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ABSTRACT
The North Atlantic right whale (NARW) is a critically endangered migratory

species found primarily along the Eastern coasts of North America. Consistent
surveillance for NARW is vital to informing management measures, triggering dynamic
protections, and monitoring changing population trends and distribution. Surveillance of
known and potential NARW habitats is also important to ensure that protection and
knowledge are adequate throughout their range. Resources for aerial surveillance in
Atlantic Canada are limited, leading to a focus on areas and times of known aggregations
in the southern Gulf of St. Lawrence (GSL). Although this spatial-temporal bias in effort
is widely recognized, its extent and consequences have not been quantified. This project
examined the spatial-temporal coverage of Canada’s dedicated marine mammal
surveillance program in Atlantic Canada from 2018-2021 and evaluated effort as distance
surveyed (km) using GPS-recorded track line data obtained from Fisheries and Oceans
Canada. We examined the amount of effort allocated across specific areas throughout
Atlantic Canada relevant to NARW protection. These areas included general NARW
habitats and snow crab and lobster fishing areas during their active seasons. Effort was
concentrated in the southern GSL, while the migratory corridor along the Scotian Shelf
and critical habitats in the Bay of Fundy and Roseway Basin lacked surveillance, along
with several active fishing areas and potential future habitat. This evaluation of uneven
surveillance effort provides important context for interpreting our perceived knowledge

of NARW distribution in Canada and potentially encountered anthropogenic threats.

Keywords: NARW; aerial surveillance; entanglement risk; lobster fishery; snow crab

fishery.
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1.0 CHAPTER ONE: INTRODUCTION
1.1 North Atlantic Right Whales

The North Atlantic right whale (hereafter, NARW) is a critically endangered large
whale species, with less than 400 individuals remaining (New England Aquarium, 2023).
The species was hunted nearly to extinction before a ban on their harvest was introduced
in 1935. These whales were specifically targeted for their tendencies to swim slowly near
shore and to float after death, making for easy recovery of corpses, along with the high
oil content of their blubber (Langlois, 2017). Genetic diversity of the species is low
(Crossman et al., 2024) and there are less than 70 reproductively active females (NOAA
Fisheries, 2024a). The reproductive success of the species is calculated to be only 27% of
the maximum number of calves expected each year (Frasier et al., 2023). The population
has struggled to recover against a variety of anthropogenic threats, the most severe of
which being entanglements in fishing gear and vessel strikes (Government of Canada,
2023). Human interaction is the main contributor to an ongoing Unusual Mortality Event
concerning NARW, as designated by the United States government (NOAA Fisheries,
2024b).

1.11 Main Threats to Recovery

Approximately 85% of the NARW population has been entangled at least once,
with about 60% having experienced entanglement on multiple occasions (Knowlton et
al., 2012). Entanglement often leads to deterioration in body condition (Pettis et al.,
2017). Entangled whales appear to have an approximately 25% lower chance of survival
than non-entangled individuals (Robbins et al., 2015), and death is typically a drawn out
and painful process (Myers et al., 2019). Although disentanglement by experts is possible
in some cases, this activity is considered to be extremely dangerous and should be
avoided (Knowlton & Kraus, 2020). Vessel strikes are another common threat to the
health of this population. It is rare for NARW to survive following a ship strike
(Knowlton & Kraus, 2020). Increases in vessel sizes and speeds lead to a greater risk of
colliding with and killing NARW (Conn & Silber, 2013). However, vessels of all sizes
are capable of inflicting lethal injuries on NARW. Even if a large ship reduces its speed, it

is still highly likely that a struck whale will be killed (Kelley et al., 2021). Vessel strikes
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have been the cause of death for at least 15 NARW since 2017 (NOAA Fisheries, 2024b),
but as only around one third of deaths are detected, the number is likely much higher

(Pace et al., 2021).

1.12 Distribution
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Figure 1: Map showing North Atlantic right whale critical habitats (Grand Manan and
Roseway Basins) and other relevant regions in Atlantic Canada (Kadwa, 2020).

NARW are a migratory and wide-ranging species. Prior to whaling, the species’
range included much of the northern Atlantic Ocean (Monsarrat et al., 2015). There is
even some evidence to suggest that their range extended into the Mediterranean Sea
(Rodrigues et al., 2018). The population can now be found, almost exclusively, along the
eastern coast of North America from Florida to Newfoundland (NFLD) and Labrador
(Davis et al., 2017). There have also been occasional sightings off the coasts of Iceland
(Hamilton, 2018), Ireland (Baraniuk, 2024), and western Europe (Silva et al., 2023). The
species displays dramatic habitat plasticity (Mayo et al., 2018), with high variability in
the timing of use and abundance of different regions (Durette-Morin et al., 2022).
However, there are consistent annual movements between northern mating and foraging

areas and southern calving grounds. Much of the population spends the summer and



autumn months in Atlantic Canadian waters (Government of Canada, 2023), where
drastic shifts in distribution have been observed since around 2010 (Pettis et al., 2023).
Historically, a high proportion of NARW spent these months in the Grand Manan and
Roseway Basins (Figure 1), both of which have been designated as critical habitats
(Brown et al., 2009). Since around 2015, more whales have been detected in the Gulf of
St. Lawrence (GSL) (Figure 1) (Simard et al., 2019). Many whales now gather annually
in the GSL, specifically in the Shediac Valley (Fisheries and Oceans Canada, 2024b).

1.2 Protection Measures

The Canadian government has implemented several protection measures to reduce
anthropogenic threats to NARW. This action was spurred by the 2017 mortality crisis in
the GSL, in which 12 whales were found dead and five entangled (Daoust et al., 2018).
Protection measures include vessel speed and shipping route restrictions in the GSL and
seasonal and dynamic closures of fishing areas (Fisheries and Oceans Canada, 2024a).
Protection measures have changed annually since implementation, but the 2024 fishery
closure measures are provided for context.

If one or more NARW are detected visually or acoustically within NARW
management areas, a defined area surrounding the detection is closed to non-tended fixed
gear, trap and pot fishing for 15 days. If a whale is detected in the same area within the
Bay of Fundy (BoF) or Roseway Basin (Figure 1) during days nine to 15 of a fishing area
closure, the closure will be extended for another 15 days. A detection in days 9 to 15 of a
fishing closure in the GSL (Figure 1) leads to a season long closure of applicable areas.
Two surveillance flights with no NARW detections are required to re-open fisheries in the
BoF, Roseway Basin and GSL. Fisheries closures in areas outside of these regions are
considered on a case-by-case basis, with special consideration granted for groups of three
or more NARW or a mother and calf pair.

Dynamic closures of fishing areas exclude waters less than 20 fathoms deep. This
exclusion is known as the shallow water protocol. If a NARW is detected in waters
between ten and 20 fathoms deep, the fishing area closure extends to the ten-fathom line.
If there is a detection in waters less than ten fathoms deep, closures extend to the

shoreline (Fisheries and Oceans Canada, 2024f).



In 2024, it was announced that a national plan to implement on-demand gear will
also be developed (Fisheries and Oceans Canada, 2024a). On-demand gear reduces the
number of vertical fishing lines in the water column, which reduces the risk of a whale
encountering a rope. Fishing gear is placed on the ocean floor with a mechanism by
which fishers can recall traps to the surface (Terhune, 2018), typically by acoustic signals

sent between the trap and a vessel (Frith, 2021).

1.3 Habitat Determinants

The exact habitat requirements of NARW remain a mystery (Langlois, 2017).
This is to be expected, as the species is highly variable in terms of habitat preference
(Mayo et al., 2018). Differences in habitat selection between demographics may be
present but it is often unclear what may be driving these discrepancies (Hays et al., 2016).
However, general trends in habitat suitability have been identified. A primary predictor of
NARW presence appears to be abundance of the copepod Calanus finmarchicus
(Baumgartner et al., 2003), the species’ main source of prey (Baumgartner & Mate,
2003). Changes in Calanus finmarchicus abundances are likely responsible for the shifts
in NARW distribution observed since 2010 (Davies et al., 2019). It appears that the
whales are being driven away from areas of low prey abundance rather than towards high
abundances (Meyer-Gutbrod et al., 2023). Foraging potential in the GSL may not be
adequate for promoting successful reproduction of NARW (Gavrilchuk et al., 2021).
Habitat suitability also depends on oceanographic conditions which result in the
formulation of high-density patches of Calanus finmarchicus (Sorochan et al., 2021), as
patches with less than 1300 copepods/m? tend to be ignored (Baumgartner & Mate,
2003). In general, habitat suitability for NARW likely aligns closely with that of Calanus
finmarchicus (Grieve et al., 2017), incorporating factors such as water temperature (Melle
et al., 2014), predatory-prey dynamics (Baumgartner & Mate, 2003), and depth
(Baumgartner et al., 2017).

1.4 Importance of Surveillance

Good surveillance practices are crucial for monitoring changes in the distribution
of NARW, as well as for making accurate population estimates (Ganley et al., 2019).

Direct observation is required to assess visual health and detect entanglements and ship



strike injuries (Pettis et al., 2023). Monitoring is also needed to trigger dynamic
protection measures such as fishery area closures and vessel speed restrictions (Fisheries
and Oceans Canada, 2024a). Surveying areas where NARW are not yet expected could
help to prevent mortality events, such as the 2017 GSL crisis, by detecting distribution
shifts and responding with management actions (Koubrak et al., 2021). Surveillance data
can also be used to determine the location and size of areas to be protected (Hays et al.,

2016).

1.5 History and Rationale Behind the Marine Mammal Aerial Surveillance Program

The Department of Fisheries and Oceans Canada (DFO) has been conducting
scientific surveillance flights for marine mammals since at least 1995 (St. Pierre et al.,
2024). Following the deaths of 12 whales in the GSL in 2017 (Daoust et al., 2018), an
unprecedented effort to locate NARW through aerial monitoring began (St. Pierre et al.,
2024). Although flights are still meant to collect data for other marine megafauna
sightings, such as sea turtles and basking sharks (Ratelle et al., 2024), their primary
objective is NARW surveillance. The flights are even known as “right whale surveys”
among DFO staff. Surveillance is focused on aggregation areas in the GSL. However,
there are still competing interests at play within this objective. Only one to three aircraft
are available at a time to conduct surveillance flights, as DFO depends on contracts with
external companies (J.F. Gosselin, personal communication, June 26, 2024). The third
plane was added to the program in 2020 (St. Pierre et al., 2024). This is a severe
limitation to the program, with no planes available from Atlantic Canadian companies.
Additionally, two of the three planes are only available at the beginning of August. The
program is responsible for monitoring for whales in closed fisheries so that they can
reopen and sometimes for detecting entangled whales in coordination with rescue vessels
(J.F. Gosselin, personal communication, June 26, 2024). Therefore, surveillance flights
vary in their purposes, but the same basic data is collected consistently (Ratelle et al.,
2024). When consistent monitoring efforts for NARW began in 2017, surveillance
locations were chosen based on Calanus finmarchicus abundance data collected by
previous vessel-based surveys in the GSL. A need for systematic surveys was identified
following this season. In addition to studying NARW abundance distribution and

monitoring presence near anthropogenic activities (St. Pierre et al., 2024), the program
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eventually hopes to conduct habitat modelling based on surveillance data. This is given as
a reason for concentrating efforts in known aggregation areas in the GSL. As the
population is so small, the rationale is that data collection must be efficient so that a
habitat model can be developed quickly. Efficiency is ensured by primarily conducting
flights where it is known there will be whales. While there is no formal process to decide
priorities for flights, during the NARW season daily calls occur between scientists,
Transport Canada and fisheries management. Systematic surveillance flights can
sometimes be delayed due to competing interests (J.F. Gosselin, personal communication,

June 26, 2024).

1.6 Line Transect Survey Design

The most widely used technique to estimate abundances of wild animal
populations is distance sampling. A variety of methods are used within this technique,
which is related to complete counts of sample areas. The main advantage of distance
sampling is that not every individual in a given area needs to be detected, making it less
time-consuming and expensive than complete counts (Buckland, 2004). The most
common form of distance sampling is line-transect surveys. Typically, in these surveys,
equally spaced lines are placed randomly within a study area. One or more observers
travel along these lines and record any sightings of target species along with an
estimation of their distance from the track. Probability of detecting the target species
decreases as distance increases. The distribution of recorded distances can be used to
estimate what proportion of the individuals present were detected. In theory, calculations
can be expanded to determine the abundance and density of the target species in the study
area (Thomas et al., 2010).

Prior to the 2018 NARW season in Atlantic Canada, DFO created 15 surveillance
strata in potential foraging areas. From 2018 to 2022, a spacing of five nautical miles
(9.26km) was used between survey lines in the BoF and GSL, and a zigzag pattern was
used in strata oft NFLD and Labrador (St. Pierre et al., 2024). Due to the lack of available
planes, the Scotian Shelf and NFLD and Labrador are surveyed in alternating years (J.F.
Gosselin, personal communication, June 26, 2024). NARW migrate along the Scotian
Shelf. Migration can make it more difficult to detect whales, as they typically travel at
high speeds and spend less time at the surface (Guirado et al., 2019). Sightings around
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NFLD and Labrador are rare but acoustic detections of NARW confirm their presence in
the area (DFO, 2020).

All surveillance flights have two or three observers in each plane, with either one
person per side or two on the right side and one on the left. When a NARW is spotted, the
plane breaks off of the transect line to circle the detection position for 20 minutes, known
as a closing procedure (St. Pierre et al., 2024). This length of time was chosen based on
the maximum dive time observed in a previous study by Baumgartner & Mate, with the
logic being that any whale present in the area would surface at some point during this
interval (J.F. Gosselin, personal communication, June 26, 2024). In this study, dives of up
to around 16 and a half minutes were recorded for tagged NARW in the BoF and
Roseway Basin (Baumgartner & Mate, 2003).

1.7 Aerial Surveillance Challenges

Surveillance can be difficult for migratory species such as NARW, especially as
the population size is so small (St. Pierre et al., 2024). Difficulty is enhanced by lengthy
dive times (Durette-Morin et al., 2022) and their black colouration blending in with
surrounding water. Additionally, NARW lack a dorsal fin, which makes detection easier
in other cetacean species (Government of Canada, 2023). A challenge across conservation
is inadequate financial resources, or in the case of surveillance a lack of assets such as
planes or aerial observers (J.F. Gosselin, personal communication, June 26, 2024). Bad
weather can lead to lack of visibility or inability to conduct flights for safety reasons,
making the surveillance season unpredictable. Furthermore, aerial surveillance can only
be conducted during the day and depends on observer experience and effective protocols

(Ratelle et al., 2024).

