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The survival of federally protected North Atlantic right whales (Eubalaena glacialis) requires an immediate
reduction in the risk of entanglement in commercial ﬁshing gear. This paper argues that at least a 30% reduction
in risk is needed to meaningfully contribute to the conservation of right whales. The argument follows from risk
estimates calculated using time and space intersections of right whales and ﬁshing gear in Canadian waters.
Almost all the risk occurs during July, August and September (12%, 50%, 37% respectively) and the groundﬁsh
ﬁshery contributed the greatest proportion (86%) of annual risk. Given that eﬀorts in the USA to reduce
entanglement risk through modiﬁed ﬁshing gear have been unsuccessful to date, we address the alternative
option of restricting certain ﬁshing gear at times and locations where entanglement risk is elevated. There are
many options that Canada could employ to achieve the above risk reduction and our results clearly point to the
most eﬀective and eﬃcient action being seasonally restricted ﬁshing in two relatively small regions; the Grand
Manan Basin and the Roseway Basin. Fully a third (34% ± 4%) of the annual risk is associated with these two
basins, though ﬁshery catch estimates in the basins are relatively small and declining.

1. Introduction
Entanglement in commercial ﬁshing gear measurably and negatively impacts the conservation of cetaceans globally [18,4]. From 1970
through 2009, the leading cause of death for whales in the Northwest
Atlantic Ocean was entanglement in ﬁshing gear, followed by natural
causes and vessel strikes, though this ranking varies markedly among
species [23].
The North Atlantic right whale (Eubalaena glacialis; hereafter, right
whale) is an endangered species that is federally protected in Canada
and in the United States of America (USA). Recovery planning by each
nation speciﬁes the need to reduce or eliminate deaths caused by
human activity; particularly those due to ﬁshing gear entanglement and
vessel strikes [12,2,20,8]. Gear entanglement of right whales is real and
measureable. Knowlton et al. [10] document that at least 16%, and as
many as 26%, of all right whales show new entanglement scars
annually. For the current population estimate of 522 ( ± 164) individuals [17], this equates to 109 ± 27 right whales potentially becoming
entangled annually. From a mortality perspective, the best estimates
are that between 1.2% ± 0.5 [25] and 4% [11] of all entanglements are
lethal. This equates to between 2 and 5 right whales killed annually as a
result of entanglement; an estimate that has yet to be refuted in recent
assessments. For example, Waring et al. [26] estimate 3.4 ﬁshery

entanglement mortalities annually. Entanglements and other anthropogenic causes of death are the primary reasons for the species growth
rate being less than expected and the viability of the species remains in
jeopardy [12,13].
In an attempt to reduce lethal entanglements, the USA enacted laws
that required changes to ﬁshing practices, including mandating the use
of sinking groundlines. Although changing the conﬁgurations and
operations of ﬁsheries seems to have potential to reduce risk, risk
assessments [27], and other recent preliminary studies [16] suggests
that these eﬀorts are not successful. Alternatively, the simplest and
most sound solution to reducing lethal entanglements is to minimize the
probability that a whale will encounter ﬁshing gear. Reducing the
probability of encounters by at least 30% will prevent the deaths of at
least 2 right whales every 3 years and as many as 32 fewer entanglements annually. This recommended risk reduction is enough to make
the diﬀerence between the long-term recovery and extinction of right
whales [5]. As right whales spend nearly equal parts of the year in
Canadian and USA waters [1], achieving the above level of risk
reduction requires action by both nations.
Previously, the Canadian government adopted policies that successfully reduced the probability of vessel strikes to right whales [24] and
subsequently identiﬁed their known habitats as “critical habitats” ([2];
Fig. 1) deserving of protection. However, the Canadian government has
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Fig. 1. Map of the domain for this research showing the two Canadian Species at Risk Act Critical Habitats: Grand Manan Basin and Roseway Basin.

year and categorized by month. Unreasonably small probabilities were
removed in the manner used in Brillant et al. [1] that maintained
comparability among months.
The distribution of commercial ﬁsheries in Atlantic Canada was
estimated using data provided by Fisheries and Oceans Canada for
thirteen ﬁxed-gear ﬁsheries from 1999 through 2012 (Table 1). The
inshore lobster ﬁshery was not included in this analysis because data for
that ﬁshery are collected at a large spatial scale that is incomparable
with the other ﬁxed-gear ﬁsheries. The distribution of ﬁshing was
expressed as an annual probability for a set of a particular ﬁshery (j) to
occur in each grid cell (i), for each calendar month, and relative to the
other ﬁsheries in each year examined.

