
 

Canadian Science Advisory Secretariat (CSAS) 

Research Document 2025/077 
Maritimes Region 

November 2025  

Threat Assessment for the Critically Endangered North Atlantic Right Whale 
(Eubalaena glacialis) 

Angelia S.M. Vanderlaan1, Shelley L.C. Lang2, Milagros Sanchez1, Megan J. Murphy1,  
Olivia M. Pisano3, and Kate Christie1 

1 Fisheries and Oceans Canada 
Bedford Institute of Oceanography 

1 Challenger Drive 
Dartmouth, NS B2Y 4A2 

2 Fisheries and Oceans Canada 
Northwest Atlantic Fisheries Centre 

80 East White Hills Road 
St. John’s, NL A1C 5X1 

3 Fisheries and Oceans Canada 
National Headquarters 

200 Kent Street 
Ottawa, ON K1A 0E6 



Foreword 
This series documents the scientific basis for the evaluation of aquatic resources and 
ecosystems in Canada. As such, it addresses the issues of the day in the time frames required 
and the documents it contains are not intended as definitive statements on the subjects 
addressed but rather as progress reports on ongoing investigations. 

Published by: 
Fisheries and Oceans Canada  

Canadian Science Advisory Secretariat 
200 Kent Street 

Ottawa ON K1A 0E6 
http://www.dfo-mpo.gc.ca/csas-sccs/  

DFO.CSAS-SCAS.MPO@dfo-mpo.gc.ca 

© His Majesty the King in Right of Canada, as represented by the Minister of the 
Department of Fisheries and Oceans, 2025 

This report is published under the Open Government Licence - Canada 
ISSN 1919-5044 

ISBN 978-0-660-79623-9 Cat. No. Fs70-5/2025-077E-PDF 
Correct citation for this publication: 
Vanderlaan, A.S.M., Lang, S.L.C., Sanchez, M., Murphy, M.J., Pisano, O.M., and Christie, K. 

2025. Threat Assessment for the Critically Endangered North Atlantic Right Whale 
(Eubalaena glacialis). DFO Can. Sci. Advis. Sec. Res. Doc. 2025/077. v + 80 p. 

Aussi disponible en français : 
Vanderlaan, A.S.M., Lang, S.L.C., Sanchez, M., Murphy, M.J., Pisano, O.M. et Christie, K. 

2025. Évaluation des menaces pour la baleine noire de l’Atlantique Nord (Eubalaena 
glacialis), une espèce en danger critique d’extinction. Secr. can. des avis sci. du MPO. 
Doc. de rech. 2025/077. v + 89 p. 

http://www.dfo-mpo.gc.ca/csas-sccs/
mailto:DFO.CSAS-SCAS.MPO@dfo-mpo.gc.ca
https://open.canada.ca/en/open-government-licence-canada#:%7E:text=Open%20Government%20Licence%20-%20Canada%201%20Using%20Information,Governing%20Law%20...%208%20Definitions%20...%20More%20items


iii 

TABLE OF CONTENTS 
ABSTRACT ................................................................................................................................... v 
INTRODUCTION .......................................................................................................................... 1 
THREAT ASSESSMENT METHODOLOGY ................................................................................. 3 

THREAT DEFINITION .............................................................................................................. 3 
GENERATION TIME ................................................................................................................ 4 
GENERAL OVERVIEW: SCALES OF THE ASSESSMENT .................................................... 5 

Level of Impact ...................................................................................................................... 7 
Population Level of Impact .................................................................................................... 8 
Impacts on Individuals ........................................................................................................... 9 
Likelihood of Occurrence .................................................................................................... 10 
Timing of Occurrence .......................................................................................................... 11 
Threat Frequency ................................................................................................................ 11 
Geographic Extent of the Threat ......................................................................................... 11 
Causal Certainty .................................................................................................................. 12 
Threat Risk .......................................................................................................................... 13 

RESULTS ................................................................................................................................... 13 
THREAT CATEGORY 1: INCIDENTAL CATCH AND FISHING-GEAR INTERACTIONS ..... 19 

Threat 1.1.1: Fishing-Gear Entanglement – Fixed Gear ..................................................... 19 
Threat 1.1.2: Fishing-Gear Entanglement – Pot/Trap Fisheries ......................................... 23 
Threat 1.1.3: Fishing-Gear Entanglement – Gillnet Fisheries ............................................. 23 
Threat 1.1.4: Fishing-Gear Entanglement – Longline (or Hook and Line) Fisheries ........... 23 
Threat 1.1.5: Entrapment in Fishing Weirs .......................................................................... 23 
Threat 1.1.6: Fishing-Gear Entanglement – Aquaculture .................................................... 23 
Threat 1.1.7: Abandoned, Lost, or Otherwise Discarded Fishing Gear .............................. 24 

THREAT CATEGORY 2: VESSEL TRAFFIC ......................................................................... 24 
Threat 2.1.1: Vessel Strikes ................................................................................................ 24 
Threat 2.1.2: Vessel-Presence Disturbances and Vessel Noise Pollution .......................... 29 

THREAT CATEGORY 3: POLLUTION .................................................................................. 30 
Subcategory 3.1: Noise Pollution ........................................................................................ 30 
Threat 3.1.1: Seismic Surveys (Airguns) ............................................................................. 30 
Threat 3.1.2: Active Acoustic Technologies Operation ....................................................... 33 
Threat 3.1.3: Mid-Frequency Military Active Sonar Operation ............................................ 33 
Subcategory 3.2: Chemical Contaminants .......................................................................... 35 
Threat 3.2.1: Persistent Organic Pollutants Pollution .......................................................... 35 
Threat 3.2.2: Plastics and Marine Debris Pollution ............................................................. 36 
Threat 3.2.3: Petroleum Spills or “Oil” Spills ....................................................................... 37 
Threat 3.2.4: Heavy Metal Pollution .................................................................................... 38 
Subcategory 3.3: Energy Development and Production ..................................................... 39 
Threat 3.3.1: Coastal and Marine Offshore Development ................................................... 39 



 

iv 

Threat 3.3.2: Drilling Operations ......................................................................................... 40 
Threat 3.3.3: Wind Energy Production ................................................................................ 41 

THREAT CATEGORY 4: OCEAN-PHYSICS ALTERATIONS ............................................... 43 
Threat 4.1.1: Climate Change ............................................................................................. 43 

THREAT CATEGORY 5: SCIENTIFIC ACTIVITIES .............................................................. 45 
Threat 5.1.1: Scientific Activities ......................................................................................... 45 

THREAT CATEGORY 6: DIRECT HARVESTING ................................................................. 47 
Threat 6.1.1: Whaling (Harvest or Hunt) ............................................................................. 47 

THREAT CATEGORY 7: RESOURCE DEPLETION ............................................................. 49 
Threat 7.1.1: Food Supply Reduction Through Directed Fisheries ..................................... 49 

DISCUSSION .............................................................................................................................. 50 
THREAT ASSESSMENT RESULTS ...................................................................................... 50 
CUMULATIVE IMPACTS ....................................................................................................... 51 
THREAT ASSESSMENT GUIDANCE ................................................................................... 52 
OTHER CONSIDERATIONS ................................................................................................. 53 

CONCLUSIONS .......................................................................................................................... 53 
ACKNOWLEDGEMENTS ........................................................................................................... 53 
REFERENCES CITED ................................................................................................................ 53 
  



 

v 

ABSTRACT 
The North Atlantic right whale (NARW, Eubalaena glacialis) is a critically endangered species 
with a population of less than 400 individuals. Between 2010 and 2020 the population 
experienced an estimated decline of 126 individuals. This decline has been exacerbated by low 
reproductive rates, declining health, and high rates of anthropogenic related, sublethal injuries. 
The NARW faces a plethora of threats and this assessment evaluated some of the Historical, 
Current, and Anticipatory threats that occur not only in Canadian waters, but throughout NARW 
core habitat areas. Threats assessed included fishing-gear entanglements, vessel strikes, 
vessel presence disturbance, and various sources of noise pollution, including marine traffic, 
seismic surveys, active acoustic technologies operation, and mid-frequency military active sonar 
operation, as well as other threats such as persistent organic pollutants pollution, plastics and 
marine debris pollution, petroleum spills, coastal and marine offshore development, drilling 
operations, wind energy production, climate change, scientific activities, whaling, and food 
supply reduction through direct harvesting of prey. The Likelihood of Occurrence was assessed 
as Known (>90% chance of occurring over the next 100 years) for all but two anticipatory 
threats (whaling, and food supply reduction through direct harvesting of prey). Due to the 
uncertainty in the estimation of the Population Level of Impact, the majority of threats had a 
Threat Risk (the product of Population Level of Impact and Likelihood of Occurrence) assessed 
as Unknown, although it should not be assumed that such threats do not have population level 
impacts. Fishing-gear entanglements had an Extreme ranking for the Population Level of 
Impact, while vessel strikes, petroleum spills, and climate change were ranked as High. To 
provide further insights in the impact of these threats, especially for a species that has an 
estimated Potential Biological Removal of less than one, the Individual Level of Impact was also 
defined and evaluated. The Individual Level of Impact incorporated information not only on 
mortalities, but also on sublethal effects (including injuries, disturbances, effects on 
reproduction, and increased stress) and provided further insights on Threat Risk. Many of the 
threats intersect with one another, however, the cumulative effects of the threats were not 
assessed. It is essential for the survival and recovery of the NARW not to focus solely on 
mortalities and population level impacts. Investigating individual impacts on health and 
reproductive rates will provide further information which can be used to inform conservation 
initiatives aimed at reducing threats to the survival and recovery of the NARW.
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INTRODUCTION 
The North Atlantic right whale (NARW, Eubalaena glacialis, Rosenbaum et al. 2000) is listed as 
critically endangered by the International Union for Conservation of Nature (IUCN, Cooke 2020) 
and is designated as endangered under the Species at Risk Act in Canada and the Endangered 
Species Act in the United States of America (USA). NARWs are considered one of the most 
endangered of all large whale species (Caswell et al. 1999, Kraus et al. 2005). Historically, the 
NARW was the subject of intense commercial whaling (Aguilar 1986) and, although 
internationally protected since 1935 (IWC 2001), the maximum population estimate only 
reached 482 individuals in 2010 (Pace et al. 2017). Between 2010 and 2020 the NARW 
population declined to 356 individuals (Pace et al. 2017, Pettis and Hamilton 2024). Reed et al. 
(2022) estimated that there were only 72 breeding female NARWs alive at the beginning of 
2018 and the 2023 population abundance of NARWs was estimated at 372 individuals (credible 
interval: 360–383 individuals, Linden 2024). 
The population decline is exacerbated by the low reproductive rates of NARWs. Females born 
from 2000 onwards are half as likely to transition to reproductively active females than the 
females born prior to 2000 (Reed et al. 2022). Between 1992 and 2016, the modelled calf 
counts for NARWs increased at a rate of approximately 2.0% per year (Corkeron et al. 2018). In 
comparison, southern right whale (Eubalaena australis) populations in South Africa, Southwest 
Australia and eastern South America that have close phylogenetic relationships, morphological, 
demographic, and ecological similarities to NARWs (Harcourt et al. 2019), exhibited higher 
growth rates, with increases of approximately 5.3%, 6.6%, and 7.2% per year, respectively 
(Corkeron et al. 2018). There is also considerable interannual variability in NARW calving 
intervals. Between 1980 and 1998, the lowest observed calving interval was 3 years with a 
range from 3 to 5.8 years (Knowlton et al. 1994, Kraus et al. 2001). In contrast, for the period of 
2009 to 2021, the calving interval ranged between 3.3 to 10.2 years (Pettis et al. 2022), 
representing nearly a doubling of the maximum calving interval in approximately 20 years. Of 
the 260 sexually mature females identified between 1980 and 2021, 49 with ages ranging from 
10 to 34 years (where known), had never been observed with a calf (Bishop et al. 2022). 
A substantial contributor to the NARW population decline since 2010, is human-induced 
mortalities. In 2017, an unusual mortality event was declared after increased mortalities were 
observed in Canada and the USA (Daoust et al. 2018, Bourque et al. 2020, NOAA 2025). This 
event was still open as of the end of 2024. From 2017 through 2024, there have been 41 NARW 
observed mortalities and 39 cases of serious injuries where there is a high likelihood that the 
injuries will result in the death of the whale (NOAA 2025). Additionally, there have been 71 
morbidity cases that include sublethal injuries or illnesses. Preliminary causes of 82% of these 
cases were attributed to human interaction, with 99 entanglements and 25 vessel strikes 
identified (NOAA 2025). While reported mortalities and serious injuries indicate a concerning 
trend, the actual number of NARW deaths is estimated to be higher than what is reported based 
on observed carcasses. Pace et al. (2021) estimated that only 36% of all NARW deaths are 
observed, with the majority of mortalities being cryptic. 
Visual health assessment methodologies developed for NARWs allows for the use of non-
invasive techniques to study the health of these whales, examine recoveries from injuries, and 
determine associations between health, reproduction and human-induced impacts (Pettis et al. 
2004, Rolland et al. 2016). Modelling of NARW individual health (Schick et al. 2013, 2016, 
Rolland et al. 2016) demonstrated declining health of the whales in the population over the last 
30 years, with the greatest variability in health occurring in reproductive females (Rolland et al. 
2016, Schick et al. 2016). The majority of life stages of NARWs are generally in poorer body 
condition compared to southern right whales (Christiansen et al. 2020). Stewart et al. (2021) 
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found that the body lengths of NARWs have been decreasing since 1981, and Christiansen 
et al. (2020) found that the body lengths of adult NARWs are shorter than those of southern 
right whales. Poor health, reduced reproduction, and sublethal stressors, all contribute to the 
reduced survival of the NARW. 
The decline in abundance and changes in the health of NARWs coincides with changes in their 
distribution and the distribution of their prey (Davis et al. 2017, Brennan et al. 2019, Davies et al. 
2019, Record et al. 2019, Simard et al. 2019, Sorochan et al. 2019, Meyer-Gutbrod et al. 2021, 
2023). Generally, NARWs are found along the eastern seaboard of North America (Kraus and 
Rolland 2007, Figure 1) with critical habitats in the USA found in the Gulf of Maine and referred 
to as the Northeastern U.S. Foraging Area, and off the southeast coast from Cape Fear, North 
Carolina, to below Cape Canaveral, Florida, an area referred to as the Southeastern U.S. 
Calving Area (Federal Register 2016). Canadian critical habitats include the Grand Manan and 
Roseway basins (DFO 2014a). NARWs may leave traditional feeding areas, such as the 
Roseway Basin and Grand Manan Basin, during periods of reduced prey densities 
(e.g., Kenney 2001, Patrician and Kenney 2010, Davies et al. 2015). Changes in ocean 
conditions brought on by climate change have led to shifts in the distribution of NARW prey 
(e.g., Grieve et al. 2017, Meyer-Gutbrod and Greene 2018, Brennan et al. 2019, Sorochan et al. 
2021, Meyer-Gutbrod et al. 2021). Coincident with the observed shift in prey distribution, there 
have been increased detections, both visual and acoustic, of NARWs in the Gulf of St. 
Lawrence (Simard et al. 2019, Crowe et al. 2021) and in the waters off southern New England 
(Davis et al. 2017, Quintana-Rizzo et al. 2021, O'Brien et al. 2022). Plourde et al. (2019) have 
also identified potential suitable foraging habitats for NARWs along the coast of Cape Breton, 
Nova Scotia in the Cabot Strait. With changes in distribution, NARWs may occupy areas where 
conservation initiatives to protect the species have not been established and, as a result, they 
may face increased exposure to threats. 
The 2014 NARW Recovery Strategy (DFO 2014a) identified whaling, vessel strikes, 
entanglement in fishing gear, disturbance and habitat reduction or degradation as threats to 
NARWs. Given the population decline and shifts in distribution since 2010, the increased 
number of studies that have been undertaken for NARWs since 2007, and the myriad of threats 
currently faced, the 2007 Recovery Potential Assessment for NARWs (DFO 2007) is considered 
outdated. In this context, and following the guidelines provided by Fisheries and Oceans 
Canada (DFO, DFO 2014b), an updated threat assessment is required to update the Recovery 
Potential Assessment. 
The threat assessment presented in this document is more comprehensive than the previous 
assessment (DFO 2007), as it includes additional categories such as noise pollution, chemical 
contaminants, energy development and production, climate change, scientific activities, direct 
harvesting, and resource depletion. This threat assessment was based on the guidance 
developed by DFO (DFO 2014b) and assessed various threats over two intersecting regions: 
the Canadian Assessment Area and the Northwest Atlantic Assessment Area. A quantitative 
approach was taken, where possible, to present up-to-date information and a comprehensive 
review of the threats faced by NARWs. 
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Figure 1. North Atlantic right whale distribution with their primary sightings area (seagreen polygon), 
occasional sightings areas (light green polygons), and critical habitats (maroon polygons). Figure 
modified from Figure 1 in Hamilton et al. (2022). 

THREAT ASSESSMENT METHODOLOGY 

THREAT DEFINITION 
Within the threat assessment guidance produced by DFO, a threat is defined as “any human 
activity or process that has caused, is causing, or may cause harm, death, or behavioural 
changes to a wildlife species at risk, or the destruction, degradation, and/or impairment of its 
habitat, to the extent that population-level effects occur” (DFO 2014b). However, the threats 
identified in the 2014 NARW Recovery Strategy (i.e., vessel strikes, entanglement in fishing 
gear, disturbance and habitat reduction or degradation; Brown et al. 2009, DFO 2014a) are 
describing the consequences of human activities or processes, rather than the specific relevant 
human activities or processes involved. For example, entanglement in fishing gear (the 
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consequence) is the result of the activity of fishing (the threat). In response to this, we reviewed 
threat definitions and subsequently adjusted threat categories to align more closely with these 
definitions. 
Avila et al. (2018) defines a threat to a marine mammal as “an event that induces to the 
individual, disturbance, behavioural and distribution changes, disease, health problems, 
physical restraint, injury or death; or, at the population level, decrease breeding success, gene 
flow or population size”. To adhere to the common terminology that is more broadly recognized 
by the scientific and NARW community, we have modified Avila et al. (2018)’s definition to 
incorporate the human induced component of the DFO’s definition and replace the population 
level consequences with consequences to the individual. 
This later change stems from the fact that the estimated annual potential biological removal 
(PBR) for NARWs has been less than or equal to one individual since 1995 (Blaylock et al. 
1995, Waring et al. 1997, 1999a,b, 2000, 2001, 2002, 2004, 2006, 2007a,b, 2009a,b, 2010, 
2012, 2013, 2014, 2015, 2016, Hayes et al. 2017, 2018, 2019, 2020, 2021, 2022). The resulting 
definition of a threat to NARWs, used throughout this document, is: any human-induced event or 
environmental modification that results in disturbance, behavioural changes, distributional 
changes, harassment, disease, decreased health, physical restraint, injury, or death, to an 
individual. 
Threats into the categories listed in Avila et al. (2018) and included an additional category to 
capture new and emerging threats from renewable energy development and production. Under 
this classification scheme, it is possible for identified threats to be associated with multiple threat 
categories. For example, vessel-noise pollution could be categorized as vessel traffic and/or 
acoustic pollution. Similarly, entanglement in abandoned, lost, or otherwise discarded fishing 
gear could be categorized as incidental catch and fishing-gear interactions or pollution. In all 
cases, we attempted to categorize the threats closest to their source. Climate change was 
included as a threat at the request of the Species at Risk Program. 

GENERATION TIME 
A key component of the threat assessment is the generation time of the species in question. 
Under the DFO guidance, threat evaluation criteria should be examined over 10 years or three 
generations, whichever is shorter (DFO 2014b). In contrast, both the Committee on the Status 
of Endangered Wildlife in Canada (COSEWIC) and the International Union for Conservation of 
Nature recommend examination over 10 years or three generations, whichever is longer (up to 
a maximum of 100 years into the future), when evaluating the status of endangered species and 
conducting threat assessments (IUCN 2016, COSEWIC 2021). 
Taylor et al. (2007) estimated the generation length for NARWs as 23.3 years based on the 
contemporary growth rate (r = 0.05) and 35.7 years for a stable population (r = 0). However, 
Runge et al. (2023) assumed that the generation time for NARWs used in a population viability 
analysis under stable conditions was at least 33.3 years (i.e., three generations were 
approximately 100 years). Given that the generation time of NARWs exceeds 10 years, we 
propose that using a 10-year evaluation period, as per DFO’s guidance, does not represent a 
biologically meaningful timeframe for assessing threats to this species. Furthermore, 10 years 
does not match the time frame associated with PBR assumptions (100 years, Wade 1998). 
Therefore, we evaluated the threats to NARWs using an assumed generation time of 33.3 years 
representing 100 years for 3 generations. This approach is consistent with the population 
viability analysis (Runge et al. 2023), the Northern bottlenose whale (Hyperoodon ampullatus) 
threat assessment (Moors-Murphy et al. 2024), and follows the recommended timeframes for 
evaluation by both COSEWIC and the IUCN. 
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GENERAL OVERVIEW: SCALES OF THE ASSESSMENT 
The DFO guidance on threat assessments (DFO 2014b) outlines a two-step process for 
evaluating threats: at the population level and at the species level. 
NAWRs represent a single population with no designatable units (defined as “species, 
subspecies, variety, or geographically or genetically distinct population that may be assessed by 
COSEWIC, where such units are both discrete and evolutionarily significant”). As such, we 
make no distinction between population and species level. Thus, the Threat Risk, Timing of 
Occurrence, Threat Frequency, and Geographic Extent of the Threat  are only considered at the 
population level. To reduce redundancy, we removed the Population-Level and Species-Level 
descriptors for the Threat Risk, Timing of Occurrence, Threat Frequency, and Geographic 
Extent of the Threat. 
NARWs are a transboundary species with conservation initiatives implemented in both Canada 
and the USA to protect and promote the recovery of this critically endangered species. Threats 
in this assessment are evaluated at two different geographic scales: a Canadian Assessment 
Area and a Northwest Atlantic Assessment Area. 
The Canadian Assessment Area includes the waters of the following bioregions: Gulf of 
St. Lawrence, the Scotian Shelf, and a portion of the Newfoundland-Labrador Shelves (DFO 
2009a, Figure 2). For the purpose of this analysis, only areas of the Newfoundland-Labrador 
Shelves below 52.0 decimal degrees North were considered, since very few NARW 
observations/acoustic detections have been documented along the Labrador Shelf. Although 
known threats do occur along the Labrador Shelf, we considered the level of risk to be limited 
due to the infrequent detection of NARWs in the area. 
The Northwest Atlantic Assessment Area is a southward expansion of the Canadian 
Assessment Area including the Canadian Assessment Area as well as waters along the eastern 
shore of the USA out to the exclusive economic zone (EEZ, Figure 3). It should be noted that 
the Northwest Atlantic Assessment Area does not encompass the full geographic extent of all 
NARW sightings and acoustic detections. Since the 1920s there have been extralimital 
observations or acoustic detections of NARWs outside their contemporary range including to the 
south in Bermuda and the Caribbean; to the north in the Davis Strait and Iceland, as well as in 
the eastern North Atlantic, including but not limited to Norway, Iceland, France, and Greenland 
(Knowlton et al. 1992, Martin and Walker 1997, Jacobsen et al. 2004, Mellinger et al. 2011, 
Silva et al. 2012, Hayes et al. 2023). 
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Figure 2. The Canadian Assessment Area depicted by the Gulf of St. Lawrence Bioregion (green 
polygon), the Scotian Shelf Bioregion (pink polygon), and a modified Newfoundland-Labrador Shelves 
Bioregion (burgundy polygon). Also depicted are the North Atlantic right whale critical habitats 
(yellow-shaded polygons) in Roseway Basin, Grand Manan Basin and the Gulf of Maine. 
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Figure 3. The Northwest Atlantic Assessment Area depicted by the Gulf of St. Lawrence Bioregion (green 
polygon), the Scotian Shelf Bioregion (pink polygon), a modified Newfoundland-Labrador Shelves 
Bioregion (burgundy polygon) and the waters off the east coast of the United States of America (USA) to 
the exclusive economic zone (indigo line). Also depicted are the North Atlantic right whale critical habitats 
(yellow-shaded polygons) in Roseway Basin, Grand Manan Basin, the Northeastern U.S. Foraging Area, 
and the Southeastern USA Calving off the coast of South Carolina, Georgia, and northeastern Florida. 

Level of Impact 
Threats can impact species at both the individual and population level. Impacts on individuals 
may include direct mortality or sublethal effects that alter their health and breeding success 
through serious injuries or morbidity. Population level impacts can lead to changes in 
abundance and/or distribution. 
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Population Level of Impact 
The DFO guidelines (DFO 2014b) define Level of Impact as “the magnitude of the impact 
caused by a given threat, and the level to which it affects the survival or recovery of the 
population”. This provides a quantitative as well as qualitative assessment of impacts on 
population status and trend (Table 1). Each threat is scored on a scale ranging from 5 (Extreme) 
to 1 (Unknown). 

Table 1. Categories of Level of Impact and the associated score linked to a threat provided from the DFO 
guidance on assessing threats (DFO 2014b). Level of Impact refers to the magnitude of the impact 
caused by a given threat over three generations or approximately 100 years, and the level to which it 
affects the survival or recovery of the population. The estimated absolute population loss is based on the 
estimated abundance for 2023 (Linden 2024). 

Level of 
Impact 

Definition Estimated 
Population Loss  

Extreme (5) Severe population decline (e.g., 71-100%) with the 
potential for extirpation 

261–372 individuals 

High (4)  Substantial loss of population (31-70%) or 
Threat would jeopardize the survival or recovery of the 
population 

113–260 individuals 

Medium (3) Moderate loss of population (11-30%) or 
Threat is likely to jeopardize the survival or recovery of 
the population 

37–112 individuals 

Low (2) Little change in population (1-10%) or 
Threat is unlikely to jeopardize the survival or recovery 
of the population 

4–36 individuals 

Unknown (1) No prior knowledge, literature or data to guide the 
assessment of threat severity on population 

unknown 

 
Survival (acceptable likelihood for long-term survival) under the Canadian Species at Risk Act is 
interpreted as a stable or increasing population that is not at significant risk of extirpation or 
extinction (ECCC 2020). Although there is no formal definition of recovery under the Species at 
Risk Act, human interventions and conservation initiatives to support the species would be 
minimized once the species is recovered (ECCC 2020). 
The Population Level of Impact was further defined based on a quantitative assessment of 
population loss calculated from the 2023 NARW abundance estimate. The estimates of the 
absolute population loss explicitly assume that the population abundance will remain stable over 
the next 100 years. In addition, the estimates of absolute population loss may change with 
future adjustments to the population model used to determine abundance. 
For some of the threats that NARWs face, there is a paucity of information regarding the 
impacts to the population. It is important to recognize that threats categorized as Unknown 
could be having effects on the population. 
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The level of impact based on population loss percentages does not incorporate sublethal effects 
of threats. Sublethal effects include serious injuries, morbidity, harassment, disturbance, 
increased stress, and effects on reproduction. None of these impacts are captured by the 
definition of Population Level of Impact provided by the DFO guidelines (DFO 2014b). 
Therefore, we have included an additional metric that focuses on the impact of the threats to the 
individual. 

Impacts on Individuals 
Threats can impact individuals to varying degrees. For example, the impact from a vessel strike 
can range from no apparent injury to serious injury, to mortality. As a result, it can be difficult to 
quantify a threat’s impact on an individual. Therefore, rather than associating an impact-level 
score only to the severity of the injury, we used a rank-based approach where the number of 
impacts observed for an individual define the score (i.e., the higher number of different impacts 
observed the higher the score). For each level of impact, all of the effects listed must have 
occurred or be possible but the effects could be observed across many individuals (i.e., they do 
not all have be observed on a single individual). 
Using this approach, impacts at the individual level for each threat are as follows: 

• Extreme (5) - the threat has been linked to or demonstrated to cause mortality, serious 
injury, morbidity, harassment, disturbance, increased stress, and affected reproduction, in 
one or more individuals; 

• High (4) - the threat has been linked to or demonstrated to cause mortality, serious injury, 
morbidity, harassment, disturbance, and increased stress in one or more individuals; 

• Medium (3) - the threat has been linked to or demonstrated to cause morbidity, harassment, 
disturbance, and increased stress, in one or more individuals; 

• Low (2) - the threat has been linked to or demonstrated to cause harassment, disturbance, 
and increased stress in one or more individuals;  

• Unknown (1) - the effect of the threat on individuals is presently unknown. 
The Species at Risk Act states “No person shall kill, harm, harass, capture or take an individual 
of a wildlife species that is listed as an extirpated species, an endangered species or a 
threatened species” (SC 2002, c 29). However, there is no formal definition for harm, and 
“harm” could be interpreted with varying degrees. To avoid confusion, we have not included 
harm in the definitions of Individual Level of Impact. 
Much of the data presented below were collected from various publications from the National 
Oceanic and Atmospheric Administration (NOAA) and the National Marine Fisheries Service 
(NMFS). The formal definition of serious injury used by NOAA is “any injury that will likely result 
in mortality,” and NMFS interprets this as any injury that is “more likely than not” to result in 
mortality, or any injury that presents a greater than 50 percent chance of death to a marine 
mammal (NOAA 2012, 2022, 2023). 
Morbidity cases are the sublethal injuries or illness and, thus, morbidity is defined as the 
condition of suffering from a disease or medical condition. Morbidity is therefore interpreted as 
an injury or illness that does not lead to death but could reduce or impair well-being including 
growth and reproduction (i.e., sublethal effects, NOAA 2025). Knowlton et al. (2016, 2022) 
provide further information on categorizing injuries from entanglements, where minor and 
moderate injuries include superficial skin abrasions and extensive skin abrasions or cuts that 
extend into the blubber, and severe injuries are defined as cuts > 8 cm deep or that extend into 
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muscle or bone. Vessel strike injuries can also be classified as superficial, shallow or deep cuts, 
or blunt injury (Pirotta et al. 2023). 
There is a paucity of information about the effects of some of the threats assessed, even at the 
individual level. Similar to the Unknown Population Level of Impacts, threats categorized as 
Unknown at the individual level could be having effects on individuals. 

Likelihood of Occurrence 
The DFO guidance (DFO 2014b) defines Likelihood of Occurrence as “the probability of a 
specific threat occurring for a given population over 10 years or 3 generations, whichever is 
shorter.” As previously established, we evaluated threats to NARWs using an assumed 
generation time of 33.3 years representing 100 years for 3 generations (see Generation Time 
above). 
Following Moors-Murphy et al. (2024) we defined the Likelihood of Occurrence of a given threat 
as: 

• Known – “there is a 91-100% chance that the threat has, is or will be occurring”; 

• Likely – “there is 51-90% chance that this threat is or will be occurring”; 

• Unlikely – “there is 11-50% chance that this threat is or will be occurring”;  

• Remote – “there is 1-10% or less chance that this threat is or will be occurring”; 

• Unknown – “there are no data or prior knowledge of this threat occurring now or in the 
future”. 

For some of the threats, the probability of threat occurrence can be quantitatively estimated. 
Following the methodology of Vanderlaan et al. (2009), the probability of a vessel strike or a 
fishing-gear entanglement can be estimated using a Poisson probability distribution model. This 
model depends on four assumptions: 
1. the threat can occur at any time or place within a given area of interest assuming the whales 

are present; 
2. an entanglement or vessel strike is a rare event, i.e., the probability of a vessel strike or 

fishing-gear entanglement is small; 
3. vessel strike or fishing-gear entanglements are independent events; and 
4. the average number of events (vessel strike or fishing-gear entanglement) are constant over 

time or at least for defined periods. 
As in Vanderlaan et al. (2009), we assume that the population is stable over the defined periods 
examined, however this may not be valid for all time periods considered (Pace et al. 2017). 
We estimated the Poisson parameter (µ) that represents the average number of vessel strikes 
or fishing-gear entanglements (n) per year over a given period (T) as: 

 𝜇̂𝜇 = 𝑛𝑛
𝑇𝑇
.        (1) 

The probability (P) that X vessel strikes or fishing-gear entanglements will occur in a given year 
is calculated as: 

 𝑃𝑃(𝑋𝑋 = 𝑘𝑘|𝜇̂𝜇) = 𝑒𝑒𝑒𝑒𝑒𝑒𝜇𝜇�∙𝜇𝜇�𝑘𝑘

𝑘𝑘!
,     (2) 

where k = 0, 1, 2,… and 𝜇𝜇 �> 0. 
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We applied Webster's method (Legendre and Legendre 1998) to identify discontinuities in the 
time series of observed vessel strikes and vessel-strike mortalities. This involved using either a 
3 + 3 or a 4 + 4 smoothing window-width, along with α = 0.1 for determining significant 
discontinuity. Vessel strike data for NARWs were compiled to estimate the probability of a 
vessel striking a NARW and the probability of vessel-strike mortality for NARWs. These data 
were compiled from Best et al. 2001, Laist et al. 2001, Jensen and Silber 2003, Moore et al. 
2004, Cole et al. 2005, 2006, Nelson et al. 2007, Glass et al. 2008, 2009, 2010, 2011,2012, 
Henry et al. 2013, 2014, 2015, 2016, 2017, 2019, 2020, 2021, 2023, Henry 2022, Sharp et al. 
2019, Pettis et al. 2021, 2022. There are published records of vessels strikes to NARWs dating 
back to the early 1970s and we used the full timeseries to detect discontinuities, but have 
focused on, and presented the data for 1990 onwards. 
All statistical uncertainties are presented as ± 1 standard deviation. 

Timing of Occurrence 
The DFO guidelines (2014b) define three categories describing the Timing of Occurrence: 

• Historical – “a threat that is known to have occurred in the past and negatively impacted the 
population”; 

• Current – “a threat that is ongoing and is currently negatively impacting the population”; 

• Anticipatory – “a threat that is anticipated to occur in the future and will negatively impact the 
population”. 

One or more of these categories may apply to a given threat, and we retained the original 
definitions for the Timing of Occurrence. As such, the definition of “Current” relates to the time at 
which the threat assessment and associated analyses were completed. The duration of the 
threat’s impact was not considered when defining Timing of Occurrence, although impacts to 
individuals may range from instantaneous to prolonged periods, spanning days, months, or 
years. 

Threat Frequency 
The DFO guidelines (DFO 2014b) define Threat Frequency as “the temporal extent of the threat 
over the next 10 years or three generations, whichever is shorter”. As above, we evaluated each 
threat using an assumed generation time of 33.3 years representing 100 years for 3 generations 
(see Generation Time above). 
The DFO guidelines (DFO 2014b) define three categories of Threat Frequency: 

• Single – “the threat occurs once”; 

• Recurrent – “the threat occurs periodically or repeatedly”; 

• Continuous – “the threat occurs without interruption”. 
In the case of Recurrent threats, we considered seasonal activities or events and/or intermittent 
activities or events. 