1.8 Marine Management Problem

Aerial surveillance for NARW in Atlantic Canada has been criticized for being
minimal (Durette-Morin et al., 2022) and for focusing on already known aggregation
areas (Oleson et al., 2020). It is also argued that migratory corridors are lacking
surveillance, and therefore protection (WWF Canada, 2022). Additionally, if potential
unknown and future habitats are not adequately monitored, distribution shifts may go

undetected, leading to injuries and mortalities in unprotected waters (Davies & Brillant,



2019). It is recognized that the majority of NARW aerial surveillance activity is
concentrated in the southern GSL (St. Pierre et al., 2024). However, the extent of this bias
has not been quantified. Our study examined the spatial coverage and intensity of the
DFO marine mammal aerial surveillance program in Atlantic Canada in relation to
general NARW habitats and active lobster and snow crab fishing areas. We chose to focus
on the general habitats to determine if data collection is biased in terms of habitat type
and location, and the fishing areas as they pose risk of entanglement to NARW. We also
calculated the total distance surveyed within the shallow water exemption lines of 10 and

20 fathoms.

1.9 Research Questions

Where and when is DFO NARW aerial surveillance concentrated relative to NARW
habitats and active lobster and snow crab fishing areas?

How did total distance surveyed vary from 2018-2021?

What is the total distance surveyed in the shallow water exemption protocol areas?

How can the allocation of aerial surveillance be changed to provide higher coverage and

intensity in neglected areas?



2.0 CHAPTER TWO: BACKGROUND

2.1 Availability and Perception Biases

There are two common biases considered to be inherent to aerial surveillance (St.
Pierre et al., 2024). One factor to be recognized and corrected for is availability bias,
which refers to the amount of time animals are visible to observers. Detectability of
NARW may vary based on diving time and frequency, along with oceanographic and
weather conditions (Ganley et al., 2019). Availability bias for NARW is difficult to
determine, as data on diving times is limited and may vary between demographics. For
example, one study showed that pregnant females or those accompanied by calves tend to
spend more time at the surface than other whales (Baumgartner & Mate, 2003). Diving
patterns are strongly correlated with vertical distribution of Calanus finmarchicus, which
can change seasonally and with diel migrations (Winn et al., 1995). Different availability
bias correction factors are calculated for different months of NARW aerial surveillance in
Atlantic Canada to account for seasonal variation in diving times. These factors are based
on ratios of NARW seen from systematic track lines compared to those seen during
closing procedures (St. Pierre et al., 2024).

The other primary bias in aerial surveillance is that of perception. Perception bias
refers to missing detections of animals that are potentially visible during surveys due to
observer error (Marsh & Sinclair, 1989). This can occur due to distance between
observers and animals, height above animals, aircraft speed (Caughley, 1974), visibility
conditions, and observer inexperience (Ratelle, 2024). A correction factor for perception
bias was calculated using differences between observer sightings of NARW over six
years of survey flights in Atlantic Canada (St. Pierre et al., 2024).

Although both of these biases are difficult to calculate and highly variable, it is
important to include them in assessments of abundance and distribution based on
systematic aerial surveys. Without incorporating availability and perception biases,
animal counts will be underestimated, and management measures may be affected (St.
Pierre et al., 2024). Our study focused only on the spatial and temporal aspect of NARW
aerial surveillance, not on effectiveness of detecting whales, but it is important to

consider these biases when designing surveillance programs.



2.2 Other Modes of Surveillance

Multiple methods besides surveillance flights are employed to detect NARW. The
most traditional of these techniques is vessel-based surveillance. Vessels cover less
ground and offer a smaller field of vision than planes but allow for more direct data
collection. From a boat, it is possible to collect biological samples and take close-up
photos of whales, which can help to monitor the health of populations (Wood, 2021).
Another emerging surveillance method is the use of drones to detect whales. However,
this method typically needs to be used in conjunction with vessel-based surveys, as
drones have limited independency (Coutinho & Boukerche, 2021). Drones may be more
suitable for purposes other than surveillance, such as collecting blow samples in a non-
intrusive fashion (O’Mahoney et al., 2024).

Passive acoustic monitoring (PAM) is a common monitoring measure as well.
PAM receivers can be stationary (e.g. attached to a buoy) or attached to autonomous
gliders (UNB Newsroom, 2024). Advantages of PAM include the abilities to detect
whales in remote locations, in darkness and in poor weather conditions (Durette-Morin et
al., 2022). One disadvantage is that whales must be actively vocalizing to be detected.
Their calls must also be distinct so as to not be confused with other species (Parks et al.,
2011). The transmission of sound waves can be affected by variation in environmental
conditions and in animal behaviour (Durette-Morin et al., 2019).

Satellite imagery is an emerging, novel method for detecting whales. It is
impossible for visual and acoustic surveys to cover the entire range of NARW (Hodul et
al., 2023). Very-high resolution satellite imagery could potentially be used to provide
ocean-wide monitoring for whales (Hoschle et al., 2021). Individual NARW have already
been identified at the species level through satellite imagery. This is possible as NARW
are the only species with distinctive callosity markings within their range, which are
clearly visible to satellite cameras (Hodul et al., 2023). DFO is implementing satellite
imagery as a surveillance method in collaboration with Transport Canada and the
Canadian Space Agency. Although real-time detection is not yet occurring, it is likely to
be possible in the near future (CFIM, 2023).

Finally, it is possible for NARW to be tagged in order to track their movements.

Tags which are inserted under the skin are not currently used, as although they are longer-
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lived, they can cause infection to already vulnerable animals (Wood, 2021). However,
shorter term but non-invasive tags can be used. Tags are attached to whales by suction
cups, which can be applied by a long pole from a vessel. More recently, drones have been
used to drop suction cup tags onto whales from above (McPherson, 2023). This technique
allows for tags to be applied with more precision and from a safer distance, which
minimizes the risks of disturbance to the animal and harm to humans. Drones can also be
deployed from vessels that are too large to approach NARW with but are more suited to
rough weather conditions (NOAA Fisheries, 2023).

2.3 Other Surveillance Organizations

Several organizations besides DFO conduct NARW monitoring activities but vary
in their purposes. Transport Canada conducts surveillance flights for NARW in GSL
shipping lanes (Transport Canada, 2024) and researchers from the National Oceanic and
Atmospheric Administration (NOAA) visit from the United States whenever possible to
conduct flights as well. However, the primary purpose of NOAA flights is to complete
photo-identification work. Therefore, these flights focus only on the southern GSL in
order to document as many whales as possible. Vessel-based surveys and research are
conducted frequently within the NARW season by organizations such as Dalhousie
University, the Canadian Whale Institute, the New England Aquarium (Ratelle et al.,
2024) and the University of New Brunswick (UNB, 2019). Several organizations use
acoustic detections to locate NARW as well, but these detections are not considered in
DFO Science aerial surveillance design (J.F. Gosselin, personal communication, June 26,

2024).
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3.0 CHAPTER THREE: METHODS
3.1 Study Area

3.11 NARW Habitat Use

Five categories of NARW habitats in Atlantic Canada were defined based on
behavioural observations from NARW Consortium (NARWC) sightings data (Right
Whale Consortium 2021), and from a literature scan. Google Scholar was used to find
publications on NARW habitat use and timing. Any information on NARW habitat use
which included a geographical location and/or had an associated time of year was
collected and compiled. Areas where the primary associated behaviours were transitory
(i.e., movement in a region within a season), social, or foraging were identified using the
NARW sightings data, including the expected timing (months) of primary usage. The
migratory corridor and potential future habitat were identified through the literature scan
and sightings lacking an associated behaviour. Habitat areas were further categorized
based on region (i.e., GSL, BoF). After ground truthing the behavioural observations of
NARW with the results of the literature scan, habitat polygons were drawn which
encompassed all NARW sightings in Canadian waters using ArcGIS Pro v3.3.2 (ESRI,
2024; Right Whale Consortium, 2021).
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Figure 2: Map showing the Department of Fisheries and Oceans Canada’s 10-minute
North Atlantic right whale management grid cells and shallow water protocol lines. The
10-fathom line is shown in pink and the 20-fathom line is shown in red.

The 10-minute (approximate 220-240km?*) NARW management grid cells and
shallow water protocol exemption lines (10 and 20 fathoms) were obtained from DFO
Gulf Region (Figure 2) and overlayed with the habitat polygons. These divided the
habitats into the grid cells used to manage the NARW fisheries closures and were used as

the spatial scale of analysis.
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3.12 Fisheries Management Area
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Figure 3: Map of Lobster Fishing Areas in Atlantic Canada (DFO).
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Figure 4: Map of Crab Fishing Areas in Atlantic Canada (DFO).
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Table 1: Regions and active seasons of Lobster Fishing Areas in Atlantic Canada
(Fisheries and Oceans Canada- Quebec Region, 2024; Fisheries and Oceans Canada-
Gulf Region, 2021a; Fisheries and Oceans Canada- Maritimes Region 2023a; Fisheries
and Oceans Canada- Maritimes Region 2023b; DFO, 2023a; DFO, 2018; Justice Laws
Website, 1985; Fisheries and Oceans Canada- Newfoundland and Labrador Region,
2021).

LFA Region Active Season
2 NFLD & Labrador April-July

3 NFLD & Labrador May-July

4 NFLD & Labrador May-July

5 NFLD & Labrador May-July

6 NFLD & Labrador April-July

7 NFLD & Labrador May-July

8 NFLD & Labrador May-July

9 NFLD & Labrador May-July

10 NFLD & Labrador May-July

11 NFLD & Labrador April-July

12 NFLD & Labrador April-June

13A NFLD & Labrador April-June

13B NFLD & Labrador April-July

14A NFLD & Labrador May-July

14B NFLD & Labrador May-July

14C NFLD & Labrador May-July

15 Quebec May-August

16 Quebec May-August

17 Quebec April-July

18 Quebec April-August

19 Quebec April-July

20A Quebec April-July

20B Quebec April-July

21 Quebec May-July

22 Quebec May-July

23 Gulf April-July

24 Gulf April-July

25 Gulf August-October
26A Gulf April-July

26B Gulf April-July

27 Maritimes May-July

29 Maritimes April-June

30 Maritimes May-July

31A Maritimes April-June

31B Maritimes April-June

32 Maritimes April-June

33 Maritimes November-May
34 Maritimes November-May
35 Maritimes October-December, February-July
36 Maritimes November-January, March-June
37 Maritimes November-January
38 Maritimes November-June
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LFA Region Active Season
40 Maritimes NA
41 Maritimes January-December

Table 2: Regions and active seasons of Crab Fishing Areas in Atlantic Canada (Fisheries
and Oceans Canada, 2024c; Fisheries and Oceans Canada- Quebec Region, 2024;

Fisheries and Oceans Canada, 2024d; Fisheries and Oceans Canada- Newfoundland and
Labrador Region, 2024; Fisheries and Oceans Canada- Gulf Region, 2021b; Fisheries and
Oceans Canada, 2024e; Fisheries and Oceans Canada, 2016).

CFA Region Active Season
2]J NFLD & Labrador June-August
3K NFLD & Labrador April-July

3L NFLD & Labrador April-July

3N NFLD & Labrador April-July

30 NFLD & Labrador April-July

3Pn NFLD & Labrador April-June

3Ps NFLD & Labrador April-July

4R NFLD & Labrador April-June

4X Maritimes November-March
12 Gulf April-June

12A Gulf April-June

12B Gulf April-June

12C Gulf April-June

12E Gulf April-June

12F Gulf April-June

13 Gulf May-August

14 Gulf April-August
15 Gulf April-July

16 Quebec April-July

16A Quebec April-July

17 Quebec March-June

19 Gulf July-September
23 Maritimes March-August
24 Maritimes March-August
N-ENS Maritimes April-May, July-August

Lobster and snow crab fishery area (LFA and CFA, respectively) management

boundaries for Atlantic Canada (Maritimes, Gulf, Quebec and NFLD and Labrador DFO

regions) were obtained from DFO (Figures 3 and 4). These areas were plotted in ArcGIS
Pro v.3.3.2 (ESRI 2024) and overlayed with the NARW management grid cells and

shallow water exemption protocol lines (Figure 2). The active fishing seasons for each

LFA (Fisheries and Oceans Canada- Quebec Region, 2024; Fisheries and Oceans Canada-

Gulf Region, 2021a; Fisheries and Oceans Canada- Maritimes Region 2023a; Fisheries
and Oceans Canada- Maritimes Region 2023b; DFO, 2023a; DFO, 2018; Justice Laws




Website, 1985; Fisheries and Oceans Canada- Newfoundland and Labrador Region,
2021) and CFA (Fisheries and Oceans Canada, 2024c; Fisheries and Oceans Canada-
Quebec Region, 2024; Fisheries and Oceans Canada, 2024d; Fisheries and Oceans
Canada- Newfoundland and Labrador Region, 2024; Fisheries and Oceans Canada- Gulf
Region, 2021b; Fisheries and Oceans Canada, 2024e; Fisheries and Oceans Canada,
2016) (Tables 1 and 2) were defined by month, rather than day (e.g., April 15 became
April, second Tuesday of November became November), to simplify comparison of
surveillance activity with the active fishing areas.

A final management area was defined including only the management grid cells
and shallow water areas (Figure 2), without delineation by NARW habitat or fishing area,

providing a fourth measure of comparison.

3.2 Aerial Surveillance Track Line Data

GPS-recorded track line data was received from DFO Gulf Region for all
scientific aerial surveillance flights from 2018-2021 (St. Pierre et al., 2024). Data
included the aircraft position (latitude and longitude), date and time of the recorded
position, elevation (m), time since last position (s), bearing (degrees), distance from last
position (m), speed (km/h) and platform (name of aircraft). The position and speed of the
aircrafts were recorded every two seconds during the flights (St. Pierre et al., 2024).
Using the platform and date, each unique flight was given a flight ID number and each
sequential data point was given an order ID number in R v.4.3.1 (R Core Team, 2023).

It was assumed that all track lines were on effort if over water and travelling at
speeds between 20km/h and 250km/h. These limits were defined after mapping and
visually inspecting the data, as planes appeared to be transiting to transect lines when
travelling at speeds over 250km/h. This upper limit provides a buffer on the target speed
of 185km/h for aerial surveys from 2018-2022 (St. Pierre et al., 2024). Data points over
land or outside of this speed range were removed and not considered in further analysis.

Using the Point to Line tool in ArcGIS Pro v3.3.2 (ESRI, 2024), a continuous line
for each flight was created using the flight and order ID numbers. The track lines were
then clipped into corresponding management grid cells using the Intersect tool. This step
provided distances (km) surveyed by each flight in each grid cell. These distances were
divided by associated average speeds per grid cell (km/h) to calculate the time (h) spent
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on effort per flight in each grid cell. The total distance (km) and time (h) spent on effort
in each grid cell, management area and shallow water area was calculated by month and

year (R Core Team, 2023).

3.3 Distance/ Time Correlation

The total time and distance surveyed between 2018-2021 were merged into one
dataset, then a Spearman’s rank correlation test was run for the two variables (R Core
Team, 2023). This was to determine if only one of the variables could be used moving

forward.

3.4 Open and Closed Seasons

The distances surveyed in each management area were divided into open and
closed seasons based on the previously mentioned fishing area active seasons (Tables 1
and 2) and the expected months of NARW occurrence in each habitat polygon (R Core
Team, 2023). As fishing is relevant to surveillance only when an area is active, all
distances surveyed in the closed seasons were removed for the LFA and CFA analyses.
The “closed” season distances were maintained for the NARW habitat analysis as these
seasons were more subjective and surveillance is still important to determine distribution

when whales are not expected to be aggregating.