yet to adopt any policies designed to reduce the risk of death due to
ﬁshing gear entanglement. Therefore, the goal of this research was to
ﬁrst, quantitatively determine where and when right whales are most
exposed to entanglement risk in Canada, and second, provide options
for policies that would serve to eﬀectively and eﬃciently reduce the
risk presented by commercial ﬁsheries while at the same time minimizing economic consequences to the ﬁsheries wherever and whenever
possible.
2. Materials and methods
The domain for this research was the NW Atlantic Ocean between
40° and 51°N latitude and 48° and 71°W longitude subdivided into 3min (0.05°N and W) grid-cells (76,620 grid-cells excluding land, rivers
and lakes; Fig. 1). A monthly probabilistic spatial distribution of right
whales was estimated using the Brownian bridge method described in
Brillant et al. [1] based on 30 years of data (1978 through 2007).
Probabilities for the occurrence of right whales were estimated for each
grid-cell (i) within the domain; P(Whale)i, standardized (to 1) over the

P(Setj ) =
i

Setij
∑i ∑j Setij

.

A set is an amount of gear placed in the water for the purpose of
capturing speciﬁc species. Sets can consist of diﬀerent components
among ﬁsheries. For example, a set for the crab trap ﬁshery may be a

Table 1
Annual average sets, annual relative risk to lethally entangle North Atlantic right whales, and relative risk per 1 000 sets of gear from 1999 through 2012 with the study area for thirteen
types Canadian ﬁshing gear examined in this study.
Fishing Gear

Groundﬁsh longline
Groundﬁsh gillnet
Crab trap
Lobster trap (LFA 38b,
41)
Herring gillnet
Shark pelagic longline
Hagﬁsh trap
Swordﬁsh pelagic
longline
Tuna pelagic longline
Unsp. gear and Trap
net
Mahimahi pelagic
longline
Shrimp trap
Whelk trap

Average annual
sets (SE)

Average % relative risk (SE)

Relative risk (%) per 1 000 sets

21 650
16 897
38 101
945

(1 726)
(668)
(2 085)
(121)

55.41
30.58
7.45
3.52

(3.9)
(4.2)
(1.0)
(0.8)

2.6
1.8
0.2
3.7

2 260
360
225
229

(277)
(24)
(29)
(70)

2.19
0.39
0.36
0.02

(0.8)
(0.2)
(0.1)
(< 0.1)

2.3
1.1
1.6
0.1

215
8

(85)
(3)

0.02
0.01

(< 0.1)
(< 0.1)

0.1
0.6

175

(45)

0

0

28
2 908

(19)
(462)

0
0

0
0
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Fig. 2. Monthly proportions of the average annual relative risk (P ± SE) from 1999
through 2012, for North Atlantic right whales to lethally encounter ﬁshing gear from
Canadian ﬁsheries listed in Table 1.

single crab-trap, a groundﬁsh longline set may be a kilometre or more
of line near the sea ﬂoor with hundreds of hooks along its length, and a
set of oﬀshore lobster trap set may be a line hundreds of meters in
length with 20 or more traps distributed along it. Despite their
diﬀerences, all sets consist of one or two buoylines, each connecting
the gear in the water with a buoy at the surface. Currently, there is
insuﬃcient knowledge to determine other attributes of ﬁshing gear that
contribute to the probability of entanglement [8] or entanglement
lethality [25]. Consequently, sets were used as the comparable unit
among ﬁsheries and the probability of right whales becoming entangled
in ﬁshing gear each calendar month was directly related to the
probability of whales and sets (j) to occur in each grid-cell (i).

P(Entangle)ij = P(Encounter )ij = P(Whale)i × P(Setj ) .
i

As the probability of lethality due to an entanglement has been
estimated as a constant [11], though with uncertainties [25], P
(Entangle)ij is the estimate of the annual risk for a lethal encounter
with ﬁshing gear, relative to the grid cell, month and ﬁshery for each
year. This was the simplest method to compare risk among ﬁsheries,
without introducing assumptions that have yet to be validated concerning the features among ﬁshing gear sets (e.g., water depth, number
of traps) that may inﬂuence the probability of lethal entanglement.