Geographic Extent of the Threat 
The DFO guidelines (DFO 2014b) define the extent of a threat as “the proportion of the 
population affected by a given threat”. With the exceptions of vessel traffic or incidental catch 
and fishing-gear interactions, many threats will not leave evidence that can be readily 
documented or assessed. Additionally, this assessment does not specifically examine the 
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spatiotemporal distribution of each threat in relation to the spatiotemporal distribution of 
NARWs. As a result, it is difficult to estimate the proportion of the population affected by a given 
threat. Transboundary distribution models currently being developed for NARWs, and tools such 
as NOAA’s Decision Support Tool (Miller et al. 2024) could be expanded into Canadian waters 
to allow for such calculations; however, these were not available at the time of this analysis. A 
density surface model for NARWs is available for the USA (Roberts et al. 2024) that would allow 
for the estimation of the proportion of the population affected by a given threat in a portion of the 
Northwest Atlantic Assessment Area. However, there are still large areas where data are 
unavailable and many threats would be assessed as “Unknown” using the DFO guidelines (DFO 
2014b). Other threat assessments have interpreted the Geographic Extent of the Threat  as the 
overlap of species distribution with the extent of the threat (DFO 2020) or the proportion of the 
study site affected by the threat (DFO 2019). We followed, though slightly modified, the 
definitions used by Moors-Murphy et al. (2024) for northern bottlenose whales to provide a 
qualitative estimate of the proportion of the NARW habitat that a given threat likely occurs in. 
The Geographic Extent of the Threat was assessed using the following definitions: 

• Extensive –the threat occurs in a very high proportion (71-100%) of the population’s habitat; 

• Broad – the threat occurs in a high proportion (31-70%) of the population’s habitat; 

• Narrow – the threat occurs in a moderate proportion (11-30%) of the population’s habitat; 

• Restricted – the threat occurs in a low proportion (<10%) of the population’s habitat; 

• Unknown – the threat occurs in an unknown proportion of the population’s habitat. 

Causal Certainty 
To support the assessment of the different threats to NARWs, DFO’s guidance (DFO 2014b) 
proposed using a ranking system for Causal Certainty that reflects “the strength of evidence 
linking the threat to the survival and recovery of the population. Evidence can be scientific, 
traditional ecological knowledge, or local knowledge.” Similarly to Moors-Murphy et al. (2024), 
we have modified the definitions of Causal Certainty to reflect the data and data quality 
available that includes the Likelihood of Occurrence as well as Level of Impact. We defined 
Causal Certainty and its associated rank (in parentheses) as follows: 

• Very high (5) – very strong scientific evidence in the form of substantial data to support the 
assessment of the threat. There have been observed, modelled, or empirically measured 
effects of the threat to NARWs that are published and available from peer-reviewed sources. 

• High (4) – some evidence in the form of adequate data to support the assessment of the 
threat. There have been observed, modelled, or empirically measured effects of the threat to 
other large baleen whale species that are published and available from peer-reviewed 
sources. 

• Medium (3) – there is limited data available to support the assessment of the threat and 
there is higher uncertainty associated with the assessment which may be based on other 
cetaceans or may come from non-peer-reviewed resources. 

• Low (2) – the assessment is based on expert judgement, general scientific knowledge, 
traditional ecological knowledge or local knowledge, and has been extrapolated to apply to 
NARWs.  
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• Unknown (1) – insufficient data or information to inform the assessment, impacts of the 
threat are possible, but very few data exist, or little is known about the impacts of the threat 
to NARWs or other cetacean species with no basis to inform expert opinions.  

Threat Risk 
The DFO guidelines (DFO 2014b) define the Threat Risk as “the product of level of impact and 
likelihood of occurrence as determined using a risk matrix approach” and represent it in a 
graphic matrix form (Figure 4). Threat Risk can take on values of Unknown, Low, Medium, or 
High. Using the Population Level of Impact and the Likelihood of Occurrence for each threat, we 
applied this methodology to define the Threat Risk. 

 
Figure 4. The Threat Risk matrix defined from DFO (2014b). 

RESULTS 
We assessed 23 threats (Table 2) in the following seven threat categories: incidental catch and 
fishing-gear interactions, vessel traffic, pollution, ocean physics alteration, resource depletion, 
direct harvesting, and scientific activities. The pollution threat category included three 
subcategories: noise pollution, energy development and production, and chemical 
contaminants. Many of these threats could be characterized under several different threat 
categories. 
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Table 2. Summary of threat assessment for North Atlantic right whales (NARWs) in the Northwest Atlantic Assessment Areas and the Canadian Assessment Area. Definitions for each of the threat 
evaluation criteria (from DFO 2014b) and the methods applied to assign categories to each of these criteria are provided in the sections above. A level of impact assessment of “Unknown” does 
not mean effects on individuals or the population of NARWs are inconsequential. 

Threat 
Category 

Threat Assessment 
Area(s) 

Likelihood of 
Occurrence 

Individual 
Level of 
Impact 
(Causal 
Certainty) 

Population 
Level of 
Impact 
(Causal 
Certainty) 

Threat Risk** Timing of 
Occurrence 

Threat 
Frequency 

Geographic Extent of 
Threat 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Fishing-Gear 
Entanglement - 
Fixed Gear 

Canadian, 
Northwest 
Atlantic  

Known Extreme (Very 
High) 

Extreme (Very 
High) 

High  Historical, 
Current, 
Anticipatory 

Continuous  Extensive 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Fishing-Gear 
Entanglement - 
Pot/Trap 
Fisheries 

Canadian, 
Northwest 
Atlantic 

Known Extreme (Very 
High) 

Extreme (Very 
High) 

High  Historical, 
Current, 
Anticipatory 

Continuous  Extensive 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Fishing-Gear 
Entanglement - 
Gillnet 

Northwest 
Atlantic 

Known Extreme (Very 
High) 

Extreme (Very 
High) 

High  Historical, 
Current, 
Anticipatory 

Continuous  Broad 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Fishing-Gear 
Entanglement - 
Gillnet 

Canadian  Known Extreme (Very 
High) 

Extreme (Very 
High) 

High  Historical, 
Current, 
Anticipatory 

Continuous  Extensive 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Fishing-Gear 
Entanglement - 
Hook and 
Line/Longline 

Canadian  Known Extreme (Very 
High) 

Extreme (Very 
High) 

High  Historical, 
Current, 
Anticipatory 

Continuous  Extensive 
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Threat 
Category 

Threat Assessment 
Area(s) 

Likelihood of 
Occurrence 

Individual 
Level of 
Impact 
(Causal 
Certainty) 

Population 
Level of 
Impact 
(Causal 
Certainty) 

Threat Risk** Timing of 
Occurrence 

Threat 
Frequency 

Geographic Extent of 
Threat 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Entrapment – 
Weirs 

Canadian, 
Northwest 
Atlantic,  

Known Low (Very 
High) 

Unknown 
(Very High) 

Unknown Historical, 
Current, 
Anticipatory 

Recurrent Restricted 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Fishing-Gear 
entanglement 
(Aquaculture) 

Canadian  Known Extreme 
(Medium) 

Unknown 
(Unknown) 

Unknown Historical, 
Current, 
Anticipatory 

Continuous Restricted 

Incidental Catch 
and Fishing-
Gear 
Interactions 

Fishing-Gear 
Entanglement in 
Abandoned, 
Lost, or 
Otherwise 
Discarded 
Fishing Gear 

Canadian, 
Northwest 
Atlantic  

Known Extreme (Very 
High) 

Extreme (Very 
High) 

High Historical, 
Current, 
Anticipatory 

Continuous Broad 

Vessel Traffic Vessel Strike Canadian, 
Northwest 
Atlantic 

Known Extreme 

(Very High) 

High (Very 
High) 

High Historical, 
Current, 
Anticipatory 

Continuous  Extensive 

Vessel Traffic Vessel 
Presence and 
Vessel Noise 
Pollution 

Canadian, 
Northwest 
Atlantic 

Known  Low (High) Unknown 
(Unknown) 

Unknown Historical, 
Current, 
Anticipatory 

Continuous  Extensive 
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Threat 
Category 

Threat Assessment 
Area(s) 

Likelihood of 
Occurrence 

Individual 
Level of 
Impact 
(Causal 
Certainty) 

Population 
Level of 
Impact 
(Causal 
Certainty) 

Threat Risk** Timing of 
Occurrence 

Threat 
Frequency 

Geographic Extent of 
Threat 

Pollution 
Subcategory: 
Noise Pollution 

Seismic Surveys 
(Airguns) 

Canadian, 
Northwest 
Atlantic 

Known Medium 
(Medium) 

Unknown 
(Unknown) 

Unknown Historical, 
Current, 
Anticipatory 

Recurrent  Extensive 

Pollution 
Subcategory: 
Noise Pollution 

Active Acoustic 
Technology 
Operation 

Canadian, 
Northwest 
Atlantic 

Known Low (Medium) Unknown 
(Unknown) 

Unknown Historical, 
Current, 
Anticipatory 

Recurrent Broad 

Pollution 
Subcategory: 
Noise Pollution 

Mid-frequency 
Military Active 
Sonar Operation 

Canadian, 
Northwest 
Atlantic 

Known High 
(Medium) 

Unknown 
(Unknown) 

Unknown Historical, 
Current, 
Anticipatory 

Recurrent Narrow 

Pollution  
Subcategory: 
Chemical 
Contaminants 

Persistent 
Organic 
Pollutants 
Pollution 

Canadian, 
Northwest 
Atlantic  

Known Unknown 
(Unknown) 

Unknown 
(Unknown) 

Unknown  Historical, 
Current, 
Anticipatory 

Continuous Broad 

Pollution 
Subcategory: 
Chemical 
Contaminants 

Plastics and 
Marine Debris 
Pollution 

Canadian, 
Northwest 
Atlantic 
 

Known High (High) Low (High) Low Historical, 
Current, 
Anticipatory 

Continuous Broad 

Pollution Petroleum Spills Canadian, 
Northwest 
Atlantic 

Known 

 

Extreme 
(Medium) 

High 
(Medium) 

 

High Historical, 
Current, 
Anticipatory 

Recurrent Restricted 
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Threat 
Category 

Threat Assessment 
Area(s) 

Likelihood of 
Occurrence 

Individual 
Level of 
Impact 
(Causal 
Certainty) 

Population 
Level of 
Impact 
(Causal 
Certainty) 

Threat Risk** Timing of 
Occurrence 

Threat 
Frequency 

Geographic Extent of 
Threat 

Subcategory: 
Chemical 
Contaminants 

 

Pollution 
Subcategory: 
Chemical 
Contaminants 

Heavy Metals 
Pollution 

Canadian, 
Northwest 
Atlantic 

Known Unknown 
(Unknown) 

Unknown 
(Unknown) 

Unknown  Historical, 
Current, 
Anticipatory 

Continuous Broad 

Subcategory: 
Energy 
Development 
and Production 

Coastal and 
Marine Offshore 
Development 

Canadian, 
Northwest 
Atlantic 

Known High 
(Medium) 

Unknown 
(Unknown) 

Unknown Historical, 
Current, 
Anticipatory 

Recurrent Narrow 

Subcategory: 
Energy 
Development 
and Production 

Drilling 
Operations 

Canadian, 
Northwest 
Atlantic  

Known Low 
(Unknown) 

Unknown 
(Unknown) 

Unknown Historical, 
Current, 
Anticipatory 

Recurrent Restricted 

Subcategory: 
Energy 
Development 
and Production 

Wind Energy 
Production 

Canadian Known Unknown+ 
(Unknown) 

Unknown 
(Unknown) 

Unknown Anticipatory Continuous Narrow 

Subcategory: 
Energy 
Development 
and Production 

Wind Energy 
Production 

Northwest 
Atlantic  

Known Unknown+ 
(Unknown) 

Unknown 
(Unknown) 

Unknown Current, 
Anticipatory 

Continuous Narrow 
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Threat 
Category 

Threat Assessment 
Area(s) 

Likelihood of 
Occurrence 

Individual 
Level of 
Impact 
(Causal 
Certainty) 

Population 
Level of 
Impact 
(Causal 
Certainty) 

Threat Risk** Timing of 
Occurrence 

Threat 
Frequency 

Geographic Extent of 
Threat 

Ocean-Physics 
Alteration 

Climate Change Canadian, 
Northwest 
Atlantic,  

Known Unknown 
(Unknown) 

High (Very 
High) 

High Historical, 
Current, 
Anticipatory 

Continuous Extensive 

Scientific 
Activities 

Scientific 
Activities 

Canadian, 
Northwest 
Atlantic 

Known Low 

(High) 

Low (High) Low Historical, 
Current, 
Anticipatory 

Recurrent  Broad 

Direct 
Harvesting 

Whaling 
(Harvest or 
Hunt) 

Canadian, 
Northwest 
Atlantic 

Remote Extreme 

(Very High) 
Low* (Very 
High) 

Low Historical, 
Anticipatory 

Not applicable Narrow 

Resource 
Depletion 

Food Supply 
Reduction 
(Directed 
Fishing – 
Copepods) 

Canadian, 
Northwest 
Atlantic  

Remote Unknown 
(Unknown) 

Unknown 
(Unknown) 

Unknown  Anticipatory Not applicable Unknown 

* This remains true only if the precautionary approach is applied if/when future hunting occurs 
+ For the noise pollution aspect specifically of the threat of wind energy production the Individual Level of Impact is expected to be Low. 

** The Threat Risk is a product of Population Level of Impact and Likelihood of Occurrence.  



 

19 

THREAT CATEGORY 1: INCIDENTAL CATCH AND FISHING-GEAR 
INTERACTIONS 

Threat 1.1.1: Fishing-Gear Entanglement – Fixed Gear 
Any cetacean can become entangled or entrapped in fishing gear. Entanglements in fishing 
gear cause the majority of mortalities in large whales (Reeves et al. 2003, van der Hoop et al. 
2013). Here, we examine the threat of fixed fishing gear activities including pot/trap fisheries, 
gillnet fisheries, hook and line/longline fisheries, weirs, and aquaculture fisheries, as well as 
abandoned, lost, or otherwise discarded fishing gear. 
Not all fishing-gear entanglements occur in the location where animals are first observed. Some 
entanglements are only detected through photographic documentation of individual NARW 
injuries after the whale has self-disentangled (Knowlton et al. 2012). It can also be difficult to 
determine gear type, and whether or not the gear was actively being fished, as often the only 
gear remaining on an entangled whale is line or rope (Johnson et al. 2005). For these reasons, 
entanglement and mortality rates used in this assessment were not broken down geographically 
or by gear type. Therefore, we only assessed the Likelihood of Occurrence and the Level of 
Impacts for the Northwest Atlantic Assessment Area and assumed it is consistent across 
assessment areas. 

Likelihood of Occurrence: Known 
Fishing-gear entanglements are a documented source of injury and mortality for NARWs 
(Knowlton et al. 2012, van der Hoop et al. 2013, Moore et al. 2004, Sharp et al. 2019). Using 
photographs of individual NARWs, Knowlton et al. (2012) estimated that 26% (± 10%) of the 
adequately photographed whales (photographed both in the entanglement year and the year 
prior) are entangled annually, representing a minimum estimate of new annual entanglements in 
the population. These estimates ranged from 19 to 39% for the years of 2010 through 2018 with 
an average of 30% (± 5.4; data from Hamilton et al. 2020 as cited in Hayes et al. 2023). Based 
on the 2023 population estimate and these two estimates of entanglement rates, between 97 
(± 3.8) and 112 whales (± 2.0) are entangled annually. This is a minimum estimate, as the 
annual entanglement rate is based solely on photographed individuals and there is variability in 
the proportion of the population that is photographed each year (Pace et al. 2017). Using the 
Poisson model (Equation 2) with 97 and 112 whales as an estimate for the average number of 
entanglements per year (Figure 5), there is 100% chance that at least one entanglement will 
occur annually over the next 100 years (three generations, Figure 5). Thus, the Likelihood of 
Occurrence was evaluated as Known for fishing activities with fixed-fishing gear. 

 
Figure 5. The probability density function of annual entanglement probabilities based on a minimum 26% 
(blue circles and line) and an average 30% (teal squares and line) of the North Atlantic right whales being 
entangled annually (Knowlton et al. 2012 and Hamilton et al. 2020 as cited in Hayes et al. 2023). 



 

20 

Individual Level of Impact: Extreme 
Fishing-gear entanglements have various impacts on NARWs, including with morbidities, minor, 
moderate, serious injuries, severe injuries that could lead to mortalities, as well as mortalities 
(Moore et al. 2004, Sharp et al. 2019, Knowlton et al. 2012; Knowlton et al. 2022, NOAA 2025). 
Between the start of the unusual mortality event declared for NARWs in 2017 and the end of 
2024 there have been 10 mortalities, 35 serious injuries, and 54 morbidity cases attributed to 
fishing-gear entanglements (NOAA 2025). NARW health and reproduction, as well as calf 
survival, have also been affected by fishing-gear entanglements (Robbins et al. 2015, van der 
Hoop et al. 2016, Knowlton et al. 2022, Stewart et al. 2022, Pirotta et al. 2023). Females that 
have survived severe fishing-gear injuries had the lowest birth rates and increased calving 
intervals compared to females with minor or moderate injuries (Knowlton et al. 2022). NARWs 
are capable of dragging entangling gear, on average for 6 months, resulting in increased drag, 
increased stress, severe tissue damage, infections, and emaciation (Clapham et al. 1999, 
Cassoff et al. 2011, Moore and van der Hoop 2012, van der Hoop et al. 2016, 2017a,b, Rolland 
et al. 2017). Fishing-gear entanglements can also have less severe effects on NARWs. Many 
whales appear to self-release (Johnson et al. 2007) and the only evidence are the marks or 
scars left on the body (Figure 6). These marks and scars can range from minor to moderate to 
severe with known effects from the moderate and severe injuries. Due to the number and 
documented severity of the effects of fishing-gear entanglement, the Individual Level of Impact 
was assessed as Extreme with a Causal Certainty of Very High. 

 
Figure 6. Photographs of North Atlantic right whale EgNo 4180 (Dyad) that was seen in the southern Gulf 
of St. Lawrence nine times during June, July, and August of 2018. A photograph of one of her early 
sightings (A) and then a subsequent photograph with evidence of interaction with fishing gear and clear 
rope wrap marks across her body and at her tail stock (B). Photo Credits: DFO/NOAA Joint Aerial Survey 
Team. 

Population Level of Impact (Population Loss): Extreme 
The annual number of mortalities and serious injuries (where serious injuries are assumed to 
ultimately lead to the death of the whale) due to fishing-gear entanglements averaged 2.5 per 
year for NARWs during the period of 1999 to 2009 (Pace et al. 2014). This estimate increased 
to 5.7 whales, on average, per year for the period of 2016 through 2020 (Hayes et al. 2023). 
Projecting these estimates over the next 100 years (three generations), and assuming 
conservation initiatives and population size remains constant, would result in a loss of 250-570 
individuals, which is unsustainable unless the population becomes substantially larger. The 
Population Level of Impact was assessed as Extreme with a Causal Certainty of Very High. 

Threat Frequency: Continuous 
Various fisheries operate in the Canadian Assessment Area throughout the year, and although 
there are different seasons depending on the fishery, there is fixed-fishing gear in the water 
during all months in the Maritimes region (Vanderlaan et al. 2009, Butler et al. 2019, Rozalska 
and Coffen-Smout 2020). There are several different management areas across the Canadian 
Assessment Area and during 2021, 2022, and 2023, there was at least one open fixed-gear 
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fishery every month (DFO unpublished data). Thus, the Threat Frequency was assessed as 
Continuous. 

Geographic Extent of Threat: Extensive 
Fishing effort occurs across the entire Canadian Assessment Area, and Figure 7 shows the 
landings for all commercial species between 2012 through 2021. Figure 8 shows the landings 
for all species caught with fixed-fishing gear. While these figures do not indicate the amount of 
gear in the water column, they do provide information on the spatial distribution of fishing 
locations and can be used as a representation of fishing intensity. These data have many 
caveats associated with them including: the data may represent many fishing events from 
several vessels over the ten year period; the landings are only from Canadian vessels greater 
than 35-ft and do not include landings from international fishing vessels (i.e., St-Pierre et 
Miquelon); the data may contain errors in fishing locations, landed weights, as well, as species 
identification as it is derived and unaltered from logbook data; in some fisheries, only one 
location is given for each fishing event therefore, fishing activities such as trawls or longline sets 
that can cover a large area are only mapped to a single location here; the data from some 
fisheries may not include all records or species locations due to regional differences in 
permissions for mapping or reporting locations as logbook areas, i.e., only partially 
georeferenced. 
Fixed-fishing gear (Figure 8) is a concern for the entanglement of NARWs as the gear is not 
tended. There is considerable fishing intensity in the southern Gulf of St. Lawrence where, on 
average, 133 (± 1.5 for the period of 2015-2019) NARWs aggregate to socialize and feed 
(Crowe et al. 2021). Similarly, there is considerable fishing intensity in between the Bay of 
Fundy and Roseway Basin Critical Habitats (Figure 8). 

 
Figure 7. Eastern Canada commercial fishing landings from 2012 through 2021. Data extracted from 
Fisheries and Oceans Canada’s (DFO) Newfoundland and Labrador, Maritimes, Gulf, Quebec and 
Eastern Arctic regions. The value of each grid cell is equal to the total species/gear type landings in kg 
from 2012 to 2021 in a 2 minute hexagonal grid (approx. 10 km2 cell). The data included both fish and 
invertebrates caught with both fixed fishing gear and mobile gear. The data are available on Canada’s 
Open Data Portal (https://open.canada.ca/en). 

https://open.canada.ca/en
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Figure 8. Eastern Canada commercial fixed gear fishing landings from 2012 through 2021. Data extracted 
from Fisheries and Oceans Canada’s (DFO) Newfoundland and Labrador, Maritimes, Gulf, Quebec and 
Eastern Arctic regions are included. The value of each grid cell is equal to the total species landings in kg 
from 2012 to 2021 in a 2 minute hexagonal grid (approx. 10 km2 cell). The data included both fish and 
invertebrates caught with fixed fishing gear. The data are available on Canada’s Open Data Portal 
(https://open.canada.ca/en). 

This type of data is not available for all commercial fisheries or all fixed-gear fisheries in the 
USA. However, there is some information in the NOAA’s Decision Support Tool (Miller et al. 
2024) that is designed to examine entanglement risk to NARWs. The Decision Support Tool 
(Miller et al. 2024) focuses on gillnets and trap/pot fisheries, and their spatiotemporal distribution 
at a monthly scale. Gillnet fisheries occur across all months as does the pot/trap fisheries. 
However, the density of fishing gear is not as extensive in the USA, and the majority occurs in 
the Gulf of Maine for the pot/trap fisheries and in the upper mid-Atlantic waters for the gillnet 
fisheries. Based on these two input layers for the decision support tool, we assessed the 
Geographic Extent of Threat as Broad and the Threat Frequency as Continuous in the 
Northwest Atlantic Assessment Area. 

Gear Types and Fishing-Gear Entanglements 
We were asked to complete the threat assessment for various types of fixed-fishing gear 
including pot/trap fisheries, gillnet fisheries, hook and line/longline fisheries, weirs, aquaculture 
fisheries, and abandoned, lost, or otherwise discarded fishing gear. Most of our analyses were 
based on published literature where quantitative estimates on entanglement rates and 
associated mortality rates were available. To further examine and evaluate the threat of the 
different fixed-gear fisheries, we compiled records of NARW fishing-gear entanglements 
(1988-2023, n = 213) from various sources (Cole et al. 2005, 2006, Moore et al. 2004, Pettis 
and Hamilton 2006, 2007, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, Nelson et al. 2007, 
Glass et al. 2008, 2009, 2010, 2011 2012, Pettis 2009, Henry et al. 2013, 2014, 2015, 2016, 
2017, 2019, 2020, 2021, 2022, 2023, Pettis et al. 2018a, 2018b, 2020, 2021, 2022, 2023; Morin 
et al. 2019, 2020, 2021, Sharp et al. 2019, DFO 2021, Henry 2022, Moise et al. 2022, 2023a, 
2023b, DFO 2023a,b,c). In the majority of published records on entanglements examined 
above, 55% the fishing gear was not identifiable and there was no gear present in another 29% 
of the records. These records are an underrepresentation of the known NARW entanglements 
as there are an additional 1598 records of entanglements between 1935 and 2021 in the North 
Atlantic Right Whale Consortium Anthropogenic Database (NARWC 2024a). We do not present 
the numbers on the types of gear involved in entanglements as these numbers have not been 
corrected for fishing effort and most gear involved in entanglements is of unknown origin. The 
general types of gear include pot/trap gear, gillnets, seines, and weirs (entrapment), in addition 
to abandoned, lost, or otherwise discarded fishing gear. There have been efforts in both Canada 
and the USA to increase in the information on the type of gear involved entanglements. The 
DFO has implemented gear marking of all non-tended fixed gear fisheries in Atlantic Canada, 
where the gear marking must identify region, fishery, and, for lobster and crab fisheries only, the 

https://open.canada.ca/en
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specific fishing area (DFO 2024). The USA has also implemented gear marking to improve 
information on where and how NARWs become entangled (NOAA 2024). 
With the exception of weirs (see below), we provided the same evaluation for Likelihood of 
Occurrence, and all Levels of Impact for fixed fishing gear. Longline gear has not been identified 
as being involved in a NARW entanglement; however, all other gear types have been identified 
in at least one NARW entanglement. With limited information on the type of gear involved in 
entanglements, it is difficult to assess each gear type independently. 
There is very limited spatiotemporal information available on fisheries in the USA with the 
exception of lobster trap gear and gillnets that have been presented in the Decision Support 
Tool (Miller et al. 2024). Even the data presented in the Decision Support Tool (Miller et al. 
2024) required extensive modelling efforts to represent the spatiotemporal distribution of these 
fisheries. There is some information on Black Sea Bass (Centropristis striata) pot gear off the 
southeast USA (Farmer et al. 2016), but range-wide distributions by gear type are generally not 
available. For this reason, we did not evaluate the Threat Frequency or Geographic Extent of 
Threat for individual fisheries for the Northwest Atlantic Assessment Area. 

Threat 1.1.2: Fishing-Gear Entanglement – Pot/Trap Fisheries 
Pot/trap fisheries in the Canadian Assessment Area target several species including snow crab 
(Chionoecetes opilio), Jonah crab (Cancer borealis), Atlantic rock crab (Cancer irroratus), red 
crab (Chaceon quinquedens), toad crab (Hyas araneus), spider crab (Maja squinado), American 
lobster (Homarus americanus), common whelk (Buccinum undatum), and Atlantic hagfish 
(Myxine glutinosa). Although these fisheries each have different fishing seasons in different 
areas, over the years 2021-2023 there has been at least one open pot/trap fishery operating 
within the Canadian Assessment Area across all months of the year (DFO unpublished data). 
For this reason, we evaluated the Threat Frequency of pot/trap fisheries as Continuous. 

Threat 1.1.3: Fishing-Gear Entanglement – Gillnet Fisheries 
Gillnet fisheries exist in all parts of the Canadian Assessment Area. From 2021-2023, some 
management areas in the gillnet fisheries on the Scotian Shelf and the waters off Newfoundland 
and Labrador were open year-round. In the Gulf of St. Lawrence, gillnet fisheries are closed 
from January through March. Although there is regional variation regarding when gillnet 
fisheries are active, some part of this fishery is open year-round within the Canadian 
Assessment Area. Thus, we evaluated the Threat Frequency of gillnet fisheries as Continuous. 

Threat 1.1.4: Fishing-Gear Entanglement – Longline (or Hook and Line) Fisheries 
Longline (or hook and line) gear has not been identified in the NARW entanglement reports. 
However, entanglements in longline ropes and the hooking of humpback whales (Megaptera 
novaeangliae) and gray whales (Eschrichtius robustus) have been reported (Forney 2004, 
Lowry et al. 2018). Johnson et al. (2007) stated that the configuration and deployment of 
longline gear provides the potential for entanglement. Thus, we assigned the same Level of 
Impact for longline (or hook and line) fisheries as the fixed-gear fishing threats. 
Longline fisheries exist in all parts of the Canadian Assessment Area. From 2021-2023, 
management areas for the longline fisheries on the Scotian Shelf were open year-round. In the 
Gulf of St. Lawrence and the waters off of Newfoundland and Labrador, longline fisheries are 
closed from November through March. Although there is regional variation regarding when 
longline fisheries are active, on the Canadian portion of the Scotian Shelf the fishery is open 
year-round. Thus, we evaluated the Threat Frequency of longline fisheries as Continuous. 

Threat 1.1.5: Entrapment in Fishing Weirs 
Fishing with weirs occurs in the Canadian Assessment Area and extend to the Northwest 
Assessment Area. There have been recorded cases of NARWs trapped in weirs within the 
Canadian Assessment Area. As trapped whales can generally be released from fishing weirs, 
we assessed entrapments in weirs as Low for Individual and Population Levels of Impact. As 
weir fishing occurs in very small coastal areas, we evaluated the Geographic Extent of Threat 
for weirs to be Restricted. 

Threat 1.1.6: Fishing-Gear Entanglement – Aquaculture 
Large baleen whale species, including North Pacific right whales (Eubalaena japonica), 
southern right whales, humpback whales, minke whales (Balaenoptera acutorostrata) and 
Bryde’s Whales (Balaenoptera edeni), have been entangled in aquaculture gear (Bath et al. 
2023 and references therein). It is reasonable to expect that NARWs could also become 
entangled in various aquaculture gear, and that it would have similar impacts to individuals as 
other fishing-gear. The majority of aquaculture sites in the Canadian Assessment areas are 
restricted to coastal operations and occupy a very limited proportion of the Assessment Areas 
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(Pinchin 2023), therefore, we evaluated the Geographic Extent of the Threat Aquaculture to be 
Restricted. 

Threat 1.1.7: Abandoned, Lost, or Otherwise Discarded Fishing Gear 
Abandoned, lost, or otherwise discarded fishing gear can be an entanglement risk for 
cetaceans. In 2018, in the Gulf of St. Lawrence, a dead NARW (EgNo 4504) was discovered 
entangled in gear that contained an old trap with rope of varying age/condition attached (Daoust 
et al. 2018). At the time, it could not be determined whether the gear was actively fishing or 
derelict. Since 2018, there have been at least four cases of NARWs (EgNo 1226, 3812, 4545, 
and 4615) becoming entangled in fishing gear in the Gulf of St. Lawrence after the fishing 
season was over. 
It became mandatory in 2020 for all commercial fisheries in Canada to report lost fishing gear to 
the DFO. Between 2020-2024 there were 19,841 reports of lost gear (a report could include 
multiple units of gear) in the Quebec, Gulf, Newfoundland and Labrador, and Maritimes DFO 
Regions corresponding to 75,792 gear units; less than half (49%) of those gear units were 
retrieved (DFO 2025). The majority of the reports in Canadian waters were from the lobster 
fisheries (71%) with another 27% reported from crab fisheries (snow crab, rock crab, dungeness 
crab (Metacarcinus magister, DFO 2025). Given that lost gear reports occur throughout the 
Canadian Assessment Area (Figure 9) and that fisheries operate throughout the year in all 
areas, we assess the ghost-gear fishing threat as Broad for the Geographic Extent and 
Continuous for Threat Frequency. 

 
Figure 9. Locations of lost (red dots) and retrieved (green dots) fishing gear on the Atlantic coast from 
2020-01-01 to 2024-10-31, where each dot may include multiple units of gear. This figure was prepared 
by the Atlantic Marine Mammal Hub of the Gulf Region, Fisheries and Oceans Canada (DFO) and is 
available at: https://www.dfo-mpo.gc.ca/fisheries-peches/management-gestion/ghostgear-
equipementfantome/reporting-declaration-eng.html  

THREAT CATEGORY 2: VESSEL TRAFFIC 

Threat 2.1.1: Vessel Strikes 
Vessel strikes are one of the leading causes of mortality for examined NARW deaths and was 
the presumed cause of death for 47% and 42% of necropsied NARWs between 1970 and 2003 
(Moore et al. 2004), and 2003 and 2018 (Sharp et al. 2019), respectively. On a per capita basis, 
NARWs are observed to be struck by vessels more often than any other large whale species 
(Vanderlaan and Taggart 2007). Vessel strikes can cause blunt and sharp trauma. Sharp 
trauma is caused by underwater protuberances that come in contact with a whale, whereas 
blunt trauma results when the whale is struck by the hull of the vessel (Campbell-Malone et al. 
2008). Vessel strikes can result in the death, serious injury, and sublethal effects such as 
shallow or superficial cuts (Moore et al. 2021). 
Not all vessel strikes are observed in the location that they occur, and vessels have arrived in 
port with a dead whale on the bow unbeknownst to the vessel operators (Laist et al. 2001). 
Furthermore, some injuries are only detected through photographic documentation of individual 
NARWs. Blunt force trauma from a vessel strike may not result in the immediate death of the 
whale. For example, there have been cases where there was evidence of a bone fracture 
beginning to heal prior to the death of the whale (Campbell-Malone et al. 2008) indicating that 

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
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the whale survived for some period after the trauma. This whale could have moved a 
considerable distance before succumbing to its injuries and, as a result, the location of the 
recovered carcass would not have been close to where the initial trauma occurred. By only 
assessing the threat statistics associated with vessel strikes by region, the true impacts on this 
transboundary species may not be accurately represented. Therefore, we assessed the 
Likelihood of Occurrence and the different Levels of Impact for the Northwest Atlantic 
Assessment Area and assumed it was consistent across assessment areas. 
When estimating vessel strike risk (e.g., Vanderlaan & Taggart 2009, Nichol et al. 2017, 
Stepanuk et al. 2021, Rockwood et al. 2021, Redfern et al. 2024, Bloudin et al. 2025) and 
addressing vessel strike threat, there has been a focus on large vessels (Schoeman et al. 
2020). However, even vessels <15 m can cause fatal injuries to cetaceans when traveling at 
high speed (Ritter 2012). All vessel size classes (unmotorized and motorized small (<15 m); 
unmotorized and motorized medium (15-30 m); motorized medium, large (30-80 m) and 
motorized very large (>80 m)) have been documented to be involved in vessel strikes with 
marine animals (Schoeman et al. 2020), and modelling efforts indicate that vessels of any size 
can generate forces that are capable of causing lethal injuries to NARWs (Kelley et al. 2021). 
When examining the Geographical Extent of the Threat and Threat Frequency for vessel strikes, 
we focused on published sources of Automatic Identification System (AIS) data as it is readily 
available; however, AIS data underrepresents smaller vessels (<300 gross tonnage) as it is not 
required under the International Maritime Organization's International Convention for the Safety 
of Life at Sea. Therefore, the information used to assess the Geographical Extent of the Threat 
and Threat Frequency is a minimum estimate of vessel traffic spatiotemporal distribution in both 
the Canadian Assessment Area and the Northwest Atlantic Assessment Area. 