3.5 Standardized Distance

It was decided to use km/km? as a measure of surveillance in the NARW habitats
and fishing areas to make comparisons possible between different areas regardless of
their size. To determine which areas were receiving more or less surveillance relative to
their size, the distance surveyed (km) in each habitat and fishing area was divided by the

associated area (km?) of the habitat, LFA or CFA.

3.6 Data Visualization

Maps were created with the DFO management grid cells colour-coded according
to how much surveillance they received (km). Low versus high density effort bins were
determined using Jenks natural breaks (R Core Team, 2023). This method aims to
minimize variation within groups so that values within a group are as similar to each

other as possible, while maximizing variation between groups (Ahmad, 2019). Finally,
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tables were created associating expected whale occurrence, derived from the NARW
habitats, with LFA and CFA active seasons (Tables 1 and 2). These tables acted as
analysis tools for indicating which active fishing seasons aligned spatially and temporally

with expected occurrence of NARW.
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4.0 CHAPTER FOUR: RESULTS
4.1 NARW Habitats

4.11 Literature Scan Results

NARW occupy an expansive range throughout the entire year (Davis et al., 2017),
with remarkable habitat plasticity displayed (Mayo et al., 2018). NARW typically migrate
along the Scotian Shelf between southern waters in the winter and northern waters in the
summer (Brillant et al., 2015). In the past, NARW were known to aggregate in the BoF,
especially in the Grand Manan Basin, and in the Roseway Basin (Brown et al., 2009).
These areas were designated as critical habitats and used for foraging, among other
purposes such as socializing and breeding. A transitory corridor was identified between
the mouth of the BoF and the Jordan Basin (Baumgartner & Mate, 2005). NARW have
been shown to be highly transitory when in the Gulf of Maine (GoM) and surrounding
areas and tend to move between locations several times annually (Brillant et al., 2015).

Currently, most NARW in Atlantic Canada are detected in the GSL (Fisheries and
Oceans Canada, 2024b). Within the GSL, the most suitable habitat conditions for resting
and pregnant or lactating NARW have been identified in the southern GSL (Gavrilchuk et
al., 2021). NARW detections tend to be concentrated in the western GSL in May and June
before a broader dispersal within the gulf occurs between July and September. Sightings
have been highest in July and August (Crowe et al., 2021). NARW tend to move several
times between regions while in their northern habitats (Brillant et al., 2015). Individual
NARW have been seen in both the southern and northern GSL within one season (Crowe
et al., 2021), indicating that the Laurentian Channel is a transitory area. Whales of
different age classes and sex are regularly detected in the GSL, indicating that it does not
serve a purpose for a specific demographic (Cole et al., 2020). NARW have been
observed foraging and socializing in the gulf (NOAA Fisheries, 2021).

NARW detections near NFLD and Labrador are rare but whales are occasionally
seen in these areas (Ayers, 2021). As climate change progresses, NARW prey distribution
will likely shift northward (Ross et al., 2021). It is important to monitor potential
unknown and future habitats such as NFLD and Labrador (Oleson et al., 2020).
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4.12 NARWC Sightings Data and Habitat Definition
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Figure 5: North Atlantic right whale sightings in Canadian waters from 2015-2021
colour-coded by primary associated behaviour (Right Whale Consortium, 2021). Whale
sightings without an associated behaviour are outlined only.
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Figure 6: North Atlantic right whale sightings in Canadian waters from 2015-2021

colour-coded by month (Right Whale Consortium, 2021).
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Figure 7: General North Atlantic right whale habitats derived from a literature scan and
North Atlantic right whale sightings in Canadian waters from 2015-2021 (Right Whale
Consortium, 2021).

Table 3: Months when North Atlantic right whales are expected in general habitats
derived from a literature scan and North Atlantic right whale sightings in Canadian
waters from 2015-2021 (Right Whale Consortium, 2021).

General NARW Habitat Name Months When Whales Expected
GSL Foraging May-August

BoF Foraging July-September

sGSL Social October-November

nGSL Social August-November

Migratory (SS) May-September

GSL Transitory May-September

GoM Transitory June-October

Future (NFLD) September-November

From the NARWC sightings data (Right Whale Consortium, 2021) (Figures 5 and
6) and literature scan, eight habitats were defined (Figure 7). Each habitat had different

months of expected whale occurrence (Table 3). Two foraging habitats were identified,
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one in the BoF and one in the GSL. Transitory habitats were defined in the GoM and

GSL. Two social habitats were identified in the northern (nGSL) and southern (sGSL)

GSL, along with a migratory corridor along the Scotian Shelf (SS). Waters around NFLD

and Labrador were defined as a potential future habitat.

4.2 Expected NARW Occurrence in Active Fishing Areas

Table 4: Regions and active seasons of Lobster Fishing Areas in Atlantic Canada with
expected months of NARW occurrence (Fisheries and Oceans Canada- Quebec Region,
2024; Fisheries and Oceans Canada- Gulf Region, 2021; Fisheries and Oceans Canada-
Maritimes Region 2023a; Fisheries and Oceans Canada- Maritimes Region 2023b; DFO,
2023a; DFO, 2018; Justice Laws Website, 1985; Fisheries and Oceans Canada-
Newfoundland and Labrador Region, 2021).

LFA Region Active Season Months When Whales Expected
2 NFLD & Labrador April-July September-November
3 NFLD & Labrador May-July September-November
4 NFLD & Labrador May-July September-November
5 NFLD & Labrador May-July September- November
6 NFLD & Labrador April-July September-November
7 NFLD & Labrador May-July September-November
8 NFLD & Labrador May-July September-November
9 NFLD & Labrador May-July September-November
10 NFLD & Labrador May-July September-November
11 NFLD & Labrador April-July NA

12 NFLD & Labrador April-June May-September

13A NFLD & Labrador April-June May-September

13B NFLD & Labrador April-July NA

14A NFLD & Labrador May-July NA

14B NFLD & Labrador May-July NA

14C NFLD & Labrador May-July NA

15 Quebec May-August NA

16 Quebec May-August May-September

17 Quebec April-July August-November

18 Quebec April-August May-November

19 Quebec April-July May-September

20A Quebec April-July May-August

20B Quebec April-July May-August

21 Quebec May-July May-August

22 Quebec May-July May-November

23 Gulf April-July May-August

24 Gulf April-July May-November

25 Gulf August-October May-August

26A Gulf April-July October-November
26B Gulf April-July October-November
27 Maritimes May-July May-September

29 Maritimes April-June May-September

30 Maritimes May-July May-September
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LFA Region Active Season Months When Whales Expected
31A Maritimes April-June May-September
31B Maritimes April-June May-September
32 Maritimes April-June May-September
33 Maritimes November-May May-September
34 Maritimes November-May May-October
35 Maritimes October-December, February-July | July-September
36 Maritimes November-January, March-June July-September
37 Maritimes November-January July-September
38 Maritimes November-June June-October
40 Maritimes NA May-September
41 Maritimes January-December May-September

Table 5: Regions and active seasons of Crab Fishing Areas in Atlantic Canada with
expected months of NARW occurrence (Fisheries and Oceans Canada, 2024c; Fisheries
and Oceans Canada- Quebec Region, 2024; Fisheries and Oceans Canada, 2024d;
Fisheries and Oceans Canada- Newfoundland and Labrador Region, 2024; Fisheries and
Oceans Canada- Gulf Region, 2021b; Fisheries and Oceans Canada, 2024e; Fisheries and
Oceans Canada, 2016).

CFA Region Active Season Months When Whales Expected
2] NFLD & Labrador June-August NA

3K NFLD & Labrador April-July September-November
3L NFLD & Labrador April-July September-November
3N NFLD & Labrador April-July NA

30 NFLD & Labrador April-July September-November
3Pn NFLD & Labrador April-June May-September

3Ps NFLD & Labrador April-July September-November
4R NFLD & Labrador April-June May-September

4X Maritimes November-March May-October

12 Gulf April-June May-November

12A Gulf April-June May-September

12B Gulf April-June May-September

12C Gulf April-June August-November
12E Gulf April-June May-September

12F Gulf April-June May-September

13 Gulf May-August NA

14 Gulf April-August NA

15 Gulf April-July August-November

16 Quebec April-July May-November

16A Quebec April-July August-November

17 Quebec March-June May-September

19 GSL July-September May-October

23 Maritimes March-August May-September

24 Maritimes March-August May-September
N-ENS | Maritimes April-May, July-August May-September
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Tables were created showing when NARW were expected in each LFA and CFA
(Tables 4 and 5) to act as analysis tools. Expected occurrence of NARW in each fishing
area was determined by overlaying the general NARW habitats (Figure 7) onto the LFA
and CFA maps (Figures 3 and 4) to visualize where these areas overlap. The expected
months of NARW occurrence in each general habitat were ascribed to any overlapping
fishing areas. If a fishing area overlapped with multiple habitats, the expected months of

NARW presence of those habitats were combined.

4.3 Distance/ Time Correlation

0 500 1000
Distance (km)

Figure 8: Spearman’s rank correlation test between time and distance surveyed for
NARW by the Department of Fisheries and Oceans Canada Marine Mammal Surveillance
Program from 2018-2021 (correlation coefficient: 0.99, p-value: 2.2e-16).

The Spearman’s rank correlation test indicated that distance and time surveyed are
highly correlated, with a p-value below 0.05 (Figure 8). Distance (km) was used as the
measurement for surveillance moving forward as no extra calculations had been
performed to obtain these values. To calculate time, distance (km) in each NARW

management grid cell had been divided by associated average speeds.
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4.4 Overall Surveillance
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Figure 9: Total distances (km) of North Atlantic right whale aerial surveillance flights
conducted by the Department of Fisheries and Oceans Canada Marine Mammal
Surveillance Program from 2018-2021.

Total distance surveyed was summed for each year from 2018-2021 (Figure 9).
The least distance was covered in 2019 (111,462km), followed closely by 2018
(132,490km). There was a major increase in surveillance in 2020 (222,096km), with the
greatest distance covered in 2021 (251,516km).
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Figure 10: Maps showing coverage and intensity of North Atlantic right whale aerial

surveillance flights by the Department of Fisheries and Oceans Canada Marine Mammal

Surveillance Program from 2018-2021. Cool colours indicate low effort (km) while

warmer colours indicate high effort.

Although total distance surveyed varied greatly over the four years, the highest

intensity of surveillance was consistently found in the southern GSL (Figure 10). The

Scotian Shelf was surveyed in 2018 and 2020, while the waters around NFLD and

Labrador were surveyed in 2019 and 2021. There was more coverage around NFLD and

Labrador in 2018 than in 2020, but these years show similar patterns in surveillance.

Coverage and relative intensity were similar in 2019 and 2021 as well.
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4.5 Surveillance in Shallow Water Protocol Areas
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Figure 11: Total distance surveyed (km) by the Department of Fisheries and Oceans
Canada Marine Mammal Surveillance Program in shallow protocol areas from 2018-
2021.

In every year, there was slightly more distance surveyed in the 0-10 fathoms area
than in the 10-20 fathoms area (Figure 11). Similar distances were surveyed in each area

in 2020 and 2021 despite 2021 having the most surveillance overall (Figure 9).
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4.6 Surveillance in NARW Habitats
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Figure 12: Maps showing coverage and intensity of North Atlantic right whale aerial
surveillance flights by the Department of Fisheries and Oceans Canada Marine Mammal
Surveillance Program from 2018-2021 in relation to general North Atlantic right whale
habitats. Cool colours indicate low effort (km) while warmer colours indicate high effort.
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Figure 13: Standardized distance (km/km?) surveyed in the active and non-active seasons
of general NARW habitats by the Department of Fisheries and Oceans Canada Marine
Mammal Surveillance Program from 2018-2021. Active season refers to months when
NARW are expected in each habitat while the non-active season is outside of these
months.

There appears to have been a more even spread in NARW habitat surveillance
coverage and intensity in 2018 and 2019 than in 2020 and 2021 (Figures 12 and 13). In
terms of standardized distance (km/km?), surveillance focused more on the GSL
Foraging, mostly in the active season, and sGSL Social habitats in the latter two years.
The Foraging habitat in the BoF received a similar amount of surveillance in all years
except for 2019, when less surveillance was received and all within the non-active

season. The GoM Transitory habitat received more surveillance than the GSL Transitory

habitat in 2018. The two Transitory habitats then received similar surveillance in 2019
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before the GSL habitat was surveyed more in 2020 and 2021. Most of the surveillance in
the Transitory habitats was within the active season, aside from in the GoM in 2018 and
2019. The nGSL Social habitat was surveyed similarly intensively throughout the four
years, with the most surveillance received in 2020. The Migratory habitat along the
Scotian Shelf received relatively more surveillance in 2018 than in other years but was
surveyed very little comparatively in all other years. Potential Future habitat around
NFLD and Labrador received minimal surveillance in all years and there was only a
small distance covered outside of the defined habitats in 2018 and 2019. Overall, the

habitats in the GSL were focused on most in terms of surveillance intensity.

4.7 Surveillance in Active LFAs
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Figure 14: Maps showing coverage and intensity of North Atlantic right whale aerial
surveillance flights by the Department of Fisheries and Oceans Canada Marine Mammal
Surveillance Program from 2018-2021 in relation to Lobster Fishing Areas. Cool colours
indicate low effort (km) while warmer colours indicate high effort.
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Figure 15: Standardized distance (km/km?) surveyed in the active seasons of Lobster
Fishing Areas by the Department of Fisheries and Oceans Canada Marine Mammal
Surveillance Program from 2018-2021.

There seems to have been more even coverage and surveillance intensity of LFAs
in 2018 than in the following three years (Figures 14 & 15). Figure 14 shows total
surveillance in relation to LFAs, rather than only distance surveyed within active seasons,
but is provided for visualization purposes. In all years, there was a focus on LFAs 17 to
27, aside from LFA 21 which is a small area in the Chaleur Bay, in terms of standardized
distance (km/km?) (Figure 15). These areas are all found in or around the GSL. LFAs 3 to
10 were minimally surveyed in all years, with the most surveillance occurring in 2021.
These LFAs are located around NFLD and Labrador. LFAs 11 to 16, found in NFLD and
Labrador and the northern GSL, received little surveillance but were surveyed more in
2018 and 2021. LFAs 29 to 33 received minimal surveillance in all years, with the most
distance covered in 2018. These areas are found along the Scotian Shelf in the migratory
corridor. LFAs 34 to 38 received a similar pattern of surveillance in 2018, 2019 and 2021.
In 2020, there was minimal surveillance in these areas. These LFAs are found in and
around the BoF and GoM. LFA 41 received little surveillance in all years and is an

offshore fishery along the Scotian Shelf.
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4.8 Surveillance in Active CFAs
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Figure 16: Maps showing coverage and intensity of North Atlantic right whale aerial
surveillance flights by the Department of Fisheries and Oceans Canada Marine Mammal

Surveillance Program from 2018-2021 in relation to Atlantic Canadian Crab Fishing
Areas.
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Figure 17: Standardized distance (km/km?) surveyed in the active seasons of Crab
Fishing Areas by the Department of Fisheries and Oceans Canada Marine Mammal
Surveillance Program from 2018-2021.