Fig. 3. Proportion of the average annual relative risk (P) for North Atlantic right whales
to lethally encounter ﬁshing gear within the boundaries of each Canadian Species at Risk
Act Critical Habitat for right whales (a), and the reported landings (tonnes) for all
ﬁsheries within each Critical Habitat (b); Roseway Basin (light bars), and Grand Manan
Basin (dark bars).

consistent and coincided with the two known right whale Critical
Habitats designated by the Canadian Species at Risk Act (SARA; Brown
et al., 2005; Fig. 1). The average annual risk of entanglement within
Grand Manan Basin was 16% ( ± 2.3% SE) and 18% ( ± 1.9% SE)
within Roseway Basin (Fig. 3a). The groundﬁsh longline ﬁshery
contributed the greatest proportion of this risk among gear types within
these basins and it was the only ﬁshery that was active every year
throughout the study period. The landings recorded for all ﬁsheries
within these basins have declined over time (Fig. 3b), and since 2008,
average landings from Grand Manan Basin amounted to 2 tonnes.
An examination of data from 2012 demonstrated the most recent
situation for which data are available. The spatial distribution of annual
relative risk for 2012 (Fig. 4a) predominantly comprised the relative
risk contributed by groundﬁsh longline and groundﬁsh gillnet for July,
August and September (78.9% overall; Fig. 4b-g). Other ﬁsheries that
contributed to the 2012 annual relative risk included herring gillnet,
lobster trap, crab trap and pelagic longline; (SUPPLEMENTAL Table 1).
Not all risk occurred within the Critical Habitats in 2012. For example,
although groundﬁsh gillnet contributed 12.7% of the annual relative
risk (Supplemental Table 1), the groundﬁsh gillnet risk occurred
outside the Critical Habitats (Fig. 4b-d). Groundﬁsh longline sets were,
however, present within the Critical Habitats, as well as in surrounding
areas (Fig. 4e-g). In previous years, other ﬁsheries occurred within the
Critical Habitats, including crab traps, hagﬁsh traps and lobster traps
(SUPPLEMENTAL Table 3).

3. Results
The commercial ﬁshery data consisted of an average of 86 000 sets
of ﬁshing gear within the domain, each year, from 1999 through 2012.
Crab traps, groundﬁsh longline and groundﬁsh gillnets were the largest
ﬁsheries comprising 89% of the total annual sets on average (44%,
25%, and 20% respectively; Table 1). The other ﬁsheries each averaged
less than 3.5% of the total sets annually; each consisted of fewer than 4
000 sets annually.
Right whales occur in Canadian waters from May through
November [1], but the annual relative probability that right whales
encountered ﬁshing gear in Canada consistently occurred almost
entirely during July (12%), August (50%), and September (37%;
Fig. 2). Two ﬁsheries contributed the majority (86%) of the average
annual relative risk during the study period: groundﬁsh longlines
(55% ± 4% SE) and groundﬁsh gillnets (31% ± 4% SE; Table 1). Four
ﬁsheries, with relatively small ﬁshing eﬀort (LFA 38b, 41 lobster traps,
herring gillnets, shark pelagic longline, and hagﬁsh trap) contributed a
small but disproportionate amount of annual risk to right whales due to
the location and timing of ﬁshing eﬀort. Three ﬁsheries (swordﬁsh
pelagic longline, tuna pelagic longline, unspeciﬁed gear and trap nets)
contributed relatively little to the annual risk, and three ﬁsheries posed
no measureable risk to right whales within the study period and domain
(mahimahi pelagic longline, shrimp traps, and whelk traps; Table 1).
The distribution of the annual entanglement risk was relatively
162
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Fig. 4. Spatial distribution of the annual relative risk for North Atlantic right whales to lethally encounter ﬁshing gear for all ﬁsheries listed in Table 1 during 2012 (a), the risk from
groundﬁsh gillnet during July (b), August (c) and September (d) of 2012, and the risk from groundﬁsh longline during July (e), August (f) and September (g) of 2012. The proportion of
the annual relative risk is shown in the legend for ﬁgures (b) through (g).

less frequent than entanglement scaring would indicate, it follows that
opportunities to suﬃciently examine and to determine the origin of the
gear is even less frequent; i.e., associating the prevalence of gear type
with entanglement will remain n-limited for some time to come.
The ﬁne-scale distribution of the Canadian inshore lobster ﬁshery is not
readily (legally) available through Fisheries and Oceans Canada, nor in the
same manner as other commercial ﬁsheries, so this ﬁshery could not be
included in our study. However, the inshore lobster ﬁshery does have a
very small co-occurrence with rights whales in Atlantic Canada based on
our current knowledge of right whale distribution in time and space, and
previous research concluded that the inshore lobster ﬁshery presents a
relatively small risk due to limited temporal coincidence [25]. Data were,
however, available for two other lobster ﬁsheries that were active at times