Likelihood of Occurrence: Known 
Historical records of lethal vessel strikes of large whales first appear in the late 1800s, and 
NARWs commonly appear in the records (Laist et al. 2001). Since 1990, there have been a 
maximum of eight NARW vessel strikes observed in a single year (2011) with 1990 being the 
only year in which no vessel strikes were observed for this species (Figure 10). There was 
considerable interannual variability in the number of observed NARWs struck by vessels 
between 1990 and 2023. Using Webster’s Methods for detecting discontinuities based on the 
entire times series (1972 through 2023), we estimated there were six periods since 1990 during 
which the number of vessel strikes were stationary (Table 3, Figure 10). The average annual 
number of vessel strikes within each of these periods ranged from 1.50 (± 0.71) to 5.50 (± 2.08). 
Using the annual observed vessel strike rate within each of the six periods, the probability of at 
least one vessel strike occurring for each time period (Table 3) was estimated. With the 
exception of the last period (2021-2023), the probability of observing at least one vessel strike 
per year is greater than 0.80. If we average these probabilities across the time periods, then the 
average probability of observing at least one vessel strike per year is 0.90. Although there is 
considerable interannual variation (Figure 10), we assess the Likelihood of Occurrence for 
vessel strikes in the Northwest Atlantic Assessment Area as Known with a probability of 0.90 
that at least one vessel strike will occur annually over the next 100 years. Based on the 
probability density functions for each of the six time periods examined, it is likely that greater 
than one vessel strike will be observed annually in the Northwest Atlantic Assessment Area over 
the next 100 years (Figure 11). 
  

https://www.frontiersin.org/articles/10.3389/fmars.2020.00292/full#B229
https://en.wikipedia.org/wiki/International_Maritime_Organization
https://en.wikipedia.org/wiki/International_Convention_for_the_Safety_of_Life_at_Sea
https://en.wikipedia.org/wiki/International_Convention_for_the_Safety_of_Life_at_Sea
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Figure 10. Number of vessel strikes of North Atlantic right whales (NARWs,1990-2023) documented 
throughout its range in the Northwest Atlantic Ocean (data were compiled from Best et al. 2001, Laist 
et al. 2001, Jensen and Silber 2003, Moore et al. 2004, Cole et al. 2005, 2006, Nelson et al. 2007, Glass 
et al. 2008, 2009, 2010, 2011, Henry et al. 2013, 2014, 2015, 2016, 2017, 2019, 2020, 2021, 2022, 2023, 
Sharp et al. 2019, Pettis et al. 2021, 2022). Vertical lines and grey shading indicate the six time periods 
during which the number of documented NARW vessel strikes were estimated to be stationary using 
Webster’s Methods for detecting discontinuities with a 4 + 4 smoothing window-width and α = 0.1. 

 
Figure 11. The probability density functions for annual vessel strike probabilities based on the six time 
periods between 1991 and 2023 during which the number of documented North Atlantic right whale 
vessel strikes were estimated to be stationary using Webster’s Methods for detecting discontinuities with 
a 4 + 4 smoothing window-width and α = 0.1. 
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Table 3. The average annual vessel strike rate and associated standard deviation for the six time periods 
between 1991 and 2023 during which the number of documented North Atlantic right whale vessel strikes 
were estimated to be stationary using Webster’s Methods for detecting discontinuities. The probability (P) 
of at least one vessel strike occurring within a year during the time period is also presented.  

Time Period Average 
Annual 
Vessel 

Strike Rate 

Standard 
Deviation of 

Annual Vessel 
Strike Rate 

P (at least one 
vessel strike) 

1991-2002 2.17 0.94 0.885 

2003-2008 3.00 2.37 0.950 

2009-2012 5.50 2.08 0.996 

2013-2016 2.00 1.15 0.865 

2017-2019 4.00 1.00 0.981 

2020-2023 1.50 0.71 0.777 

 
Individual Level of Impact: Extreme 

Between 1990 and 2023, there were 49 confirmed NARW mortalities and serious injuries 
attributed to vessel strikes (Best et al. 2001, Laist et al. 2001, Jensen and Silber 2003, Moore 
et al. 2004, Cole et al. 2005, 2006, Nelson et al. 2007, Glass et al. 2008, 2009, 2010, 2011, 
Henry et al. 2013, 2014, 2015, 2016, 2017, 2019, 2020, 2021, 2022, 2023, Sharp et al. 2019, 
Pettis et al. 2021, 2022, Pettis and Hamilton 2024). Depending on the injury type 
(i.e., superficial, shallow, deep, or blunt force trauma), there can be varying degrees of injuries 
and impacts from vessel strikes on health, survival, and reproduction of NARWs (Pirotta et al. 
2023). For example, a NARW (EgNo 2143, “Lucky”) survived and recovered from a vessel strike 
as a calf, only to die 14 years later during her first pregnancy as a result of the wound reopening 
due to increased abdominal pressure caused by the growing fetus; this resulted in an abscess 
formation and presumed sepsis which led to her death and the death of the full-term fetus 
(Sharp et al. 2019). Due to the many potential impacts of vessel strikes on individual NARWs, 
we assessed Individual Level of Impact of vessel strikes as Extreme with a Causal Certainty 
rating of Very High. 

Population Level of Impact: High 
Vessel strikes are one of the leading causes of death in the NARW population (Moore et al. 
2004, Sharp et al. 2019). The number of observed vessel strike mortalities and serious injuries 
per year between 1990 and 2023 varied between one and five (Figure 10). Using Webster’s 
Methods for detecting discontinuities, we estimated that there were five periods between 1990 
and 2023 during which the number of vessel-strike mortalities and serious injuries were 
stationary (Figure 12 and Table 4). The average annual vessel strike mortality and serious injury 
rate within each of these periods ranged from 0.63 (± 1.07) to 3.33 (± 1.53, Table 4). To 
estimate the expected number of vessel strike mortalities over three generations, we took the 
average of the annual vessel strike mortality rates for the five periods and multiplied by 100 
years. Over three generations, we would expect 172 vessel strike mortalities and serious 
injuries. Based on an estimated population size of 372 individuals in 2023 (Linden 2024), and 
assuming no substantial changes in the population over time, this number of mortalities and 
serious injuries corresponds to a ranking of High for the Population Level of Impact with a 
Causal Certainty rating of Very High. 
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Figure 12. The number of observed vessel strikes mortalities and serious injuries of the North Atlantic 
right whale (NARW, 1990-2023) throughout its range in the Northwest Atlantic Ocean (data were 
compiled from Best et al. 2001, Laist et al. 2001, Jensen and Silber 2003, Moore et al. 2004, Cole et al. 
2005, 2006, Nelson et al. 2007, Glass et al. 2008, 2009, 2010, 2011, Henry et al. 2013, 2014, 2015, 
2016, 2017, 2019, 2020, 2021, 2022, 2023, Sharp et al. 2019, Pettis et al. 2021, 2022). Vertical lines and 
grey shading represent five time periods during which the number of observations of NARW vessel strike 
mortality and serious injury were estimated to be stationary using Webster’s Methods for detecting 
discontinuities with a 3 + 3 smoothing window-width and α = 0.1. 

Table 4: The average annual vessel strike mortality and serious injury rate and associated standard 
deviation for North Atlantic right whales (NARWs) for five time periods between 1990 and 2023. During 
each period the number of observations of NARW vessel strike mortalities and serious injuries were 
estimated to be stationary using Webster’s Methods for detecting discontinuities with a 3 + 3 smoothing 
window-width and α = 0.1. 

Time Period 
Average Annual 

Vessel Strike Mortality 
and Serious Injury 

Rate 

Standard Deviation of 
Annual Vessel Strike 
Mortality and Serious 

Injury Rate 

1991-2003 1.46 1.05 

2004-2006 3.33 1.53 

2007-2014 0.63 1.07 

2015-2020 2.20 2.17 

2021-2023 1.00 0.82 

 
Threat Frequency: Continuous 

Although there are monthly and seasonal changes in vessel operations throughout the 
assessment areas (Simard et al. 2014, Veinot et al. 2023, Redfern et al. 2024), vessel 
operations occur year-round in both the Canadian Assessment Area and the Northwest Atlantic 
Assessment Area. The amount of vessel traffic (measured as the sum of vessel transit 
distances) within core NARW habitat in the Northwest Atlantic Assessment Area is highest in 
July and lowest in February; however it is never less than 2,000 km /1,000 per 10 km × 10 km 
grid (Redfern et al. 2024). Therefore, we assessed the Threat Frequency of vessel strikes as 
Continuous. 

Geographic Extent of Threat: Extensive 
Vessels operate throughout the range of the NARWs in both the Canadian Assessment Area 
(Figure 13, Simard et al. 2014, Veinot et al. 2023) and the Northwest Atlantic Assessment Area 
(Vanderlaan et al. 2009, Crum et al. 2019, Garrison et al. 2022, Redfern et al. 2024). Habitual 
traffic patterns (self-determined paths, routes or lanes in the ocean travelled by vessels that 
connect one or more geographic locations; see Vanderlaan et al. 2009), occur throughout the 
Canadian Assessment Area; some of which have 10 or more vessels transit through them per 
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day per km2. Similar habitual traffic patterns are seen along the east coast of the USA, with 
much of the coastal areas of the mid-Atlantic having 10,001-497,971 km transited per 1,000 km2 
in 2019 (see Figure 1 in Redfern et al. 2024). In a global study of vessel-strike risk, 91.5% of all 
grid cells that contained either blue (Balaenoptera musculus), fin (Balaenoptera physalus), 
humpback, or sperm whale (Physeter macrocephalus) ranges also contained vessel activity of 
large ships (Nisi et al. 2024). Therefore, we classified the Geographic Extent of the Threat for 
vessel strikes to NARWs as Extensive. 

 
Figure 13. Vessel density map for all vessel classes in 2019 based on Automatic Identification System 
(AIS) data that incorporated both satellite-based and terrestrial-based receivers (data from Veinot et al. 
2023).  

Threat 2.1.2: Vessel-Presence Disturbances and Vessel Noise Pollution 
In the 2014 NARW Recovery Strategy, both vessel presence and acoustic disturbance were 
identified as threats to NARWs (DFO 2014a). Many studies do not differentiate between vessel 
noise and vessel presence (Erbe et al. 2019), as it is often difficult to attribute the reaction of the 
whale to one or the other (but see Pirotta et al. 2015). Controlled exposure experiments that 
employ playback techniques (e.g., Nowacek et al. 2004, Southall et al. 2019) could provide 
greater differentiation for determining source of the impacts; however, it is not always possible 
to study NARWs in this manner. We, therefore, combined these two threats. 

Likelihood of Occurrence: Known (Canadian Assessment Area and Northwest 
Atlantic Assessment Area) 

Both vessel-presence disturbances and vessel-noise pollution are a result of vessel traffic that 
occurs throughout the assessment areas (see above). In addition, the world's vessel fleet has 
increased substantially since the 1970s (Vanderlaan et al 2009, UNCTAD 2023). This increase 
in the number of ships in the world fleet corresponds to a concurrent increase in the levels of 
low-frequency noise in the world’s oceans (Erbe et al. 2019). Over the past 50 years, for 
instance, increased shipping has led to an estimated 32-fold rise in low-frequency noise along 
major shipping routes (Duarte et al. 2021, and references therein) and in some areas there has 
been an absolute sound increase of 15 to 20 dB over the last 50-60 years due increases in low 
frequency shipping noise (Possenti et al. 2024 and references therein). Considering the 
increasing trends in the world’s fleet and low frequency noise attributed to shipping, the 
Likelihood of Occurrence was assessed as Known. 

Individual level of impact: Low 
Vessel-noise pollution has been linked to NARW disturbances and has been shown to reduce 
the distance over which NARWs can communicate, i.e., through auditory masking (Hatch et al. 
2012, Cholewiak et al. 2018, Matthews and Parks 2021). NARWs have been shown to change 
their behaviour in noisy environments (due to vessel traffic) by increasing the start frequency 
and amplitude of their upcalls (Tennessen and Parks 2016). This change was positively 
attributed to vessel noise by comparing the contemporary calls of NARWs to historical 
recordings of NARW calls from periods with lower noise levels, calls of NARWs exposed to 
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lower noise conditions, and calls of southern right whales in quieter habitats (Matthews and 
Parks 2021). Furthermore, decreased levels of stress hormones have been observed in NARWs 
in response to decreased levels of daily vessel traffic (Rolland et al. 2012). While Nowacek et al. 
(2004) found that NARWs did not alter their dive behaviour in response to the playback of 
vessel noise, they did respond to an alert signal by swimming “strongly” to the surface. 
Whale-watching vessels have been shown to cause disturbances and harassment (significant 
decrease of the proportion of time resting) in southern right whales (Sprogis et al. 2023), 
although, it is uncertain whether these impacts were due to vessel presence or vessel noise. 
Vessel noise has also been shown to disrupt foraging behaviour in other baleen whales (Blair 
et al. 2016). Considering the observed disturbance of southern right whales and other baleen 
whales resulting from vessel presence/vessel noise, and changes in the behaviour and stress 
levels of NARWs, the Individual Level of Impact was assessed as Low with a Causal Certainty 
rating of High. 

Population Level of Impact: Unknown 
There have been no studies demonstrating that vessel-noise pollution or vessel presence 
causes mortalities in NARWs. Loss of communication space due to vessel noise could cause 
reduced contact and hinder identification of potential mating partners in NARWs (Parks and 
Tyack 2005, Parks et al. 2005, Parks et al. 2011, Matthews and Parks 2021). However, it is 
unknown if vessel-noise pollution or vessel presence will jeopardize the survival or recovery of 
the population and, thus, the Population Level of Impact was assessed as Unknown for this 
threat. 

Causal Certainty: High and Unknown 
For the Individual Level of Impact there are some data available to assess this threat, both for 
NARWs and other large baleen whale species and thus the Causal Certainty was assessed as 
High. However, there is little information available to assess the Population Level of Impact and 
Causal Certainty was assessed as Unknown. 

Threat frequency: Continuous and Geographic Extent of Threat: Extensive 
As threats of vessel presence and vessel-noise pollution are linked to vessel traffic and 
operation, we used the same justification as vessel strikes (above) and evaluated the Threat 
Frequency as Continuous and the Geographic Extent of the Threat as Extensive.  

THREAT CATEGORY 3: POLLUTION 

Subcategory 3.1: Noise Pollution 
Sound is an effective way of propagating energy through the ocean, and marine mammals have 
evolved to use sound efficiently. For example, baleen whales use long-range acoustic signals to 
communicate for mating and social interactions, and some baleen whales produce complex 
song patterns that go on for hours to days (Hildebrand 2005). Anthropogenic sound introduced 
into the ocean can have negative impacts on marine mammals (Hildebrand 2005) including 
altered behaviour, increased stress, and can inhibit communication in large whales (Hatch et al. 
2008, 2012, Madsen et al. 2006, Van Parijs et al. 2021). A modelling study investigating the 
impact of soundscapes on the migration patterns of baleen whales, revealed that noise pollution 
could also render certain migration routes inaccessible (Johnston and Painter 2024). 
Ocean-noise pollution is increasing due to natural and anthropogenic activities (Chahouri et al. 
2022), with various effects on cetaceans. When evaluating the impacts of noise pollution, we 
focused on data and information from baleen whales, as different cetacean hearing groups 
exhibit varying response patterns to specific sound sources (Gomez et al. 2016). 
Anthropogenic noise pollution typically stems from two main sources: impulsive sounds 
exemplified by seismic surveys (airgun), pile driving, and military sonar (characterized by high 
peak sound pressure, short duration, fast-rise time, and broad-frequency content) and 
non-impulsive steady-state noise, such as that generated during vessel operations (NMFS 
2016). Both seismic operations and vessel operations have been demonstrated to disrupt the 
normal behaviors and movements of cetaceans (Richardson et al. 1995). We assessed the 
threats of noise pollution from seismic surveys (airguns), active acoustic technologies operation, 
and mid-frequency military active sonar operations. Noise pollution associated with pile driving, 
drilling operations, and vessel operations are considered elsewhere in the threat assessment. 

Threat 3.1.1: Seismic Surveys (Airguns) 
Seismic surveys (airguns) are a fundamental tool for the exploration of geophysical features, 
such as oil and gas reserves beneath the seafloor. The ‘airguns’ are the most commonly used 
sound sources (Affatati and Camerlenghi 2023) and produce sound waves from compressed air 
sources that penetrate the ocean floor (Nelms et al. 2016). A single pass of a survey area is 
referred to as a two-dimensional survey, while surveys that conduct multiple passes or consist 
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of multiple survey vessels operating at the same time for days to weeks are referred to as 
three-dimensional surveys (Affatati and Camerlenghi 2023). Seismic surveys (airguns) are a 
concern for NARWs due to their high source level and because peaks in the power spectrum 
coincide with the hearing range of NARWs (Nowacek et al. 2007, Matthews and Parks 2021, 
Thorne and Wiley 2024). 

Likelihood of Occurrence: Known 
Seismic, side scan, bathymetry, and low kHz bathymetry surveys have been conducted 
throughout the Canadian Assessment Area since the 1960s, including in areas designated as 
NARW critical habitats (Geological Survey of Canada’s Canadian National Marine Seismic Data 
Repositor, Figure 14). Two dimensional seismic surveys have also been conducted in the 
Northwest Atlantic Assessment Area since the 1960s (Figure 15, Triezenberg et al. 2016), 
primarily along the continental shelf and shelf break off the eastern coast of the USA. Given that 
the noise generated by these surveys can potentially propagate over long distances (thousands 
of kilometers including records where airgun were heard almost 4,000 km from the survey 
vessel, Nieukirk et al. 2012), NARWs could be affected along their transit corridors as well as in 
their feeding and calving grounds. Considering that seismic surveys have been conducted for 
more than 60 years and are likely to continue, the Likelihood of Occurrence was assessed as 
Known. 

Individual Level of Impact: Medium 
The noise pollution from seismic survey may affect a variety of cetaceans and can elicit masking 
of vocalisation, habitat displacement, behavioural responses, changes in acoustic repertoires, 
chronic stress, and potential auditory damage (Nowacek et al. 2015, Hatch et al. 2012, 
Tennessen and Parks 2016, Affatati and Camerlenghi 2023). Changes in respiration and 
movement patterns, avoidance behaviour, and call cessation have all been observed in 
bowhead whales (Balaena mysticetus, Richardson et al.1999, Blackwell et al. 2013, Robertson 
et al. 2013). Altered singing behaviours have been observed in humpback (Cerchio et al. 2014) 
and fin whales (Castellote et al. 2012). In a systematic literature review of the effects of marine 
seismic surveys on free-ranging fauna, there were no studies presented on NARWs (Affatati 
and Camerlenghi 2023). Therefore, based on information for other baleen whales, we assessed 
the Individual Level of Impact as Medium with a Causal Certainty of Medium. 

Population Level of Impact: Unknown 
There is insufficient information for NARWs to assess the Population Level of Impact and the 
information required to estimate the parameters needed to determine the population-level 
consequences of seismic activity are not available for large baleen whales (Harwood et al. 
2016). Therefore, we assessed the Population Level of Impact as Unknown with a Causal 
Certainty ranking as Unknown. 

Threat Frequency: Recurrent (Canadian Assessment Area and Northwest Atlantic 
Assessment Area) 

Seismic surveys have been conducted in the Canadian Assessment Area and Northwest 
Atlantic Assessment Area since the 1960s (Geological Survey of Canada’s Canadian National 
Marine Seismic Data Repositor, Triezenberg et al. 2016). In Atlantic Canadian waters, 
7,455 surveys were conducted between 1960 and 2020 (Figure 14). The number of surveys per 
year ranged from 0 to 689, with a median of 67 surveys per year. Although there are many 
seismic surveys per year, the timing and the duration of the surveys are variable and not 
continuous; therefore, the Threat Frequency was assessed as Recurrent. 

Geographic Extent of Threat: Extensive (Canadian Assessment Area and Northwest 
Atlantic Assessment Area) 

In Atlantic Canadian waters at least 645,400 km of seismic surveys have been conducted 
between 1960 through 2020 (Geological Survey of Canada’s Canadian National Marine Seismic 
Data Repositor, Figure 15). However, this is an underrepresentation of all seismic surveys 
conducted since data owned by investor groups or seismic companies are not always included 
in open data sources like the Geological Survey of Canada’s Canadian National Marine Seismic 
Data Repository. The surveys illustrated in Figures 14 and 15 coincide with NARW critical 
habitats, aggregation areas and transit corridors (Ratelle and Vanderlaan et al. 2025). The 
majority of seismic surveys have been conducted outside the boundaries of NARW critical 
habitats (Figure 2, Figure 3, Figure 14, and Figure 15). However, in the waters off the east coast 
of the USA, seismic surveys have occurred throughout the transit corridors between the 
Southeastern U.S. Calving Area Critical Habitat and the Northeastern U.S. Foraging Area 
Critical Habitat (Figure 3). 
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Figure 14. Partial seismic survey effort in the Canadian Assessment Area from 1960 through to 2020. 
Data for seismic surveys, side scan sonar surveys, seismic surveys for bathymetry, and low kHz 
bathymetry surveys are from the Geological Survey of Canada’s Canadian National Marine Seismic Data 
Repository. Data for two dimensional seismic surveys conducted primarily in the United States of America 
waters but extended into Canadian waters are from Triezenberg et al. (2016). 

 
Figure 15. Partial seismic survey effort in the Northwest Atlantic Assessment Area from 1960 through to 
2020. Data for seismic surveys, side scan sonar surveys, seismic surveys for bathymetry, and low kHz 
bathymetry surveys are from the Geological Survey of Canada’s Canadian National Marine Seismic Data 
Repository. Data for two dimensional seismic surveys conducted in the United States of America waters 
are from Triezenberg et al. (2016). 
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Threat 3.1.2: Active Acoustic Technologies Operation 
Likelihood of Occurrence: Known 

Active acoustic technologies include instruments such as depth sounders, multibeam sonar, 
split-beam sonar, and scientific echosounders. The use of active acoustic technologies is 
widespread and includes scientific research (sampling on zooplankton and gas venting, as well 
as studying mixing and suspended sediment in the ocean), commercial and recreational fishing, 
aquaculture, navigation, hydrography, sea-floor mapping and geophysical exploration (Colbo 
et al. 2014, Burnham et al. 2022 and references within). There is a greater than 90% chance 
this threat occurs in both the Canadian Assessment Area and the Northwest Atlantic 
Assessment Area. 

Individual Level of Impact: Low 
There is no information available for the impact of active acoustic technologies operations on 
NARWs. However, active acoustic technologies likely have limited impacts on NARWs since 
mysticetes are unlikely to detect the frequencies used by these instruments, with the exception 
of the lowest frequency (12 kHz; Lurton and DeRuiter 2011). Behavioral responses in the form 
of decreased singing activity were measured in humpback whales in response to pulses during 
the Ocean Acoustic Waveguide Remote Sensing experiment that operated a low-frequency 
fisheries sonar 200 km away (Risch et al. 2012). However this system was designed to 
continuously monitor fish population over thousands of km2 (Jagannathan et al. 2009), which is 
a much larger area than typical depth sounders and echosounders. During ship-based surveys 
with active scientific echosounder (Simard EK60) operation, beaked whales were significantly 
less likely to be detected acoustically, were detected for less time visually, and consequently 
tracked over a smaller range of bearings relative to the ship (Cholewiak et al. 2017). Short 
finned pilot whales (Globicephala macrorhynchus) were observed to change their heading more 
frequently when a scientific echosounder was operating (Quick et al. 2017). Based on these 
behavioural observations from other cetacean species, we assessed the Individual Level of 
Impact as Low with Causal Certainty ranked as Medium for this threat. 

Population Level of Impact: Unknown 
There is insufficient information available to assess the Population Level of Impact of active 
acoustic technologies operation on NARWs, therefore, we assessed it as Unknown with Causal 
Certainty also ranked as Unknown for this threat. 

Threat Frequency: Recurrent 
Echosounders and other active acoustic technologies are typically used on vessels that transit 
through both the Canadian and Northwest Atlantic Assessment Areas. There are areas within 
both the Canadian Assessment Area and the Northwest Atlantic Assessment Area, such as 
shipping lanes in the Gulf of St. Lawrence and into the New York Harbour where this Threat 
Frequency could be considered Continuous due to the high number of vessels that transit 
through these habitual traffic patterns on a daily basis. However, because most areas with the 
Canadian Assessment Area have less than one vessel per day per km2 transiting through them, 
we considered this threat to be Recurrent rather than Continuous across the Canadian 
Assessment Area and Northwest Assessment Area. 

Geographic Extent of Threat: Broad 
The area affected by active acoustic technologies varies depending on the instrument type. For 
example, Burnham et al. (2022) demonstrated that most of the acoustic energy associated with 
recreational-grade echosounders was within 100 m from the source in shallow waters. Lurton 
and DeRuiter (2011) note that scientific echosounders will have limited impacts on baleen 
whales and are typically effective within a range of a few hundred meters, although the sound 
may be audible at distances up to several kilometers from the instrument. The sounds from an 
EK60 scientific echosounders can be detected at 800 m depth out to a distance of at least 
1.3 km (Cholewiak et al. 2017). Although the majority of active acoustic technology instruments 
have limited range, we assessed the Geographic Extent of Threat as Broad as vessels transit 
and operate these instruments throughout both the Canadian Assessment Area and the 
Northwest Assessment Area. 

Threat 3.1.3: Mid-Frequency Military Active Sonar Operation 
One of the high priority, understudied, acoustic concerns for many whale species is the impacts 
of mid-frequency military active sonar (Goldbogen et al. 2013, Southall et al. 2019, Chouinard & 
Binder 2023). Mid-frequency military active sonar has a frequency range of 1 kHz-10 kHz 
(Simmonds & Lopez-Jurado 1991, Frantzis 1998, Cox et al. 2006, Nowacek et al. 2007). One of 
the most frequently used systems that has been associated with stranding events, is the 
AN/SQS 53C system (3.5 kHz with most energy in the 2.5 kHz-4.5 Hz range) with a source level 
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of 235 dB rms re 1 μPa @ 1m (Parsons 2017). Low-frequency military sonar operations may 
also be a concern for baleen whales; however, they are not addressed here. 

Likelihood of Occurrence: Known 
In Canadian waters, the large-scale, multinational antisubmarine warfare training exercise 
"Cutlass Fury" has been conducted on the Scotian Shelf and in the waters off of Newfoundland 
in 2016, 2019, 2021, and 2023 usually over a two-week period (Stanistreet et al. 2022, Royal 
Canadian Navy 2023, Moors-Murphy et al. 2024). Additional short duration military exercises 
(hours to days) that may include the use of mid-frequency military active sonar also occur in 
eastern Canadian waters and in Department of National Defence operations areas. Given the 
high likelihood of periodic exercises continuing, we assessed the Likelihood of Occurrence as 
Known. 

Individual Level of Impact: High 
The effects of mid-frequency military active sonars have been of high interest; however, there 
has been limited directed research conducted on cetaceans and the majority of those efforts 
have focused on odontocetes (Goldbogen et al. 2013). Effects examined include changes to 
behaviours such as diving, surfacing and heading patterns, as well as changes in the types or 
timing of vocalizations. Physiological responses that investigate auditory threshold shifts and 
stress are much harder to evaluate (Nowacek et al. 2007). 
Mid-frequency military active sonar studies that have been conducted on mysticetes suggested 
that blue and humpback whales experienced negative impacts (Goldbogen et al. 2013, Sivle 
et al. 2016, Southall et al. 2019), while fin whales showed more limited responses (Southall 
et al. 2023). For instance, Goldbogen et al. (2013) found that blue whales that were surface 
feeding displayed no change in behaviour; however, deep-feeding whales started feeding 
mid-water, and non-feeding whales moved away to avoid the acoustic signal. These behavioural 
changes could reduce foraging efficiency. Once the acoustic signal stopped the whales returned 
to their pre-signal behaviours. Other studies on blue whales demonstrated that they decreased 
their calling rates in the presence of mid-frequency military active sonar events (Melcon et al. 
2012), and altered their behaviour while in deep feeding states during controlled exposure 
experiments (Southall et al. 2019). 
There have been cases of northern minke whale strandings during sonar-related mass 
stranding events (Filadelfo et al. 2009 and references therein). Parsons et al. (2000) noted that 
minke whale sighting rates significantly decreased during naval exercises and Sivle et al. (2015) 
observed that minke whales exhibited high speed avoidance when exposed to 1–2 kHz sonar 
signals. 
Impacts of mid-frequency military active sonar have been well documented in odontocetes as 
there have been multiple mass strandings that may have been caused by nearby sonar activity 
(Simmonds and Lopez-Jurado 1991, Fernández et al. 2005, Frantzis 1998, Cox et al. 2006, 
Nowacek et al. 2007). Beaked whales in particular have experienced major impacts due to 
nearby mid-frequency military active sonar operation (Chouinard and Binder 2023). 
Although there have been no studies conducted on the impacts of mid-frequency military active 
sonar operations specifically on NARWs, a study by Nowacek et al. (2004) found that NARWs 
react to alert sounds (ranging from 500 to 4,500 Hz) by surfacing more rapidly and remaining 
there for longer periods. This could suggest that uncommon sound sources such as military 
sonars could elicit similar behavioural responses. Furthermore, sonar and other anthropogenic 
noise may interfere with NARW communication, reducing their ability to avoid predators and 
other threats (Chouinard and Binder 2023). The impacts of this threat on other baleen species 
have ranged from short-term behavioural responses to strandings, thus we assessed the 
Individual Level of Impact as High with a Causal Certainty of Medium. 

Population Level of Impact: Unknown 
Research on other large baleen whales informed the assessment of the Individual Level of 
Impact of mid-frequency military active sonar operation on individual NARWs. As there is 
insufficient information for NARWs to assess the Population Level of Impact, we assessed it as 
Unknown. The Causal Certainty was also given a rank of Unknown for this threat. 

Threat Frequency: Recurrent 
Military exercises such as “Cutlass Fury” are a biennial exercise that occur in the Canadian 
Assessment Area. Although there is limited information on other mid-frequency military active 
sonar activities in the Canadian Assessment Area, Navigational Warnings published by the 
Canadian Coast Guard (CCG) indicated that 67 surface, subsurface, and underwater operations 
took place between August 2019 and June 2024 (CCG NAVWARNs 2024). Limited information 
is available for the larger Northwest Atlantic Assessment Area; however, Chouinard and Binder 
(2023) provide information on operational studies examining mid-frequency military active sonar 
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effects on cetaceans. As exercises using mid-frequency military active sonar occur repeatedly, 
the Threat Frequency was evaluated as Recurrent for both assessment areas. 

Geographic Extent of Threat: Narrow 
Although the exact locations of mid-frequency military active sonar use in either the Canadian 
Assessment Area or the Northwest Assessment area are unknown, the CCG Navigational 
Warnings are generally for a small area. Operational studies of the impacts of mid-frequency 
military active sonar operations have taken place during military exercise (Chouinard and Binder 
2023) and the information available indicates only a moderate proportion of the NARWs habitat 
in the two study areas is affected by this threat. Thus, the Geographic Extent of Threat was 
assessed as Narrow. 

Subcategory 3.2: Chemical Contaminants 
In general, marine mammals are subject to some of the highest levels of environmental 
contaminants, especially compared to other wildlife (Desforges et al. 2016, Schaap et al. 2023). 
Cetaceans can be exposed to chemical contaminants through both air and water pollution and 
the transfer of pollutants can occur at the air-sea interface through several processes (Wania 
et al. 1998). For this subcategory, contaminants found in the ocean are the main focus for this 
assessment, although we recognized that air pollution will also affect NARWs in this 
subcategory. Contaminants have been detected in NARWs; however, the overall effect on 
individual NARWs remains unclear and no definitive causal connections between these 
substances and the health and reproduction has been established for NARWs (Kraus and 
Rolland 2007). Furthermore, the effects of contaminants on NARW body condition, growth, 
reproduction, and survival have been problematic to parameterize in population viability models 
for this species (Moore et al. 2021). To further assess this threat, we chose four general 
categories of chemical contaminants: persistent organic pollutants, heavy metals, plastics and 
marine debris, and petroleum spills. 

Threat 3.2.1: Persistent Organic Pollutants Pollution 
Persistent organic pollutants are a diverse group of anthropogenic chemicals that have long 
half-lives, are resistant to metabolism and degradation, and can be transported over long 
ranges (O’Shea 1999, Lohmann et al. 2007). Persistent organic pollutants can include several 
classes of chemicals including polychlorinated biphenyls (PCBs), various organochlorine 
pesticides (e.g., dichlorodiphenyltrichloroethanes (DDTs), chlordanes (CHLDs), 
hexachlorocyclohexanes (HCH), and flame retardants such as polybrominated diphenyl ethers 
(PBDEs; Baugh et al. 2023). 

Likelihood of Occurrence: Known 
Persistent organic pollutants occur in varying concentrations in the North Atlantic (Sun et al. 
2016). Organochlorine pollutants are among the most persistent chemical contaminants present 
in the marine environment (Tilbury et al. 2002). Humpback whales residing in the Gulf of Maine 
(an important habitat area for NARWs) have been shown to have the highest concentration of 
persistent organic pollutants compared to other populations along the coast of the USA (Elfes 
et al. 2010). The Likelihood of Occurrence for persistent organic pollutants was assessed as 
Known in both the Canadian Assessment Area and the Northwest Assessment Area. 

Individual Level of Impact: Unknown 
Mortalities, reduced reproductive capabilities, and susceptibility to diseases through 
immunosuppression and endocrine disruption have all been suggested as potential biological 
effects of persistent organic pollutants in marine mammals (O’Shea 1999, Waring et al. 2009c). 
Some types of persistent organic pollutants, such as PCBs, have been found to suppress 
immune function in marine mammals (Desforges et al. 2016). Persistent organic pollutant 
concentrations have been measured in other baleen whale species, including humpback whales 
(Gauthier et al. 1997, Ryan et al. 2013, Baugh et al. 2023 Remili et al. 2024), bowhead whales 
(Hoekstra et al. 2002), fin (Remili et al. 2024), minke (Remili et al. 2024) and southern right 
whales (Torres et al. 2015). However, there is limited information on the effects of persistent 
organic pollutants for these species. Weisbrod et al. (2000) found no evidence that NARWs 
bioaccumulate hazardous concentrations of organochlorines. Woodley et al. (1991) found that 
the levels of DDT, PCBs, and other organochlorine contaminants were lower in NARWs 
compared to other baleen whale species. The effects of contaminants on NARW health, 
reproduction, and survival have been difficult to parameterize in modelling efforts (Moore et al. 
2021) and thus we assessed the Individual Level of Impact as Unknown. 