Similar to the LFAs, the most even coverage and intensity of CFA surveillance
occurred in 2018 (Figures 16 and 17). Again, Figure 16 shows total surveillance in
relation to CFAs, rather than only distance surveyed within active seasons, but is useful
for visualization. In 2019, less CFAs received surveillance than in the other years, in
terms of standardized distance (km/km?) (Figure 17). In 2020 and 2021, surveillance
focused primarily on CFAs 12, 12E, 12F and 19. These CFAs are located in the southern
GSL. CFAs 2J to 30 received little surveillance in all four years. These CFAs are located
around eastern NFLD and Labrador. CFAs 3Pn and N-ENS are found in the Cabot Strait,
the entrance to the GSL. These CFAs received some surveillance in all years, aside from
3Pn in 2020. CFAs 3Ps and 4R received no or little surveillance in all years and are
located near NFLD. CFA 4X received little surveillance. This CFA is comprised of the
BoF and GoM, along with a section of the migratory corridor along the Scotian Shelf.
CFAs 12A and 12B were surveyed similarly in 2018, 2020 and 2021, with the least
surveillance occurring in 2019. CFA 12A received more surveillance than 12B in all

years. These two CFAs are found around the Laurentian Channel and the northern GSL.
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CFAs 13 to 16A received similar surveillance in 2018 and 2021 and in 2019 and 2020. In
2018 and 2021, all five CFAs received surveillance. In 2019 and 2020, out of the five
CFAs, only CFA 16 received surveillance. CFA 16 takes up much of the northern GSL.
CFAs 13, 14, 15 and 16A are located in the northern GSL and around NFLD and
Labrador. CFA 17 received little to no surveillance in all years and is found mainly in the
St. Lawrence Estuary. CFAs 23 and 24 received little to no surveillance in all years as

well, with the most surveillance occurring in 2018.

36



5.0 CHAPTER FIVE: DISCUSSION

5.1 Overall Surveillance

Total distance surveyed varied greatly between years from 2018 to 2021 (Figure
9). There was a major increase in surveillance in 2020, which can be attributed to impacts
of the COVID-19 pandemic. Researchers from the United States were unable to cross the
border into Canada to conduct fieldwork/monitoring in 2020 and 2021, leading DFO to
increase surveillance in these years to compensate (Morin, 2020). Additionally, only two
planes were available for aerial surveillance prior to 2020. A third plane may have helped
to substantially increase the distance covered in 2020 and 2021 (St. Pierre et al., 2024).

As expected (St. Pierre et al., 2024), surveillance was most intense in the southern
GSL in all years and alternated annually between the Scotian Shelf and NFLD and
Labrador. Coverage was slightly more extensive in 2018 than in 2020, although these two
years were similar in their geographic scope (Figure 10). This may have been because the
NARW aerial surveillance program was relatively new in 2018. As time passed, more

emphasis may have been placed on the southern GSL than other regions.

5.2 Surveillance in Shallow Water Protocol Areas

In each year, slightly more distance was surveyed in the 0 to 10 fathoms shallow
protocol area than in the 10 to 20 fathoms area (Figure 11). Around 18-19% of total
distance surveyed occurred in the shallow water areas in all four years of the study
(Figures 9 and 11). These areas were defined to prevent shallow water fisheries from
having to shut down in the event of NARW sightings triggering closures, with the
assumption being that NARW tend to spend time in deeper waters when in Atlantic
Canada (Fisheries and Oceans Canada, 2022a). However, there have been many incidents
in which NARW were observed close to shore in this region. Surveillance flights
identified two whales swimming in shallow waters near the Magdalen Islands in 2021
(St. Pierre et al., 2024). In 2023, fishers, scientists and fisheries managers agreed that
NARW were being detected more often than usual in shallow waters (Withers, 2023). In
May of 2024, a NARW was seen in the Saint John Harbour only a few metres from the
shoreline (MacRae, 2024). The next month, another whale was reported swimming near

the shore by Peggy’s Cove (Murphy, 2024). It is possible that low surveillance effort is
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contributing to the assumption that NARW do not often spend time in shallow waters,
resulting in a confirmation bias scenario.

The majority of lobster fishing in Atlantic Canada occurs in waters less than 20
fathoms deep (Fisheries and Oceans Canada, 2022a). Although lobster fishing gear has
not yet been identified as the definite cause of a NARW death (Withers, 2022), a NARW
named Argo was found entangled in gear from LFA 33 in early 2023 (Fisheries and
Oceans Canada, 2023). It is also possible that lobster fishing gear has resulted in the
deaths of NARW that have not been recorded, as many deaths are not detected by humans
(Pace et al., 2021). Additionally, the majority of retrieved gear is not identified, meaning
more gear from entanglements could have originated from lobster fisheries (Fisheries and
Oceans Canada, 2024g). It is clear that NARW will occasionally spend time in shallow
waters in Atlantic Canada and encounter associated fisheries. Therefore, it is important to

monitor these areas to ensure protection throughout their range.

5.3 Surveillance in NARW Habitats

It is important to recognize that the NARW habitats we defined should not be
perceived as universal or static in terms of location (Figure 7) or times of expected whale
occurrence (Table 3). As previously mentioned, NARW move within and between regions
often and display high variation in habitat usage (Brillant et al., 2015; Mayo et al., 2018).
General habitat polygons have been used in previous studies (e.g. Meyer-Gutbrod et al.,
2023; Crowe et al., 2021; Kreuser & Meyer-Gutbrod, 2023) and in our case are helpful to
determine the level of surveillance in different habitat types and locations. The NARWC
sightings data we used to define these habitats (Right Whale Consortium, 2021), along
with the literature scan, may also be biased due to previous uneven surveillance effort.

Throughout the years of our study, NARW habitat surveillance coverage went
from broader to focused on the GSL Foraging and sGSL Socializing habitats (Figure 12).
Intensity was greatest in these two habitats in all years except 2018, when the GoM
Transitory habitat received similar surveillance. Most of the surveillance in the GSL
Foraging habitat was within the active season we defined, while more of the surveillance
in the sGSL Socializing habitat was in the non-active season (Figure 13). It is possible
that the active season we identified for this habitat was shorter than it should have been

and that the DFO science team is aware of usage in this area throughout more of the year.
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It is understandable that DFO is focusing resources on the southern GSL habitats, as the
largest aggregations of NARW are now found in these areas (Fisheries and Oceans
Canada, 2024b) and a lack of available planes limits the geographic scope of surveys (St.
Pierre et al., 2024). Since 2017, around 130 individual NARW have been seen each
summer in the GSL (New England Aquarium, 2024). Although this number represents
approximately a third of the total population (Cole et al., 2020), this leaves many whales
unaccounted for. For a critically endangered population, it is important that as many
individuals as possible be monitored and protected. Undetected distribution shifts have
already led to many NARW deaths and injuries in unprotected waters (Koubrak et al.,
2021). If surveillance is too focused in one area, this could lead to another mass mortality
event should the population drastically change movement patterns again.

The Foraging habitat in the BoF received minimal surveillance compared to the
GSL (Figure 13). Although there have been recent drastic distribution shifts away from
this area (Davies et al., 2019), NARW are still present in the region (St. Pierre et al.,
2024). The Grand Manan Basin critical habitat is also contained within the BoF (Figure
1). It is always possible that NARW will return to this area in greater numbers, which
occurred in the fall of 2024 when many sightings were reported (Ogrysko, 2024). This
resurgence in NARW sightings in the BoF highlights the region’s continued importance
to the population. Based on our literature scan and the Right Whale Consortium sightings
(2021), we had designated July-September as the active season for the BoF Foraging
habitat (Table 3). The sightings in the BoF in 2024 have been later in the year than our
expected months of whale occurrence. This demonstrates the difficulty of defining
NARW habitat usage and timing and emphasizes that surveillance should occur
regardless of expected whale presence.

The GoM Transitory habitat received some surveillance in all four years. The
proportion of surveillance in the active and non-active seasons varied each year, meaning
timing of surveillance was inconsistent (Figure 13). The GoM is one of the fastest
warming bodies of water in the world (Pershing et al., 2015), and habitat suitability for
NARW is expected to decrease as climate change progresses (Ross et al., 2021).
Distribution patterns within the GoM may change rapidly, meaning the region should be

surveyed consistently. This important transitory habitat between critical habitats (Figure
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1) should be well monitored. The Transitory habitat in the GSL received increasing
surveillance over the years of our study. Sections of the Laurentian Channel are
encompassed in this habitat, a major shipping corridor posing risk of ship strikes to
NARW (Crowe et al., 2021). Consistent surveillance in this habitat should continue.

The Social habitat in the nGSL received some surveillance in each year. Other
than in 2018, most of the surveillance was in the active season (Figure 13). Although
more whales are found in the southern GSL than in the northern GSL, this habitat may
become more important as climate change progresses, causing further distribution shifts
(Meyer-Gutbrod et al., 2021). NARW are already detected often in the northern GSL
(Crowe et al., 2021) and should be monitored for to increase knowledge of the species
and ensure protection.

The Migratory habitat along the Scotian Shelf received minimal surveillance in all
years of our study, with the most occurring in 2018. Most of the surveillance in this
habitat was within the active season (Figure 13). Concerns have been expressed that the
migratory corridor of NARW is not well-monitored (WWF Canada, 2022), which are
validated by our results. NARW face threats as a result of heavy industry and fishing as
they migrate along the eastern seaboard of North America (Koubrak et al., 2021). It is
important that surveillance helps to protect NARW as they move throughout their range,
especially when mass movements are occurring between northern and southern habitats.

The potential future habitat near NFLD and Labrador was surveyed minimally
throughout the years of our study, with no surveillance occurring in this area in 2020
(Figures 12 and 13). Although sightings in this region are now relatively rare (Ayers,
2021), NARW were historically found in abundance off the coasts of NFLD (Monsarrat
et al., 2016). Monitoring potential habitats where NARW are not currently expected in
high numbers is a proactive response that could be taken to avoid mortality events caused
by undetected distribution shifts, such as that of 2017 (Davies & Brillant, 2019).

One of the stated objectives of the NARW aerial surveillance program is to
develop a habitat model for predicting where NARW presence may occur. This is given
as a reason for focusing effort in the southern GSL, as data can be collected for many
individuals in a short period of time (J.F. Gosselin, personal communication, June 26,

2024). However, this model would theoretically only encompass one habitat type. It is
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important to determine the conditions preferred by NARW for other purposes, such as
migration, as well. Extreme habitat plasticity has been observed for NARW (Mayo et al.,
2018), meaning whales will likely continue to display variation in preferences and range.
As the NARW population is small and their habitat preferences are broad, a habitat model
will likely overpredict NARW presence. Suitable habitat identified by a model may be
more widespread than areas that are actually occupied (Keller et al., 2012). Therefore, a
habitat model might not be the best use of resources when the situation is so dire, and
protection should be ensured for as many whales as possible. Wide coverage and
consistency in surveillance is one way to potentially help the species recover against

anthropogenic threats.

5.4 Surveillance in Active LFAs

Risk of entanglement in active LFAs occurs as a result of fishing gear and NARW
presence co-occurrence (Bisack & Magnusson, 2021). Table 4 is used as a tool to
estimate this co-occurrence. However, it is again important to recognize that the timings
of expected whale occurrence that we identified in each LFA should not be regarded as
absolute. Due to high variation in NARW habitat usage, it is always possible for whales
to be present in active LFAs. This analysis provides a starting point for determining
adequacy of surveillance in active LFAs.

Similar to the NARW habitats, surveillance appeared to have covered a broader
range of active LFAs in 2018 before focusing more on the southern GSL in the following
years (Figures 14 and 15). LFAs 17 to 27 received the highest intensity of surveillance
over our study period, aside from LFA 21 in the Chaleur Bay (Figure 15). Out of these
LFAs, only three had no expected NARW occurrence in their active season: 17, 26A and
26B. The overlap in active seasons of the remaining LFAs and expected occurrence of
NARW fell in the spring and summer from May to August (Table 4). The fishing effort in
LFA 18 is relatively low but has been steadily increasing (DFO, 2024), posing risk of
entanglement to NARW. LFAs 19 to 21 are found in the Gaspé, with 87% of active
licenses held by fishers in LFAs 20A and 20B (Fisheries and Oceans Canada, 2018a).
LFA 20A received the highest intensity of surveillance in all four years of our study
(Figure 15), which is positive as it is an active fishery with expected co-occurrence of

fishing and NARW presence (Table 4). LFA 22 is found near the Magdalen Islands. This
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area has the highest recorded landings in the Quebec region (Fisheries and Oceans
Canada, 2018b). Landings in the Gulf region LFAs (23 to 26B) are currently high
compared to historical levels (Fisheries and Oceans Canada- Gulf Region, 2021a). LFAs
23 and 24 received relatively high surveillance intensity in all four years of our study,
while LFA 25 had less (Figure 15). LFAs 26A and 26B did not have expected co-
occurrence of fishing and NARW presence according to our NARW habitat active
seasons (Table 4). LFA 26A received little surveillance while 26B received more (Figure
15). LFA 26A is located south of Prince Edward Island, where NARW sightings are rare.
LFA 27 has the third highest number of licenses in the Maritimes region (Fisheries and
Oceans Canada, 2023a). and is located near the Cabot Strait where NARW are thought to
enter and leave the GSL (Simard et al., 2019). This area should be surveyed often,
especially during the expected times of NARW migrations.

LFAs 3 to 10, located near NFLD and Labrador, were minimally surveyed in their
active seasons in all years of our study (Figure 15). The active seasons of these LFAs do
not overlap with expected NARW occurrence (Table 4). However, it is always possible
that the species will move into these areas unexpectedly in the future. A lack of NARW
detections in the region could be related to lack of surveillance, meaning our times of
expected whale occurrence are inaccurate. These LFAs are relatively inactive when
compared to the remainder of the NFLD and Labrador LFAs (Fisheries and Oceans
Canada- Newfoundland and Labrador Region, 2021). Overall, entanglement in these
LFAs appears to not pose an immediate threat, but all areas should be monitored
consistently in case the situation changes.

LFAs 11 to 16 are found in NFLD and Labrador and in the northern GSL. These
areas were surveyed minimally in their active season throughout our study but the most
surveillance occurred in 2018 and 2021 (Figure 15). Approximately half of all lobster
harvested in NFLD and Labrador is caught in LFA 11 (Fisheries and Oceans Canada-
Newfoundland and Labrador Region, 2021). However, no NARW are ever expected in
this area (Table 4). LFAs 12 to 14C are relatively active in the NFLD and Labrador
region (Fisheries and Oceans Canada- Newfoundland and Labrador Region, 2021). The
active seasons of LFAs 12 and 13A do not overlap with expected NARW occurrence,

while NARW are never expected in LFAs 13B to 14C (Table 4). The fishing effort
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deployed in LFAs 15 and 16 is low but gradually increasing (DFO, 2024). NARW are
never expected in LFA 15 but expected occurrence overlaps with all months in the active
season of LFA 16 (Table 4). Surveillance in LFA 16 may not be adequate for protection.