4. Discussion
Groundﬁsh ﬁsheries (longline and gillnet) contributed the most risk
of gear entanglement to right whales in Atlantic Canada over the study
period. Although there are relatively few reports of right whales being
entangled in groundﬁsh longline or gillnets, relatively few samples of
gear from entangled right whales have been examined [20]. In one
study, more than half the samples of gear removed from entangled right
whales (n =31) could not be associated with a speciﬁc ﬁshery [8].
Furthermore, generally fewer than 12 entangled right whales are
observed and reported each year (e.g., Pettis et al., 2014 [17]), and
fewer of these are examined suﬃciently to associate the gear with a
particular ﬁshery. Given that actually observed entanglements are far
163

Marine Policy 81 (2017) 160–166

S.W. Brillant et al.

Fig. 4. (continued)

continue to be monitored. Current knowledge of the movement and
distribution of these whales is incomplete. Fewer than half of the
population can be accounted for in any given year [6] and a variety of
unmonitored factors (e.g., ecological changes, population demography
and growth) could cause this population to change their distribution
[14,15,19,22,7,9]. These limitations are discussed by Brillant et al. [1],
but we use their estimate of spatial distribution because it is the current,
best available information. Recent surveys indicate that right whales
may use parts of the Northwest Atlantic more frequently than previously known (e.g., Gulf of St. Lawrence), so new right whale feeding
habitats may be discovered that will change current estimates of whale
distribution, and therefore, the risk presented by some ﬁsheries,
particularly those with large eﬀort (e.g., inshore lobster, crab trap).
Reducing the risk of right whale entanglement requires immediate

and near areas that right whales are known to frequent; Lobster Fishing
Area (LFA) 38b and LFA 41, and these ﬁsheries were included in our
analyses. Although they use relatively few sets (< 700 in 2012), their
contribution to the annual risk was not negligible (7% in 2012) due to their
proximity to known locations frequented by right whales. Nevertheless the
contributions of inshore lobster to the entanglement risk of right whales
will need to be reevaluated when gear-set data might be made available
and as our knowledge of right whale distribution improves.
Managing human activities to minimize harm to right whales (or
other non-target species) requires knowing the distribution of the
various ﬁsheries and of right whales (or others). Changes in the spatial
distribution, seasonal timing and eﬀort in ﬁsheries can have important
eﬀects (positive or negative) on the risk they present to right whales.
Similarly, the distribution of right whales in Canadian waters must
164
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Fig. 4. (continued)

impactful on commercial ﬁsheries is, however, to reduce the risk in the
two areas where right whales traditionally aggregate each summer;
Grand Manan Basin and Roseway Basin (Fig. 4). As approximately 34%
( ± 2% SE) of the annual risk to right whales occurs within these two
areas (Fig. 3a), and as the landings from ﬁsheries in these areas have
been declining (Fig. 3b), excluding ﬁshing in Grand Manan and
Roseway Basins during July, August and September would be the most
eﬀective and eﬃcient way for Canada to conserve right whales with a
small eﬀect on the commercial ﬁsheries.
The Government of Canada will soon ﬁnalize their Species at Risk
Act Action Plan entitled “Partial Action Plan for the North Atlantic
Right Whale (Eubalaena glacialis) in Canada: Fishery Interactions” [3].
Thus, now is the time to adopt policies within the “Plan” to reduce
entanglement risk. The North Atlantic right whale is recognized,
publically and internationally, as an iconic and critically endangered

changes to ﬁsheries that cause the greatest risk (i.e., groundﬁsh
longline, groundﬁsh gillnet) and those that present a disproportionately
large risk (e.g., summer lobster trap). All ﬁsheries, however, contribute
to the risk if they are active where and when right whales are present.
The conservation of right whales is a shared national interest and their
conservation is a legal requirement of these federally licensed ﬁsheries.
As such, all ﬁsheries have a responsibility to reduce their entanglement
risk in an equitable manner.

5. Conclusions
This study demonstrates there are several options through which
Canada could achieve a 30% reduction in entanglement risk to right
whales by seasonally restricting ﬁsheries in certain areas. The least
165
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species in Canada. By signiﬁcantly reducing the chances of right whale
entanglements, Canada will: 1) show progress on the Species at Risk Act
recovery goal and Action Plan for right whales; 2) directly reduce right
whale mortality and injury from human activities; 3) do so at minimal
disruption to ﬁsheries with substantial beneﬁt to conserving a federally
protected species; 4) clearly demonstrate Canada's commitment to
conservation of species at risk; and 5) contribute to actions that will
maintain market access for Canadian seafood as other nations strengthen their laws on seafood imports [21].
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