Population Level of Impact: Unknown 
There is insufficient information available to assess the effects of persistent organic pollutants 
on NARWs or other large cetacean species at the population level. Thus, the Population Level 
of Impact was assessed as Unknown with a Causal Certainty of Unknown. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/organochlorine-pesticide
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/organochlorine-pesticide
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/ddt
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/chlordane
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hch
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/flame-retardant
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pbde
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Threat Frequency: Continuous 
Persistent organic pollutants occur throughout both the Canadian Assessment Area and the 
Northwest Atlantic Assessment Area. Some of these chemical contaminants are the most 
prevalent and persistent compounds in the oceans. It has been 20 years since the 
implementation of the Stockholm Convention on Persistent Organic Pollutants, a global treaty 
aimed at eliminating or reducing persistent organic pollutants pollution. However, due to the 
stable nature of these chemicals, this threat continues for NARWs. 

Geographic Extent of Threat: Broad 
The presence of persistent organic pollutants in the northwest Atlantic Ocean can vary by area, 
with higher concentrations of some types of persistent organic pollutants found in the Gulf 
Stream compared to the open ocean, where levels may decrease to below detectability 
(Lohmann and Belkin 2014). Persistent organic pollutants have also been shown to be at higher 
concentrations in coastal areas compared to the open ocean (Iwata et al. 1993), thus, NARW 
habitats and transit corridors are more likely to have higher concentrations of persistent organic 
pollutants. 

Threat 3.2.2: Plastics and Marine Debris Pollution 
Marine debris is widespread across the oceans, with plastics typically making up the majority of 
floating litter (Galgani et al. 2015). Debris and plastic pollution is a serious threat to the marine 
environment when not properly disposed of or recycled (Monteiro et al. 2018). When plastics 
are degraded and become brittle, they can break down into smaller fragments or microplastics 
(plastic debris <5 mm in size (Rochman and Hoellein 2020). Ingesting or becoming entangled in 
marine debris and plastics can lead to both chronic and acute injuries, increase contaminant 
exposure, and result in higher rates of morbidity, injury, and mortality (Baulch and Perry 2014, 
Fossi et al. 2020 and references therein). Thus, marine debris, macroplastics, and microplastics 
pose a serious threat to cetaceans including the NARW. 

Likelihood of Occurrence: Known 
The amount of marine debris around the world is increasing (e.g., Law et al. 2010) and plastic 
debris is found in various particle sizes and concentrations across the North Atlantic (Cózar 
et al. 2014). Of the three most commonly littered plastics (polyethylene, polypropylene, and 
polystyrene), it is estimated that 11.6–21.1 million tonnes of microplastics (size class 32–
651 µm) are suspended in the top 200 m of the Atlantic Ocean (Pabortsava and Lampitt 2020). 
Jambeck et al. (2015) estimated that 4.8 to 12.7 million tonnes of microplastics are entering the 
world’s oceans annually. Eighty per cent of marine plastic pollution is land based (Almroth and 
Eggert 2019). Based on this information and the current global dependence on plastics, there is 
a greater than 90% chance that this threat occurs or will occur and we, therefore, classified it as 
Known. 

Individual Level of Impact: High 
There is still considerable information required to determine the full impacts of the ingestion of 
marine debris and plastics on baleen whales (Fossi et al. 2012), and ingestion of marine debris 
and plastic has not been directly investigated in NARWs. However, almost two-thirds of 
cetacean species have been found to have ingested macroplastics (Fossi et al. 2020) and 
protocols have been developed to further study the effects of the ingestion of micro and macro 
plastics (e.g., Lusher et al. 2014, 2015). Plastics of various sizes have been found in many 
species of baleen whales including southern right, gray, fin, Bryde’s, sei (Balaenoptera 
borealis), minke, and humpback whales (Werth et al. 2024 and references therein). Marine 
debris, plastics, and their associated chemicals can reduce an individual’s health and fitness 
and even a small amount of ingested plastic can be fatal (Kühn et al. 2020). Macroplastics have 
been found in the digestive tract of a stranded southern right whale (Alzugaray et al. 2020). The 
ingestion of a broken DVD case contributed to the death of a juvenile sei whale (Henry et al. 
2019). A necropsied fin whale had 45 anthropogenic items (all plastic) in the digestive tract and, 
although this may not have been the cause of death, large amounts of plastics can lead to 
obstructions in the gut and cause death as observed in a minke whale (Jauniaux et al. 2014). 
There have been cases where sperm whales have ingested pieces of fishing nets, ropes, and 
other plastic debris (Jacobsen et al. 2010, Simmonds 2012). NARW entanglements often 
involve gear in the mouth (Cassoff et al. 2011) with the ingestion of rope contributing to one 
whale’s death (Johnson et al. 2005). While baleen whales that feed on copepods, like the 
NARWs, generally have a lower risk of microplastic ingestion (Burkhardt-Holm & N'Guyen 
2019), Werth et al. (2024) demonstrated that the baleen of right whales has ability to collect 
plastic pollution of all sizes. Marine debris and plastic ingestion of all sizes may still affect an 
individual whale’s health and survival. Based on the mortalities, injuries, and health effects 
observed in other baleen whales the Individual Level of Impact was scored as High with a 
Causal Certainty of High. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/digestive-tract
https://www.sciencedirect.com/science/article/pii/S0025326X20306329#bb0090
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Population Level of Impact: Low 
Although there have been no NARW deaths attributed to the ingestion of plastics or marine 
debris, there have been cases documented in other baleen whale species (Jauniaux et al. 2014, 
Henry et al. 2021). As mortality could occur from the ingestion of marine plastics and debris 
over the next 100 years and a few deaths were observed in other baleen whales, the Population 
Level of Impact was assessed as Low. 

Causal Certainty: High 
The level of impact categories assessed for marine debris, and macro- and microplastics are 
entirely based on publications for other baleen whales as there is a paucity of data specifically 
for NARWs. 

Threat Frequency: Continuous 
Plastics and marine debris pollution, in various forms and sizes, occurs throughout the Atlantic 
Ocean and is increasing (Law et al. 2010, Cózar et al. 2014, Rochman 2018)) thus, we 
assessed the Threat Frequency as Continuous. 

Geographic Extent of Threat: Broad 
Plastics and marine debris severely pollute the environment (Kurniawan et al. 2021) and, as the 
majority of the pollution is land based, it can be found in nearshore and coastal areas. Plastics 
and marine debris also migrate toward and accumulate in the subtropical gyres (Eriksen et al. 
2019). Based on this information the Geographic Extent of Threat was assessed as Broad. 

Threat 3.2.3: Petroleum Spills or “Oil” Spills 
The release of fossil fuels and related refined products into the environment, whether marine or 
otherwise, is commonly known as an "oil spill." Oil spills include a wide range of petroleum 
releases, with the composition and chemicals involved varying depending on the source of the 
oil. Below we use the term oil spills to represent crude oil and oil derived products. 

Likelihood of Occurrence: Known 
In Canada, it is reported that 12 oil spills occur per day with a volume greater than 4,000 L and 
that at least one of these spills will occur in maneuverable waterways (Michel an Fingas 2016). 
In the USA, there are 15 spills per day of this size in maneuverable waterways (Michel and 
Fingas 2016). There have been major oil spills off the coast of Nova Scotia. Examples include 
the sinking of the tanker “Arrow” in Chedabucto Bay and the Kurdistan spill off northern Cape 
Breton Island (Steward and White 2001). One of the largest oil spills (at the time) occurred 
1,300 km off the Nova Scotian coast in 1988 when 132,157 tons of crude oil were released into 
the North Atlantic when a tanker (the Odyssey) split in two and sank (Brown 2010). 
Furthermore, the National Aerial Surveillance Program detected 1,148 oil spills in Canadian 
Waters between 2011 and 2016, during which time there was increased surveillance in Atlantic 
Canada (TC 2019). The probability of at least one oil spill occurring in the next 100 years in the 
Canadian Assessment Area or the Northwest Assessment Area is greater than 90% and, 
therefore, the Likelihood of Occurrence is Known. 

Individual Level of Impact: Extreme 
Cetacean exposure to oil spills can occur through inhalation, aspiration, ingestion (directly or 
through contaminated prey), and dermal contact (Helm et al. 2014, Jarvela Rosenberger et al. 
2017, Takeshita et al. 2017). Each pathway could cause various physiological conditions that 
could affect the heath and survival of cetaceans (Helm et al. 2014). Data on large baleen 
whales and the effects of oil pollution are limited (Claphman et al. 1999), and there are no 
defined species-specific physiological thresholds of oil exposure (Jarvela Rosenberger et al. 
2017). With that in mind, Jarvela Rosenberger et al. (2017) developed a risk based conceptual 
framework to evaluate the vulnerability of marine mammals to oil spills. The likelihood of 
individual exposure was based on the five exposure pathways (listed above). North Pacific right 
whales were ranked as high in every category with the exception of adhesion/dermal contact 
(ranked medium). Based on results for North Pacific right whales, individual NARWs are likely to 
experience a high likelihood of exposure when an oil spill occurs in their habitat. After exposure 
to an oil spill, cetaceans exhibit a wide range of effects including mortalities, reproductive 
failures, poor body condition, inflammation, and organ damage (Takeshita et al. 2017, Godard-
Codding and Collier 2018 and references therein). Due to the wide range of impacts observed in 
several cetacean species we assessed the Individual Level of Impact as Extreme with a Causal 
Certainty of Medium. 

Population Level of Impact: High 
Jarvela Rosenberger et al. (2017) estimated oil spill risk scores at the population level for all 
baleen whale species in coastal British Columbia based on biological, ecological, and 
demographic features. North Pacific Right whales share some similar features with the NARW 

https://www.sciencedirect.com/science/article/pii/S0025326X20306329#bb0090


 

38 

(specialised diet of copepod, long lived species, small population estimate) and were given a 
medium score of likelihood for population level effects (Jarvela Rosenberger et al. 2017). 
However, the framework and characteristics used in that study are not comparable with ,the 
definitions used in this threat assessment. Large oil spills, such as the 2010 Deepwater Horizon 
oil spill, resulted in a 35% increase in deaths and a 46% increase in reproduction failure for 
bottlenose dolphins (Tursiops truncatus) leading to a substantial loss of the Barataria Bay, 
Louisiana population as well as a 22% population decline in the endemic population of Rice's 
Whale (Balaenoptera ricei, Ramírez-León et al. 2023). Due to the substantial loss of individuals 
from a cetacean population resulting from the Deepwater Horizon Oil Spill, the Population Level 
of Impact was assessed as High with a Causal Certainty of Medium as the assessment was 
based on effects observed for other species. 
The supporting information in the Level of Impacts sections is biased toward large oil spills. 
There could be substantial variability in the potential impacts based on the volume of the spill, 
the type of the petroleum, and the location of the spill. Small spills that are seen on a day-to-day 
basis in either assessment area will not have the same effects as catastrophic spills like the 
Deepwater Horizon oil spill or the Exxon Valdez oil spill off the coast of Alaska. 

Threat Frequency: Recurrent 
Large-scale oil spills (>30 tonnes) from vessels such as the Odyssey, the Exxon Valdez, and 
the Deepwater Horizon oil platform occur rarely (0.1% of incidents, Fingas 2011). Nonetheless, 
small oil spills occur daily in both the Canadian Assessment Area and the Northwest Atlantic 
Assessment Area. The majority of spills (72%) are small-scale spills that account for <1% of the 
total spillage (Fingas 2011). Thus, there are Recurrent small-scale oil spills in NARW habitats 
and transit corridors. 

Geographic Extent of Threat: Restricted 
The majority of oil spills are small in volume, and the effects of a marine oil spill are determined 
by the location of the spill, the extent of the physical forces that act on the spill and the proximity 
of the spill to species and their habitats (Zhang et al. 2019). It is possible for wind and waves to 
dilute the concentration of an oil spill and, due to the small volume of most spills, only a minor 
proportion of the NARW habitat may be affected. 

Threat 3.2.4: Heavy Metal Pollution 
Likelihood of Occurrence: Known 

Heavy metals like chromium, mercury, nickel, cadmium, lead, and arsenic are persistent in the 
environment and have been detected in notable concentrations in the marine environment, 
including in marine mammal tissues, for decades (Schaap et al. 2023 and references therein). 

Individual Level of Impact: Unknown 
Data on the impacts of heavy metal pollution in marine mammals is poorly standardized and 
available for only a few species, making it difficult to draw conclusions about the impact on 
individuals or overall population health and emphasizing the need for more comprehensive 
research (Bowles 1999, López-Berenguer et al. 2020, Schaap et al. 2023). Furthermore, the 
adaptive ability of marine mammals to effectively process higher concentrations of heavy metals 
complicates the assessment of potential health impacts (Chen et al. 2009, López-Berenguer 
et al. 2020). 
There is a lack of information on heavy metal concentrations in NARWs that has been 
exacerbated by the challenge of gathering comprehensive data due to their small population 
size. For example, in a study by Wise et al. (2019) investigating heavy metal levels in baleen 
whales (humpback, fin, and minke whales) in the Gulf of Maine, NARWs were excluded from 
sampling due to their limited population size. The baleen whales inhabiting the same areas in 
the Gulf of Maine exhibited significantly higher levels of chromium and nickel, known for their 
potential toxicity, when compared to southern right whales (Wise et al. 2019); however, diets of 
these three species are not the same as NARWs or southern right whales. Skin biopsies from 
NARWs in the Bay of Fundy revealed the presence of chromium at levels that have been shown 
to be cytotoxic and genotoxic for NARW lung and testes cell cultures (Wise et al. 2008). 
Chromium-induced cytotoxicity and genotoxicity in primary cultured lung and skin fibroblasts 
from NARWs further underscores the health potential concerns associated with chromium 
exposure (Chen et al. 2009). Exposure of NARW kidney cells to cadmium has also been shown 
to result in changes in gene expression for genes related to metal toxicity (Ierardi et al. 2021). 
Although the concentration of some heavy metals in NARWs could be impacting cell functions, 
there has been no direct link made between the cytotoxicity and genotoxicity observed in cell 
cultures with morbidity or increased stress. As such, the Individual Level of Impact was 
assessed as Unknown. 
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Population Level of Impact: Unknown 
Due to the limited information available on the effects of heavy metal pollution, we were unable 
to assess the Population Level of Impact at this time and it is, therefore, Unknown. 

Threat Frequency: Continuous 
Some heavy metals occur naturally in the ocean (Krishna et al. 2003); however, the global 
increase observed in oceanic levels of heavy metals is due to anthropogenic sources (Ross 
et al. 2017). Agricultural fertilizer and pesticide use, fossil fuel consumption, mining, and waste 
disposal all contribute to a Continuous release of toxic metals into the oceans (Ansari et al. 
2004). 

Geographic Extent of Threat: Broad 
Concentrations of heavy metals can vary substantially between the surface and deep-sea 
waters and across oceans (Mart et al.1982). The variation in concentration of these elements is 
even greater in coastal waters that are particularly impacted by anthropogenic inputs (Mart et al. 
1982). NARWs primarily occur in Northwest Atlantic coastal waters on the continental shelf 
where the concentrations of the different heavy metals will depend on the source (Ansari et al. 
2004). Due to the variation in concentration of heavy metals across the Canadian Assessment 
Area and the Northwest Atlantic Assessment Area we assessed the Geographic Extent of 
Threat as Broad. 

Subcategory 3.3: Energy Development and Production 
The world’s oceans are experiencing expanding industrialization, and new and changing 
innovations and technologies are contributing to further development (Jouffray et al. 2020, 
Winther et al. 2020). Coastal and marine offshore developments, drilling operations by industrial 
platforms, and wind energy production all pose various threats to the NARW through noise 
pollution, vessel traffic, chemical contaminants, and the alteration of habitats. 

Threat 3.3.1: Coastal and Marine Offshore Development 
Acoustic-noise pollution generated during the construction phase of coastal and offshore marine 
developments, including wind turbines and oil and gas platforms, can include noises originating 
from pile driving, pole drilling, explosives, dredging, trenching, and sediment mining. This type of 
noise pollution has been increasing in the oceans around the world (Kusku et al. 2018). The 
construction of offshore wind farms and other structures may pose a threat to cetaceans 
primarily due to noise associated with pile driving (Madsen et al. 2006, Bailey et al. 2010; 
Dolman and Simmonds, 2010, Dähne et al. 2013, Thompson et al. 2020), which can be one of 
the most intense sources of underwater noise (Madsen et al. 2006, Thomsen et al. 2006). Pile 
driving emits intense, impulsive noise that radiates into the surrounding environment as the 
turbines or other structural components of developments are hammered into the sea floor 
(Amaral et al. 2020). A vibratory pile driving hammer typically produces sounds in the 15-35 Hz 
range (Dahl et al. 2015) with peak sound energy levels occurring in the 100 Hz to 2 kHz 
frequency band. However, sound energy up to 10 kHz can be produced (Bailey et al. 2010, 
Haelters et al. 2013). For the assessment of the threat of Coastal and Marine Offshore 
Development, we focused on pile driving as the main threat due to the intense noise associated 
with this activity. 

Likelihood of Occurrence: Known 
Renewable, green resources such as solar panels and offshore wind energy have been a high 
priority that is undergoing rapid development (Bailey et al. 2010, Davis et al. 2023). There are 
new developments off the southern New England area (Davis et al. 2023) including two wind 
farms that started construction in 2022: Vineyard Wind 1, located 24 km south of Martha’s 
Vineyard with 62 wind turbines, spaced 1 nautical mile apart (Vineyard Wind 2024); and South 
Fork Wind Farm (South Fork Wind 2024), off the coast of Long Island, New York with 12 
planned turbines. Additional wind lease areas with wind farms at various stages of planning, 
review, and permitting are shown in Figure 16. As of January 1, 2024, there were no offshore 
wind farms in the Canadian Assessment Area. However, Atlantic Canada Offshore 
Developments has announced the development of four offshore wind projects, one in each of 
the Atlantic provinces and state that there is great potential for development on the Atlantic 
coast and in the Gulf of St. Lawrence (Norton Rose Fulbright 2023). Thus, there are studies 
underway examining possible offshore wind construction sites that could be suitable off the 
shores of Nova Scotia, Canada (Eamer et al. 2021, Cunanan et al. 2022, Daborn et al. 2025). 
Given that there are operational wind farms off the eastern coast of the USA, with more under 
construction, and that there are plans in both assessment areas for further development of 
offshore wind farms, we assessed this threat as Known. 
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Individual Level of Impact: High 
Before a coastal or marine offshore development can begin, studies need to be completed on 
noise propagation modelling, marine mammal noise exposure criteria, densities of local species, 
the number of individuals potentially impacted, and the potential long-term population 
consequences of the development (Thompson et al. 2020). High-intensity, impulsive blasts from 
pile driving can damage cetacean ears and reduce their communication range, interfere with 
foraging, increase their vulnerability to predators, and result in erratic behaviours, which could, 
in turn, impact migration, mating, and potential for stranding (Ketten et al. 1993, Thomson et al. 
2020). The impulsive noise created by pile driving can also result in the death of cetaceans 
(Thompson et al. 2020). The Individual Level of Impact was assessed as High with a Medium 
rating for Causal Certainty. 

Population Level of Impact: Unknown 
There is insufficient information for NARWs to assess the Population Level of Impact; therefore, 
it was assessed as Unknown with a Causal Certainty ranking as Unknown. 

Threat Frequency: Recurrent  
Generally, pile driving is conducted over a smaller time scale than other threats. Bailey et al. 
(2010) measured pile-driving operations in the Moray Firth (inlet of the North Sea) and 
estimated that operations took between 108-157 minutes, with a mean duration of 135 minutes 
per pile over five days. Each pile required 5,000-7,000 blows of the hammer (mean of 6,223 
blows). The hammer struck the pile approximately once per second (mean=0.8 strikes/second). 
Although the noise travelled a long distance, the impact was only for a matter of days and could 
be mitigated to occur during months with lower densities of marine mammals. Thus, due to the 
repeated nature of pile driving required we assessed the Threat Frequency as Recurrent. 

Geographic Extent of Threat: Narrow 
Although coastal and marine offshore development is increasing, contemporary offshore wind 
farm developments occupy a low proportion of the NARW’s habitat. The shift in the distribution 
of NARWs has resulted in aggregations of whales feeding, socializing, and transiting in an area 
off the southern New England, creating an area of special concern due to the development of 
offshore windfarms west of Nantucket Shoals (Leiter et al. 2017, Stone et al. 2017, O’Brien et al. 
2022). The Geographic Extent of the Threat of coastal of marine offshore developments was 
assessed as Narrow in both the Canadian Assessment Area as well as the Northwest Atlantic 
Assessment Area. 

Threat 3.3.2: Drilling Operations 
Drilling operations can produce a variety of sounds, some of which are nearly constant, at low to 
mid-frequencies (700 to 1400 Hz, Hildebrand 2009). In another study the peak energy of drilling 
operations occurred at 45 Hz with further high energy at the frequency band above 1 kHz 
(Huang et al. 2023). In the eastern Beaufort Sea, the noise from drilling operations can be 
difficult to separate from natural background noise (Blackwell et al. 2017). 

Likelihood of Occurrence: Known 
Offshore oil and natural gas extraction have been ongoing in the Canadian Assessment Area for 
over 25 years and, although some operations have been decommissioned, the industry remains 
active in this area (Moors-Murphy et al. 2024 and references therein). The majority of drilling 
operations in waters off the USA generally occur outside the Northwest Atlantic Assessment 
Area. 

Individual Level of Impact: Low 
There is a paucity of information available to evaluate the effects of noise generated by drilling 
operations on NARWs. Measurements of noise emitted from drilling operations on the Scotian 
Shelf fall within the range of 130–190 dB per 1 µPa and are not likely to result in auditory injury 
to marine mammals (MacDonnell 2016). However, the frequency range of the sounds emitted 
during drilling operations is within the estimated hearing range of NARWs (from 20 Hz-22 kHz; 
Matthews and Parks 2021). Bowhead whales have exhibited varied reactions to drill ships and 
dredging sounds (both operational and in playback experiments) including orienting 
away/moving away from the sound, feeding cessation, and altered surfacing, respiration, diving 
behaviour (Richardson et al. 1990), and changes in calling rates (Blackwell et al. 2017). Due to 
the behavioural effects observed in bowhead whales, as well as those related to other vessel 
noises and other noise pollution, we assessed the Individual Level of Impact as Low with a 
Causal Certainty of Low due to the lack of data available on the impact of this noise source on 
other baleen whale species. 
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Population Level of Impact: Unknown 
There was insufficient information available to assess the Population Level of Impact for the 
effect of ocean drilling on NARWs. 

Threat Frequency: Recurrent  
Offshore oil and natural gas exploration and drilling in the waters off Nova Scotia and 
Newfoundland and Labrador began in 1969. It is expected that parts of Atlantic Canada will 
continue to be active participants in the oil and gas sector for many years to come. 
There have been three developments offshore of Nova Scotia: Deep Panuke (five project wells), 
Sable Island (21 development wells were drilled in five fields), and Cohasset-Panuke (total of 14 
production wells) with active production between 1992-2018 (CNSOPB 2023). These projects 
included both oil and natural gas wells and were in active production between 1992-2018. All of 
which are now decommissioned and abandoned (CNSOPB 2023). 
There are five offshore platforms drilling off Newfoundland including Hibernia, Hebron, Terra 
Nova, White Rose, and North Amethyst, all of which are currently active (CNLOPB 2023). 

Geographic Extent of Threat: Restricted 
Sound source characterization studies conducted on the Scotian Shelf indicate that the noise 
from drilling operations has a limited propagation area (Moors-Murphy et al. 2024 and 
references therein) and, thus, it is very unlikely that drilling operations will affect much of the 
Canadian Assessment Areas. The majority of drilling operations in waters off the USA generally 
occur in the Gulf of Mexico and are outside the Northwest Atlantic Assessment Area. Thus, for 
both assessment areas the Geographic Extent of Threat was assessed as Restricted. 

Threat 3.3.3: Wind Energy Production 
Offshore wind farms generate renewable energy but can have environmental consequences, 
both positive and negative, for the habitats in which they operate. Major concerns related to 
wind farms include increased noise levels, risk of increased vessel strikes to marine mammals, 
collisions with seabirds, changes in the benthic and pelagic habitats where they are installed, 
changes to food webs, and increased pollution due to increased traffic and the release of 
contaminants from the seabed (Bailey et al. 2014). Potential benefits to the environment from 
wind farms include artificial reef support on the base structures of the individual turbines, shelter 
effects, and the exclusion of some or all fishing effort (Bailey et al. 2014). However, more 
research is needed to fully assess the impacts of wind farms. 
This threat assessment focused on the operational phase of energy production for wind farms. 
The development and construction phases of wind farms are associated with a number of 
threats to NARWs. Such threats include noise pollution from pile driving and seismic surveys, 
increased vessel operations, and pollution from chemical contaminants released from the 
sediments, where some heavy metals accumulate (Ansari et al. 2004, Bailey et al. 2014). 
Operational activities of wind energy production will also result in changes in vessel traffic 
patterns (Culloch et al. 2016, Yu et al. 2020) and the associated threats. 

Likelihood of Occurrence: Known 
In the Northwest Atlantic Assessment Area, there are two wind farms operating off the coast of 
the USA: the Block Island wind farm, consisting of 5 turbines, and the Coastal Virginia Offshore 
Wind project, with two turbines operating as of August 2023, and another 150 turbines planed 
by 2026 (NASEM 2023, Energy.gov 2023). Additional wind lease areas with wind farms at 
various stages of planning, review, and permitting are shown in Figure 16. 
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Figure 16. The locations of proposed and existing energy facilities and transmission infrastructure areas 
of wind farms at various stages of planning, review, permitting, and operation (from: 
https://www.northeastoceandata.org/data-explorer/?energy-infrastructure|planning-areas). Data are from 
authoritative sources including the Bureau of Ocean Energy Management, Federal Energy Regulatory 
Commission, the New England states, and marinecadastre.gov. 

Areas off of the coast of Nova Scotia, including Sydney Bight, French Bank, Middle Bank, Sable 
Island Bank and Western Emerald Bank in the Canadian Assessment Area have all been 
recommended for immediate consideration as prospective wind farm areas (Figure 17, Daborn 
et al. 2025). Misaine Bank, LaHave Basin and Canso Bank area also being considered; 
however, these areas require additional investigation and consultation (Daborn et al. 2025). 
Construction of offshore wind farms is expected to start in 2031 and operations could be 
initiated in 2033 (Daborn et al. 2025). Given that there are operational wind farms off the 
eastern coast of the USA, with more under construction, and that there are plans in both 
assessment areas for further development of offshore wind farms, we assessed this threat as 
Known. 

 
Figure 17. Proposed areas (as of March 2025) considered for development as Wind Energy Areas (purple 
polygons) on the Scotian Shelf. 

https://www.northeastoceandata.org/data-explorer/?energy-infrastructure|planning-areas
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Individual Level of Impact: Unknown 
NARWs are dependent on the biophysical processes that supply and accumulate their prey 
(Sorochan et al. 2021). Offshore wind farms in the North and Irish Seas have been shown to 
contribute to increases in net primary production and zooplankton (van der Molen et al. 2014) 
through impacts on water column stratification (Carpenter et al. 2016, Cazenave et al. 2016). If 
NARWs shift their distribution to capitalize on local increases in prey in the vicinity of offshore 
wind farm developments they could be exposed to increased risk of vessel strikes due to vessel 
traffic associated with the offshore wind farms, and an increased potential for entanglement in 
regional fishing gear or gear that could accumulate at the base of the monopiles (NASEM 
2023). However, whether the observations from the North and Irish Seas are representative of 
the oceanographic conditions for offshore wind farms on the east coast of the USA or Atlantic 
Canada is unclear. The hydrodynamic effects of offshore wind farms could also result in 
decreased zooplankton production or there could be no effect at all (NASEM 2023). If local 
zooplankton production decreases in response to the presence of wind farms, NARWs could 
have reduced fecundity, since periods of low prey availability for NARWs have corresponded to 
decreased calving rates (Greene and Pershing 2004, Meyer-Gutbrod et al. 2015). Given the 
uncertainty of the impacts of offshore wind farms on the primary prey of NARWs, the indirect 
impacts on individual NARWs are unknown. 
In terms of direct impacts of offshore wind farms to NARWs, there is the possibility of NARWs 
becoming entangled in the lines of floating wind farms (Harnois et al. 2015) that could have 
similar impacts on individual whales as fishing-gear entanglements. These types of wind farms 
are not used in the Canadian Assessment Area or the Northwest Atlantic Assessment Area at 
the time of this assessment; however, the Government of Nova Scotia is considering both 
floating and fixed offshore wind structures (Daborn et al. 2025) and there is the possibility of 
entanglement in any ropes of these mooring systems. 
Another threat posed by offshore wind farms is noise pollution as the turbines generate 
continuous noise during operations that include broadband and tonal components with 
harmonics below 1,000 Hz which is equivalent the noise of a large commercial ship (Mooney 
et al. 2020). As offshore windfarms are stationary, this will be a nearly constant source of noise 
added to the acoustic environment of NARWs. 
Most of the impacts of offshore wind farms are hypothesized to indirectly affect NARWs and are 
thought to be behavioural (Madsen et al. 2006). However, the long-term effects of offshore wind 
farms are largely unknown (Madsen et al. 2006, Silber et al. 2023). Although the constant noise 
generated by wind turbines is a potential threat to NARWs, there is still a large uncertainty of all 
the indirect effects of operations on NARWs, thus the Individual Level of Impact was assessed 
as Unknown with a Causal Certainty of Unknown. 

Population Level of Impact: Unknown 
Contemporary estimates of population loss due to offshore wind farms are not available for the 
NARW and it is much more likely that the indirect effects of offshore wind farms will have a 
greater impact on NARWs than the direct effects. Therefore, the Population Level of Impact was 
assessed as Unknown. 

Threat Frequency: Continuous 
Once installed, offshore wind farms will operate continuously, until decommissioned, for a 
period of approximately 30 years (Mooney et al. 2020), thus the Threat Frequency was 
assessed as Continuous. 

Geographic Extent of Threat: Narrow 
Contemporary offshore wind farms occupy a low proportion of the NARW’s habitat, with only 
two farms operational in the mid-Atlantic. New offshore wind farms are planned in the Northwest 
Atlantic Assessment Area as are expansions to the current offshore wind farms. The 
Geographic Extent of the Threat of energy production through windfarms was assessed as 
Narrow in both the Canadian Assessment Area and the Northwest Assessment Area. 

THREAT CATEGORY 4: OCEAN-PHYSICS ALTERATIONS 

Threat 4.1.1: Climate Change 
Climate change affects many aspects of the oceans including heat budget, ocean circulation, 
pH, phytoplankton productivity, oxygen content, nutrients, and sea-level (Reid et al. 2009). 
Ocean acidification can lead to increases in the distances both anthropogenic noise and whale 
sounds (below 10 KHz) can travel (Brewer and Hester 2009). Climate change has also caused 
changes in the distribution of cetaceans and their prey (Poloczanka et al. 2016, van Weelden 
et al. 2021). These shifts in distributions can result in changes to ecosystem structure, function, 
and species interactions (Doney et al. 2012), and may change the exposure of NARWs to 
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various threats such as vessel strikes and fishing-gear entanglements (Meyer-Gutbrod et al. 
2021). 

Likelihood of Occurrence: Known 
Climate change have resulted in substantial transformations of coastal and open ocean 
ecosystems (IPCC 2023). Not only has the global ocean warmed substantially since the 1950s, 
the rate of warming has also approximately doubled from the 1960s to the 2010s (Cheng et al. 
2022). Regional localized changes have also been recorded. The Gulf of Maine, an important 
habitat for NARWs, experienced one of the fastest rates of warming of any ocean ecosystem 
between 2004-2013 (Pershing et al. 2015). Townsend et al. (2023) demonstrated that, since 
2010, the Gulf of Maine has a new baseline of warmer temperatures and higher salinities. 
Climate change simulation modelling for the Northwest Atlantic includes increases in sea 
surface temperatures for the years 2070-2099 as well as other changes including the maximum 
depth of warming, shifts in the Gulf Stream, and changes in surface salinities (Alexander et al. 
2020). Climate change is occurring in the northwest Atlantic and will continue to occur, thus the 
Likelihood of Occurrence was assessed as Known. 

Individual Level of Impact: Unknown 
The indirect effects of climate change, such as changes in food supply and shifts in distribution 
have been well documented for NARWs (reviewed in Ratelle and Vanderlaan et al. 2025). 
Distributional shifts expose NARWs to additional threats as they move into new areas where 
conservation initiatives may not be in place. The observed distributional shifts from the 
designated critical habitats in Canadian waters to the southern Gulf of St. Lawrence are likely to 
be associated with increased energy expenditures; however, changes in energy expenditures 
are not generally associated with threat impacts. 
Climate change may be causing stress in individual NARWs. Trumble et al. (2018) determined 
that anomalies in the sea-surface temperature (from 1970 through 2016) were positively 
associated with baleen whale (fin, humpback, and blue whales) cortisol levels. However, other 
impacts to individual whales, such as disturbance, morbidity, mortality, etc., have not been 
directly associated with climate change. 
Climate change is interconnected to many of the other threats addressed here and the 
Individual Level of Impact for the direct effects of climate change is difficult to estimate, thus the 
Individual Level of Impact was assessed as Unknown with a Causal Certainty of Unknown. 

Population Level of Impact: High 
The effects of climate change on cetaceans include changes in foraging opportunities leading to 
habitat loss and changes in distribution (Kebke et al. 2022). This has already been observed for 
NARWs as they are exposed to increased threats due to distribution changes associated with 
prey availability. Tulloch et al.’s (2019) modelling efforts in the Southern Ocean demonstrated 
that future climate change would threaten the recovery of the baleen whales that feed there. 
Furthermore, cetaceans may be directly affected by climate change through loss of suitable 
habitat for functional behaviours (Kebke et al. 2022). For example, Derville et al. (2019) 
estimated that many breeding sites of humpback whales will become unsuitably warm (greater 
than 28°C) by the end of the 21st century. 
Climate change over the next 100 years will affect prey availability and possibly suitable habitat; 
however, contemporary estimates of population loss due to climate change are not available for 
the NARW. Climate change vulnerability studies can provide insights into the vulnerability of the 
NARW population to climate change. Albouy et al. (2020) assessed the sensitivity of 122 
marine-mammal species to climate change based on 15 traits in the following categories: 
feeding, habitat, reproduction, social behaviour, and biology. Sensitivity to climate change 
ranged from 0 to 1. The sensitivity of NARWs was estimated at 0.88, which is in the 95th 
percentile of all species considered (Albouy et al. 2020). Similarly, in a climate change 
vulnerability study by Lettrich et al. (2023), NARWs scored very high for overall vulnerability, a 
relative measure calculated from biological sensitivity (ability to tolerate climate-driven changes 
in environmental conditions), and climate exposure (magnitude of environmental change). Due 
to the high vulnerability of NARWs to climate change, as well as the indirect and direct effects of 
climate change, the Population Level of Impact was assessed as High with a Causal Certainty 
of Very High. 