LFAs 29 to 33 are found along the NARW migratory corridor and were surveyed
minimally in all years of our study. The most surveillance occurred in 2018 (Figure 15).
The active seasons of all of these LFAs overlap with expected occurrence of NARW,
mostly throughout the late spring and early summer. The active season of LFA 33 only
overlaps with expected NARW occurrence in May (Table 4) but this LFA is one of the
largest lobster fisheries in Canada (Rankin, 2024). Due to the expected co-occurrence of
NARW and productive lobster fisheries, it is clear that this region needs more
surveillance in order to increase NARW protection as they migrate between northern and
southern habitats.

LFAs 34 to 38 are located in the BoF and GoM and received some surveillance in
every year of our study. The least surveillance occurred in 2020 (Figure 15). As with LFA
33, the active season of LFA 34 overlaps with NARW occurrence only in May (Table 4)
but the fishery is extremely productive (Rankin, 2024). The active seasons of LFAs 35
and 38 overlap for one month each with expected NARW occurrence (Table 4).
Harvesting in LFA 35 has increased dramatically over the past 15 years (DFO, 2023b)
and disproportionate risk of NARW entanglement has previously been attributed to LFA
38 (Brillant et al., 2017). There are also no fishery closure regulations in place for part of
LFA 38, as there are disputes between Canada and the United States over sovereignty in
the area (Edwards, 2024). The active seasons of LFAs 36 and 37 do not overlap with
expected NARW occurrence (Table 4), but these LFAs are in the BoF which has seen
increased abundance of NARW in an unexpected time (Ogrysko, 2024). Surveillance in
these LFAs is likely inadequate for NARW protection.

LFA 41, an offshore fishery along the Scotian Shelf, received little surveillance
over the course of our study (Figure 15). This fishery is open year-round and is the only
LFA that operates on a Total Allowable Catch (Howse, 2024). Only one vessel currently
operates in this LFA (Clearwater, n.d.), but the area could still pose risk of entanglement

to NARW as they migrate along the Scotian Shelf and should be monitored consistently.
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5.5 Surveillance in Active CFAs

The same disclaimer as the LFAs regarding definition of NARW habitat locations
and timings of expected whale occurrence is relevant to the active CFA analysis.

Surveillance coverage within the active seasons of CFAs was most broad in 2018
(Figures 16 and 17). The most intense surveillance occurred in the southern GSL CFAs
(12, 12E, 12F, and 19) in 2020 and 2021 (Figure 17). The recent distribution shift of
NARW into the southern GSL has resulted in extended overlap of whale aggregations
with snow crab fishing, leading to heightened risk of entanglement (Cole et al., 2021).
The active seasons of CFAs 12, 12E and 12F overlap with expected NARW occurrence in
May and June, while the overlap in CFA 19 spans from July to September (Table 5). CFA
12 is the largest snow crab fishery in the GSL in terms of area, number of harvesters and
landings (Landry et al., 2024). Around one fifth of snow crab landings in Canada come
from the four southern GSL CFAs (Fisheries and Oceans Canada- Gulf Region, 2021b).
However, fishers have begun attempting to catch their quota early in the active season,
prior to the arrival of NARW in the GSL, to avoid dynamic closures (Russell, 2024).
Consistent surveillance should continue in these CFAs to ensure NARW protection.
Although early fishing may help to avoid entanglement, it is possible that movement
patterns will shift again and result in earlier arrival of NARW.

CFAs 2] to 30, located in NFLD and Labrador, received little surveillance in their
active seasons over the course of our study (Figure 17). NARW were never expected in
CFAs 2J and 3N, and no overlap between the active seasons of CFAs 3K, 3L and 30 and
expected NARW presence occurred (Table 5). Snow crab quotas in NFLD and Labrador
have increased in recent years and the fishery is one of the most lucrative in the province
(Fisheries and Oceans Canada, 2022b). Although there does not appear to be immediate
risk of NARW entanglement in these CFAs, distribution may shift more towards NFLD
and Labrador as climate change progresses and the GSL continues to warm (Gavrilchuk
et al., 2021). It is important that these areas receive proactive surveillance.

CFAs 3Pn and N-ENS, located in the Cabot Strait, received some surveillance in
their active seasons. The only instance of no surveillance occurred in 2019 in CFA 3Pn
(Figure 17). The active season of CFA 3Pn overlaps with expected NARW presence in
May and June, while the overlap of CFA N-ENS occurs in May, July and August (Table
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5). This presents risk of entanglement to NARW as they migrate in and out of the GSL
(Simard et al., 2019). Consistent surveillance in these CFAs could help protect detected
NARW by triggering dynamic fishery closures.

CFAs 3Ps and 4R, located on the coasts of NFLD, were surveyed minimally in
two years each and not at all in the others (Figure 17). There is no overlap in the active
season of CFA 3Ps and expected NARW presence. However, NARW are expected in the
active season of CFA 4R in May and June (Table 5). Both of these CFAs have small
quotas when compared to other NFLD and Labrador region CFAs (Fisheries and Oceans
Canada, 2019) but still pose risk of entanglement to NARW.

CFA 4X was surveyed minimally over the course of our study (Figure 17). This
CFA is located in the BoF and GoM, along with part of the migratory corridor along the
Scotian Shelf. There is no predicted overlap in the active season of CFA 4X and NARW
occurrence in the region (Table 5). However, the active season begins in November. In
November of 2024, NARW were detected in the BoF (Edwards, 2024), again
demonstrating the difficulty of defining NARW habitat use and the importance of
surveying in areas where whale presence is not expected.

CFAs 12A and 12B received some surveillance in each year, aside from 2019
when CFA 12B was not surveyed (Figure 17). These CFAs are located around the
Laurentian Channel and the northern GSL and both of their active seasons overlap with
expected NARW presence in May and June (Table 5). Although surveillance is focused
on the southern GSL, NARW also occupy northern areas of the gulf (Crowe et al., 2021).
Risk of entanglement is present in the northern GSL and Laurentian Channel, meaning
these areas should be surveyed consistently, especially in the active seasons of fishery
areas.

CFAs 13 to 16A all received some surveillance in 2018 and 2021, while only CFA
16 was surveyed in 2019 and 2020 (Figure 17). These CFAs are located throughout the
northern GSL and Strait of Belle Isle. No whales are ever expected in CFAs 13 and 14,
while no overlaps between the active seasons of CFA 15 and 16A and NARW presence
are expected. The active season of CFA 16 overlaps with expected NARW occurrence
between May to July (Table 5). Considering limited resources, it is understandable that,

out of these five CFAs, CFA 16 is surveyed the most. However, all active fishing areas
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should be monitored for NARW, as distribution can be unpredictable (Davies & Brillant,
2019).

CFA 17 extends well into the St. Lawrence Estuary and received little to no
surveillance from 2018-2022 (Figure 17). There is an expected overlap in the active
season of CFA 17 and NARW presence in May and June (Table 5). Multiple entangled
NARW were detected in the St. Lawrence Estuary in summer of 2024 (MacKinnon,
2024; Nguyen, 2024). This area is likely inadequately surveyed considering the apparent
risk of entanglement in the region.

CFAs 23 and 24 received no or minimal surveillance in all years of our study
(Figure 17). These CFAs are located along the Scotian Shelf migratory corridor and both
of their active seasons overlap with expected NARW occurrence from May to August
(Table 5). Around 60% of snow crab vessels in the Maritimes region fish in CFAs 23 and
24 (Fisheries and Oceans Canada, 2016). This further emphasizes that NARW lack

protection as they move between southern and northern habitats.

5.6 Conclusions

Aerial surveillance for NARW is crucial to detecting distribution shifts, making
population estimates, assessing population health and triggering dynamic protection
measures. The DFO marine mammal surveillance program focuses on the southern GSL
in order to detect large aggregation of whales, given the lack of resources available to the
program. However, this comes at the expense of minimal monitoring along the Scotian
Shelf migratory corridor and in the BOF and GoM, along with potential future habitats.
Surveillance is also lacking in some fishing areas throughout their active seasons, posing
threat of entanglement to NARW. Surveillance effort could be re-allocated for better
representation of habitat types and locations and active fishery areas in coverage and
intensity. Increased surveillance could help to supplement knowledge of and mitigate

anthropogenic threats to this critically endangered species.

5.7 Recommendations

Re-allocate surveillance effort to improve monitoring along the migratory corridor:
Our results validate concerns that the Scotian Shelf migratory corridor is lacking

surveillance and therefore NARW knowledge and protection. The high coverage and
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intensity of surveillance in the southern GSL could be re-distributed to better monitor
whales as they migrate along the heavily fished and industrialized Scotian Shelf. The
objective of developing a habitat model using data collected in the southern GSL may be
less effective in ensuring protection for NARW than a more widespread aerial
surveillance program. Surveillance of the migratory corridor should align with times of

mass NARW movements and active fishing whenever possible.

Increase surveillance in historic and potential future habitats: Surveillance is lacking
in areas around the BoF, GoM and NFLD and Labrador. Although NARW aggregations
presently occur most frequently in the southern GSL, sudden and undetected shifts in
distribution have caused mass mortality events in the past. The return of NARW in
greater numbers to the BoF in fall of 2024 demonstrates that their movement patterns can
be unpredictable, meaning monitoring should occur in areas not currently expected to
have high abundance of whales. As the NARW population is so low, surveillance should

cover as much of the range of this wide-ranging species as possible.

Align surveillance with active fishing seasons: Risk of NARW entanglement occurs
when the presence of fishing gear and whales overlaps spatially and temporally. When
decisions have to be made regarding prioritization of areas to be surveyed, aligning
monitoring with the active seasons of fisheries could help to protect NARW. Although
occurrence of NARW can be unpredictable, when resources are limited priority should be
given to areas where whale aggregations are expected in the active seasons of fishing

areas.

Increase funding to the DFO marine mammal surveillance program: DFO staff have
to make difficult decisions regarding NARW surveillance priorities given competing
interests and a lack of resources. More financial resources should be allocated to the
marine mammal surveillance program, along with assets such as planes and trained

observers.

47



BIBLIOGRAPHY

Ahmad, R. (2019, April 4). Jenks Natural Breaks — The Best Range Finder algorithm. Medium.
https://medium.com/analytics-vidhya/jenks-natural-breaks-best-range-finder-algorithm-
8d1907192051

Ayers, T. (2021, December 7). DFO closely monitoring North Atlantic right whales off
Newfoundland. CBC. https://www.cbc.ca/news/canada/nova-scotia/dfo-north-atlantic-
right-whales-newfoundland-1.6275350

Baraniuk, C. (2024, July 17). North Atlantic right whale seen off Ireland for first time in 114
years. The Guardian.
https://www.theguardian.com/environment/article/2024/jul/17/north-atlantic-right-whale-
seen-off-ireland-for-first-time-in-114-years

Baumgartner, M. F., Cole, T. V. N., Clapham, P. J., & Mate, B. R. (2003). North Atlantic right
whale habitat in the lower Bay of Fundy and on the SW Scotian Shelf during 1999-2001.
Marine Ecology. Progress Series, 264, 137—154. https://doi.org/10.3354/meps264137

Baumgartner, M. F., & Mate, B. R. (2003). Summertime foraging ecology of North Atlantic right
whales. Marine Ecology. Progress Series, 264, 123—135.
https://doi.org/10.3354/meps264123

Baumgartner, M. F., & Mate, B. R. (2005). Summer and fall habitat of North Atlantic right
whales (Eubalaena glacialis) inferred from satellite telemetry. Canadian Journal of
Fisheries and Aquatic Sciences, 62(3), 527-543. https://doi.org/10.1139/f04-238

Baumgartner, M. F., Wenzel, F. W., Lysiak, N. S. J., & Patrician, M. R. (2017). North Atlantic
right whale foraging ecology and its role in human-caused mortality. Marine Ecology.
Progress Series (Halstenbek), 581, 165—181. https://doi.org/10.3354/meps12315

Bisack, K. D., & Magnusson, G. M. (2021). Spatial Management to Reduce Entanglement Risk
to North Atlantic Right Whales in Fishing Gear: A Case Study of U.S. Northeast Lobster
Fishery 2002-2009. Frontiers in Marine Science, §.
https://doi.org/10.3389/fmars.2021.540966

Brillant, S., Vanderlaan, A.S.M., Rangeley, R.W., & Taggart, C.T. (2015). Quantitative estimates
of the movement and distribution of North Atlantic right whales along the northeast coast
of North America. Endangered Species Research, 27, 141-154.
http://dx.doi.org/10.3354/esr00651

Brillant, S. W., Wimmer, T., Rangeley, R. W., & Taggart, C. T. (2017). A timely opportunity to
protect North Atlantic right whales in Canada. Marine Policy, 81, 160—-166.
https://doi.org/10.1016/j.marpol.2017.03.030

48


https://medium.com/analytics-vidhya/jenks-natural-breaks-best-range-finder-algorithm-8d1907192051
https://medium.com/analytics-vidhya/jenks-natural-breaks-best-range-finder-algorithm-8d1907192051
https://www.cbc.ca/news/canada/nova-scotia/dfo-north-atlantic-right-whales-newfoundland-1.6275350
https://www.cbc.ca/news/canada/nova-scotia/dfo-north-atlantic-right-whales-newfoundland-1.6275350
https://www.theguardian.com/environment/article/2024/jul/17/north-atlantic-right-whale-seen-off-ireland-for-first-time-in-114-years
https://www.theguardian.com/environment/article/2024/jul/17/north-atlantic-right-whale-seen-off-ireland-for-first-time-in-114-years
https://doi.org/10.3354/meps264137
https://doi.org/10.3354/meps264123
https://doi.org/10.1139/f04-238
https://doi.org/10.3354/meps12315
https://doi.org/10.3389/fmars.2021.540966
http://dx.doi.org/10.3354/esr00651
https://doi.org/10.1016/j.marpol.2017.03.030

Brown, M.W., Fenton, D., Smedbol, K., Merriman, C., Robichaud-Leblanc, K., & Conway, J.D.
(2009). Recovery Strategy for the North Atlantic Right Whale (Eubalaena glacialis) in
Atlantic Canadian Waters [Final]. Species at Risk Act Recovery Strategy Series. Fisheries
and Oceans Canada. vi + 66p.

Buckland, S. T. (2004). Advanced distance sampling. Oxford University Press.

