of such long duration, will hereafter
bring its fruits in a perceptible diminution of those articles of consumption for which we at present
seem to have so great necessity.
So wrote J.C. Bellamy in 1843. For the reasons presented in this report, bottom
trawling has been highly controversial since its invention in 14th century England. In
the process of catching fish it causes immense damage to marine habitats and gnaws
at the productive foundation of fisheries.
Despite widespread condemnation in the 19th century, bottom trawling was allowed to
prosper. The economic arguments in its favour overwhelmed opposition. Only trawling
appeared able to supply explosive growth in demand as human populations increased
and markets expanded with the spread of railways.
Bottom trawling, as this report confirms, is not the only fishing method that inflicts
significant collateral damage in our pursuit of fish. Most gears kill species that are not
Scallop dredging on Canada's east coast can capture over 200 species
the intended targets and many disrupt habitats and aquatic food webs. For most of
which are all discarded. PHOTO: Susanna D. Fuller.
history, the fate of habitats and bycatch species has barely furrowed the brows of
scientists, fishers or fisheries managers. We have assumed, unwisely it is now obvious, that habitats of sufficient quantity and
quality would always be there to underpin the production of our quarry. But there are big differences between now and the 19th
century. Today, the footprint of fishing has expanded to fill seas and oceans, leaving few refuges for sensitive habitats and species.
As groundfish stocks have declined, the ecological shift to prawn domination has led us to sieve the seas with fine mesh nets that
afford no prospect of recovery for depleted stocks of other species.
Unless we embed a respect for habitats and wider ecosystems at the heart of fisheries management we will lose much of what we
take for granted from the sea: clean, safe water, productive fisheries, and a richness of life that can fascinate and inspire us, to
name four. While economic arguments in the 19th century favoured a disregard for anything other than fish landed, today they
weigh in favour of greater environmental protection. Fisheries management is no longer about just fish, but must serve the wider
interests of society, safeguarding diverse, healthy and productive ecosystems for the full range of benefits they bestow.
The next time you sit down to a seafood meal, spare a thought for how it was caught. Contemplate for a moment the ghostly heap
of bycatch on your plate, a side of coral, sponge and goby perhaps, or a garnish of albatross. This important report serves as a
reminder of the wider costs of fishing, and is starting point for long overdue reform.
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