Threat Frequency: Continuous 
Climate change is a threat that is occurring without interruption and was assessed as 
Continuous. 

Geographic Extent of Threat: Extensive 
Climate change is occurring across the globe and although there is spatial variation in the 
impacts and rates of change across the Canadian Assessment Area and the Northwest Atlantic 
Assessment Area, the Geographic Extent of climate change was assessed as Extensive. 
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THREAT CATEGORY 5: SCIENTIFIC ACTIVITIES 

Threat 5.1.1: Scientific Activities 
Whale researchers in the 1950s considered the NARW essentially extinct or very nearly extinct 
(Kraus and Rolland 2007). Researchers from the Woods Hole Oceanographic Institute, Bill 
Watkins and Bill Schevill, observed a few NARWs in the Cape Cod Bay when performing 
acoustic studies on other species in the 1960s. Over the following 20 years, these two 
researchers made observations of the behaviour and the biology of these animals. Since the 
1980s, research on NARWs has greatly expanded using a vast array of techniques, 
instruments, and platforms. 
Various activities are included under the threat of scientific activity, each having different effects 
on individuals and the population. Scientific activities include but are not limited to: aerial and 
vessel-based surveys, invasive and non-invasive tagging, skin and blubber biopsies, close 
vessel approaches, uncrewed aerial vehicle (UAV) over flights, and acoustic playback 
experiments including conspecific and other sounds, including simulated sonar, vessels, and 
alert signals. 

Likelihood of Occurrence: Known 
From 2014 through 2023 there were 60 research articles published with Eubalaena glacialis in 
the title (Web of Science search 05 Nov 2024). The number of articles increased to 141 if 
Eubalaena glacialis was replaced with North Atlantic right whale with the same search 
parameters. These publications in the primary literature demonstrate the continued research on 
NARWs. 
Furthermore, there have been continued funding commitments from both the Government of 
Canada and the federal government in the USA. The Government of Canada introduced a 
five-year $167.4 million Whales Initiative funding to support many governmental departments in 
the recovery of Canada’s endangered whale populations including the NARW (TC 2022). In 
2021, the Government of Canada awarded a total of $5.3 million to five Canadian companies 
advancing innovative solutions for protecting NARWs (CSA 2021). In 2023, the Biden-Harris 
Administration announced a historic $82 million of funding for NARWs (Wagner 2023). 
The 2024 Annual North Atlantic Right Whale Consortium (NARWC) meeting hosted 
approximately 300 in-person attendees and an additional 200 virtual participants. The event 
provided a platform for presenting and discussing research, new techniques, management 
strategies, and other key aspects related to the conservation of right whales. 
Research activities to support the conservation and recovery of NARWs were assessed as 
Known, with a 90-100% chance of occurring over the next 100 years. 

Individual Level of Impact: Low 
Given the wide range of scientific activities that could pose a threat to NARWs, we assessed 
each general activity at the Individual Level of Impact and used the highest Level of Individual 
Impact score as a measure for threat of Scientific Activities. 

Aerial Surveys 
Limited quantitative studies have examined the effects of aerial surveys on NARWs with 
Richardson et al. (1995) noting that right whales often seem to tolerate a light single-engine 
aircraft circling overhead, although some disturbances were also observed. Fairfield (1990) 
noted that small groups of NARWs (≤ 3) would dive during overflights that were conducted 
during the Cetacean and Turtle Assessment Program aerial surveys flown at approximately 
305 meters. A low number of behavioural responses from bowhead whales were observed 
when a Bell 212 helicopter operated at an altitude of 150–460 m during over-flights, at 30–
300 m within 2 minutes of landing and take-off, and when stationary on the ice with engine 
running; and when a Twin Otter operated at 150–460 m, circled the whales at 460 m or flew 
overhead (Luksenburg and Parsons 2009 and references therein). Responses included: abrupt 
dives, breaching, tail slapping, turning or heading away, and brief surfacing and occurred in 
14% of observations from the Bell 212 helicopter and 2.2% of the observations from the Twin 
Otter (Luksenburg and Parsons 2009 and references therein). Southern right whales rarely 
reacted strongly to circling aircraft overhead (Payne et al. 1983 as cited in Richardson et al. 
1995) and, similar to bowhead whales, southern right whales swam rapidly or dove, and the 
reactions were brief (Richardson et al. 1995). The Impact to Individuals from aerial surveys was 
assessed as Low with a Causal Certainty of High. 

Vessel-Based Surveys 
The impact to individuals of vessel-based surveys and close-vessel approaches is addressed 
above in the Threat Category of Vessel Traffic. It should be noted that two known and 
documented vessel strikes of NARWs were collisions with research vessels (Wiley et al. 2016). 
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Tagging 
Electronic tracking and biologging devices (tags) are essential tools in cetacean research, 
providing valuable data on physiology, behavior, and ecology. This information supports 
management and conservation initiatives aimed at protecting endangered cetaceans (Andrews 
et al. 2019). Both invasive and non-invasive tags are available for scientific research, with 
invasive tags varying in size, configuration and degree of penetration into the hypodermal layer 
of the integument (blubber) and fascia layer (Andrews et al. 2019). Invasive tagging of large 
whales, including NARWs, poses potential risks to the health and welfare of a tagged individual 
(Andrews et al. 2019). There have been a few studies conducted on the impact of invasive tags 
on baleen whales that could be used to assess the Individual Level of Impact. Non-invasive 
tags, usually attached with suction cups, do not require subdermal attachment and were not 
considered in this assessment. 
Localised and regional swelling, depression at tag site, blubber extrusion, skin loss, and 
pigmentation colour change have been observed in tagged baleen whales including NARWs, 
southern right whales, gray whales, and blue whales (Kraus et al. 2000, Moore et al. 2013, Best 
et al. 2015, Gendron et al. 2015, Norman et al. 2018, Andrews et al. 2019, Charlton et al. 2023). 
In humpback and southern right whales, there have been no observed effects on reproduction 
for invasively-tagged whales (Robbins et al. 2013, Charlton et al. 2023) and Best et al. (2015) 
demonstrated no effects of tagging on either reproduction or mortality rates in southern right 
whales. Pirotta and Thomas (2024) examined effects of older and more invasive technology on 
NARW, and noted no clear effect on health or calving probability due to small sample size and 
confounding factors. Gendron et al. (2015) reported that a blue whale experienced reproductive 
failures during the period the whale was experiencing broad swelling caused by a broken 
subdermal attachment of a tag. However, Charlton et al. (2023) discussed the need to explain 
the variation in reproduction reported by Gendron et al. (2015), as there could be many factors 
contributing to reproductive failure, and that the body condition of the animal in question was not 
discussed in the paper. 
Invasive tags have been deployed on hundreds of large whales, including humpback, bowhead, 
fin, blue, North Atlantic, North Pacific, and southern right, gray, minke, and sperm whales 
(Gulland et al. 2024 and references therein) and there have been no deaths attributed to an 
invasive tag. However, there was a recorded case of an invasively tagged killer whale (Orcinus 
orca) dying from a fungal infection (mucormycosis) that was linked to spores introduced via the 
percutaneous attachment of a satellite tag (Huggins et al. 2020). Marine-mammal mortalities 
linked to mucormycosis in the northwest Pacific is unusual and unexplained (Huggins et al. 
2020) and is not considered in the assessment of this threat. 
Under NOAA’s UME criteria for inclusion of morbidity, swelling and depressions by themselves 
are not enough to classify an injury as either medium severity or high severity under the 
morbidity category (Costidis et al. 2023). The observed swellings and depressions caused by 
invasive tagging would not be included as a morbidity count under the UME for NARWs. Thus, 
the Individual Level of Impact was assessed as Low with a Causal Certainty of High. 

Skin and Blubber Biopsies 
Skin and blubber biopsies can provide valuable information on genetics, epigenetics, diet, and 
hormones relating to pregnancy and stress (Frasier et al. 2007a, Graham et al. 2021, Moore 
et al. 2021 and references therein, Crossman et al. 2024). In a review of cetacean biopsy 
techniques, Noren and Mocklin (2012) concluded that biopsy sampling of baleen whales 
resulted in low-to-moderate short-term behavioural responses such as humpback whales 
displaying tail flicks and fin whales submerging (Gauthier and Sears 1999). In another study, the 
majority of humpback whales did not exhibit any response to biopsy sampling (Garrigue and 
Derville 2022). Based on the behavioural reactions of other baleen whales to skin and blubber 
biopsies the Individual Level of Impact was assessed as Low with a High Causal Certainty. 

Uncrewed Aerial Vehicle Over Flights 
There is increasing use of UAVs in cetacean research. Various types of UAVs have been used 
to investigate thermal physiology, collect photogrammetry data, samples of blows, and even to 
attach biologging tags (Durban et al. 2016, Pirotta et al. 2017, Christiansen et al. 2019, 2022, 
Lonati et al. 2022, Wiley et al. 2023, O'Mahony et al. 2024, Pirotta et al. 2024). A few studies 
provided anecdotal or limited evidence that baleen whales do not demonstrate behavioural 
responses to UAV activities (e.g., Christiansen et al. 2016, Durban et al. 2016, Pirotta et al. 
2017, Torres et al. 2018). In an in-depth study of southern right whale mother-calf pairs, 
Christiansen et al. (2020) detected no behavioural responses to the close approaches of UAVs 
thus the Individual Level of Impact for the NARW was assessed as Low with a Causal Certainty 
of High; noting that it is not possible to assign no effect based on the criteria. 
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Acoustic Playback Experiments 
Mathews and Parks (2021) provide a summary of the responses of NARWs to playback 
experiments that included conspecific vocalisations, sounds from southern right whales, vessel 
noise and a man-made alert signal. Behavioural responses included changes in swimming 
direction and orientation, dive behaviours and foraging (Mathews and Parks 2021 and 
references therein). Thus, the Individual Level of Impact from acoustic playback experiments for 
the NARW was assessed as Low with a Casual Certainty of Very High. 
We assessed six different scientific activities that could pose a threat to NARWs. In both 
Canada and the USA, scientific activities are rigorously reviewed through animal care 
committees and permitting processes to ensure that impacts are acceptable and account for the 
population status. As all six scientific activities were assessed as Low, the Individual Level of 
Impact was assessed as Low with a Causal Certainty of High. 

Population Level of Impact: Low 
Given the generally low levels of impact on individual NARWs due to scientific activities with no 
known mortalities observed and no observed changes in reproduction for NARW or closely 
related species, the Population Level of Impact was assessed as Low. Scientific activities will 
result in little change to the population and the threat is unlikely to jeopardize the survival or the 
recovery of the species. The Causal Certainty was assessed as High, as most of the information 
for the Individual Level of Impact was also assessed as High. 

Threat Frequency: Continuous 
Research focusing on NARWs occurs continuously, especially with the archival passive 
acoustic monitoring that takes place for this species. Various research programs overlap in time 
and space and there is a spatiotemporal progression of surveys. Aerial surveys for NARWs 
usually start in the southern calving ground mid-November and continue through to mid-April. In 
the mid-Atlantic, surveys start in November and continue through June, and in the northeast 
waters of the USA and the Gulf of Maine surveys are conducted October through September. In 
Canadian waters, aerial surveys are generally conducted mid-April through mid-November with 
vessel-based surveys generally taking place June through September. Many other research 
projects are conducted during the surveys listed, therefore, the Threat Frequency was assessed 
as Continuous. 

Geographic Extent of Threat: Broad 
Research and monitoring for NARWs occurs throughout its range in both Canada and the USA. 
Monitoring for NARWs includes aerial systematic and mark re-capture surveys, vessel-based 
surveys, and passive acoustic monitoring through the use of archival systems and near-real 
time buoys and gliders (NARWC 2024b). 
Invasive and non-invasive tagging studies have been undertaken in many NARW habitats, such 
as the Bay of Fundy, southern Gulf of St. Lawrence, Cape Cod Bay, Great South Channel, and 
in the southern calving ground (e.g., Mate et al. 1997, Matthews et al. 2001, Baumgartner and 
Mate 2003, McCordic et al. 2016, Root-Gutteridge et al. 2018, Wright et al. 2024). 
Other NARW research and associated prey studies have occurred throughout the species’ 
range (e.g., Weinrich et al. 2000, Baumgartner et al. 2003, Pershing et al. 2009, Hlista et al. 
2009, Patrician & Kenney 2010, Mussoline et al. 2012, Davies et al. 2014, Gowan & 
Ortega-Ortiz 2014, Rice et al. 2014, Hodge et al. 2015, Durette-Morin et al. 2019, Sorochan 
et al. 2019, Brennan et al. 2021, Ross et al. 2021, Sorochan et al. 2021, Helenius et al. 2024, 
Johnson et al. 2024). However, the majority of research activities focus on critical habitats and 
NARW aggregation areas and, thus, the Geographic Extent of the Threat was assessed as 
Broad. 

THREAT CATEGORY 6: DIRECT HARVESTING 

Threat 6.1.1: Whaling (Harvest or Hunt) 
The NARW was the subject of intense historical whaling dating back to the 11th century (Aguilar 
1981, 1986). Hunted originally by the Basques, right whales were also hunted by several 
seafaring nations throughout the North Atlantic Ocean (Allen 1908, Aguilar 1986). Whaling was 
especially fervent in the 16th and 17th centuries; however, diminishing stocks and low catches 
soon afterwards signaled the over-exploitation and near-eradication of the eastern North Atlantic 
population by the late 17th century, and of the western North Atlantic population by the mid-18th 
century (Allen 1908, Aguilar 1981, 1986, Reeves & Mitchell 1986b, Reeves 2001). 
In the 19th century, whaling continued along the eastern USA, particularly in the southeast USA 
centered along the coasts of South Carolina and Georgia (Reeves et al. 1978, Reeves and 
Mitchell 1986a,b). At least 150 NARW were killed by American whalers between the 1850s and 
1890s in the southeastern USA, the Cape Farewell Ground (Greenland), the Cintra Bay Ground 
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(West Africa), and other areas offshore (Reeves et al. 2007). In 1950, two whales were taken in 
the Gulf of St. Lawrence by the Gaspé sailing vessel fishery (Mitchell and Reeves 1983). 
Modern shore whaling in the British Isles, Ireland, Iceland, Norway, the Faroes, and eastern 
Canada between 1889 and 1951 resulted in approximately 140–150 kills, although this is likely 
underestimated (Reeves et al. 2007). 
During the 20th century, catches in the eastern North Atlantic and along the eastern USA 
continued (Reeves et al. 1978, Brown 1986, Reeves et al. 1999, Reeves 2001). Approximately 
135 NARW were killed in the northeast Atlantic Ocean between 1900 and 1937 (Brown 1986). 
Three catches were made in Canada, the last of which was off Newfoundland in 1951 (Sergeant 
1966, Mead 1986, Mitchell and Reeves 1983). 

Likelihood of Occurrence: Remote 
Right whales were given international protection in 1935 by the International Convention for the 
Regulation of Whaling, although this was not observed by all whaling countries. A new 
agreement was established in 1946 and remains active for all members of the International 
Whaling Commission (Brown 1986). Although NARWs are internationally protected from 
whaling, there is a remote chance that indigenous subsistence whaling, which is approved by 
the International Whaling Commission (Nussbaum Wichert and Nussbaum 2017), could occur 
within the next 100 years.  Thus, we assessed the Likelihood of Occurrence as Remote. 

Individual Level of Impact: Extreme 
After a millennium of whaling of NARWs, low genetic diversity has been observed in the species 
(Malik et al. 2000, Waldick et al. 2002, Frasier et al. 2007b, Crossman et al. 2023). The 
population shows relatively high rates of recent inbreeding (Crossman et al. 2023) the result of 
which could be poor reproductive success due to inbreeding depression (Crossman et al. 2024). 
The loss of genetic diversity due to whaling continues to affect NARWs (Malik et al. 2000, 
Rosenbaum et al. 2000) and a resumption of whaling could further exacerbate the poor 
reproductive success of NARWs. 
Pre-modern whaling technology involved a substantial number of lost whales. Struck 
(harpooned) whales were categorized as: 1) struck, killed, and processed, 2) struck but 
escaped, presumably survived, 3) struck but escaped moribund (lance and/or spouting blood; 
whaling gear attached), and 4) struck, killed, but not processed (IWC 1986). These whales were 
often referred to as struck but lost or struck and lost. Struck and lost whales that survived 
ranged from slightly injured and recovered, to severely injured and eventually dead (Vighi et al. 
2021). Furthermore, in indigenous subsistence whaling of bowhead whales, there continues to 
be reports of struck and lost whales (Suydam et al. 2006, Reeves and Lee 2022 and references 
therein). While the fate of struck and lost whales is mostly unknown throughout whaling history, 
it was estimated that the majority of the struck and lost whales from the Alaskan subsistence 
hunt had a poor chance of survival (Suydam et al. 2006). The effect of the injuries sustained by 
struck and lost whales on subsequent reproduction is unknown. However, the Alaskan 
subsistence hunt for bowhead whales has taken pregnant females at various stages, including 
those carrying full-term fetuses, as well as lactating females (e.g., Suydam et al. 2019, 
Scheimreif et al. 2022). Thus, we assessed the Individual Level of Impact as Extreme with a 
Causal Certainty of Very High. 

Population Level of Impact: Low 
We categorized Population Level of Impact as Low and Causal Certainty as Very High, 
assuming that a precautionary approach would be applied if and when future whaling occurs 
and, therefore, only a few animals would be taken resulting in little change in population size. 

Threat Frequency: Recurrent 
In Canada, NARWs are protected by the Marine Mammal Regulations under the Fisheries Act 
(RSC 1985, c F-14) and the Species at Risk Act (SC 2002, c 29). Commercial whaling is very 
unlikely to occur over the next 100 years given the population size and protected status of 
NARWs. However, there is a remote possibility that indigenous subsistence whaling could occur 
over the next 100 years. In Canada, the hunting of cetaceans focuses mainly on bowhead 
whales, beluga whales (Delphinapterus leucas), Narwhals (Monodon monoceros), harbour 
porpoises (Phocoena phocoena), white beaked dolphins (Lagenorphynchus albirostris), and 
Atlantic white sided dolphins (Lagenorhynchus acutus) (e.g., Freeman et al. 1992, Reeves 
2002, Harley Eber 1989, Nunny and Simmonds 2022). NARWs have not been the target of 
subsistence hunts (e.g., IWC 1977, Freeman et al. 1992, Suydam and George 2021). As there 
is a remote possibility of subsistence whaling of NARWs could occur periodically the Threat 
Frequency was assessed as Recurrent. 

Geographic Extent of Threat: Narrow 
Historically, whaling of NARWs occurred throughout the northern Atlantic Ocean including areas 
of the Canadian Assessment Area and larger areas along the east coast of the USA. However, 
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historical records of indigenous whaling are inconclusive for both Canada and the USA (Reeves 
et al. 2007 and references therein). Under the assumption that a precautionary approach would 
be applied if and when future whaling occurs, and hunting areas would be limited due to the 
small number of whales taken; we assessed the Geographic Extent of whaling as Narrow in 
both Assessment Areas. 

THREAT CATEGORY 7: RESOURCE DEPLETION 

Threat 7.1.1: Food Supply Reduction Through Directed Fisheries 
NARWs primarily feed on lipid-rich, late copepodite stages of Calanus species, with Calanus 
finmarchicus being the dominant species (Wishner et al. 1988, 1995, Murison and Gaskin, 
1989, Mayo and Marx 1990, Beardsley et al.1996, Baumgartner et al. 2003, Baumgartner and 
Mate 2003, Michaud and Taggart 2007, Davies et al. 2015). The three most abundant species 
of Calanus in the North Atlantic include C. finmarchicus (especially in the Northwest Atlantic), C. 
glacialis and C. hyperboreus (found predominantly in the Arctic Ocean, Parent et al. 2011). C. 
hyperboreus is a large calanoid copepod that inhabits arctic and subarctic regions of the Atlantic 
and contributes to the zooplankton community in deep areas of the Gulf of St. Lawrence, Gulf of 
Maine, and Scotian Shelf (Runge and Simard 1990, Sameoto and Herman 1990, Johnson et al. 
2018). Calanus finmarchicus dominates the abundance and biomass in most of the NARW 
habitats except in the Gulf of St. Lawrence where C. hyperboreus is more abundant (Sorochan 
et al. 2019). NARWs can also supplement their diet with other zooplankton species, including 
Pseudocalanus spp., Centropages typicus, and euphausiids (Collett 1909; Watkins and Schevill, 
1976, Mayo and Marx 1990). 
Historically, commercial zooplankton fisheries focused on approximately 20 different species, 
including copepods, mysids, euphausiids, sergestids, and Scyphomedusae, with copepods 
used as food for pet fish and cultured salmonids (Omori 1978). There has been a renewed 
interest in using zooplankton species, especially C. finmarchicus, as an alternative to fish oils as 
a source of the omega-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA, Prado-Cabrero and Nolan 2021). A copepod fishery could also provide a sustainable 
high-protein feed or supplement for aquaculture in Atlantic Canada. 

Likelihood of Occurrence: Remote 
Commercial fishing of the C. finmarchicus copepod has been operational in several regions on a 
small scale since at least the1960s with reported annal catches of approximately 18-45 tonnes 
(Omori 1978). In comparison, euphausiids have been more extensively fished in Antarctic 
waters (>9,072 tonnes per year in some cases), although a search for alternatives began after 
whale stocks started to show signs of decline (Prado-Cabrero and Nolan 2021). 
In Norway, there has been a recent push to significantly expand copepod fisheries with an 
increased interest in targeting C. finmarchicus (FiskerForum 2019, Gairn 2023, Johansen 2023). 
However, despite the number of licenses granted to harvesters and a large annual quota, there 
has been little uptake. In 2020 and 2021 there were no catches of C. finmarchicus and the 2022 
copepod catch was only approximately 900 tonnes despite the 254,000 tonne quota 
(FiskerForum 2019, Gairn 2023, Johansen 2023). 
An investigation conducted by the International Council for the Exploration of the Sea estimated 
that the consumption of C. finmarchicus by pelagic and mesopelagic fish and invertebrates 
alone does not leave enough biomass for the existence of a fishery (Prado-Cabrero and Nolan 
2021). Furthermore, bycatch levels of a copepod fishery are thought to be enough to 
significantly reduce the biomass of eggs and larval fish, e.g., Atlantic Cod (Gadus morhua, 
Prado-Cabrero and Nolan 2021), and the location of a directed copepod fishery should take 
place in areas that would reduce this bycatch. 
In Canada, under DFO’s Policy on New Fisheries for Forage Species (DFO 2009b), any new 
fisheries directed toward a forage species like copepods would have to meet the five following 
objectives: 
1. maintenance of target, bycatch, and ecologically dependent species within the bounds of 

natural fluctuations in abundance; 
2. maintenance of ecological relationships (e.g., predator-prey and competition) among 

species affected directly or indirectly by the fishery within the bounds of natural fluctuations 
in these relationships; 

3. minimization of the risk of changes to species’ abundances or relationships which are 
difficult or impossible to reverse; 

4. maintenance of full reproductive potential of the forage species, including genetic diversity 
and geographic population structure; and 

5. allowance of opportunities to conduct commercially viable fisheries. 
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The first objective may be difficult to achieve given the indirect effects of climate change on 
NARWs and changes observed in the distribution due to changing prey sources. 
Due to both the low reported catches and low interest in commercial fisheries for copepods in 
other jurisdictions, as well as the requirements of the DFO Policy on New Fisheries for Forage 
Species (DFO 2009b) the Likelihood of Occurrence was assessed as Low. 

Individual Level of Impact: Unknown 
Assessing the potential impacts of a fishery targeted toward NARW prey is challenging. Studies 
have shown that variability in prey abundance affects the health of individual NARWs, with 
long-term survival and reproductive trends linked to changes in the prey index developed by 
Pirotta et al. (2023). Given that natural variation in prey abundance and distribution is having 
measurable effects on the health, survival, and distribution of NARWs, further removal of prey 
species through a directed fishery could exacerbate these observed effects. A directed Calanus 
fishery could have a significant negative impact on NARWs if it was large scale, sustained, and 
coincided spatially and temporally with feeding aggregations. However, there is insufficient 
information to fully assess the Individual Level of Impact of direct fisheries on NARW prey as 
there is no information available on the operation of this type of fishery, thus, this threat was 
classified as Unknown. 

Population Level of Impact: Unknown 
NARWs are a highly mobile species and are capable of adapting to variability in the distribution 
of their prey on regional scales (Baumgartner et al. 2017). Changes in NARW distribution 
related to shifts in Calanus distribution have already been observed. Reductions in the 
abundance of prey species due to a directed fishery could lead to further distributional shifts as 
NARWs search for the dense patches of prey essential to their energic requirements. However, 
potential impacts of a directed fishery would depend on the scale and the spatiotemporal 
occurrence of the fishery. 
To estimate changes in the probability of the quasi-extinction of NARWs, Runge et al. (2023) 
examined the effects of NARW prey returning to the abundance to levels observed prior to 
2010. They found that increasing prey availability, while holding the effects of fishing-gear 
entanglements and vessel strike threats constant, reduced the probability of quasi-extinction for 
NARW by 6% (Runge et al. 2023), suggesting that further reductions in prey availability could 
have population level consequences for this species. In the absence of information on the scale, 
spatial extent, and timing of a directed fishery, the Population Level of Impact was assessed as 
Unknown. 

Causal Certainty: Unknown and Unknown 
For the Individual Level of Impact there is little available information to assess this threat, either 
for NARWs or other cetaceans. It has been hypothesized that competition with fisheries for prey 
species has led to malnutrition in bottlenose dolphins (Bearzi et al. 2003) and was a key factor 
in a large die-off of Mediterranean striped dolphins (Stenella coeruleoalba, Aguilar 2000). 
However, Plagányi and Butterworth (2009) state that it is “virtually impossible to wholly 
substantiate claims that predation by marine mammals is adversely impacting a fishery or vice 
versa.” Therefore, the Causal Certainty for both Individual Level of Impact and Population Level 
of Impact was assessed as Unknown. 

Threat Frequency: Recurrent 
Assuming all five objectives under DFO’s Policy on New Fisheries for Forage Species (DFO 
2009b) were met, there is a remote possibility a directed fishery for NARW prey species could 
occur over the next 100 years. It is unknown how this type of fishery would operate, but given 
the seasonality in the life stages of copepods the Threat Frequency was assessed as 
Recurrent. 

Geographic Extent of Threat: Unknown 
As directed fisheries on NARW prey is an anticipatory threat and has not occurred historically, 
there is little information available on which species, or which associated areas would be 
targeted. Thus, the Geographic Extent of Threat was assessed as Unknown for both the 
Northwest Atlantic and Canadian Assessment Areas. 

DISCUSSION 

THREAT ASSESSMENT RESULTS 
NARWs are nicknamed the “urban whale” (Kraus and Rolland 2007) as they tend to live in 
heavily industrialized waters and face multiple threats. This threat assessment evaluated some 
of the current and anticipatory threats that occur not only in Canadian waters but throughout the 
major habitat areas of the NARW. Most of the threats identified occur continuously and 
extensively throughout the NARW’s core habitats and transit corridors. There could be 
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additional threats identified in the future, and the evaluation of the impact of contemporary and 
future threats could change with the implementation of increased and/or new conservation 
initiatives to support the survival and the recovery of the species. 
The threat of petroleum spills was rated as High for the Population Level of Impact and Extreme 
for the Individual Level of Impact, however, it should be noted that this assessment was based 
on large spill events such as the Deepwater Horizon oil spill and the Exxon Valdez oil spill. The 
dose-response relationship for oil spills is generally unknown for cetaceans and much smaller 
spills that occur more frequently may have less severe consequences for NARWs. 
The threat of whaling no longer occurs; however, indigenous subsistence whaling could occur 
within the next 100 years. Historical whaling had substantial impacts on NARWs at the 
population level and may still be impacting the population as NARWs have extremely low levels 
of genetic diversity with signs that inbreeding is occurring (Frasier et al. 2013, Crossman et al. 
2023). Many of the other threats addressed here could similarly have long-term impacts on the 
population that have not been observed or measured thus far. 
Approximately half (52%) of the threats were ranked as having Unknown impacts at the 
population level. Within the NARW population it is estimated that there are cryptic mortalities 
occurring with only approximately 37% of mortalities being directly observed (Pace et al. 2021). 
Furthermore, 23% of observed mortalities between 2003-2018 had an undetermined cause of 
death (Sharp et al. 2019). Unobserved mortalities and observed deaths with unknown or 
undetermined causes could be the result of threats whose potential impact cannot be assessed 
at this time due to a lack of information. Thus, it should not be assumed that threats ranked as 
Unknown do not have individual or population level impacts. 

CUMULATIVE IMPACTS 
The absence of a cumulative effects analytical approach hinders our ability to assess how 
multiple threats impact NARWs (Harcourt et al. 2019). All identified threats in this assessment 
were evaluated independently; however, almost all of the threats occur continuously throughout 
the major habitat areas of the NARW and the effects of these threats could be cumulative. 
Moreover, many whales have experienced these threats multiple times and in combination. 
Knowlton et al. (2012) estimated that 59% of NARWs had been entangled more than once and 
one individual had been observed entangled seven times. Expanding the time series from the 
Knowlton et al. (2012) study and including the years 1990-2021 (NARWC 2024a), EgNo 1507 
(“Manta”) has been entangled nine separate times including a severe injury in 2020. EgNo 3590 
(“Dog-Ear”) has been struck by a vessel three separate times and has been entangled once. 
There are 71 NARWs in the NARWC Anthropogenic Database that have encountered both 
vessel strike and entanglement threats multiple times (Figure 18) and these are threats where 
the majority of the cases leave physical evidence. In contrast, chemical pollution from persistent 
organic pollutants, plastics and marine debris, heavy metals, petroleum spills, and noise 
pollution from vessels, seismic surveys, active acoustic technology operations, drilling 
operations, and wind energy production, are difficult to assess or track through current visual 
health assessments and modelling (e.g., Pettis et al. 2004, Schick et al. 2013, 2016, Rolland 
et al. 2016). 

 
Figure 18. Individual North Atlantic right whales (EgNo = North Atlantic right whale catalog number) that 
have experienced both vessel strikes (navy) and entanglements (pink) multiple times between the years 
1990 through 2021 (NARWC 2024a). 
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Climate change and some other threats such as drilling operations and wind energy production 
are also difficult to assess as they can have pervasive effects on NARW habitat and habitat use 
by altering ecosystem processes or the characteristics of the habitat. A threat causing 
distributional shifts of NARW or a change in environmental characteristics, including prey 
availability, could undermine management efforts and conservation initiatives that have been 
implemented to protect the NARW (e.g., Record et al. 2019). 

THREAT ASSESSMENT GUIDANCE 
DFO’s guidance for threat assessments (DFO 2014b) tends to be qualitative, can be interpreted 
in different ways, and is sometimes difficult to evaluate. We modified several definitions 
provided by the guidance document and adapted them to be more appropriate for NARWs. 
Even with these modifications, there are several aspects of NARW demography, reproductive 
biology, and individual health that are not considered in the Threat Risk assessment. 
Furthermore, NARWs are a long-lived species and, although the threats were assessed over 
three generations or 100 years, the long-term effects of some of the threats in the pollution and 
energy development and production categories are unknown at the time of this report and may 
take several generations to be fully observed and quantified. 
The threat assessment guidance (DFO 2014b) assesses threats over a qualitative scale, with 
several threats potentially rating similarly. Vessel strikes, fishing-gear entanglements, and 
petroleum spills were all rated as High or Extreme for their level of impact for NARWs. However, 
for some species, additional information may exist that allows for the relative importance of 
similarly-rated threats to be ordered. In the case of NARWs, entanglements were shown to 
represent a higher risk compared to vessel strikes (Knowlton et al. 2012, Linden et al. 2024, 
Runge et al. 2023). When formally assessing the Recovery Potential of a population following 
DFO guidelines (DFO 2014c), there is provision to examine the benefits from mitigating 
separately each threat and assess their relative impact on the population. However, in cases 
where the threat assessment is done separately, these types of information are not captured by 
the prescribed methodology. 
Moors-Murphy et al. (2024) also had difficulties with the framework, although for different 
reasons (e.g., limited information for an offshore species). For some species there are even 
greater limitations on the amount of available data. For NARWs, the abundance of information 
on some of the threats led to a number of other challenges. For instance, having two distinct 
metrics to quantify Population Level of Impact resulted in the same threat having different 
rankings when model estimates or PBR were used to quantify the “jeopardize the survival or 
recovery of the population” of the definition. 
In our assessment, the Population Level of Impact mainly focused on using the loss of 
individuals in the population to quantitatively assess each Threat Risk. In the northern 
bottlenose whale threat assessment (Moors-Murphy et al. 2024), the focus was on the 
qualitative assessment of the level of impact for the population, i.e., the level to which a threat 
jeopardizes the survival or recovery of the species (Table 1). However, neither of these 
approaches for quantifying the Population Level of Impact considered the sublethal impacts a 
threat can have on individuals (DFO 2014b). Sublethal effects of threats to NARWs include 
serious injuries, morbidity, harassment, disturbance, increased stress, and effects on 
reproduction, all of which may also impact the survival and recovery of the species. This 
information should be incorporated into the threat assessment. 
Although only the Population Level of Impact was used in the calculation of the Threat Risk, we 
also assessed the Individual Level of Impact for each threat, similarly to Moors-Murphy et al. 
2024 (Table 2). There is generally more information available to assess the impact of threats at 
the level of the individual, including sublethal impacts, potentially resulting in fewer threats being 
evaluated as having an Unknown impact. For example, if the Threat Risk for NARW was based 
on the Individual Level of Impact, only persistent organic pollutants pollution, heavy metals 
pollution, wind energy production, climate change, food supply reductions (directed fishing – 
copepods) would be classified as Unknown. There are different ways to incorporate this metric, 
such as the methodology used in climate change vulnerability studies (e.g., Hare et al. 2016), or 
by simply replacing the Population Level of Impact with the Individual Level of Impact. In this 
threat assessment, if the Individual Level of Impact was used in the Threat Risk calculation, the 
change in methodology would result in 52% (12 of 23) of the threats being assessed as High, 
one threat would be assessed as Medium, and five threats would be assessed as Low, 
representing a change of 48% of threats in terms of Threat Risk levels. Individual effects are 
essential for assessing the impact of the threat at the population level (Hague et al. 2022, 
Pirotta et al. 2022, Tyack et al. 2022) and should be considered for incorporation into Threat 
Risk methodologies. 
The other metric in the Threat Risk calculation is the Likelihood of Occurrence, and in the 
guidance (DFO 2014b) it is unclear whether the percentage of chance provided in the definition 
is for the threat occurring once, at least once, or any number of times over three generations. 
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These represent very different probabilities. For example, the probability of one fishing-gear 
entanglement occurring annually is almost zero (8.3×10-39) while the maximum probability of an 
annual fishing-gear entanglement (0.041) occurs at 92 entanglements (Figure 5). As we were 
evaluating the Likelihood of Occurrence over three generations to ensure we are using a 
biologically relevant time frame for NARWs, almost all threats were categorized as Known, 
making this metric non-discriminatory and less useful for the assessment. 