Caughley, G. (1974). Bias in Aerial Survey. The Journal of Wildlife Management, 38(4), 921—
933. https://doi.org/10.2307/3800067

CFIM. (2023, January 12). Satellite imagery for right whale detection. https://cfim.ca/satellite-
imagery-for-right-whale-detection/

Clearwater. (n.d.). Frequently Asked Questions. https://clearwatersustainability.ca/fag/

Cole, A. K., Brillant, S. W., Boudreau, S. A., & Northridge, S. (2021). Effects of time-area
closures on the distribution of snow crab fishing effort with respect to entanglement
threat to North Atlantic right whales. /CES Journal of Marine Science, 78(6), 2109-2119.
https://doi.org/10.1093/icesjms/fsab103

Cole, T.V.N., Crowe, L.M., Corkeron, P.J., & Vanderlaan, A.S.M. (2020). North Atlantic right
whale abundance, demography and residency in the southern Gulf of St. Lawrence
derived from directed aerial surveys. DFO Can. Sci. Advis. Sec. Res. Doc. 2020/063. iv +
13p

Conn, P. B, & Silber, G. K. (2013). Vessel speed restrictions reduce risk of collision-related
mortality for North Atlantic right whales. Ecosphere, 4(4), 1-16.
https://doi.org/10.1890/ES13-00004.1

Crossman, C. A., Hamilton, P. K., Brown, M. W., Conger, L. A., George, R. C., Jackson, K. A.,
Radvan, S. N., & Frasier, T. R. (2024). Effects of inbreeding on reproductive success in
endangered North Atlantic right whales. Royal Society Open Science, 11(7), 240490-.
https://doi.org/10.1098/rs0s.240490

Crowe, L. M., Brown, M.W., Corkeron, P.J., Hamilton, P.K., Ramp, C., Ratelle, S., Vanderlaan,
A.S.M.,, & Cole, T.V.N. (2021). In plane sight: a mark—recapture analysis of North
Atlantic right whales in the Gulf of St. Lawrence. Endangered Species Research, 46, 227-
251. https://doi.org/10.3354/esr01156

Daoust, P.Y., Couture, E.L., Wimmer, T., and Bourque, L. (2018). Incident Report: North Atlantic
Right Whale Mortality Event in the Gulf of St. Lawrence, 2017. Collaborative Report
Produced by: Canadian Wildlife Health Cooperative, Marine Animal Response Society,
and Fisheries and Oceans Canada. 256 pp.

49


https://doi.org/10.2307/3800067
https://cfim.ca/satellite-imagery-for-right-whale-detection/
https://cfim.ca/satellite-imagery-for-right-whale-detection/
https://clearwatersustainability.ca/faq/
https://doi.org/10.1093/icesjms/fsab103
https://doi.org/10.1890/ES13-00004.1
https://doi.org/10.1098/rsos.240490
https://doi.org/10.3354/esr01156

Davies, K., Brown, M., Hamilton, P., Knowlton, A., Taggart, C., & Vanderlaan, A. (2019).
Variation in North Atlantic right whale Eubalaena glacialis occurrence in the Bay of
Fundy, Canada, over three decades. Endangered Species Research, 39, 159—171.
https://doi.org/10.3354/esr00951

Davies, K. T. A., & Brillant, S. W. (2019). Mass human-caused mortality spurs federal action to
protect endangered North Atlantic right whales in Canada. Marine Policy, 104, 157-162.
https://doi.org/10.1016/j.marpol.2019.02.019

Davis, G. E., Baumgartner, M. F., Bonnell, J. M., Bell, J., Berchok, C., Bort Thornton, J., Brault,
S., Buchanan, G., Charif, R. A., Cholewiak, D., Clark, C. W., Corkeron, P., Delarue, J.,
Dudzinski, K., Hatch, L., Hildebrand, J., Hodge, L., Klinck, H., Kraus, S., ... Van Parijs,
S. M. (2017). Long-term passive acoustic recordings track the changing distribution of
North Atlantic right whales (Eubalaena glacialis) from 2004 to 2014. Scientific Reports,
7(1), 13460-12. https://doi.org/10.1038/s41598-017-13359-3

DFO. (2018). Assessment of Lobster (Homarus americanus) in Lobster Fishing Area 41 (4X +
5Z) for 2016. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2018/004.

DFO. (2020). Updated information on the distribution of North Atlantic Right Whale in
Canadian waters. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2020/037.

DFO. (2023a). Stock Status Update of Lobster (Homarus americanus) in Lobster Fishing Areas
36 and 38 for 2023. DFO Can. Sci. Advis. Sec. Sci. Resp. 2023/041.

DFO. (2023b). Stock Status Update of Lobster (Homarus americanus) in Lobster Fishing Area
35 for 2023. DFO Can. Sci. Advis. Sec. Sci. Resp. 2023/040.

DFO. (2024). American Lobster (Homarus americanus) Stock Assessment on the North Shore
(LFAs 15, 16, 17 And 18), Quebec, in 2022. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep.
2024/005.

Durette-Morin, D., Davies, K. T. A., Johnson, H. D., Brown, M. W., Moors-Murphy, H., Martin,
B., & Taggart, C. T. (2019). Passive acoustic monitoring predicts daily variation in North

Atlantic right whale presence and relative abundance in Roseway Basin, Canada. Marine
Mammal Science, 35(4), 1280—-1303. https://doi.org/10.1111/mms.12602

Durette-Morin, D., Evers, C., Johnson, H. D., Kowarski, K., Delarue, J., Moors-Murphy, H.,
Maxner, E., Lawson, J. W., & Davies, K. T. A. (2022). The distribution of North Atlantic
right whales in Canadian waters from 2015-2017 revealed by passive acoustic
monitoring. Frontiers in Marine Science, 9. https://doi.org/10.3389/fmars.2022.976044

Edwards, D. (2024, November 16). Lack of fishing prohibitions in 'grey zone' could pose risk for
right whales, expert says. CBC. https://www.cbc.ca/news/canada/nova-scotia/lack-
fishing-prohibitions-grey-zone-north-atlantic-right-whale-1.7383503

50


https://doi.org/10.3354/esr00951
https://doi.org/10.1016/j.marpol.2019.02.019
https://doi.org/10.1038/s41598-017-13359-3
https://doi.org/10.1111/mms.12602
https://doi.org/10.3389/fmars.2022.976044
https://www.cbc.ca/news/canada/nova-scotia/lack-fishing-prohibitions-grey-zone-north-atlantic-right-whale-1.7383503
https://www.cbc.ca/news/canada/nova-scotia/lack-fishing-prohibitions-grey-zone-north-atlantic-right-whale-1.7383503

ESRI. (2024). ArcGIS Pro Release 3.3.2.

Fisheries and Oceans Canada. (2016, October 1). Eastern Nova Scotia and 4X Snow Crab
(Chionoecetes Opillio)- Effective as of 2013. Government of Canada. https://www.dfo-
mpo.gc.ca/fisheries-peches/ifmp-gmp/snow-crab-neige/snow-crab-neiges2013-eng.html

Fisheries and Oceans Canada. (2018a, June 6). Lobster fishery — Areas 19, 20 and 21.
Government of Canada. https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-
homard/index-eng.html

Fisheries and Oceans Canada. (2018b, August 24). Lobster Fishing Area 22 (Quebec Region -
Magdalen Islands Area). Government of Canada. https://www.dfo-mpo.gc.ca/fisheries-
peches/ifmp-gmp/lobster-homard/area-zone-22-eng.html

Fisheries and Oceans Canada. (2019, May 15). Snow crab - Newfoundland and Labrador
Region. Government of Canada. https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-
gmp/snow-crab-neige/2019/index-eng.html

Fisheries and Oceans Canada. (2022a). Canada s Fisheries Management Measures: North
Atlantic right whale (NARW) and Coastal and Marine Protected Areas. Government of
Canada.
https://fisheryprogress.org/sites/default/files/documents_actions/Canadian_Measures%20
updated%20t0%20Sept%2016_2022%20Final_0.pdf

Fisheries and Oceans Canada. (2022b, March 31). Higher Snow Crab Quota in Newfoundland
and Labrador in 2022.

Fisheries and Oceans Canada. (2023, June 12). Recovered Gear Analysis of North Atlantic Right
Whale Argo Eg #1218. Government of Canada. https://www.dfo-mpo.gc.ca/species-
especes/publications/mammals-mammiferes/argo/index-eng.html

Fisheries and Oceans Canada. (2024a, March 26). Government of Canada announces the 2024
measures to protect North Atlantic right whales. Government of Canada.
https://www.canada.ca/en/fisheries-oceans/news/2024/03/government-of-canada-
announces-the-2024-measures-to-protect-north-atlantic-right-whales.html

Fisheries and Oceans Canada. (2024b, June 5). 2024 Transport Canada restricted area activated
to protect North Atlantic right whales in Canada. Government of Canada.
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-
bnan/2024/right-whale-baleine-noires-0605tc-eng.html

Fisheries and Oceans Canada. (2024c, April 2). 2024 — Snow Crab fishery opening date: Crab
Fishing Areas 12 (12, 18, 25, 26) and 12E. Government of Canada. https://www.dfo-
mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/2024/snow-crab-fishery-
crabe-neige-peche-eng.html

51


https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/snow-crab-neige/snow-crab-neiges2013-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/snow-crab-neige/snow-crab-neiges2013-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-homard/index-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-homard/index-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-homard/area-zone-22-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-homard/area-zone-22-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/snow-crab-neige/2019/index-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/snow-crab-neige/2019/index-eng.html
https://fisheryprogress.org/sites/default/files/documents_actions/Canadian_Measures%20updated%20to%20Sept%2016_2022%20Final_0.pdf
https://fisheryprogress.org/sites/default/files/documents_actions/Canadian_Measures%20updated%20to%20Sept%2016_2022%20Final_0.pdf
https://www.dfo-mpo.gc.ca/species-especes/publications/mammals-mammiferes/argo/index-eng.html
https://www.dfo-mpo.gc.ca/species-especes/publications/mammals-mammiferes/argo/index-eng.html
https://www.canada.ca/en/fisheries-oceans/news/2024/03/government-of-canada-announces-the-2024-measures-to-protect-north-atlantic-right-whales.html
https://www.canada.ca/en/fisheries-oceans/news/2024/03/government-of-canada-announces-the-2024-measures-to-protect-north-atlantic-right-whales.html
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/2024/right-whale-baleine-noires-0605tc-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/2024/right-whale-baleine-noires-0605tc-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/2024/snow-crab-fishery-crabe-neige-peche-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/2024/snow-crab-fishery-crabe-neige-peche-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/2024/snow-crab-fishery-crabe-neige-peche-eng.html

Fisheries and Oceans Canada. (2024d, March 25). 2024 Snow Crab fishery, Newfoundland and
Labrador. Government of Canada. https://www.dfo-mpo.gc.ca/fisheries-
peches/decisions/fm-2024-gp/atl-06-eng.html

Fisheries and Oceans Canada. (2024e, April 9). 2024 Snow Crab - Southeastern Nova Scotia
(Crab Fishing Areas 23 and 24E). Government of Canada. https://www.dfo-
mpo.gc.ca/fisheries-peches/decisions/fm-2024-gp/atl-13-eng.html

Fisheries and Oceans Canada. (2024f, March 26). 2024 Fisheries management measures to
protect North Atlantic Right Whales in Canadian waters. Government of Canada.
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-
bnan/2024/right-whale-baleine-noires-0326-eng.html

Fisheries and Oceans Canada. (2024g, August 13). Data on lost and retrieved gear. Government
of Canada. https://www.dfo-mpo.gc.ca/fisheries-peches/management-gestion/ghostgear-
equipementfantome/reporting-declaration-eng.html

Fisheries and Oceans Canada- Gulf Region. (2021a, October 13). Integrated Fisheries
Management Plan — Lobster. Government of Canada. https://www.glf.dfo-
mpo.gc.ca/glf/en/integrated-fisheries-management-plan-lobster

Fisheries and Oceans Canada- Gulf Region. (2021b, October 13). Integrated Fisheries
Management Plan - Snow Crab in the Southern Gulf of Saint Lawrence. Government of
Canada. https://www.glf.dfo-mpo.gc.ca/glf/en/integrated-fisheries-management-plan-
snow-crab-southern-gulf-saint-lawrence#ap

Fisheries and Oceans Canada- Maritimes Region. (2023a, March 29). Lobster Fishing Areas 27 —
38: Integrated Fisheries Management Plan. Government of Canada. https://www.dfo-
mpo.gc.ca/fisheries-peches/ifmp-gmp/maritimes/2022/inshore-lobster-homard-cotiere-

eng.html

Fisheries and Oceans Canada- Maritimes Region. (2023b, May 19). Offshore lobster and Jonah
crab - Maritimes Region. Government of Canada. https://www.dfo-mpo.gc.ca/fisheries-
peches/ifmp-gmp/lobster-crab-homard/2019/index-eng.html

Fisheries and Oceans Canada- Newfoundland and Labrador Region. (2021, September 9).
American lobster - Lobster fishing area 3-14C. Government of Canada. https://www.dfo-
mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-homard/area-zone-3-14c-eng.html

Fisheries and Oceans Canada- Newfoundland and Labrador Region. (2024, November 12).
Notices to fishers. Government of Canada. https://www.nfl.dfo-
mpo.gc.ca/en/Fisheries%20Notices%202024

Fisheries and Oceans Canada- Quebec Region. (2024, October 23). Notices to Fish Harvesters.
Government of Canada. https://www.gc.dfo-mpo.gc.ca/en/notices-fish-harvesters

52


https://www.dfo-mpo.gc.ca/fisheries-peches/decisions/fm-2024-gp/atl-06-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/decisions/fm-2024-gp/atl-06-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/decisions/fm-2024-gp/atl-13-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/decisions/fm-2024-gp/atl-13-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/2024/right-whale-baleine-noires-0326-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/2024/right-whale-baleine-noires-0326-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/management-gestion/ghostgear-equipementfantome/reporting-declaration-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/management-gestion/ghostgear-equipementfantome/reporting-declaration-eng.html
https://www.glf.dfo-mpo.gc.ca/glf/en/integrated-fisheries-management-plan-lobster
https://www.glf.dfo-mpo.gc.ca/glf/en/integrated-fisheries-management-plan-lobster
https://www.glf.dfo-mpo.gc.ca/glf/en/integrated-fisheries-management-plan-snow-crab-southern-gulf-saint-lawrence#ap
https://www.glf.dfo-mpo.gc.ca/glf/en/integrated-fisheries-management-plan-snow-crab-southern-gulf-saint-lawrence#ap
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/maritimes/2022/inshore-lobster-homard-cotiere-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/maritimes/2022/inshore-lobster-homard-cotiere-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/maritimes/2022/inshore-lobster-homard-cotiere-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-crab-homard/2019/index-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-crab-homard/2019/index-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-homard/area-zone-3-14c-eng.html
https://www.dfo-mpo.gc.ca/fisheries-peches/ifmp-gmp/lobster-homard/area-zone-3-14c-eng.html
https://www.nfl.dfo-mpo.gc.ca/en/Fisheries%20Notices%202024
https://www.nfl.dfo-mpo.gc.ca/en/Fisheries%20Notices%202024
https://www.qc.dfo-mpo.gc.ca/en/notices-fish-harvesters