OTHER CONSIDERATIONS 
This threat assessment focused solely on anthropogenic threats to NARWs and did not consider 
limiting factors such as natural variation in prey availability, predation, biotoxins and toxic algae 
blooms, diseases, or inbreeding (see Vanderlaan et al. 2025). 

CONCLUSIONS 
NARWs face a plethora of threats including: historical threats that are still affecting the species; 
current threats despite implemented conservation initiatives; and anticipatory threats that are 
either under development or have not yet emerged. Some threats have extreme impacts on 
NARWs, while others have impacts that were difficult to assess. Many of the threats intersect 
each other and the cumulative effects of the threats were not assessed. It is essential for the 
survival and recovery of the NARW not to focus solely on mortalities and population level 
impacts. Investigating individual heath and reproductive rates will provide further information to 
inform conservation initiatives. Modelling efforts are essential to identify the impact of threats to 
the status and trend of the NARW population (Moore et al. 2021) as well as to determine which 
threats are contributing most to changes in health, reproduction, and survival and to better 
understand the cumulative effects of multiple threats. 

ACKNOWLEDGEMENTS 
We thank the North Atlantic Right Whale Consortium and the many staff and volunteers who 
collect information on anthropogenic injuries to North Atlantic right whales and participate in 
necropsies. We thank Catalina Gomez, Adèle Labbé, Stephanie Ratelle, Robyn Walker, Wilfried 
Beslin, Jason Roberts, Tim Cole, Amy Knowlton, Hilary Moors-Murphy, Heather Smith, Kevin 
Sorochan, Roxanne Gillett, Veronique Lesage, Sean MacConnachie, and the other members of 
the National Marine Mammal Peer Review Committee for their discussions, advice, critiques, 
and assistance with this Threat Assessment. 

REFERENCES CITED 
Affatati, A. and Camerlenghi, A. 2023. Effects of marine seismic surveys on free-ranging fauna: 

a systematic literature review. Frontiers in Marine Science. 10, p.1222523, 
doi:10.3389/fmars.2023.1222523. 

Aguilar, A. 1981. The black right whale, Eubalaena glacialis, in the Cantabrian Sea. Report of 
the International Whaling Commission. 31, pp. 457-459. 

Aguilar, A. 1986. A review of old Basque whaling and its effect on the right whales (Eubalaena 
glacialis) of the North Atlantic. Report of the International Whaling Commission, Special 
Issue 10, p. 191-199. 

Aguilar, A. 2000. Population biology, conservation threats and status of Mediterranean striped 
dolphins (Stenella coeruleoalba). Journal of Cetacean Research and Management. 2(1), pp. 
17-26. 

Albouy, C., Delattre, V., Donati, G., Frölicher, T.L., Albouy-Boyer, S., Rufino, M., Pellissier, L., 
Mouillot, D. and Leprieur, F. 2020. Global vulnerability of marine mammals to global 
warming. Scientific Reports. 10, p.548. 

Alexander, M.A., Shin, S.I., Scott, J.D., Curchitser, E. and Stock, C., 2020. The response of the 
Northwest Atlantic Ocean to climate change. Journal of Climate. 33(2), pp.405-428.  

Allen, J.A. 1908. The North Atlantic right whale and its near allies. Bulletin of the American 
Museum of Natural History. 24, pp. 277-329.  

Albouy, C., Delattre, V., Donati, G., Frölicher, T.L., Albouy-Boyer, S., Rufino, M., Pellissier, L., 
Mouillot, D. and Leprieur, F. 2020. Global vulnerability of marine mammals to global 
warming. Scientific Reports. 10(1), p.548. 

Almroth, B.C. and Eggert, H. 2019. Marine plastic pollution: sources, impacts, and policy issues. 
Review of Environmental Economics and Policy. 13(2), pp. 317-326. 

Alzugaray, L., Di Martino, M., Beltramino, L., Rowntree, V.J., Sironi, M. and Uhart, M.M. 2020. 
Anthropogenic debris in the digestive tract of a southern right whale (Eubalaena australis) 
stranded in Golfo Nuevo, Argentina. Marine Pollution Bulletin. 161a, p.111738. 



 

54 

Amaral, J.L., Miller, J.H., Potty, G.R., Vigness-Raposa, K.J., Frankel, A.S., Lin, Y.T., Newhall, 
A.E., Wilkes, D.R. and Gavrilov, A.N. 2020. Characterization of impact pile driving signals 
during installation of offshore wind turbine foundations. The Journal of the Acoustical 
Society of America. 147(4), pp.2323-2333.  

Andrews, R.D., Baird, R.W., Calambokidis, J., Goertz, C.E., Gulland, F.M., Heide-Jorgensen, 
M.P., Hooker, S.K., Johnson, M., Mate, B., Mitani, Y. and Nowacek, D.P. 2019. Best 
practice guidelines for cetacean tagging. Journal of Cetacean Research and Management. 
20, pp.27-66. 

Ansari, T.M., Mawaerr, I.L. and Tariq, N. 2004. Heavy metals in marine pollution perspective-a 
mini review. Journal of Applied Sciences. 4(1), pp.1-20. 

Avila, I.C., Kaschner, K. and Dormann, C.F. 2018. Current global risks to marine mammals: 
taking stock of the threats. Biological Conservation. 221, pp.44-58. 

Bailey, H., Brookes, K.L. and Thompson, P.M. 2014. Assessing environmental impacts of 
offshore wind farms: lessons learned and recommendations for the future. Aquatic 
Biosystems. 10(1), pp.1-13. 

Bailey, H., Senior, B., Simmons, D., Rusin, J., Picken, G. and Thompson, P.M. 2010. Assessing 
underwater noise levels during pile-driving at an offshore windfarm and its potential effects 
on marine mammals. Marine Pollution Bulletin, 60(6), pp.888-897.  

Bath, G. E., Price, C. A., Rile, K. L., and Morris, J. A., Jr. 2023. A global review of protected 
species interactions with marine aquaculture. Reviews in Aquaculture. 15(4), pp. 1–34. 

Baugh, K.A., Robbins, J., Schultz, I.R. and Ylitalo, G.M. 2023. Persistent organic pollutants in 
female humpback whales Megaptera novaeangliae from the Gulf of Maine. Environmental 
Pollution. 316, p.120616.  

Baulch, S. and Perry, C. 2014. Evaluating the impacts of marine debris on cetaceans. Marine 
Pollution Bulletin. 80(1-2), pp.210-221. 

Baumgartner, M.F., Cole, T.V., Clapham, P.J. and 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, pp.137-154.  

Baumgartner, M.F. and Mate, B.R. 2003. Summertime foraging ecology of North Atlantic right 
whales. Marine Ecology Progress Series. 264, pp.123-135. 

Baumgartner, M.F., Wenzel, F.W., Lysiak, N.S. and Patrician, M.R. 2017. North Atlantic right 
whale foraging ecology and its role in human-caused mortality. Marine Ecology Progress 
Series. 581, pp.165-181. 

Beardsley, R.C., Epstein, A.W., Chen, C., Wishner, K.F., Macaulay, M.C. and Kenney, R.D. 
1996. Spatial variability in zooplankton abundance near feeding right whales in the Great 
South Channel. Deep Sea Research Part II: Topical Studies in Oceanography. 43(7-8), 
pp.1601-1625.  

Bearzi, G., Reeves, R.R., Notarbartolo-di-Sciara, G., Politi, E., Cañadas, A., Frantzis, A. and 
Mussi, B. 2003. Ecology, status and conservation of short‐beaked common dolphins 
Delphinus delphis in the Mediterranean Sea. Mammal Review. 33(3), pp.224-252. 

Best, P.B., Bannister, J.L., Brownell Jr, R.L. and Donovan, G.P. 2001. Report of the workshop 
on status and trends of western North Atlantic right whales. The Journal of Cetacean 
Research and Management. 2, pp.61-87.  

Best, P.B., Mate, B. and Lagerquist, B. 2015. Tag retention, wound healing, and subsequent 
reproductive history of southern right whales following satellite‐tagging. Marine Mammal 
Science. 31(2), pp.520-539.  

Brewer, P.G. and Hester, K. 2009. Ocean acidification and the increasing transparency of the 
ocean to low-frequency sound. Oceanography. 22(4), pp.86-93. 

Bishop, A.L., Crowe, L.M., Hamilton, P.K. and Meyer-Gutbrod, E.L. 2022. Maternal lineage and 
habitat use patterns explain variation in the fecundity of a critically endangered baleen 
whale. Frontiers in Marine Science. 9, p.880910. 

Blackwell, S.B., Nations, C.S., McDonald, T.L., Greene Jr, C.R., Thode, A.M., Guerra, M. and 
Michael Macrander, A. 2013. Effects of airgun sounds on bowhead whale calling rates in the 
Alaskan Beaufort Sea. Marine Mammal Science. 29(4), pp. E342-E365. 

Blackwell, S.B., Nations, C.S., Thode, A.M., Kauffman, M.E., Conrad, A.S., Norman, R.G. and 
Kim, K.H. 2017. Effects of tones associated with drilling activities on bowhead whale calling 
rates. PLoS One. 12(11), p.e0188459.  



 

55 

Blair, H.B., Merchant, N.D., Friedlaender, A.S., Wiley, D.N. and Parks, S.E. 2016. Evidence for 
ship noise impacts on humpback whale foraging behaviour. Biology Letters. 12(8), 
p.20160005. 

Blaylock, R.A., Hain, J.W., Hansen, L.J., Palka, D.L., Waring, G.T., Bisack, K.D., Bravington, M., 
Northridge, S.P., Quintal, J.M., Rubenstein, B. and Williams, A.S. 1995. US Atlantic and Gulf 
of Mexico marine mammal stock assessments. NOAA Technical Memorandum NMFS-
SEFSC. 363. 

Blondin, H., Garrison, L.P., Adams, J.D., Roberts, J.J., Good, C.P., Gahm, M.P., Lisi, N.E. and 
Patterson, E.M. 2025. Vessel strike encounter risk model informs mortality risk for 
endangered North Atlantic right whales along the United States east coast. Scientific 
Reports. 15(1), p.736. 

Bourque, L., Wimmer, T., Lair, S., Jones, M., Daoust, P.-Y. 2020. Incident Report: North Atlantic 
Right Whale Mortality Event in Eastern Canada, 2019. Collaborative Report Produced by: 
Canadian Wildlife Health Cooperative and Marine Animal Response Society. 210 pp. 
Available at: https://www.cwhc-
rcsf.ca/docs/2019%20NARW%20incident%20report_June%202020.pdf (Accessed: 22 
January 2024).  

Bowles, D. 1999. An overview of the concentrations and effects of metals in cetacean species. 
Journal of Cetacean Research and Management. pp.125-148. 

Brennan, C.E., Maps, F., Gentleman, W.C., Lavoie, D., Chassé, J., Plourde, S. and Johnson, 
C.L. 2021. Ocean circulation changes drive shifts in Calanus abundance in North Atlantic 
right whale foraging habitat: a model comparison of cool and warm year scenarios. Progress 
in Oceanography. 197, p.102629. 

Brennan, C.E., Maps, F., Gentleman, W.C., Plourde, S., Lavoie, D., Chassé, J., Lehoux, C., 
Krumhansl, K.A. and Johnson, C.L. 2019. How transport shapes copepod distributions in 
relation to whale feeding habitat: demonstration of a new modelling framework. Progress in 
Oceanography. 171, pp.1-21. 

Brewer, P.G. and Hester, K. 2009. Ocean acidification and the increasing transparency of the 
ocean to low-frequency sound. Oceanography, 22(4), pp.86-93.  

Brown, D. 2010. For the record: The Top Ten Worst Spills. AAPG Explorer. 31(6), p. 22. 
Brown, S.G. 1986. Twentieth-century records of right whales (Eubalaena glacialis) in the 

northeast Atlantic Ocean. Reports of the International Whaling Commission, Special Issue 
10, pp. 121-127. Available at: https://archive.iwc.int/?r=470&k=89cf7291d4 (Accessed: 22 
January 2024).  

Brown, M.W., Fenton, D., Smedbol, K., Merriman, C., Robichaud-Leblanc, K., and 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. 

Burkhardt-Holm, P. and N'Guyen, A. 2019. Ingestion of microplastics by fish and other prey 
organisms of cetaceans, exemplified for two large baleen whale species. Marine Pollution 
Bulletin. 144, pp.224-234. 

Burnham, R., Vagle, S., Van Buren, P. and Morrison, C. 2022. Spatial Impact of Recreational-
Grade Echosounders and the Implications for Killer Whales. Journal of Marine Science and 
Engineering. 10(9), p.1267.  

Butler, S., Ibarra, D., and Coffen-Smout, S. 2019. Maritimes Region Longline and Trap Fisheries 
Footprint Mapping for Marine Spatial Planning and Risk Assessment. Can. Tech. Rep. Fish. 
Aquat. Sci. 3293: v + 30 p.  

Campbell-Malone, R., Barco, S.G., Daoust, P.Y., Knowlton, A.R., McLellan, W.A., Rotstein, D.S. 
and Moore, M.J. 2008. Gross and histologic evidence of sharp and blunt trauma in North 
Atlantic right whales (Eubalaena glacialis) killed by vessels. Journal of Zoo and Wildlife 
Medicine. 39(1), pp.37-55. 

Carpenter, J.R., Merckelbach, L., Callies, U., Clark, S., Gaslikova, L. and Baschek, B. 2016. 
Potential impacts of offshore wind farms on North Sea stratification. PloS One. 11(8), 
p.e0160830. 

Cassoff, R.M., Moore, K.M., McLellan, W.A., Barco, S.G., Rotstein, D.S. and Moore, M.J. 2011. 
Lethal entanglement in baleen whales. Diseases of Aquatic Organisms. 96(3), pp.175-185. 

Castellote, M., Clark, C.W. and Lammers, M.O. 2012. Acoustic and behavioural changes by fin 
whales (Balaenoptera physalus) in response to shipping and airgun noise. Biological 
Conservation. 147(1). pp.115-122. 

https://www.cwhc-rcsf.ca/docs/2019%20NARW%20incident%20report_June%202020.pdf
https://www.cwhc-rcsf.ca/docs/2019%20NARW%20incident%20report_June%202020.pdf
https://archive.iwc.int/?r=470&k=89cf7291d4


 

56 

Caswell, H., Fujiwara, M., and Brault, S. 1999. Declining survival probability threatens the North 
Atlantic right whale. Proceedings of the National Academy of Sciences. 96(6), pp. 3308-
3313. 

Cazenave, P. W., Torres, R., and Allen, J. I. 2016. Unstructured grid modeling of offshore wind 
farm impacts on seasonally stratified shelf seas. Progress in Oceanography. 145, pp.25-41. 

CCG NAVWARNS [Canadian Coast Guard Navigational Warnings]. 2024. Available at: 
https://nis.ccg-gcc.gc.ca/public/rest/menu/en/topics. [Accessed 07 Aug. 2024]. 

Cerchio, S., Strindberg, S., Collins, T., Bennett, C. and Rosenbaum, H. 2014. Seismic surveys 
negatively affect humpback whale singing activity off Northern Angola. PloS One. 9(3), 
p.e86464. 

Chahouri, A., Elouahmani, N. and Ouchene, H. 2022. Recent progress in marine noise pollution: 
A thorough review. Chemosphere. 291, p.132983. 

Charlton, C., Christiansen, F., Ward, R., Mackay, A.I., Andrews-Goff, V., Zerbini, A.N., 
Childerhouse, S., Guggenheimer, S., Shannessy, B.O. and Brownell, R.L. 2023. Evaluating 
short-to medium-term effects of implantable satellite tags on southern right whales 
Eubalaena australis. Diseases of Aquatic Organisms. 155, pp.125-140. 

Chen, T.L., Wise, S.S., Holmes, A., Shaffiey, F., Wise Jr, J.P., Thompson, W.D., Kraus, S. and 
Wise Sr, J.P. 2009. Cytotoxicity and genotoxicity of hexavalent chromium in human and 
North Atlantic right whale (Eubalaena glacialis) lung cells. Comparative Biochemistry and 
Physiology Part C: Toxicology and Pharmacology. 150(4), pp.487-494. 

Cheng, L., von Schuckmann, K., Abraham, J.P., Trenberth, K.E., Mann, M.E., Zanna, L., 
England, M.H., Zika, J.D., Fasullo, J.T., Yu, Y. and Pan, Y. 2022. Past and future ocean 
warming. Nature Reviews Earth & Environment, 3(11), pp.776-794. 

Cholewiak, D., DeAngelis, A.I., Palka, D., Corkeron, P.J. and Van Parijs, S.M., 2017. Beaked 
whales demonstrate a marked acoustic response to the use of shipboard 
echosounders. Royal Society open science, 4(12), p.170940. 

Cholewiak, D., Clark, C.W., Ponirakis, D., Frankel, A., Hatch, L.T., Risch, D., Stanistreet, J.E., 
Thompson, M., Vu, E. and Van Parijs, S.M., 2018. Communicating amidst the noise: 
Modeling the aggregate influence of ambient and vessel noise on baleen whale 
communication space in a national marine sanctuary. Endangered Species Research, 36, 
pp.59-75. 

Chouinard, M., Binder, C., 2023. Effects of military sonar on free-ranging cetaceans. A review of 
behavioural response studies. Defence Research and Development Canada Scientific 
Report. National Defence. DRDC-RDDC-2023-R055 

Christiansen, F., Bejder, L., Burnell, S., Ward, R. and Charlton, C., 2022. Estimating the cost of 
growth in southern right whales from drone photogrammetry data and long-term sighting 
histories. Marine Ecology Progress Series, 687, pp.173-194. 

Christiansen, F., Dawson, S.M., Durban, J.W., Fearnbach, H., Miller, C.A., Bejder, L., Uhart, M., 
Sironi, M., Corkeron, P., Rayment, W. and Leunissen, E., 2020. Population comparison of 
right whale body condition reveals poor state of the North Atlantic right whale. Marine 
Ecology Progress Series, 640, pp.1-16. 

Christiansen, F., Rojano-Doñate, L., Madsen, P.T. and Bejder, L., 2016. Noise levels of multi-
rotor unmanned aerial vehicles with implications for potential underwater impacts on marine 
mammals. Frontiers in Marine Science, 3, p.277. 

Christiansen, F., Sironi, M., Moore, M.J., Di Martino, M., Ricciardi, M., Warick, H.A., Irschick, 
D.J., Gutierrez, R. and Uhart, M.M., 2019. Estimating body mass of free‐living whales using 
aerial photogrammetry and 3D volumetrics. Methods in Ecology and Evolution, 10(12), 
pp.2034-2044. 

Clapham, P.J., Young, S.B. and Brownell Jr, R.L., 1999. Baleen whales: conservation issues 
and the status of the most endangered populations. Mammal Review, 29(1), pp.37-62. 

CNLOPB [Canada-Newfoundland & Labrador Offshore Petroleum Board]. 2023. C-NLOPB. 
[online] Available at: https://www.cnlopb.ca/ [Accessed 26 Nov. 2023]. 

CNSOPB [Canada-Nova Scotia Offshore Petroleum Board]. 2023. Canada-Nova Scotia 
Offshore Petroleum Board. [online] Available at: https://www.cnsopb.ns.ca/.[Accessed 26 
Nov. 2023]. 

Colbo, K., Ross, T., Brown, C. and Weber, T., 2014. A review of oceanographic applications of 
water column data from multibeam echosounders. Estuarine, Coastal and Shelf 
Science, 145, pp.41-56. 

https://nis.ccg-gcc.gc.ca/public/rest/menu/en/topics
https://www.cnlopb.ca/
https://www.cnsopb.ns.ca/


 

57 

Cole, T.V.N., Hartley, D.L.R., and Garron, M. 2006. Mortality and serious injury determinations 
for baleen whale stocks along the Eastern Seaboard of the United States, 2000-2004. 
Northeast Fish. Sci. Cent. Ref. Doc. 06-04. 

Cole, T.V.N., Hartley, D.L., and Merrick, R.L. 2005. Mortality and serious injury determinations 
for northwest Atlantic Ocean large whale stocks 1999-2003. Northeast Fish. Sci. Cent. Ref. 
Doc. 05-08. 

Collett, P.R., 1909, June. A few notes on the whale Balaena glacialis and its capture in recent 
years in the North Atlantic by Norwegian whalers. In Proceedings of the Zoological Society 
of London (Vol. 79, No. 1, pp. 91-103). Oxford, UK: Blackwell Publishing Ltd. 

Cooke, J.G. 2020. Eubalaena glacialis (errata version published in 2020). The IUCN Red List of 
Threatened Species 2020: e.T41712A178589687. 
https://dx.doi.org/10.2305/IUCN.UK.2020-2.RLTS.T41712A178589687.en 

COSEWIC [Committee on the Status of Endangered Wildlife in Canada]. 2021. COSEWIC 
Assessment Process, Categories and Guidelines. Available at: 
https://cosewic.ca/images/cosewic/pdf/Assessment_process_criteria_Nov_2021_en.pdf 

Corkeron, P., Hamilton, P., Bannister, J., Best, P., Charlton, C., Groch, K.R., Findlay, K., 
Rowntree, V., Vermeulen, E. and Pace III, R.M., 2018. The recovery of North Atlantic right 
whales, Eubalaena glacialis, has been constrained by human-caused mortality. Royal 
Society open science, 5(11), p.180892.  

Costidis, A., Sharp, S., Moore, M., McLellan, W., Henry, A., Knowlton, A., Pettis, H., Landry, S., 
Patterson, E., Long, K., Good, C., Taylor, J., Bettridge, S., Rowles, T., Spradlin, T., Wilkin, 
S. and D. Fauquier. 2023. A Proposal to the Working Group for Unusual Marine Mammal 
Mortality Events Rationale and Protocol for including Free-Swimming Cetacean Morbidity 
Cases in Unusual Mortality Events Using the North Atlantic Right Whale Unusual Mortality 
Event as an Example.  

Cox, T.M., Ragen, T.J., Read, A.J., Vos, E., Baird, R.W., Balcomb, K., Barlow, J., Caldwell, J., 
Cranford, T., Crum, L., D'Amico, A., D'Spain, G., Fernandez, A., Finneran, J., Gentry, R., 
Gerth, W., Gulland, F., Hildebrand, J., Houser, D., Hullar, T., Jepson, P.D., Ketten, D., 
MacLeod, C.D., Miller, P., Moore, S., Mountain, D., Palka, D., Ponganis, P., Rommel, S., 
Rowles, T., Taylor, B., Tyack, P., Warzok, D., Gisiner, R., Mead, J., and Benner, L., 2006. 
Understanding the impacts of anthropogenic sound on beaked whales. Journal of Cetacean 
Research and Management, 7, pp. 177–187. 

Cózar, A., Echevarría, F., González-Gordillo, J.I., Irigoien, X., Úbeda, B., Hernández-León, S., 
Palma, Á.T., Navarro, S., García-de-Lomas, J., Ruiz, A. and Fernández-de-Puelles, M.L., 
2014. Plastic debris in the open ocean. Proceedings of the National Academy of Sciences, 
111(28), pp.10239-10244. 

Crossman, C.A., Fontaine, M.C. and Frasier, T.R., 2023. A comparison of genomic diversity and 
demographic history of the North Atlantic and Southwest Atlantic southern right whales. 
Molecular Ecology, 20, p.e17099 

Crossman, C.A., Hamilton, P.K., Brown, M.W., Conger, L.A., George, R.C., Jackson, K.A., 
Radvan, S.N. and Frasier, T.R., 2024. Effects of inbreeding on reproductive success in 
endangered North Atlantic right whales. Royal Society Open Science, 11(7), p.240490. 

Crowe, L.M., Brown, M.W., Corkeron, P.J., Hamilton, P.K., Ramp, C., Ratelle, S., Vanderlaan, 
A.S. and Cole, T.V., 2021. In plane sight: a mark-recapture analysis of North Atlantic right 
whales in the Gulf of St. Lawrence. Endangered Species Research, 46, pp.227-251. 

Crum, N., Gowan, T., Krzystan, A. and Martin, J., 2019. Quantifying risk of whale–vessel 
collisions across space, time, and management policies. Ecosphere, 10(4), p.e02713. 

CSA (Canadian Space Agency). 2021. Government of Canada [online]. Available from: Data 
from space could help protect the endangered North Atlantic right whale - Canada.ca 
[accessed 5 November 2024]. 

Culloch, R.M., Anderwald, P., Brandecker, A., Haberlin, D., McGovern, B., Pinfield, R., Visser, 
F., Jessopp, M. and Cronin, M., 2016. Effect of construction-related activities and vessel 
traffic on marine mammals. Marine Ecology Progress Series, 549, pp.231-242. 

Cunanan, C.J., Elorza Casas, C.A., Yorke, M., Fowler, M. and Wu, X.Y., 2022. Design and 
analysis of an offshore wind power to ammonia production system in Nova 
Scotia. Energies, 15(24), p.9558.  

Daborn, G., Parsons, S., Whitman, L., Wilkie, A. (co-chair), Wooder, J (co-chair). 2025. 
Regional Assessment of Offshore Wind Development in Nova Scotia: Final Report. Nova 
Scotia, Canada. 

https://cosewic.ca/images/cosewic/pdf/Assessment_process_criteria_Nov_2021_en.pdf
https://www.canada.ca/en/space-agency/news/2021/01/data-from-space-could-help-protect-the-endangered-north-atlantic-right-whale.html
https://www.canada.ca/en/space-agency/news/2021/01/data-from-space-could-help-protect-the-endangered-north-atlantic-right-whale.html


 

58 

Dahl, P.H., Dall'Osto, D.R. and Farrell, D.M. 2015. The underwater sound field from vibratory 
pile driving. The Journal of the Acoustical Society of America, 137(6), pp.3544-3554. 

Dähne, M., Gilles, A., Lucke, K., Peschko, V., Adler, S., Krügel, K., Sundermeyer, J. and 
Siebert, U. 2013. Effects of pile-driving on harbour porpoises (Phocoena phocoena) at the 
first offshore wind farm in Germany. Environmental Research Letters, 8(2), p.025002.  

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 p. April 5th, 2018 (modified from December 29th, 2017). 

Davies, K.T., Brown, M.W., Hamilton, P.K., Knowlton, A.R., Taggart, C.T. and Vanderlaan, A.S., 
2019. Variation in North Atlantic right whale Eubalaena glacialis occurrence in the Bay of 
Fundy, Canada, over three decades. Endangered Species Research, 39, pp.159-171. 

Davies, K.T., Taggart, C.T., and Smedbol, R.K. 2014. Water mass structure defines the 
diapausing copepod distribution in a right whale habitat on the Scotian Shelf. Marine 
Ecology Progress Series, 497, pp.69-85. 

Davies, K.T., Vanderlaan, A.S., Smedbol, R.K. and Taggart, C.T., 2015. Oceanographic 
connectivity between right whale critical habitats in Canada and its influence on whale 
abundance indices during 1987–2009. Journal of Marine Systems, 150, pp.80-90. 

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. and Clark, C.W., 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), p.13460.  

Davis, G.E., Tennant, S.C. and Van Parijs, S.M., 2023. Upcalling behaviour and patterns in 
North Atlantic right whales, implications for monitoring protocols during wind energy 
development. ICES Journal of Marine Science, p.fsad174.  

Derville, S., Torres, L.G., Albertson, R., Andrews, O., Baker, C.S., Carzon, P., Constantine, R., 
Donoghue, M., Dutheil, C., Gannier, A. and Oremus, M., 2019. Whales in warming water: 
Assessing breeding habitat diversity and adaptability in Oceania's changing climate. Global 
Change Biology, 25(4), pp.1466-1481.  

Desforges, J.P.W., Sonne, C., Levin, M., Siebert, U., De Guise, S. and Dietz, R., 2016. 
Immunotoxic effects of environmental pollutants in marine mammals. Environment 
International, 86, pp.126-139. 

DFO. 2007. Recovery potential assessment for right whale (Western North Atlantic population). 
Can. Sci. Advis. Sec. Sci. Advis. Rep. 2007/027, Fisheries and Oceans Canada, Ottawa. 

DFO. 2009a. Development of a Framework and Principles for the Biogeographic Classification 
of Canadian Marine Areas. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2009/056. 

DFO. 2009b. Government of Canada [online]. Available from: Policy on New Fisheries for 
Forage Species. [Accessed 8 November 2024]. 

DFO. 2014a. 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, Ottawa. vii + 68 pp 

DFO. 2014b. Guidance on Assessing Threats, Ecological Risk and Ecological Impacts for 
Species at Risk. Can. Sci. Adv. Sec. Science Advisory Report 2014/013. Fisheries and 
Oceans Canada, 21 pp. 

DFO. 2014c. Guidance for the Completion of Recovery Potential Assessments (RPA) for 
Aquatic Species at Risk. 29 pp. 

DFO. 2019. Threat Assessment for Atlantic Mud-piddock (Barnea truncata). Canadian 
Population. DFO Can. Sci. Advis. Sec. Sci. Resp. 2019/033. 

DFO. 2020. Threat Assessment for the Leatherback Sea Turtle (Dermochelys coriacea), 
Northwest Atlantic Subpopulation. DFO Can. Sci. Advis. Sec. Sci. Resp. 2020/039. 

DFO. 2021. Recovered Gear Analysis of North Atlantic Right Whale Eg #3920 "Cottontail". 
Fisheries and Oceans Canada. 32 pp. 

DFO. 2023a. Recovered Gear Analysis of North Atlantic Right Whale Eg #4545. Fisheries and 
Oceans Canada. 5 pp. 

DFO. 2023b. Recovered Gear Analysis of North Atlantic Right Whale Nimbus Eg # 3812. 
Fisheries and Oceans Canada. 9 pp. 

DFO. 2023c. Recovered Gear Analysis of North Atlantic Right Whale Argo Eg #1218. Fisheries 
and Oceans Canada. 8 pp. 



 

59 

DFO. 2025. Data on lost and retrieved gear. Fisheries and Oceans Canada. [online] www.dfo-
mpo.gc.ca. Available at: https://www.dfo-mpo.gc.ca/fisheries-peches/management-
gestion/ghostgear-equipementfantome/reporting-declaration-eng.html. 

DFO. 2024. 2024 fishery management measures. Fisheries and Oceans Canada. [online] 
Available at: https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-
arc/narw-bnan/management-gestion-eng.html. 

Dolman, S. and Simmonds, M., 2010. Towards best environmental practice for cetacean 
conservation in developing Scotland's marine renewable energy. Marine Policy, 34(5), 
pp.1021-1027. 

Doney, S.C., Ruckelshaus, M., Emmett Duffy, J., Barry, J.P., Chan, F., English, C.A., Galindo, 
H.M., Grebmeier, J.M., Hollowed, A.B., Knowlton, N. and Polovina, J., 2012. Climate change 
impacts on marine ecosystems. Annual Review of Marine Science, 4, pp.11-37. 

Duarte, C.M., Chapuis, L., Collin, S.P., Costa, D.P., Devassy, R.P., Eguiluz, V.M., Erbe, C., 
Gordon, T.A., Halpern, B.S., Harding, H.R. and Havlik, M.N., 2021. The soundscape of the 
Anthropocene ocean. Science, 371(6529), p.eaba4658. 

Durban, J.W., Moore, M.J., Chiang, G., Hickmott, L.S., Bocconcelli, A., Howes, G., Bahamonde, 
P.A., Perryman, W.L. and LeRoi, D.J., 2016. Photogrammetry of blue whales with an 
unmanned hexacopter. Marine Mammal Science, 32(4), pp.1510-1515. 

Durette‐Morin, D., Davies, K.T., Johnson, H.D., Brown, M.W., Moors‐Murphy, H., Martin, B. and 
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), pp.1280-1303. 

Eamer, J. B. R., Z. Levisky, and K. MacKillop. Geotechnical Parameters Important for Offshore 
Wind Energy in Atlantic Canada. Geological Survey of Canada, 2022.  

ECCC [Environment and Climate Change Canada]. 2020. Species at Risk Act Policies: Policy 
on Recovery and Survival. Government of Canada, Quebec. Available at: https://wildlife-
species.canada.ca/species-risk-registry/virtual_sara/files/policies/Pg-
RecoverySurvivalRetablissementSurvie-v00-2021Mar-eng.pdf 

Elfes, C.T., VanBlaricom, G.R., Boyd, D., Calambokidis, J., Clapham, P.J., Pearce, R.W., 
Robbins, J., Salinas, J.C., Straley, J.M., Wade, P.R. and Krahn, M.M., 2010. Geographic 
variation of persistent organic pollutant levels in humpback whale (Megaptera novaeangliae) 
feeding areas of the North Pacific and North Atlantic. Environmental Toxicology and 
Chemistry: An International Journal, 29(4), pp.824-834. 

Energy.gov., 2023. ‘What Does Offshore Wind Energy Look Like Today? Wind Energy 
Technologies Office’. Available at: https://www.energy.gov/eere/wind/articles/what-does-
offshore-wind-energy-look-today#:~:text=While%20there%20are%20just%20two. 

Erbe, C., Marley, S.A., Schoeman, R.P., Smith, J.N., Trigg, L.E. and Embling, C.B., 2019. The 
effects of ship noise on marine mammals—A review. Frontiers in Marine Science, 6, p.606. 

Eriksen, M., Thiel, M. and Lebreton, L. 2019. Nature of plastic marine pollution in the subtropical 
gyres. Hazardous chemicals associated with plastics in the marine environment, pp.135-
162. 

Fairfield, C.P. 1990. Comparison of abundance estimation techniques for the western North 
Atlantic right whale (Eubalaena glacialis). Report of the International Whaling Commission 
(Special Issue) 12: 119-126. 