Frasier, T. R., Hamilton, P., & Pace, R. (2023). How compromised is reproductive performance
in the endangered North Atlantic right whale? A proposed method for quantification and
monitoring. bioRxiv. https://doi.org/10.1101/2023.11.21.568115

Frith, R. (2021, June 9). Ropeless Fishing: When Will Entanglement Be a Thing of the Past?
Canadian Wildlife Federation. https://blog.cwi-fcf.org/index.php/en/ropeless-fishing-
when-will-entanglement-be-a-thing-of-the-past/

Ganley, L., Brault, S., & Mayo, C. (2019). What we see is not what there is: estimating North
Atlantic right whale Eubalaena glacialis local abundance. Endangered Species Research,
38, 101-113. https://doi.org/10.3354/esr00938

Gavrilchuk, K., Lesage, V., Fortune, S., Trites, A., & Plourde, S. (2021). Foraging habitat of
North Atlantic right whales has declined in the Gulf of St. Lawrence, Canada, and may be

insufficient for successful reproduction. Endangered Species Research, 44, 113—136.
https://doi.org/10.3354/esr01097

Government of Canada. (2023, December 12). North Atlantic Right Whale. https://species-
registry.canada.ca/index-en.html#/species/780-298

Grieve, B. D., Hare, J. A., & Saba, V. S. (2017). Projecting the effects of climate change on
Calanus finmarchicus distribution within the U.S. Northeast Continental Shelf. Scientific
Reports, 7(1), 6264—12. https://doi.org/10.1038/s41598-017-06524-1

Hamilton, P. (2018, July 24). A Rare Right Whale Sighting in Iceland. New England Aquarium.
https://www.neaq.org/a-rare-right-whale-sighting-in-iceland/

Guirado, E., Tabik, S., Rivas, M. L., Alcaraz-Segura, D., & Herrera, F. (2019). Whale counting in
satellite and aerial images with deep learning. Scientific Reports, 9(1), 14259-12.
https://doi.org/10.1038/s41598-019-50795-9

Hamilton, P., & Kraus, S. (2019). Frequent encounters with the seafloor increase right whales’
risk of entanglement in fishing groundlines. Endangered Species Research, 39, 235-246.
https://doi.org/10.3354/esr00963

Hays, G. C., Ferreira, L. C., Sequeira, A. M. M., Meekan, M. G., Duarte, C. M., Bailey, H.,
Bailleul, F., Bowen, W. D., Caley, M. J., Costa, D. P., Eguiluz, V. M., Fossette, S.,
Friedlaender, A. S., Gales, N., Gleiss, A. C., Gunn, J., Harcourt, R., Hazen, E. L.,
Heithaus, M. R., ... Thums, M. (2016). Key Questions in Marine Megafauna Movement
Ecology. Trends in Ecology & Evolution, 31(6), 463—475.
https://doi.org/10.1016/j.tree.2016.02.015

Hodul, M., Knudby, A., McKenna, B., James, A., Mayo, C., Brown, M., Durette-Morin, D., &
Bird, S. (2023). Individual North Atlantic right whales identified from space. Marine
Mammal Science, 39(1), 220-231. https://doi.org/10.1111/mms.12971

53


https://doi.org/10.1101/2023.11.21.568115
https://blog.cwf-fcf.org/index.php/en/ropeless-fishing-when-will-entanglement-be-a-thing-of-the-past/
https://blog.cwf-fcf.org/index.php/en/ropeless-fishing-when-will-entanglement-be-a-thing-of-the-past/
https://doi.org/10.3354/esr00938
https://doi.org/10.3354/esr01097
https://species-registry.canada.ca/index-en.html#/species/780-298
https://species-registry.canada.ca/index-en.html#/species/780-298
https://doi.org/10.1038/s41598-017-06524-1
https://www.neaq.org/a-rare-right-whale-sighting-in-iceland/
https://doi.org/10.1038/s41598-019-50795-9
https://doi.org/10.3354/esr00963
https://doi.org/10.1016/j.tree.2016.02.015
https://doi.org/10.1111/mms.12971

Hoschle, C., Cubaynes, H. C., Clarke, P. J., Humphries, G., & Borowicz, A. (2021). The
Potential of Satellite Imagery for Surveying Whales. Sensors (Basel, Switzerland), 21(3),
963-. https://doi.org/10.3390/s21030963

Howse, V. (2024). Stock Status Update for American Lobster (Homarus americanus) in Lobster
Fishing Area 41 (4X + 5ZE) for 2023. Can. Tech. Rep. Fish. Aquat. Sci. 3622: iv + 8 p.

Justice Laws Website. (1985, December 19). Atlantic Fishery Regulations, 1985. Government of
Canada. https://laws-lois.justice.gc.ca/eng/regulations/sor-86-
21/FullText.html?wbdisable=true

Kadwa, F. (2020). Assessing Relative Lethal Entanglement Threat to North Atlantic Right Whales
(Eubalaena glacialis) in the Maritimes Lobster Fishery [Thesis, University of Toronto
Scarborough]. https://www.researchgate.net/figure/Map-of-important-Canadian-right-
whale-habitats-with-areas-of-interest-discussed-in-this_figl 344456572

Keller, C.A., Garrison, L., Baumstark, R., Ward-Geiger, L.I., & Hines, E. (2012). Application of
a habitat model to define calving habitat of the North Atlantic right whale in the

southeastern United States. Endangered Species Research, 18, 73-87.
http://dx.doi.org/10.3354/esr00413

Kelley, D. E., Vlasic, J. P., & Brillant, S. W. (2021). Assessing the lethality of ship strikes on
whales using simple biophysical models. Marine Mammal Science, 37(1), 251-267.
https://doi.org/10.1111/mms.12745

Knowlton, A., Hamilton, P., Marx, M., Pettis, H., & Kraus, S. (2012). Monitoring North Atlantic
right whale Eubalaena glacialis entanglement rates: a 30 yr retrospective. Marine
Ecology. Progress Series, 466, 293-302. https://doi.org/10.3354/meps09923

Knowlton, A. R., & Kraus, S. D. (2020). Mortality and serious injury of northern right whales
(Eubalaena glacialis) in the western North Atlantic Ocean. The Journal of Cetacean
Research and Management, 193-208. https://doi.org/10.47536/jcrm.vi.288

Koubrak, O., VanderZwaag, D. L., & Worm, B. (2021). Saving the North Atlantic right whale in
a changing ocean: Gauging scientific and law and policy responses. Ocean & Coastal
Management, 200, 105109-. https://doi.org/10.1016/j.ocecoaman.2020.105109

Kreuser, A. & Meyer-Gutbrod, E. (2023, October 24-25). Applying an individual movement
model to quantify dynamic habitat use of North Atlantic right whales [Poster
Presentation]. North Atlantic Right Whale Consortium, Halifax, NS, Canada.

Landry, J.-F., Surette, T., Allain, R., and Moriyasu, M. (2024). Review of the 2023 snow crab

(Chionoecetes opilio) fishery in the southern Gulf of Saint Lawrence (CFAs 12, 12E, I12F
and 19). Can. Data Rep. Fish. Aquat. Sci. 1390: vi + 16 p.

54


https://doi.org/10.3390/s21030963
https://laws-lois.justice.gc.ca/eng/regulations/sor-86-21/FullText.html?wbdisable=true
https://laws-lois.justice.gc.ca/eng/regulations/sor-86-21/FullText.html?wbdisable=true
https://www.researchgate.net/figure/Map-of-important-Canadian-right-whale-habitats-with-areas-of-interest-discussed-in-this_fig1_344456572
https://www.researchgate.net/figure/Map-of-important-Canadian-right-whale-habitats-with-areas-of-interest-discussed-in-this_fig1_344456572
http://dx.doi.org/10.3354/esr00413
https://doi.org/10.1111/mms.12745
https://doi.org/10.3354/meps09923
https://doi.org/10.47536/jcrm.vi.288
https://doi.org/10.1016/j.ocecoaman.2020.105109

Langlois, A. (2017). Hinterland Who's Who: North Atlantic Right Whale. Canadian Wildlife
Federation. https://www.hww.ca/en/wildlife/mammals/North-Atlantic-Right-Whale.html

MacKinnon, B.J. (2024, July 30). Entangled North Atlantic right whale spotted in Gulf of St.
Lawrence. CBC. https://www.cbc.ca/news/canada/new-brunswick/entangled-north-
atlantic-right-whale-gulf-st-lawrence-dropcloth-1.7279856

MacRae, A. (2024, May 24). Endangered North Atlantic right whale spotted in Saint John
Harbour. CTV News Atlantic. https://atlantic.ctvnews.ca/endangered-north-atlantic-right-
whale-spotted-in-saint-john-harbour-1.6900363

Marsh, H., & Sinclair, D. F. (1989). Correcting for Visibility Bias in Strip Transect Aerial
Surveys of Aquatic Fauna. The Journal of Wildlife Management, 53(4), 1017-1024.
https://doi.org/10.2307/3809604

Mayo, C. A., Ganley, L., Hudak, C. A., Brault, S., Marx, M. K., Burke, E., & Brown, M. W.
(2018). Distribution, demography, and behavior of North Atlantic right whales
(Eubalaena glacialis) in Cape Cod Bay, Massachusetts, 1998-2013. Marine Mammal
Science, 34(4), 979-996. https://doi.org/10.1111/mms.12511

McPherson, K. (2023, October 10). Tagging Right Whales: Know Your Tag Types. New England
Aquarium. https://www.neaq.org/tagging-right-whales-know-your-tag-types/

Melle, W., Runge, J., Head, E., Plourde, S., Castellani, C., Licandro, P., Pierson, J., Jonasdottir,
S., Johnson, C., Broms, C., Debes, H., Falkenhaug, T., Gaard, E., Gislason, A., Heath, M.,
Niehoff, B., Nielsen, T. G., Pepin, P., Stenevik, E. K., & Chust, G. (2014). The North
Atlantic Ocean as habitat for Calanus finmarchicus: Environmental factors and life
history traits. Progress in Oceanography, 129, 244-284.
https://doi.org/10.1016/j.pocean.2014.04.026

Meyer-Gutbrod, E. L., Davies, K. T. A., Johnson, C. L., Plourde, S., Sorochan, K. A., Kenney, R.
D., Ramp, C., Gosselin, J., Lawson, J. W., & Greene, C. H. (2023). Redefining North
Atlantic right whale habitat-use patterns under climate change. Limnology and
Oceanography, 68(S1), S71-S86. https://doi.org/10.1002/In0.12242

Meyer-Gutbrod, E.L., Greene, C.H., Davies, K.T.A., & Johns, D.G. (2021). Ocean Regime Shift
is Driving Collapse of the North Atlantic Right Whale Population. Oceanography, 34(3),
22-31. https://doi.org/10.5670/oceanog.2021.308

Monsarrat, S., Pennino, M. G., Smith, T. D., Reeves, R. R., Meynard, C. N., Kaplan, D. M., &
Rodrigues, A. S. L. (2015). Historical summer distribution of the endangered North
Atlantic right whale (Eubalaena glacialis): a hypothesis based on environmental
preferences of a congeneric species. Diversity & Distributions, 21(8), 925-937.
https://doi.org/10.1111/ddi.12314

55


https://www.hww.ca/en/wildlife/mammals/North-Atlantic-Right-Whale.html
https://www.cbc.ca/news/canada/new-brunswick/entangled-north-atlantic-right-whale-gulf-st-lawrence-dropcloth-1.7279856
https://www.cbc.ca/news/canada/new-brunswick/entangled-north-atlantic-right-whale-gulf-st-lawrence-dropcloth-1.7279856
https://atlantic.ctvnews.ca/endangered-north-atlantic-right-whale-spotted-in-saint-john-harbour-1.6900363
https://atlantic.ctvnews.ca/endangered-north-atlantic-right-whale-spotted-in-saint-john-harbour-1.6900363
https://doi.org/10.2307/3809604
https://doi.org/10.1111/mms.12511
https://www.neaq.org/tagging-right-whales-know-your-tag-types/
https://doi.org/10.1016/j.pocean.2014.04.026
https://doi.org/10.1002/lno.12242
https://doi.org/10.5670/oceanog.2021.308
https://doi.org/10.1111/ddi.12314

Monsarrat, S., Pennino, M. G., Smith, T. D., Reeves, R. R., Meynard, C. N., Kaplan, D. M., &
Rodrigues, A. S. L. (2016). A spatially explicit estimate of the prewhaling abundance of
the endangered North Atlantic right whale. Conservation Biology, 30(4), 783—791.
https://doi.org/10.1111/cobi.12664

Morin, S. (2020, April 22). Researchers worry pandemic creating gaps in North Atlantic right
whale tracking. CBC. https://www.cbc.ca/news/canada/new-brunswick/right-whales-
tracking-covid19-pandemic-research-1.5541318

Murphy, B. (2024, June 4). Maritime Noon with Bob Murphy [Audio podcast]. CBC.
https://www.cbc.ca/listen/live-radio/1-38-maritime-noon/clip/16072532-an-endangered-
right-whale-spotted-far-peggys-cove.

Myers, H. J., Moore, M. J., Baumgartner, M. F., Brillant, S. W., Katona, S. K., Knowlton, A. R.,
Morissette, L., Pettis, H. M., Shester, G., & Werner, T. B. (2019). Ropeless fishing to
prevent large whale entanglements: Ropeless Consortium report. Marine Policy, 107,
103587-. https://doi.org/10.1016/j.marpol.2019.103587

New England Aquarium. (2023, October 23). Scientists release annual population estimate for
critically endangered North Atlantic right whale amid ongoing threats.
https://www.neaq.org/about-us/press-room/press-releases/2022-population-estimate-
north-atlantic-right-whale/

New England Aquarium. (2024, October 2). Highlights from This Year s North Atlantic Right
Whale Summer Fieldwork. https://www.neaq.org/highlights-from-this-years-north-
atlantic-right-whale-summer-fieldwork/

NOAA Fisheries. (2021, December 2). Forty Percent of North Atlantic Right Whale Population
Using Gulf of Saint Lawrence as Seasonal Habitat.
https://www.fisheries.noaa.gov/feature-story/forty-percent-north-atlantic-right-whale-
population-using-gulf-saint-lawrence-seasonal

NOAA Fisheries. (2023, July 31). Short-Term Tagging Of Rare Whale Takes A Step Forward.
https://www.fisheries.noaa.gov/feature-story/short-term-tagging-rare-whale-takes-step-
forward

NOAA Fisheries. (2024a, June 7). North Atlantic Right Whale.
https://www.fisheries.noaa.gov/species/north-atlantic-richt-whale

NOAA Fisheries. (2024b, August 5). 2017-2024 North Atlantic Right Whale Unusual Mortality
Event. https://www.fisheries.noaa.gov/national/marine-life-distress/2017-2024-north-
atlantic-right-whale-unusual-mortality-event

Nguyen, L. (2024, July 10). Whale Rescue Teams Mobilize to Save Endangered Right Whale in
St. Lawrence Estuary. Ashored. https://ashored.ca/blogs/times-tails/whale-rescue-teams-
mobilize-to-save-endangered-right-whale-in-st-lawrence-estuary

56


https://doi.org/10.1111/cobi.12664
https://www.cbc.ca/news/canada/new-brunswick/right-whales-tracking-covid19-pandemic-research-1.5541318
https://www.cbc.ca/news/canada/new-brunswick/right-whales-tracking-covid19-pandemic-research-1.5541318
https://www.cbc.ca/listen/live-radio/1-38-maritime-noon/clip/16072532-an-endangered-right-whale-spotted-far-peggys-cove
https://www.cbc.ca/listen/live-radio/1-38-maritime-noon/clip/16072532-an-endangered-right-whale-spotted-far-peggys-cove
https://doi.org/10.1016/j.marpol.2019.103587
https://www.neaq.org/about-us/press-room/press-releases/2022-population-estimate-north-atlantic-right-whale/
https://www.neaq.org/about-us/press-room/press-releases/2022-population-estimate-north-atlantic-right-whale/
https://www.neaq.org/highlights-from-this-years-north-atlantic-right-whale-summer-fieldwork/
https://www.neaq.org/highlights-from-this-years-north-atlantic-right-whale-summer-fieldwork/
https://www.fisheries.noaa.gov/feature-story/forty-percent-north-atlantic-right-whale-population-using-gulf-saint-lawrence-seasonal
https://www.fisheries.noaa.gov/feature-story/forty-percent-north-atlantic-right-whale-population-using-gulf-saint-lawrence-seasonal
https://www.fisheries.noaa.gov/feature-story/short-term-tagging-rare-whale-takes-step-forward
https://www.fisheries.noaa.gov/feature-story/short-term-tagging-rare-whale-takes-step-forward
https://www.fisheries.noaa.gov/species/north-atlantic-right-whale
https://www.fisheries.noaa.gov/national/marine-life-distress/2017-2024-north-atlantic-right-whale-unusual-mortality-event
https://www.fisheries.noaa.gov/national/marine-life-distress/2017-2024-north-atlantic-right-whale-unusual-mortality-event
https://ashored.ca/blogs/times-tails/whale-rescue-teams-mobilize-to-save-endangered-right-whale-in-st-lawrence-estuary
https://ashored.ca/blogs/times-tails/whale-rescue-teams-mobilize-to-save-endangered-right-whale-in-st-lawrence-estuary

Ogrysko, N. (2024, October 22). 2023 was a better year for right whales, but 2024 offers a
'sobering' outlook. NHPR. https://www.nhpr.org/2024-10-22/2023-was-a-better-year-for-
right-whales-but-2024-offers-a-sobering-outlook

https://gisp.dfo-mpo.gc.ca/apps/Whalelnsight/eng/?locale=en

Oleson, E.M., Baker, J., Barlow, J., Moore, J.E., & Wade, P. (2020). North Atlantic Right Whale
Monitoring and Surveillance: Report and Recommendations of the National Marine
Fisheries Service’s Expert Working Group. NOAA Tech. Memo. NMFS-F/OPR-64, 47 p.

O’Mabhony, E. N, Sremba, A. L., Keen, E. M., Robinson, N., Dundas, A., Steel, D., Wray, J.,
Baker, C. S., & Gaggiotti, O. E. (2024). Collecting baleen whale blow samples by drone:

A minimally intrusive tool for conservation genetics. Molecular Ecology Resources,
24(8), e13957-n/a. https://doi.org/10.1111/1755-0998.13957

Pace, R. M., Williams, R., Kraus, S. D., Knowlton, A. R., & Pettis, H. M. (2021). Cryptic
mortality of North Atlantic right whales. Conservation Science and Practice, 3(2).
https://doi.org/10.1111/csp2.346

Parks, S.E., Searby, A., Célérier, A., Johnson, M.P., Nowacek, D.P., & Tyack, P.L. (2011). Sound
production behavior of individual North Atlantic right whales: implications for passive
acoustic monitoring. Endangered Species Research, 15, 63-76.
https://doi.org/10.3354/esr00368

Peck, G., Araya-Schmidt, T., & Winger, P. D. (2024). Hauling Snow Crab Traps in Eastern
Canada: A Study Documenting Tension in Ropes. Fishes, 9(5), 154.
https://doi.org/10.3390/fishes9050154

Pershing, A. J., Alexander, M. A., Hernandez, C. M., Kerr, L. A., Le Bris, A., Mills, K. E., Nye,
J. A., Record, N. R., Scannell, H. A., Scott, J. D., Sherwood, G. D., & Thomas, A. C.
(2015). Slow adaptation in the face of rapid warming leads to collapse of the Gulf of
Maine cod fishery. Science, 350(6262), 809-812. https://doi.org/10.1126/science.aac9819

Pettis, H. M., Pace, R. M. III, & Hamilton, P. K. (2023). North Atlantic Right Whale Consortium
2022 Annual Report Card. Report to the North Atlantic Right Whale Consortium.
https://doi.org/10.1575/1912/66099

Pettis, H., Rolland, R., Hamilton, P., Knowlton, A., Burgess, E., & Kraus, S. (2017). Body
condition changes arising from natural factors and fishing gear entanglements in North

Atlantic right whales Eubalaena glacialis. Endangered Species Research, 32, 237-249.
https://doi.org/10.3354/esr00800

Rankin, A. (2024, November 14). Canada's largest lobster fishery set to begin amid threat of
Trump tariffs. Saltwire. https://www.saltwire.com/atlantic-canada/communities/canadas-
largest-lobster-fishery-set-to-begin-amid-threat-of-trump-tariffs-101007148/

57


https://www.nhpr.org/2024-10-22/2023-was-a-better-year-for-right-whales-but-2024-offers-a-sobering-outlook
https://www.nhpr.org/2024-10-22/2023-was-a-better-year-for-right-whales-but-2024-offers-a-sobering-outlook
https://gisp.dfo-mpo.gc.ca/apps/WhaleInsight/eng/?locale=en
https://doi.org/10.1111/1755-0998.13957
https://doi.org/10.1111/csp2.346
https://doi.org/10.3354/esr00368
https://doi.org/10.3390/fishes9050154
https://doi.org/10.1126/science.aac9819
https://doi.org/10.1575/1912/66099
https://doi.org/10.3354/esr00800
https://www.saltwire.com/atlantic-canada/communities/canadas-largest-lobster-fishery-set-to-begin-amid-threat-of-trump-tariffs-101007148/
https://www.saltwire.com/atlantic-canada/communities/canadas-largest-lobster-fishery-set-to-begin-amid-threat-of-trump-tariffs-101007148/

Ratelle, S.M., Hammill, M.O., Cole, T.V.N., Hardy, M.A., Crowe, L.M., & Elliott, M.S. (2024).
Survey and Data Considerations to Adopt a Multi-Whale Trigger Density for Protecting
the North Atlantic Right Whale in Canadian Waters. DFO Can. Sci. Advis. Sec. Res. Doc.
2024/023. iv + 32 p.

R Core Team. (2023). R: A Language and Environment for Statistical Computing . R
Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org/

Right Whale Consortium. (2021). North Atlantic Right Whale Consortium Sightings Database.

Robbins, J., Knowlton, A. R., & Landry, S. (2015). Apparent survival of North Atlantic right
whales after entanglement in fishing gear. Biological Conservation, 191, 421-427.
https://doi.org/10.1016/].biocon.2015.07.023

Rodrigues, A. S. L., Charpentier, A., Bernal-Casasola, D., Gardeisen, A., Nores, C., Pis Milléan, J.
A., McGrath, K., & Speller, C. F. (2018). Forgotten Mediterranean calving grounds of
grey and North Atlantic right whales: evidence from Roman archaeological records.
Proceedings of the Royal Society. B, Biological Sciences, 285(1882), 20180961—
20180961. https://doi.org/10.1098/rspb.2018.0961

Ross, C. H., Pendleton, D. E., Tupper, B., Brickman, D., Zani, M. A., Mayo, C. A., & Record, N.
R. (2021). Projecting regions of North Atlantic right whale, Eubalaena glacialis, habitat
suitability in the Gulf of Maine for the year 2050. Elementa, 9(1).
https://doi.org/10.1525/elementa.2020.20.00058

Russell, N. (2024, April 19). PE.IL's snow crab season wrapping up as right whale protection
begins. CBC. https://www.cbc.ca/news/canada/prince-edward-island/p-e-i-s-snow-crab-
season-wrapping-up-as-right-whale-protection-begins-1.7177803

Silva, M. A., Steiner, L., Cascao, 1., Cruz, M. J., Prieto, R., Cole, T., Hamilton, P. K., &
Baumgartner, M. (2023). Winter sighting of a known western North Atlantic right whale
in the Azores. J. Cetacean Res. Manage., 12(1), 65-69.
https://doi.org/10.47536/jcrm.v1211.592

Simard, Y., Roy, N., Giard, S., & Aulanier, F. (2019). North Atlantic right whale shift to the Gulf
of St. Lawrence in 2015, revealed by long-term passive acoustics. Endangered Species
Research, 40, 271-284. https://doi.org/10.3354/esr01005

Sorochan, K. A., Plourde, S., Baumgartner, M. F., & Johnson, C. L. (2021). Availability, supply,
and aggregation of prey (Calanus spp.) in foraging areas of the North Atlantic right whale
(Eubalaena glacialis). ICES Journal of Marine Science, 78(10), 3498-3520.
https://doi.ore/10.1093/icesims/fsab200

St-Pierre, A.P., Koll-Egyed, T., Harvey, V., Lawson, J.W., Sauvé, C., Ollier, A., Goulet, P.J.,
Hammill, M.O., Gosselin, JF. (2024). Distribution of North Atlantic Right Whales,
Eubalaena glacialis, in Eastern Canada from Line-Transect Surveys from 2017 to 2022.
DFO Can. Sci. Advis. Sec. Res. Doc. 2024/059. iv + 68 p.

58


https://www.r-project.org/
https://doi.org/10.1016/j.biocon.2015.07.023
https://doi.org/10.1098/rspb.2018.0961
https://doi.org/10.1525/elementa.2020.20.00058
https://www.cbc.ca/news/canada/prince-edward-island/p-e-i-s-snow-crab-season-wrapping-up-as-right-whale-protection-begins-1.7177803
https://www.cbc.ca/news/canada/prince-edward-island/p-e-i-s-snow-crab-season-wrapping-up-as-right-whale-protection-begins-1.7177803
https://doi.org/10.47536/jcrm.v12i1.592
https://doi.org/10.3354/esr01005
https://doi.org/10.1093/icesjms/fsab200

Terhune, J. (2018, November 27). An evaluation of at-sea field trials of a ropeless lobster fishing
method in LFA 34. Coldwater Lobster Association. https://www.coldwaterlobster.ca/wp-
content/uploads/2020/03/An-Evaluation-of-At-Sea-Field-Trials-for-Ropeless-Fishing-

Gear.pdf

Thomas, L., Buckland, S. T., Rexstad, E. A., Laake, J. L., Strindberg, S., Hedley, S. L., Bishop, J.
R. B., Marques, T. A., & Burnham, K. P. (2010). Distance software: design and analysis
of distance sampling surveys for estimating population size. The Journal of Applied
Ecology, 47(1), 5—14. https://doi.org/10.1111/].1365-2664.2009.01737.x

UNB. (2019). Studying right whale movement.
https://www.unb.ca/annualreport/2019/globalreach/whales.html

UNB Newsroom. (2024, June 27). Whale detection program expanded in Canadian waters to
protect North Atlantic right whales and help mariners. University of New Brunswick.
https://blogs.unb.ca/newsroom/2024/06/na-right-
whales.php#:~:text=This%20summer%2C%20the%20glider%2Dbased,encompassing%2
Othree%20Dynamic%20Shipping%20Zones.

Winn, H. E., Goodyear, J. D., Kenney, R. D., & Petricig, R. O. (1995). Dive patterns of tagged
right whales in the Great South Channel. Continental Shelf Research, 15(4), 593—611.
https://doi.org/10.1016/0278-4343(94)00061-Q

Withers, P. (2022, October 6). Canada disputes U.S. environmentalist claims on right whale
protections. CBC. https://www.cbc.ca/news/canada/nova-scotia/canada-us-right-whale-
environmental-claim-1.6607542

Withers, P. (2023, July 18). Endangered right whale movements 'totally different' in Gulf of St.
Lawrence in 2023. CBC. https://www.cbc.ca/news/canada/nova-scotia/right-whale-
movements-gulf-of-st-lawrence-1.6907411

Wood, L. (2021, February 19). What is the Right Way to Monitor Right Whales? Canadian

Wildlife Federation. https://blog.cwf-fcf.ore/index.php/en/what-is-the-right-way-to-monitor-
right-whales/

WWEF Canada. (2022, February 17). Why we must protect North Atlantic right whales’ ‘migration
superhighways’. WWEF. https://wwf.ca/stories/north-atlantic-right-whales-migration-blue-
corridor/

59


https://www.coldwaterlobster.ca/wp-content/uploads/2020/03/An-Evaluation-of-At-Sea-Field-Trials-for-Ropeless-Fishing-Gear.pdf
https://www.coldwaterlobster.ca/wp-content/uploads/2020/03/An-Evaluation-of-At-Sea-Field-Trials-for-Ropeless-Fishing-Gear.pdf
https://www.coldwaterlobster.ca/wp-content/uploads/2020/03/An-Evaluation-of-At-Sea-Field-Trials-for-Ropeless-Fishing-Gear.pdf
https://doi.org/10.1111/j.1365-2664.2009.01737.x
https://www.unb.ca/annualreport/2019/globalreach/whales.html
https://blogs.unb.ca/newsroom/2024/06/na-right-whales.php#:~:text=This%20summer%2C%20the%20glider%2Dbased,encompassing%20three%20Dynamic%20Shipping%20Zones
https://blogs.unb.ca/newsroom/2024/06/na-right-whales.php#:~:text=This%20summer%2C%20the%20glider%2Dbased,encompassing%20three%20Dynamic%20Shipping%20Zones
https://blogs.unb.ca/newsroom/2024/06/na-right-whales.php#:~:text=This%20summer%2C%20the%20glider%2Dbased,encompassing%20three%20Dynamic%20Shipping%20Zones
https://doi.org/10.1016/0278-4343(94)00061-Q
https://www.cbc.ca/news/canada/nova-scotia/canada-us-right-whale-environmental-claim-1.6607542
https://www.cbc.ca/news/canada/nova-scotia/canada-us-right-whale-environmental-claim-1.6607542
https://www.cbc.ca/news/canada/nova-scotia/right-whale-movements-gulf-of-st-lawrence-1.6907411
https://www.cbc.ca/news/canada/nova-scotia/right-whale-movements-gulf-of-st-lawrence-1.6907411
https://blog.cwf-fcf.org/index.php/en/what-is-the-right-way-to-monitor-right-whales/
https://blog.cwf-fcf.org/index.php/en/what-is-the-right-way-to-monitor-right-whales/
https://wwf.ca/stories/north-atlantic-right-whales-migration-blue-corridor/
https://wwf.ca/stories/north-atlantic-right-whales-migration-blue-corridor/