Farmer, N.A., Gowan, T.A., Powell, J.R. and Zoodsma, B.J., 2016. Evaluation of alternatives to 
winter closure of black sea bass pot gear: Projected impacts on catch and risk of 
entanglement with North Atlantic right whales Eubalaena glacialis. Marine and Coastal 
Fisheries, 8(1), pp.202-221. 

Federal Register. 2016. Endangered and Threatened Species; Critical Habitat for Endangered 
North Atlantic Right Whale. Federal Register: The Daily Journal for the United States 
Government. Available at: https://www.federalregister.gov/documents/2016/01/27/2016-
01633/endangered-and-threatened-species-critical-habitat-for-endangered-north-atlantic-
right-whale. 

Fernández, A., Edwards, J.F., Rodríguez, F., Espinosa de los Monteros, A., Herráez, P., Castro, 
P., Jaber, J.R., Martín, V. and Arbelo, M., 2005. Gas and fat embolic syndrome involving a 
mass stranding of beaked whales (family Ziphiidae) exposed to anthropogenic sonar 
signals. Veterinary Pathology, 42, pp. 446–457. 

Feyrer, L.J., Stanistreet, J.E. and Moors-Murphy, H.B., 2024. Navigating the unknown: 
assessing anthropogenic threats to beaked whales, family Ziphiidae. Royal Society Open 
Science, 11(4), p.240058. 

https://www.dfo-mpo.gc.ca/fisheries-peches/management-gestion/ghostgear-equipementfantome/reporting-declaration-eng.htmlh


 

60 

Filadelfo, R., Mintz, J., Michlovich, E., D'Amico, A., Tyack, P. L., and Ketten, D. R., 2009. 
Correlating military sonar use with beaked whale mass strandings: what do the historical 
data show?Aquatic Mammals, 35(4). 

Fingas, M. (2011) Oil spill science and technology. Gulf Professional Publication: Elsevier. 
Fisheries Act, RSC 1985, c F-14. Available from https://laws-lois.justice.gc.ca/eng/acts/F-14/. 
FiskerForum. 2019. Norway sees commercial fishery in copepods[online]. Available from: 

https://fiskerforum.com/norway-sees-commercial-fishery-in-copepods/ 
Forney, K.A. 2004. Estimates of cetacean mortality and injury in two US Pacific longline 

fisheries, 1994-2002. SWFSC Admin. Rep. No. LJ-04-07(La Jolla, CA, USA):17pp. 
Fossi, M.C., Baini, M. and Simmonds, M.P., 2020. Cetaceans as ocean health indicators of 

marine litter impact at global scale. Frontiers in Environmental Science, 8, p.586627. 
Fossi, M.C., Panti, C., Guerranti, C., Coppola, D., Giannetti, M., Marsili, L. and Minutoli, R., 

2012. Are baleen whales exposed to the threat of microplastics? A case study of the 
Mediterranean fin whale (Balaenoptera physalus). Marine pollution bulletin, 64(11), pp.2374-
2379. 

Frantzis, A. 1998. Does acoustic testing strand whale? Nature, 392, p. 29. 
Frasier, T.R., Gillett, R.M., Hamilton, P.K., Brown, M.W., Kraus, S.D. and White, B.N., 2013. 

Postcopulatory selection for dissimilar gametes maintains heterozygosity in the endangered 
North Atlantic right whale. Ecology and Evolution, 3(10), pp.3483-3494. 

Frasier, T.R., McLeod, B.A., Gillett, R.M., Brown, M.W. and White, B.N. 2007a. Right whales 
past and present as revealed by their genes, in Kraus, S.D. and Rolland, R.M. (eds.) The 
urban whale: North Atlantic right whales at the crossroads. Cambridge: Harvard University 
Press, pp. 200-231. 

Frasier, T.R., Hamilton, P.K., Brown, M.W., Conger, L.A., Knowlton, A.R., Marx, M.K., Slay, 
C.K., Kraus, S.D. and White, B.N., 2007b. Patterns of male reproductive success in a highly 
promiscuous whale species: the endangered North Atlantic right whale. Molecular 
Ecology, 16(24), pp.5277-5293. 

Freeman, M.M.R., Wein, E.E., Keith, D.E. 1992. Recovering Rights: Bowhead Whales and 
Inuvialuit Subsistence in the Western Canadian Arctic. The Canadian Circumpolar Institute. 
Studies in Whaling No 2. 

Gairn. 2023. Huge untapped copepod fishery shows slow uptake in Norway. We Are 
Aquaculture[online]. Available from: https://weareaquaculture.com/regions/38599 

Galgani, F., Hanke, G. and Maes, T., 2015. Global distribution, composition and abundance of 
marine litter. Marine Anthropogenic Litter, pp.29-56. 

Garrigue, C. and Derville, S., 2022. Behavioral responses of humpback whales to biopsy 
sampling on a breeding ground: the influence of age‐class, reproductive status, social 
context, and repeated sampling. Marine Mammal Science, 38(1), pp.102-117. 

Garrison, L.P., Adams, J., Patterson, E.M., Good, C.P. 2022. Assessing the risk of vessel strike 
mortality in North Atlantic right whales along the U.S East Coast. NOAA technical 
memorandum NMFS-SEFSC ; 757 https://doi.org/10.25923/pcpj-0k72 

Gauthier, J.M. and Sears, R., 1999. Behavioral response of four species of balaenopterid 
whales to biopsy sampling. Marine Mammal Science, 15(1), pp.85-101. 

Gauthier, J.M., Metcalfe, C.D. and Sears, R. 1997. Chlorinated organic contaminants in blubber 
biopsies from northwestern Atlantic balaenopterid whales summering in the Gulf of St 
Lawrence. Marine Environmental Research, 44(2), pp.201-223. 

Gendron, D., Serrano, I.M., de la Cruz, A.U., Calambokidis, J. And Mate, B., 2015. Long-term 
individual sighting history database: an effective tool to monitor satellite tag effects on 
cetaceans. Endangered Species Research, 26(3), pp.235-241. 

Geological Survey of Canada’s Canadian National Marine Seismic Data Repositor. [online] 
www.open.canada.ca. Available at: Canadian National Marine Seismic Data Repository - 
Open Government Portal 

Glass, A.H., Cole, T.V.N., and Garron, M. 2009. Mortality and Serious Injury Determinations for 
Baleen Whale Stocks along the United States Eastern Seaboard and Adjacent Canadian 
Maritimes, 2003-2007 (Second Edition). Northeast Fish. Sci. Cent. Ref. Doc. 09-04. 

Glass, A.H., Cole, T.V.N., and Garron, M. 2010. Mortality and serious injury determinations for 
baleen whale stocks along the United States and Canadian Eastern Seaboards, 2004-2008. 
NOAA Technical Memorandum NMFS-NE-214. 



 

61 

Glass, A.H., Cole, T.V.N., Garron, M., and Hall, L. 2011. Mortality and serious injury 
determinations for baleen whale stocks along the Gulf of Mexico, United States, and 
Canadian eastern seaboards, 2005-2009. Northeast Fish. Sci. Cent. Ref. Doc. 11-18. 

Glass, A.H., Cole, T.V.N., Garron, M., Hall, L., Ledwell, W., and Reid, A. 2012. Mortality and 
serious injury determinations for baleen whale stocks along the Gulf of Mexico, United 
States east coast and Atlantic Canadian provinces, 2006-2010. Northeast Fish. Sci. Cent. 
Ref. Doc. 12-11. 

Glass, A.H., Cole, T.V.N., Garron, M., Merrick, R.L., and Pace, R.M. III. 2008. Mortality and 
serious injury determinations for baleen whale stocks along the United States Eastern 
Seaboard and adjacent Canadian Maritimes, 2002-2006. Northeast Fish. Sci. Cent. Ref. 
Doc. 08-04. 

Godard-Codding, C.A. and Collier, T.K., 2018. The effects of oil exposure on cetaceans. 
In Marine Mammal Ecotoxicology (pp. 75-93). Academic Press. 

Goldbogen, J.A., Southall, B.L., DeRuiter, S.L., Calambokidis, J., Friedlaender, A.S., Hazen, 
E.L., Falcone, E.A., Schorr, G.S., Douglas, A., Moretti, D.J. and Kyburg, C., 2013. Blue 
whales respond to simulated mid-frequency military sonar. Proceedings of the Royal Society 
B: Biological Sciences, 280(1765), p.20130657.  

Gomez, C., Lawson, J.W., Wright, A.J., Buren, A.D., Tollit, D. and Lesage, V., 2016. A 
systematic review on the behavioural responses of wild marine mammals to noise: the 
disparity between science and policy. Canadian Journal of Zoology, 94(12), pp.801-819. 

Gowan, T.A. and Ortega-Ortiz, J.G., 2014. Wintering habitat model for the North Atlantic right 
whale (Eubalaena glacialis) in the southeastern United States. PLoS One, 9(4), p.e95126. 

Graham, K.M., Burgess, E.A. and Rolland, R.M., 2021. Stress and reproductive events detected 
in North Atlantic right whale blubber using a simplified hormone extraction 
protocol. Conservation Physiology, 9(1), p.coaa133. 

Greene, C.H. and Pershing, A.J., 2004. Climate and the conservation biology of North Atlantic 
right whales: the right whale at the wrong time?. Frontiers in Ecology and the 
Environment, 2(1), pp. 29-34. 

Grieve, B.D., Hare, J.A. and Saba, V.S., 2017. Projecting the effects of climate change on 
Calanus finmarchicus distribution within the US Northeast Continental Shelf. Scientific 
Reports, 7(1), pp.1-12. 

Gulland, F.M., Robbins, J., Zerbini, A.N., Andrews-Goff, V., Bérubé, M., Clapham, P.J., Double, 
M., Gales, N., Kennedy, A.S., Landry, S. and Mattila, D.K., 2024. Effects of satellite-linked 
telemetry tags on humpback whales in the Gulf of Maine: photographic assessment of tag 
sites. bioRxiv, pp.1-36. 

Haelters, J., Debusschere, E., Botteldooren, D., Dulière, V., Hostens, K., Norro, A., 
Vandendriessche, S., Vigin, L., Vincx, M. and Degraer, S., 2013. The effects of pile driving 
on marine mammals and fish in Belgian waters. Environmental impacts of offshore wind 
farms in the Belgian part of the North Sea, pp. 70-77. 

Hague, E.L., Sparling, C.E., Morris, C., Vaughan, D., Walker, R., Culloch, R.M., Lyndon, A.R., 
Fernandes, T.F. and McWhinnie, L.H., 2022. Same space, different standards: a review of 
cumulative effects assessment practice for marine mammals. Frontiers in Marine Science, 9, 
p.822467. 

Hamilton, P.K., Frasier, B.A., Conger, L.A., George, R.C., Jackson, K.A. and Frasier, T.R. 2022. 
Genetic identifications challenge our assumptions of physical development and mother–calf 
associations and separation times: a case study of the North Atlantic right whale (Eubalaena 
glacialis). Mammalian Biology, 102(4), pp.1389-1408. 

Hamilton, P.K., Knowlton, A.R., Hagbloom, M.N., Howe, K.R., Marx, M.K.,. Pettis, H.M., Warren, 
A.M., and Zani, M.A. 2020. Maintenance of the North Atlantic right whale catalog, whale 
scarring and visual health databases, anthropogenic injury case studies, and near real-time 
matching for biopsy efforts, entangled, injured, sick, or dead right whales. Contract report 
no. 1305M2-18-P-NFFM-0108 to the NMFS Northeast Fisheries Science Center. Anderson 
Cabot Center for Ocean Life, New England Aquarium, Boston, MA 

Hare, J.A., Morrison, W.E., Nelson, M.W., Stachura, M.M., Teeters, E.J., Griffis, R.B., 
Alexander, M.A., Scott, J.D., Alade, L., Bell, R.J. and Chute, A.S., 2016. A vulnerability 
assessment of fish and invertebrates to climate change on the Northeast US Continental 
Shelf. PloS One. 11(2), p.e0146756. 

Harley Eber, D. 1989. When the Whalers Were Up North. McGill-Queen's University Press. 
Harcourt, R., Van der Hoop, J., Kraus, S. and Carroll, E.L., 2019. Future directions in Eubalaena 

spp.: comparative research to inform conservation. Frontiers in Marine Science, 5, p.530. 



 

62 

Harnois, V., Smith, H.C., Benjamins, S. and Johanning, L. 2015. Assessment of entanglement 
risk to marine megafauna due to offshore renewable energy mooring systems. International 
Journal of Marine Energy, 11, pp.27-49. 

Harwood, J., King, S., Booth, C., Donovan, C., Schick, R.S., Thomas, L. and New, L., 2016. 
Understanding the population consequences of acoustic disturbance for marine mammals. 
In The effects of noise on aquatic life II (pp. 417-423). Springer New York. 

Hatch, L., Clark, C., Merrick, R., Van Parijs, S., Ponirakis, D., Schwehr, K., Thompson, M. and 
Wiley, D., 2008. Characterizing the relative contributions of large vessels to total ocean 
noise fields: a case study using the Gerry E. Studds Stellwagen Bank National Marine 
Sanctuary. Environmental Management, 42, pp. 735-752. 

Hatch, L.T., Clark, C.W., Van Parijs, S.M., Frankel, A.S. and Ponirakis, D.W., 2012. Quantifying 
loss of acoustic communication space for right whales in and around a US National Marine 
Sanctuary. Conservation Biology, 26(6), pp. 983-994. 

Hayes, S.A., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Byrd, B., Cole, T.V.N., 
Engleby, L., Garrison, L.P., Hatch, J., Henry, A., Horstman, S.C., Litz, J., Lyssikatos, M.C., 
Mullin, K.D., Orphanides, C., Pace, R.M., Palka, D.L., Soldevilla, M., Wenzel, F.W., 
Contributors (listed alphabetically). 2017. US Atlantic and Gulf of Mexico marine mammal 
stock assessments – 2016. NOAA technical memorandum NMFS-NE. 241. DOI : 
http://doi.org/10.7289/V5/TM-NEFSC-241 

Hayes, S.A., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Byrd, B., Chavez-Rosales, S., 
Cole, T.V.N., Engleby, L., Garrison, L.P., Hatch, J., Henry, A., Horstman, S.C., Litz, J., 
Lyssikatos, M.C., Mullin, K.D., Orphanides, C., Pace, R.M., Palka, D.L., Soldevilla, M., 
Wenzel, F.W., Contributors (listed alphabetically). 2018. US Atlantic and Gulf of Mexico 
marine mammal stock assessments – 2017: (second edition). NOAA technical 
memorandum NMFS-NE. 245. DOI : https://doi.org/10.25923/e764-9g81 

Hayes, S.A., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Byrd, B., Chavez-Rosales, S., 
Cole, T.V.N., Garrison, L.P., Hatch, J., Henry, A., Horstman, S.C., Litz, J., Lyssikatos, M.C., 
Mullin, K.D., Orphanides, C., Pace, R.M., Palka, D.L., Powell, J., Wenzel, F.W., Contributors 
(listed alphabetically). 2019. US Atlantic and Gulf of Mexico marine mammal stock 
assessments – 2018. NOAA technical memorandum NMFS-NE. 258. DOI : 
https://doi.org/10.25923/9rrd-tx13 

Hayes, S.A., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Byrd, B., Chavez-Rosales, S., 
Cole, T.V.N., Garrison, L.P., Hatch, J., Henry, A., Horstman, S.C., Litz, J., Lyssikatos, M.C., 
Mullin, K.D., Orphanides, C., Pace, R.M., Palka, D.L., Powell, J., Wenzel, F.W., Contributors 
(listed alphabetically). 2020. US Atlantic and Gulf of Mexico marine mammal stock 
assessments – 2019. NOAA technical memorandum NMFS-NE. 264. 

Hayes, S.A., Josephson, E., Maze-Foley, K., Rosel, P.E., McCordic, J., Wallance, J. Editors. 
Brossard, A., Chavez-Rosales. S., Cole. T.V.N, Garrison, L.P., Hatch ,J., Henry, A. 
Horstman, S.C., Linden,D., Litz,J., Lyssikatos, M.C., Mullin, K.D., Murray, K., Orphanides, 
C., Pace,R.M., Palka, D.L., Powell, J.,Precoda, K.,a Soldevilla, M., and Wenzel, F.W. 
Contributors (listed alphabetically). 2023. U.S. Atlantic and Gulf of Mexico marine mammal 
stock assessments 2022. NOAA Technical Memorandum NMFS-NE-304, 31-42. 

Hayes, S.A., Josephson, E., Maze-Foley, K., Rosel, P.E., Turek, J., Editors. Byrd, B., Chavez-
Rosales, S., Cole, T.V.N., Garrison, L.P., Hatch, J., Henry, A., Horstman, S.C., Litz, J., 
Lyssikatos, M.C., Mullin, K.D., Orphanides, C., Ortega-Ortiz, J., Pace, R.M., Palka, D.L., 
Powell, J., Rappucci, G., Wenzel, F.W., Contributors (listed alphabetically). 2021. US 
Atlantic and Gulf of Mexico marine mammal stock assessments 2020. NOAA technical 
memorandum NMFS-NE. 271. 

Hayes, S.A., Josephson, E., Maze-Foley, K., Rosel, P.E., Wallace, J., Editors. Brossard, A., 
Chavez-Rosales, S., Cole, T.V.N., Garrison, L.P., Hatch, J., Henry, A., Horstman, S.C., Litz, 
J., Lyssikatos, M.C., Mullin, K.D., Murray, K., Orphanides, C., Ortega-Ortiz, J., Pace, R.M., 
Palka, D.L., Powell, J., Rappucci, G., Soldevilla, M., Wenzel, F.W., Contributors (listed 
alphabetically). 2022. US Atlantic and Gulf of Mexico marine mammal stock assessments 
2021. NOAA technical memorandum NMFS-NE. 288. DOI : https://doi.org/10.25923/6tt7-
kc16. 

Helenius, L.K., Head, E.J., Jekielek, P., Orphanides, C.D., Pepin, P., Perrin, G., Plourde, S., 
Ringuette, M., Runge, J.A., Walsh, H.J. and Johnson, C.L., 2024. Spatial variability in size 
and lipid content of the marine copepod Calanus finmarchicus across the Northwest Atlantic 
continental shelves: implications for North Atlantic right whale prey quality. Journal of 
Plankton Research, 46(1), pp. 25-40. 



 

63 

Helm, R.C., Costa, D.P., DeBruyn, T.D., O'Shea, T.J., Wells, R.S. and Williams, T.M., 2014. 
Overview of effects of oil spills on marine mammals. Handbook of Oil Spill Science and 
Technology, pp. 455-475. 

Henry, A.G., Cole, T.V.N., Hall, L., Ledwell, W., Morin, D., and Reid, A. 2013. Mortality 
determinations for Baleen whale stocks along the Gulf of Mexico, United States east coast, 
and Atlantic Canadian provinces, 2007-2011. Northeast Fish. Sci. Cent. Ref. Doc. 13-18. 

Henry, A., Garron, M., Morin, D., Smith, A., Reid, A., Ledwell, W. and Cole, T. 2023. Serious 
injury and mortality determinations for baleen whale stocks along the Gulf of Mexico, United 
States East Coast, and Atlantic Canadian Provinces, 2017-2021. US Dept Commer 
Northeast Fish Sci Cent Ref Doc. 23-09; 59 p. 

Henry, A.G. 2022. Serious Injury and Mortality Determinations for Baleen Whale Stocks along 
the Gulf of Mexico, United States East Coast, and Atlantic Canadian Provinces, 2015-2019. 
NOAA Technical Memorandum NMFS-NE-280. https://doi.org/10.25923/nfr5-7r84 

Henry, A.G., Cole, T.V.N., Garron, M., Ledwell, W., Morin, D., and Reid, A. 2017. Mortality and 
serious injury determinations for baleen whale stocks along the Gulf of Mexico, United 
States, United States East Coast and Atlantic Canadian Provinces, 2011-2015. Northeast 
Fish. Sci. Cent. Ref. Doc. 17-19. http://doi.org/10.7289/V5/RD-NEFSC-17-19 

Henry, A.G., Cole, T.V.N., Hall, L., Ledwell, W., Morin, D., and Reid, A. 2014. Mortality 
determinations for Baleen whale stocks along the Gulf of Mexico, United States east coast, 
and Atlantic Canadian provinces, 2008-2012. Northeast Fish. Sci. Cent. Ref. Doc. 14-10. 
http://doi.org/10.7289/V5JW8BVD 

Henry, A.G., Cole, T.V.N., Hall, L., Ledwell, W., Morin, D., and Reid, A. 2015. Mortality and 
serious injury determinations for baleen whale stocks along the Gulf of Mexico, United 
States, United States East Coast and Atlantic Canadian Provinces, 2009-2013. Northeast 
Fish. Sci. Cent. Ref. Doc. 15-10. http://doi.org/10.7289/V5C53HTB 

Henry, A.G., Cole, T.V.N., Hall, L., Ledwell, W., Morin, D., and Reid, A. 2016. Mortality and 
serious injury determinations for baleen whale stocks along the Gulf of Mexico, United 
States, United States East Coast and Atlantic Canadian Provinces, 2010-2014. Northeast 
Fish. Sci. Cent. Ref. Doc. 16-10. http://doi.org/10.7289/V5B85661 

Henry, A.G., Garron, M., Morin, D., Reid, A., Ledwell, W., and Cole, T.V.N. 2020. Serious Injury 
and Mortality Determinations for Baleen Whale Stocks along the Gulf of Mexico, United 
States East Coast, and Atlantic Canadian Provinces, 2013-2017. Northeast Fish. Sci. Cent. 
Ref. Doc. 20-06. https://doi.org/10.25923/fbc7-ky15 

Henry, A.G., Garron, M., Morin, D., Smith, A., Reid, A., Ledwell, W., and Cole, T.V.N. 2021. 
Serious injury and mortality determinations for baleen whale stocks along the Gulf of 
Mexico, United States East Coast, and Atlantic Canadian Provinces, 2014-2018. Northeast 
Fish. Sci. Cent. Ref. Doc. 21-07. https://doi.org/10.25923/ey0b-fw22 

Henry, A.G., Garron, M., Reid, A., Morin, D., Ledwell, W., and Cole, T.V.N. 2019. Serious Injury 
and Mortality Determinations for Baleen Whale Stocks along the Gulf of Mexico, United 
States East Coast, and Atlantic Canadian Provinces, 2012-2016. Northeast Fish. Sci. Cent. 
Ref. Doc. 19-13. https://doi.org/10.25923/121e-z310 

Henry, A.G., Smith, A., Garron, M., Morin, D., Reid, A., Ledwell, W., and Cole, T. 2022. Serious 
injury and mortality determinations for baleen whale stocks along the Gulf of Mexico, United 
States East Coast, and Atlantic Canadian Provinces, 2016-2020. Northeast Fish. Sci. Cent. 
Ref. Doc. 22-13. https://doi.org/10.25923/7a57-9d36 

Hildebrand, J.A., 2005. Impacts of anthropogenic sound. Marine mammal research: 
conservation beyond crisis, pp. 101-124. 

Hildebrand, J.A., 2009. Anthropogenic and natural sources of ambient noise in the 
ocean. Marine Ecology Progress Series, 395, pp.5-20. 

Hlista, B.L., Sosik, H.M., Traykovski, L.V.M., Kenney, R.D. and Moore, M.J., 2009. Seasonal 
and interannual correlations between right-whale distribution and calving success and 
chlorophyll concentrations in the Gulf of Maine, USA. Marine Ecology Progress Series, 394, 
pp. 289-302. 

Hodge, K.B., Muirhead, C.A., Morano, J.L., Clark, C.W. and Rice, A.N., 2015. North Atlantic 
right whale occurrence near wind energy areas along the mid-Atlantic US coast: implications 
for management. Endangered Species Research, 28(3), pp. 225-234. 

Hoekstra, P.F., O'hara, T.M., Pallant, S.J., Solomon, K.R. and Muir, D.C.G., 2002. 
Bioaccumulation of organochlorine contaminants in bowhead whales (Balaena mysticetus) 
from Barrow, Alaska. Archives of Environmental Contamination and Toxicology, 42, pp. 497-
507. 

https://doi.org/10.25923/121e-z310
https://doi.org/10.25923/7a57-9d36


 

64 

Huang, L.F., Xu, X.M., Yang, L.L., Huang, S.Q., Zhang, X.H. and Zhou, Y.L., 2023. Underwater 
noise characteristics of offshore exploratory drilling and its impact on marine 
mammals. Frontiers in Marine Science, 10, p.1097701. 

Huggins, J.L., Garner, M.M., Raverty, S.A., Lambourn, D.M., Norman, S.A., Rhodes, L.D., 
Gaydos, J.K., Olson, J.K., Haulena, M. and Hanson, M.B., 2020. The emergence of 
mucormycosis in free-ranging marine mammals of the Pacific Northwest. Frontiers in Marine 
Science, 7, p.555. 

Ierardi, J.L., Veloso, A. and Mancia, A., 2021. Transcriptome analysis of cadmium exposure in 
kidney fibroblast cells of the North Atlantic Right Whale (Eubalaena glacialis). Comparative 
Biochemistry and Physiology Part C: Toxicology & Pharmacology, 242, p.108946. 

IPCC [Intergovernmental Panel on Climate Change]. 2023. Climate Change 2023: Synthesis 
Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero 
(eds.)]. IPCC, Geneva, Switzerland, 184 pp., doi: 10.59327/IPCC/AR6-9789291691647. 

IUCN [International Union for Conservation of Nature]. 2016. Rules of Procedure for IUCN Red 
List Assessments 2017–2020. Version 3.0. Approved by the IUCN SSC Steering Committee 
in September 2016. Available from: 
http://cmsdocs.s3.amazonaws.com/keydocuments/Rules_of_Procedure_for_Red_List_2017
- 2020.pdf 

Iwata, I., Tanabe, S., Sakai, N., Tatsukawa, R. 1993. Distribution of persistent organochlorines 
in the oceanic air and surface seawater and the role of ocean on their global transport and 
fate. Environ. Sci. Technol. 27, 1080–1098. 

IWC [International Whaling Commission]. 1977. International Whaling Commission’s Deletion of 
Native Exemption for the Subsistence Harvest of Bowhead Whales. IWC. 

IWC [International Whaling Commission]. 1986. Right Whales: Past and Present Status. 
Proceedings of the Workhop on the Status of Right Whales, Boston, Massachusetts 15-23 
June 1983. Cambridge: Reports of International Whaling Commission Special Issue 10. 

IWC [International Whaling Commission]. 2001.Report on the workshop on the status and 
trends of western North Atlantic Right Whales. Journal of Cetacean Research and 
Management, Spec. Issue 2: 61-87. 

Jacobsen, K.O., Marx, M. and ØIen, N., 2004. Two‐way trans‐Atlantic migration of a North 
Atlantic right whale (Eubalaena glacialis). Marine Mammal Science, 20(1), pp.161-166. 

Jacobsen, J.K., Massey, L. and Gulland, F., 2010. Fatal ingestion of floating net debris by two 
sperm whales (Physeter macrocephalus). Marine Pollution Bulletin, 60(5), pp.765-767. 

Jagannathan, S., Bertsatos, I., Symonds, D., Chen, T., Nia, H.T., Jain, A.D., Andrews, M., 
Gong, Z., Nero, R., Ngor, L. and Jech, M., 2009. Ocean acoustic waveguide remote sensing 
(OAWRS) of marine ecosystems. Marine Ecology Progress Series, 395, pp. 137-160. 

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A., Narayan, R. and 
Law, K.L. 2015. Plastic waste inputs from land into the ocean. Science, 347(6223), pp. 768-
771. 

Jarvela Rosenberger, A.L., MacDuffee, M., Rosenberger, A.G. and Ross, P.S., 2017. Oil spills 
and marine mammals in British Columbia, Canada: development and application of a risk-
based conceptual framework. Archives of Environmental Contamination and Toxicology, 73, 
pp. 131-153. 

Jauniaux, T., Haelters, J., Degraer, S., Coignoul, F. 2014. Plastic impaction in a minke whale 
(Balaenoptera acutorostrata). In: 28th Annual Conference of the European Cetacean 
Society: Marine Mammals as Sentinels of a Changing Environment, Liège, Belgium, 5–9 
April 2014, pp. 168 Abstract Book 

Jensen A.S., Silber G.K. 2003. Large whale ship strike database. NOAA Tech Memo NMFS-
OPR-25. National Marine Fisheries Service, Office of Protected Resources, Silver Spring, 
MD 

Johansen. 2023. Slow progress in the fishery for Calanus finmarchicus. Nofima[online]. 
Available from: https://nofima.com/results/slow-progress-in-the-fishery-for-calanus-
finmarchicus/  

Johnson, A., Salvador, G., Kenney, J., Robbins, J., Kraus, S., Landry, S. and Clapham, P., 
2005. Fishing gear involved in entanglements of right and humpback whales. Marine 
Mammal Science, 21(4), pp.635-645. 



 

65 

Johnson, A.J., Kraus, S.D., Kenney, J.F., and Mayo, C.A. 2007. The entangled lives of right 
whales and fisherman: Can they coexist? In The urban whale: North Atlantic right whales at 
the crossroads. Edited by S.D. Kraus and R. Rolland. Harvard University Press, Cambridge, 
Mass. pp. 380–408. 

Johnson, C., Devred, E., Casault, B., Head, E., and Spry, J. 2018. Optical, Chemical, and 
Biological Oceanographic Conditions on the Scotian Shelf and in the Eastern Gulf of Maine 
in 2016. DFO Can. Sci. Advis. Sec. Res. Doc. 2018/017. v + 58 p. 

Johnson, C.L., Plourde, S., Brennan, C.E., Helenius, L.K., Le Corre, N. and Sorochan, K.A. 
2024. The Southern Gulf of St. Lawrence as Foraging Habitat for the North Atlantic Right 
Whale. DFO Can. Sci. Advis. Sec. Res. Doc. 2024/077. iv + 43 p. 

Johnston, S.T. and Painter, K.J., 2024. Avoidance, confusion or solitude? Modelling how noise 
pollution affects whale migration. Movement Ecology, 12(1), p.17. 

Jouffray, J.B., Blasiak, R., Norström, A.V., Österblom, H. and Nyström, M., 2020. The blue 
acceleration: the trajectory of human expansion into the ocean. One Earth, 2(1), pp.43-54 

Kebke, A., Samarra, F. and Derous, D., 2022. Climate change and cetacean health: impacts 
and future directions. Philosophical Transactions of the Royal Society B, 377(1854), 
p.20210249. 

Kelley, D.E., Vlasic, J.P. and Brillant, S.W., 2021. Assessing the lethality of ship strikes on 
whales using simple biophysical models. Marine Mammal Science, 37(1), pp.251-267. 

Kenney R. D. 2001. Anomalous 1992 spring and summer right whale (Eubalaena glacialis) 
distributions in the Gulf of Maine. Journal of Cetacean Research and Management, Special 
Issue, 2: 209–223. 

Ketten, D.R., Lien, J. and Todd, S., 1993. Blast injury in humpback whale ears: Evidence and 
implications. The Journal of the Acoustical Society of America, 94(3_Supplement), pp.1849-
1850. 

Knowlton, A.R., Clark, J.S., Hamilton, P.K., Kraus, S.D., Pettis, H.M., Rolland, R.M. and Schick, 
R.S., 2022. Fishing gear entanglement threatens recovery of critically endangered North 
Atlantic right whales. Conservation Science and Practice, 4(8), p.e12736. 

Knowlton, A.R., Hamilton, P.K., Marx, M.K., Pettis, H.M. and Kraus, S.D., 2012. Monitoring 
North Atlantic right whale Eubalaena glacialis entanglement rates: a 30 yr 
retrospective. Marine Ecology Progress Series, 466, pp.293-302. 

Knowlton, A.R., Kraus, S.D. and Kenney, R.D. 1994. Reproduction in North Atlantic right whales 
(Eubalaena glacialis). Canadian Journal of Zoology, 72(7), pp.1297-1305. 

Knowlton, A.R., Robbins, J., Landry, S., McKenna, H.A., Kraus, S.D. and Werner, T.B., 2016. 
Effects of fishing rope strength on the severity of large whale entanglements. Conservation 
Biology, 30(2), pp.318-328. 

Knowlton, A.R., Sigukjosson, J., Ciano, J.N. and Kraus, S.D., 1992. Long‐distance movements 
of North Atlantic right whales (Eubalaena glacialis). Marine Mammal Science, 8(4), pp.397-
405. 

Kraus, S. D., Hamilton, P.K., Kenney, R.D., Knowlton, A.R., and Slay, C.K. 2001. Reproductive 
parameters of the North Atlantic right whale. Journal of Cetacean Research and 
Management (Special Issue) 2: 231–236. 

Kraus, S.D., Brown, M.W., Caswell, H., Clark, C.W., Fujiwara, M., Hamilton, P.K., Kenney, R.D., 
Knowlton, A.R., Landry, S., Mayo, C.A. and McLellan, W.A., 2005. North Atlantic right 
whales in crisis. Science, 309(5734), pp.561-562. 

Kraus, S.D., Rolland, R.M. 2007. Right whales in the urban ocean. In: Kraus SD, Rolland RM 
(eds) The urban whale: North Atlantic right whales at the crossroads. Harvard University 
Press, Cambridge, MA 

Kraus, S., Quinn, C. and Slay, C., 2000. A workshop on the effects of tagging on North Atlantic 
right whales. Unpublished report, New England Aquarium, Boston, MA. 

Krishna, D., Debacker, V., Pillet, S., and Bouquegneau, J.M., 2003. Heavy metals in marine 
mammals. Toxicology of Marine Mammals, pp. 147-179. CRC Press.  

Kühn, S. and Van Franeker, J.A., 2020. Quantitative overview of marine debris ingested by 
marine megafauna. Marine Pollution Bulletin, 151, p.110858. 

Kurniawan, S.B., Abdullah, S.R.S., Imron, M.F. and Ismail, N.I. 2021. Current state of marine 
plastic pollution and its technology for more eminent evidence: a review. Journal of Cleaner 
Production, 278, p.123537. 



 

66 

Kuşku, H., Yiğit, M., Ergün, S., Yiğit, Ü. and Taylor, N., 2018. Acoustic noise pollution from 
marine industrial activities: Exposure and impacts. Aquatic Research, 1(4), pp.148-161. 

Laist, D.W., Knowlton, A.R., Mead, J.G., Collet, A.S. and Podesta, M., 2001. Collisions between 
ships and whales. Marine Mammal Science, 17(1), pp.35-75. 

Law, K.L., Morét-Ferguson, S., Maximenko, N.A., Proskurowski, G., Peacock, E.E., Hafner, J. 
and Reddy, C.M., 2010. Plastic accumulation in the North Atlantic subtropical gyre. Science, 
329(5996), pp.1185-1188. 

Legendre, P. and Legendre, L. 1998. Numerical Ecology, 2(24). Elsevier. 
Leiter, S.M., Stone, K.M., Thompson, J.L., Accardo, C.M., Wikgren, B.C., Zani, M.A., Cole, 

T.V.N., Kenney, R.D., Mayo, C.A. and Kraus, S.D., 2017. North Atlantic right whale 
Eubalaena glacialis occurrence in offshore wind energy areas near Massachusetts and 
Rhode Island, USA. Endangered Species Research, 34, pp.45-59.  

Lettrich, M.D., Asaro, M.J., Borggaard, D.L., Dick, D.M., Griffis, R.B., Litz, J.A., Orphanides, 
C.D., Palka, D.L., Soldevilla, M.S., Balmer, B. and Chavez, S., 2023. Vulnerability to climate 
change of United States marine mammal stocks in the western North Atlantic, Gulf of 
Mexico, and Caribbean. Plos One, 18(9), p.e0290643. 

Linden D.W. 2024. Population size estimation of North Atlantic right whales from 1990-2023. US 
Dept Commer Northeast Fish Sci Cent Tech Memo 324.  

Linden, D.W., Hostetler, J.A., Pace III, R.M., Garrison, L.P., Knowlton, A.R., Lesage, V., 
Williams, R. and Runge, M.C., 2024. Quantifying uncertainty in anthropogenic causes of 
injury and mortality for an endangered baleen whale. Ecosphere, 15(12), 
p.e70086.Lohmann, R. and Belkin, I.M. 2014. Organic pollutants and ocean fronts across 
the Atlantic Ocean: A review. Progress in Oceanography, 128, pp.172-184. 

Lohmann, R., Breivik, K., Dachs, J., and Muir, D. 2007. Global fate of POPs: current and future 
research directions. Environmental Pollution, 150(1), pp.150-165. 

Lonati, G.L., Zitterbart, D.P., Miller, C.A., Corkeron, P., Murphy, C.T. and Moore, M.J., 2022. 
Investigating the thermal physiology of Critically Endangered North Atlantic right whales 
Eubalaena glacialis via aerial infrared thermography. Endangered Species Research, 48, 
pp.139-154.  

López-Berenguer, G., Peñalver, J., Martínez-López, E. 2020. A critical review about neurotoxic 
effects in marine mammals of mercury and other trace elements. Chemosphere, 246, 
125688. https://doi.org/10.1016/j.chemosphere.2019.125688 

Lowry, L.F., Burkanov, V.N., Altukhov, A., Weller, D.W. and Reeves, R.R. 2018. Entanglement 
risk to western gray whales from commercial fisheries in the Russian Far East. Endangered 
Species Research, 37, pp.133-148. 

Luksenburg, J. and Parsons, E.C.M., 2009, May. The effects of aircraft on cetaceans: 
Implications for aerial whale watching. In Proceedings of the 61st meeting of the 
international whaling commission. 

Lurton, X. and DeRuiter, S. 2011. Sound radiation of seafloor-mapping echosounders in the 
water column, in relation to the risks posed to marine mammals. The International 
Hydrographic Review. 

Lusher, A.L., Burke, A., O’Connor, I. and Officer, R., 2014. Microplastic pollution in the 
Northeast Atlantic Ocean: validated and opportunistic sampling. Marine pollution 
bulletin, 88(1-2), pp.325-333. 

Lusher, A.L., Hernandez-Milian, G., O'Brien, J., Berrow, S., O'Connor, I. and Officer, R., 2015. 
Microplastic and macroplastic ingestion by a deep diving, oceanic cetacean: the True's 
beaked whale Mesoplodon mirus. Environmental pollution, 199, pp.185-191. 

MacDonnell, J. 2016. Shelburne Basin Venture Exploration Drilling Project: Sound Source 
Characterization. 2016 Field Measurements of the Stena IceMAX, Document 01296, 
Version 3.0. Technical report by JASCO Applied Sciences for Shell Canada Limited. 

Madsen, P.T., Wahlberg, M., Tougaard, J., Lucke, K. and Tyack, P., 2006. Wind turbine 
underwater noise and marine mammals: implications of current knowledge and data 
needs. Marine Ecology Progress Series, 309, pp.279-295. 

Malik, S., Brown, M.W., Kraus, S.D. and White, B.N., 2000. Analysis of mitochondrial DNA 
diversity within and between North and South Atlantic right whales. Marine Mammal 
Science, 16(3), pp.545-558. 

Mart, L., Rützel, H., Klahre, P., Sipos, L., Platzek, U., Valenta, P. and Nürnberg, H.W. 1982. 
Comparative studies on the distribution of heavy metals in the oceans and coastal waters. 
Science of the Total Environment, 26(1), pp.1-17. 



 

67 

Martin, A.R. and Walker, F.J., 1997. Sighting of a right whale (Eubalaena glacialis) with calf off 
SW Portugal. Marine Mammal Science, 13(1), pp.139-140. 

Mate, B.R., Nieukirk, S.L. and Kraus, S.D., 1997. Satellite-monitored movements of the northern 
right whale. The Journal of Wildlife Management, pp.1393-1405. 

Matthews, J.N., Brown, S., Gillespie, D., Johnson, M., McLanaghan, R., Moscrop, A., Nowacek, 
D., Leaper, R., Lewis, T. and Tyack, P., 2001. Vocalisation rates of the North Atlantic right 
whale (Eubalaena glacialis). Journal of Cetacean Research and Management, 3(3), pp.271-
282. 

Matthews, L.P. and Parks, S.E., 2021. An overview of North Atlantic right whale acoustic 
behavior, hearing capabilities, and responses to sound. Marine Pollution Bulletin, 173, 
p.113043. 

Mayo, C.A. and Marx, M.K., 1990. Surface foraging behaviour of the North Atlantic right whale, 
Eubalaena glacialis, and associated zooplankton characteristics. Canadian Journal of 
Zoology, 68(10), pp.2214-2220. 

McCordic, J.A., Root-Gutteridge, H., Cusano, D.A., Denes, S.L. and Parks, S.E., 2016. Calls of 
North Atlantic right whales Eubalaena glacialis contain information on individual identity and 
age class. Endangered Species Research, 30, pp.157-169. 

Mead, J.G. 1986. Twentieth-century records of right whales (Eubalaena glacialis) in the 
northwestern Atlantic Ocean, Reports of the International Whaling Commission, Special 
Issue 10, pp. 109-119. Available at: https://archive.iwc.int/?r=470&k=89cf7291d4 (Accessed: 
22 January 2024).  

Melcon, M.L., Cummins, A.J., Kerosky, S.M., Roche, L.K., Wiggins, S.M. and Hildebrand, J.A., 
2012. Blue whales respond to anthropogenic noise. PloS One, 7(2), p.e32681. 

Mellinger, D.K., Nieukirk, S.L., Klinck, K., Klinck, H., Dziak, R.P., Clapham, P.J., Brandsdóttir, B. 
2011. Confirmation of right whales near a nineteenth-century whaling ground east of 
southern Greenland. Biology Letters, 7, pp. 411–413. http://doi.org/10.1098/rsbl.2010.1191 

Meyer‐Gutbrod, E.L., Davies, K.T., Johnson, C.L., Plourde, S., Sorochan, K.A., Kenney, R.D., 
Ramp, C., Gosselin, J.F., Lawson, J.W. and Greene, C.H., 2023. Redefining North Atlantic 
right whale habitat‐use patterns under climate change. Limnology and Oceanography, 68, 
pp. S71-S86. 

Meyer‐Gutbrod, E.L. and Greene, C.H., 2018. Uncertain recovery of the North Atlantic right 
whale in a changing ocean. Global Change Biology, 24(1), pp.455-464. 

Meyer-Gutbrod, E.L., Greene, C.H., Davies, K.T. and Johns, D.G. 2021. Ocean regime shift is 
driving collapse of the North Atlantic right whale population. Oceanography, 34(3), pp.22-31. 

Meyer-Gutbrod, E.L., Greene, C.H., Sullivan, P.J. and Pershing, A.J., 2015. Climate-associated 
changes in prey availability drive reproductive dynamics of the North Atlantic right whale 
population. Marine Ecology Progress Series, 535, pp.243-258. 

Michaud, J. and Taggart, C.T., 2007. Lipid and gross energy content of North Atlantic right 
whale food, Calanus finmarchicus, in the Bay of Fundy. Endangered Species Research, 
3(1), pp.77-94. 

Michel, J. and Fingas, M. 2016. Oil Spills: Causes, consequences, prevention, and 
countermeasures. In Fossil fuels: current status and future directions (pp. 159-201). 

Miller AS, Solinger L, Shank B, Huamani A, Duffing Romero MD, Asaro MJ, Franco C, Trego 
ML. 2024. A decision support tool to assess risk of entanglement mortality to large whales 
from commercial fixed-gear fisheries in the Northwest Atlantic. US Dept Commer Northeast 
Fish Sci Cent Tech Memo 312. 102 p. 

Mitchell, E. and Reeves, R.R. 1983. Catch history, abundance, and present status of northwest 
Atlantic humpback whales, Reports of the International Whaling Commission, Special Issue 
5, pp. 153-212. Available at: https://archive.iwc.int/?r=465&k=a3242cf4cb (Accessed: 22 
January 2024).  

Moise, M., Morin, D., Martin, R., Higgins, J. 2022. 2019 Atlantic Large Whale Entanglement 
Report, Greater Atlantic Region Policy Series 22-02. NOAA Fisheries Greater Atlantic 
Regional Fisheries Office 74 p. 

Moise, M., Moring, D., Martin, R., Higgins, J. 2023a. 2020 Atlantic Large Whale Entanglement 
Report, Greater Atlantic Region Policy Series 23-03. NOAA Fisheries Greater Atlantic 
Regional Fisheries Office 49p. 

Moise, M., Morin, D., Martin, R., Higgins, J. 2023b. 2021 Atlantic Large Whale Entanglement 
Report, Greater Atlantic Region Poicy Series 23-05. NOAA Fisheries Greater Atlantic 
Regional Fisheries Office 64 p. 

https://archive.iwc.int/?r=470&k=89cf7291d4
http://doi.org/10.1098/rsbl.2010.1191
https://archive.iwc.int/?r=465&k=a3242cf4cb


 

68 

Monteiro, R.C., do Sul, J.A.I. and Costa, M.F., 2018. Plastic pollution in islands of the Atlantic 
Ocean. Environmental Pollution, 238, pp.103-110. 

Mooney, T.A., Andersson, M.H. and Stanley, J. 2020. Acoustic impacts of offshore wind energy 
on fishery resources. Oceanography, 33(4), pp.82-95. 

Moore, M., Andrews, R., Austin, T., Bailey, J., Costidis, A., George, C., Jackson, K., Pitchford, 
T., Landry, S., Ligon, A. and McLellan, W., 2013. Rope trauma, sedation, disentanglement, 
and monitoring‐tag associated lesions in a terminally entangled North Atlantic right whale 
(Eubalaena glacialis). Marine Mammal Science, 29(2), pp.E98-E113.  

Moore, M.J. and van der Hoop, J.M., 2012. The painful side of trap and fixed net fisheries: 
chronic entanglement of large whales. Journal of Marine Sciences, 2012(1), p.230653 

Moore, M.J., Knowlton, A.R., Kraus, S.D., McLellan, W.A., and Bonde, R.K. 2004. Morphometry, 
grosss morphology and available histopathology in North Atlantic right whale (Eubalaena 
glacialis) mortalities (1970-2002). Journal of Cetacean Research and Management, 6(3). 

Moore, M.J., Rowles, T.K., Fauquier, D.A., Baker, J.D., Biedron, I., Durban, J.W., Hamilton, 
P.K., Henry, A.G., Knowlton, A.R., McLellan, W.A. and Miller, C.A., 2021. REVIEW 
Assessing North Atlantic right whale health: Threats, and development of tools critical for 
conservation of the species. Diseases of Aquatic Organisms, 143, pp.205-226.  

Moors-Murphy, H. Stanistreet, J.E., Feyrer, L.J. 2024. Threat Assessment for Northern 
Bottlenose Whales (Hyperoodon ampullatus) off Eastern Canada, with a Focus on the 
Scotian Shelf Population. DFO Can. Sci. Advis. Sec. Res. Doc. 2024/054. v + 62 p.  

Morin, D., Higgins, J., Moise, M., Minton, M. 2021. 2018 Atlantic Large Whale Entanglement 
Report, Greater Atlantic Region Policy Series 21-03. NOAA Fisheries Greater Atlantic 
Regional Fisheries Office 119 p. 

Morin, D., Moise, M., Higgins, J., Minton, M. 2020. 2017 Atlantic Large Whale Entanglement 
Report, Greater Atlantic Region Policy Series 20-02. NOAA Fisheries Greater Atlantic 
Regional Fisheries Office. 103 p. 

Morin, D., Salvador, G., Higgins, J., Minton, M. 2019. 2016 Atlantic Large Whale Entanglement 
Report, Greater Atlantic Region Policy Series 19-04. NOAA Fisheries Greater Atlantic 
Regional Fisheries Office - www.greateratlantic.fisheries.noaa.gov/policyseries/, 115 p. 

Murison, L.D. and Gaskin, D.E., 1989. The distribution of right whales and zooplankton in the 
Bay of Fundy, Canada. Canadian Journal of Zoology, 67(6), pp.1411-1420. 

Mussoline, S.E., Risch, D., Hatch, L.T., Weinrich, M.T., Wiley, D.N., Thompson, M.A., Corkeron, 
P.J. and Van Parijs, S.M., 2012. Seasonal and diel variation in North Atlantic right whale up-
calls: implications for management and conservation in the northwestern Atlantic 
Ocean. Endangered Species Research, 17(1), pp.17-26. 

 NARWC (North Atlantic Right Whale Consortium). 2024a. North Atlantic Right Whale 
Consortium Anthropogenic Database, 03 January 2024. New England Aquarium, Boston, 
MA. 

NARWC (North Atlantic Right Whale Consortium). 2024b. North Atlantic Right Whale 
Consortium Annual Meeting. Renaissance Providence Downtown Hotel Providence, RI 
USA, 23-24 October. www.narwc.org. 

NASEM [National Academies of Sciences, Engineering, and Medicine]. 2023. Potential 
Hydrodynamic Impacts of Offshore Wind Energy on Nantucket Shoals Regional Ecology: An 
Evaluation from Wind to Whales. Washington, DC: National Academies Press., p. 106. 

Nelms, S.E., Piniak, W.E., Weir, C.R. and Godley, B.J., 2016. Seismic surveys and marine 
turtles: An underestimated global threat? Biological Conservation, 193, pp.49-65. 

Nelson, M., Garron, M., Merrick, R.L., Pace, R.M. III, and Cole, T.V.N. 2007. Mortality and 
serious injury determinations for baleen whale stocks along the United States eastern 
seaboard and adjacent Canadian Maritimes, 2001-2005. Northeast Fish. Sci. Cent. Ref. 
Doc, 07-05. 

Nicol, C., Bejder, L., Green, L., Johnson, C., Keeling, L., Noren, D., Van der Hoop, J. and 
Simmonds, M., 2020. Anthropogenic threats to wild cetacean welfare and a tool to inform 
policy in this area. Frontiers in Veterinary Science, 7, p.57. 

Nichol, L.M., Wright, B.M., Hara, P.O. and Ford, J.K., 2017. Risk of lethal vessel strikes to 
humpback and fin whales off the west coast of Vancouver Island, Canada. Endangered 
Species Research, 32, pp.373-390. 

Nieukirk, S.L., Mellinger, D.K., Moore, S.E., Klinck, K., Dziak, R.P. and Goslin, J., 2012. Sounds 
from airguns and fin whales recorded in the mid-Atlantic Ocean, 1999–2009. The Journal of 
the Acoustical Society of America, 131(2), pp.1102-1112. 

http://www.narwc.org/


 

69 

Nisi, A.C., Welch, H., Brodie, S., Leiphardt, C., Rhodes, R., Hazen, E.L., Redfern, J.V., Branch, 
T.A., Barreto, A.S., Calambokidis, J. and Clavelle, T., 2024. Ship collision risk threatens 
whales across the world’s oceans. Science, 386(6724), pp.870-875. 

NMFS [National Marine Fisheries Service]. 2016. Technical Guidance for Assessing the Effects 
of Anthropogenic Sound on Marine Mammal Hearing: Underwater Acoustic Thresholds for 
Onset of Permanent and Temporary Threshold Shifts. U.S. Dept. of Commer., NOAA. 
NOAA Technical Memorandum NMFS-OPR-55, 178 p 

NOAA. [National Oceanic and Atmospheric Administration]. 2012. Process for distinguishing 
serious from non-serious injury of marine mammals: Process for injury determinations. 
National Marine Fisheries Service Policy Directive PD 02-038-01. January 2012. 

NOAA. [National Oceanic and Atmospheric Administration]. 2022. Process for distinguishing 
serious from non-serious injury of marine mammals: Process for injury determinations. 
National Marine Fisheries Service Policy Directive PD 02-038-01. January 2022.  

NOAA. [National Oceanic and Atmospheric Administration]. 2023. Process for distinguishing 
serious from non-serious injury of marine mammals: Process for injury determinations. 
National Marine Fisheries Service Policy Directive PD 02-038-01. January 2023. 

NOAA [National Oceanic and Atmospheric Administration]. 2024. North Atlantic Right Whale: 
Conservation & Management. NOAA Fisheries, [online]. Available at: 
https://www.fisheries.noaa.gov/species/north-atlantic-right-whale/conservation-
management 

NOAA [National Oceanic and Atmospheric Administration]. 2025. 2017–2025 North Atlantic 
Right Whale Unusual Mortality Event. NOAA Fisheries, [online]. Available at: 
https://www.fisheries.noaa.gov/national/marine-life-distress/2017-2025-north-atlantic-right-
whale-unusual-mortality-event 

Noren, D.P. and Mocklin, J.A., 2012. Review of cetacean biopsy techniques: Factors 
contributing to successful sample collection and physiological and behavioral 
impacts. Marine Mammal Science, 28(1), pp.154-199. 

Norman, S.A., Flynn, K.R., Zerbini, A.N., Gulland, F.M., Moore, M.J., Raverty, S., Rotstein, D.S., 
Mate, B.R., Hayslip, C., Gendron, D. and Sears, R., 2018. Assessment of wound healing of 
tagged gray (Eschrichtius robustus) and blue (Balaenoptera musculus) whales in the 
eastern North Pacific using long‐term series of photographs. Marine Mammal 
Science, 34(1), pp.27-53. 

Norton Rose Fulbright. 2023. Global offshore wind: Canada, Norton Rose Fulbright. [online] 
Available at: 
https://www.nortonrosefulbright.com/en/knowledge/publications/d77f6a16/global-offshore-
wind-canada. 

Nowacek, D.P., Clark, C.W., Mann, D., Miller, P.J., Rosenbaum, H.C., Golden, J.S., Jasny, M., 
Kraska, J. and Southall, B.L., 2015. Marine seismic surveys and ocean noise: time for 
coordinated and prudent planning. Frontiers in Ecology and the Environment, 13(7), pp.378-
386. 

Nowacek, D.P., Johnson, M.P. and Tyack, P.L. 2004. North Atlantic right whales (Eubalaena 
glacialis) ignore ships but respond to alerting stimuli. Proceedings of the Royal Society of 
London. Series B: Biological Sciences, 271(1536), pp.227-231. 

Nowacek, D.P., Thorne, L.H., Johnston, D.W., Tyack, P.L. 2007. Responses of cetaceans to 
anthropogenic noise. Mammal Review, 37(2), pp. 81-115. 

Nunny, L., Simmonds, M.P. (2022). Hunting, fishing, and whaling. In Routledge Handbook of 
Animal Welfare. London: University of Winchester. 

Nussbaum Wichert, R., and Nussbaum, M.C. 2017. Scientific whaling? The scientific research 
exception and the future of the international whaling commission. Journal of Human 
Development and Capabilities, 18(3), pp.356-369. 

O’Brien, O., Pendleton, D.E., Ganley, L.C., McKenna, K.R., Kenney, R.D., Quintana-Rizzo, E., 
Mayo, C.A., Kraus, S.D. and Redfern, J.V. 2022. Repatriation of a historical North Atlantic 
right whale habitat during an era of rapid climate change. Scientific Reports, 12(1), p.12407. 

O'Mahony, É.N., Sremba, A.L., Keen, E.M., Robinson, N., Dundas, A., Steel, D., Wray, J., 
Baker, C.S. and Gaggiotti, O.E., 2024. Collecting baleen whale blow samples by drone: A 
minimally intrusive tool for conservation genetics. Molecular Ecology Resources, p.e13957. 

Omori, M. 1978. Zooplankton fisheries of the world: a review. Marine Biology, 48, pp.199-205. 

https://www.fisheries.noaa.gov/species/north-atlantic-right-whale/conservation-management
https://www.fisheries.noaa.gov/species/north-atlantic-right-whale/conservation-management
https://www.nortonrosefulbright.com/en/knowledge/publications/d77f6a16/global-offshore-wind-canada
https://www.nortonrosefulbright.com/en/knowledge/publications/d77f6a16/global-offshore-wind-canada


 

70 

O'Shea, T.J. 1999. 'Environmental Contaminants and Marine Mammals', in Reynolds III, J.E., 
Rommel, S.A. (ed.) Biology of Marine Mammals. Washington and London: Smithsonian 
Institution Press, pp. 485-563. 

Pabortsava, K. and Lampitt, R.S. 2020. High concentrations of plastic hidden beneath the 
surface of the Atlantic Ocean. Nature Communications, 11(1), p.4073. 

Pace III, R.M., Cole, T.V. and Henry, A.G., 2014. Incremental fishing gear modifications fail to 
significantly reduce large whale serious injury rates. Endangered Species Research, 26(2), 
pp.115-126.  

Pace III, R.M., Corkeron, P.J. and Kraus, S.D., 2017. State–space mark–recapture estimates 
reveal a recent decline in abundance of North Atlantic right whales. Ecology and 
Evolution, 7(21), pp.8730-8741. 

Pace III, R.M., Williams, R., Kraus, S.D., Knowlton, A.R. and Pettis, H.M., 2021. Cryptic 
mortality of North Atlantic right whales. Conservation Science and Practice, 3(2), p.e346.  

Parent, G.J., Plourde, S., Turgeon, J. 2011. Overlapping size ranges of Calanus spp. off the 
Canadian Arctic and Atlantic Coasts: impact on species’ abundances. Journal of Plankton 
Research, 33(11): 1654-1665. doi:10.1093/plankt/fbr072 

Parks, S.E., Hamilton, P.K., Kraus, S.D. and Tyack, P.L., 2005. The gunshot sound produced by 
male North Atlantic right whales (Eubalaena glacialis) and its potential function in 
reproductive advertisement. Marine Mammal Science, 21(3), pp.458-475.  

Parks, S.E., Searby, A., Célérier, A., Johnson, M.P., Nowacek, D.P. and Tyack, P.L., 2011. 
Sound production behavior of individual North Atlantic right whales: implications for passive 
acoustic monitoring. Endangered Species Research, 15(1), pp.63-76.  

Parks, S.E. and Tyack, P.L., 2005. Sound production by North Atlantic right whales (Eubalaena 
glacialis) in surface active groups. The Journal of the Acoustical Society of America, 117(5), 
pp.3297-3306. 

Parsons, E. C. M., Birks, I., Evans, P. G. H., Gordon, J. C. D., Shrimpton, J. H., and Pooley, S. 
2000. The possible impacts of military activity on cetaceans in West Scotland. European 
Research on Cetaceans, 14, 185–190. 

Parsons, E.C.M. 2017. Impacts of Navy Sonar on Whales and Dolphins: Now beyond a 
Smoking Gun. Frontiers in Marine Science, 295(4), pp. 1-11. 

Patrician, M.R. and Kenney, R.D., 2010. Using the Continuous Plankton Recorder to investigate 
the absence of North Atlantic right whales (Eubalaena glacialis) from the Roseway Basin 
foraging ground. Journal of Plankton Research, 32(12), pp.1685-1695. 

Payne, R., Brazier, O., Dorsey, E.M., Perkins, J.S., Rowntree, V.J. and Titus, A., 1983. External 
features in southern right whales, Eubalaena australis, and their use in identifying 
individuals: Communication and Behavior of Whales.(1st edn), AAAS Selected Symposium.  

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. and Sherwood, G.D. 2015. Slow adaptation in the 
face of rapid warming leads to collapse of the Gulf of Maine cod fishery. Science, 
350(6262), pp.809-812. 

Pershing, A.J., Record, N.R., Monger, B.C., Mayo, C.A., Brown, M.W., Cole, T.V., Kenney, 
R.D., Pendleton, D.E. and Woodard, L.A., 2009. Model-based estimates of right whale 
habitat use in the Gulf of Maine. Marine Ecology Progress Series, 378, pp.245-257. 

Pettis, H.M. 2009. North Atlantic Right Whale Consortium 2008-2009 Annual Report Card. 
Report to the North Atlantic Right Whale Consortium, 2009.  

Pettis, H.M., Hamilton, P.K. 2006. North Atlantic Right Whale Consortium 2006 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2006. 

Pettis, H.M., Hamilton, P.K. 2007. North Atlantic Right Whale Consortium 2007 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2007.  

Pettis, H.M., Hamilton, P.K. 2009. North Atlantic Right Whale Consortium 2009 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2009.  

Pettis, H.M., Hamilton, P.K. 2010. North Atlantic Right Whale Consortium 2010 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2010.  

Pettis, H.M., Hamilton, P.K. 2011. North Atlantic Right Whale Consortium 2011 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2011. 

Pettis, H.M., Hamilton, P.K. 2012. North Atlantic Right Whale Consortium 2012 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2012. 



 

71 

Pettis, H.M., Hamilton, P.K. 2013. North Atlantic Right Whale Consortium 2013 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2013. 

Pettis, H.M., Hamilton, P.K. 2014. North Atlantic Right Whale Consortium 2014 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2014. 

Pettis, H.M., Hamilton, P.K. 2015. North Atlantic Right Whale Consortium 2015 annual report 
card. Report to the North Atlantic Right Whale Consortium, November 2015. 

Pettis, H.M., Hamilton, P.K. 2016. North Atlantic Right Whale Consortium annual report card. 
Report to the North Atlantic Right Whale Consortium, November 2016. 

Pettis, H.M. and Hamilton, P.K. 2024. North Atlantic Right Whale Consortium 2023 Annual 
Report Card. Report to the North Atlantic Right Whale Consortium, November 2024. 

Pettis, H.M., Pace, R.M. III, Hamilton, P.K. 2018b. North Atlantic Right Whale Consortium 2018 
Annual Report Card. Report to the North Atlantic Right Whale Consortium. www.narwc.org 

Pettis, H.M., Pace, R.M. III, Hamilton, P.K. 2020. North Atlantic Right Whale Consortium 2019 
Annual Report Card. Report to the North Atlantic Right Whale Consortium. www.narwc.org 

Pettis, H.M., Pace, R.M. III, Hamilton, P.K. 2021. North Atlantic Right Whale Consortium 2020 
Annual Report Card. Report to the North Atlantic Right Whale Consortium. www.narwc.org 

Pettis, H.M., Pace, R.M. III, Hamilton, P.K. 2022. North Atlantic Right Whale Consortium 2021 
Annual Report Card. Report to the North Atlantic Right Whale Consortium. www.narwc.org 

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. www.narwc.org 

Pettis, H.M., Pace, R.M. III, Schick, R.S., Hamilton, P.K. 2018a. North Atlantic Right Whale 
Consortium annual report card. Amended Report to the North Atlantic Right Whale 
Consortium, October 2017. www.narwc.org 

Pettis, H.M., Rolland, R.M., Hamilton, P.K., Brault, S., Knowlton, A.R. and Kraus, S.D., 2004. 
Visual health assessment of North Atlantic right whales (Eubalaena glacialis) using 
photographs. Canadian Journal of Zoology, 82(1), pp.8-19. 

Pinchin, K. 2023. Farming a changing sea, Canadian Geographic. [online] Available at: 
https://canadiangeographic.ca/articles/farming-a-changing-sea/. 

Pirotta, E., Bierlich, K.C., New, L., Hildebrand, L., Bird, C.N., Fernandez Ajó, A. and Torres, 
L.G., 2024. Modeling individual growth reveals decreasing gray whale body length and 
correlations with ocean climate indices at multiple scales. Global Change Biology, 30(6), 
p.e17366. 

Pirotta, E., Merchant, N.D., Thompson, P.M., Barton, T.R. and Lusseau, D., 2015. Quantifying 
the effect of boat disturbance on bottlenose dolphin foraging activity. Biological 
Conservation, 181, pp.82-89. 

Pirotta, E., Schick, R.S., Hamilton, P.K., Harris, C.M., Hewitt, J., Knowlton, A.R., Kraus, S.D., 
Meyer‐Gutbrod, E., Moore, M.J., Pettis, H.M. and Photopoulou, T., 2023. Estimating the 
effects of stressors on the health, survival and reproduction of a critically endangered, long‐
lived species. Oikos, p.e09801. 

Pirotta, E. and Thomas, L., 2024. Historical anchored (Type A) tags were associated with 
negative effects on North Atlantic right whale survival and reproduction. J. Cetacean Res. 
Manage., pp.65-76.Pirotta, E., Thomas, L., Costa, D.P., Hall, A.J., Harris, C.M., Harwood, J., 
Kraus, S.D., Miller, P.J., Moore, M.J., Photopoulou, T. and Rolland, R.M., 2022. 
Understanding the combined effects of multiple stressors: A new perspective on a 
longstanding challenge. Science of the Total Environment, 821, p.153322. 

Pirotta, V., Smith, A., Ostrowski, M., Russell, D., Jonsen, I.D., Grech, A. and Harcourt, R., 2017. 
An economical custom-built drone for assessing whale health. Frontiers in Marine Science, 
4, p.425. 

Plagányi, É.E. and Butterworth, D.S., 2009. Competition with fisheries. In Encyclopedia of 
Marine Mammals (pp. 269-275). Academic Press. 

Plourde, S., Lehoux, C., Johnson, C.L., Perrin, G. and Lesage, V. 2019. North Atlantic right 
whale (Eubalaena glacialis) and its food:(I) a spatial climatology of Calanus biomass and 
potential foraging habitats in Canadian waters. Journal of Plankton Research, 41(5), pp.667-
685. 

Poloczanska, E.S., Burrows, M.T., Brown, C.J., García Molinos, J., Halpern, B.S., Hoegh-
Guldberg, O., Kappel, C.V., Moore, P.J., Richardson, A.J., Schoeman, D.S. and Sydeman, 
W.J. 2016. Responses of marine organisms to climate change across oceans. Frontiers in 
Marine Science 3,  p.62.  

https://canadiangeographic.ca/articles/farming-a-changing-sea/h


 

72 

Possenti, L., de Nooijer, L., de Jong, C., Lam, F.P., Beelen, S., Bosschers, J., van Terwisga, T., 
Stigter, R. and Reichart, G.J., 2024. The present and future contribution of ships to the 
underwater soundscape. Frontiers in Marine Science, 11, p.1252901. 

Prado-Cabrero, A. and Nolan, J.M., 2021. Omega-3 nutraceuticals, climate change and threats 
to the environment: The cases of Antarctic krill and Calanus finmarchicus. Ambio, 50(6), 
pp.1184-1199.  

Quick, N., Scott-Hayward, L., Sadykova, D., Nowacek, D. and Read, A., 2017. Effects of a 
scientific echo sounder on the behavior of short-finned pilot whales (Globicephala 
macrorhynchus). Canadian Journal of Fisheries and Aquatic Sciences, 74(5), pp.716-726. 

Quintana-Rizzo, E., Leiter, S., Cole, T.V.N., Hagbloom, M.N., Knowlton, A.R., Nagelkirk, P., 
Brien, O.O., Khan, C.B., Henry, A.G., Duley, P.A. and Crowe, L.M., 2021. Residency, 
demographics, and movement patterns of North Atlantic right whales Eubalaena glacialis in 
an offshore wind energy development area in southern New England, USA. Endangered 
Species Research, 45, pp.251-268. 

Ramírez-León, M.R., Sosa-Nishizaki, O., Perez-Brunius, P., Romo-Curiel, A.E., Ramírez-
Mendoza, Z., Fajardo-Yamamoto, A., Herzka, S.Z. and García-Aguilar, M.C., 2023. Semi-
quantitative risk assessment of marine mammal oil exposure: a case study in the western 
Gulf of Mexico. Frontiers in Marine Science, 10, p.1034647.  

Ratelle*, S.M., Vanderlaan*, A.S.M., Thompson, E.D., Sorochan, K.A., Pisano, O.M., and 
Labbé, A.C. 2025. Important Habitats of the North Atlantic right whale (Eubalaena glacialis) 
in Eastern Canadian Waters. DFO Can. Sci. Advis. Sec. Res. Doc. 2025/059. v + 131 p. 

Record, N.R., Runge, J.A., Pendleton, D.E., Balch, W.M., Davies, K.T., Pershing, A.J., Johnson, 
C.L., Stamieszkin, K., Ji, R., Feng, Z. and Kraus, S.D., 2019. Rapid climate-driven 
circulation changes threaten conservation of endangered North Atlantic right 
whales. Oceanography, 32(2), pp.162-169. 

Redfern, J.V., Hodge, B.C., Pendleton, D.E., Knowlton, A.R., Adams, J., Patterson, E.M., Good, 
C.P. and Roberts, J.J. 2024. Estimating reductions in the risk of vessels striking whales 
achieved by management strategies. Biological Conservation, p.110427. 

Reed, J., New, L., Corkeron, P. and Harcourt, R. 2022. Multi-event modeling of true 
reproductive states of individual female right whales provides new insights into their decline. 
Frontiers in Marine Science 9, p.994481.  

Remili, A., McKinney, M.A., Maldonado-Rodriguez, A., Ferguson, S.H., Caputo, M. and Kiszka, 
J.J., 2024. Legacy persistent organic pollutants among multiple cetacean species in the 
Northwest Atlantic. Science of The Total Environment, 954, p.176746. 

Reeves, R. and Lee, D.S., 2022. Bowhead whales and whaling in the central and eastern 
Canadian Arctic, 1970-2021. Journal of Cetacean Research and Management, 23, pp.01-
25. 

Reeves, R.R. 2001. Overview of catch history, historic abundance and distribution of right 
whales in the western North Atlantic and in Cintra Bay, West Africa, Journal of Cetacean 
Research and Management, Special Issue 2, pp. 187-192. doi: 
https://doi.org/10.47536/jcrm.vi. 

Reeves, R.R. 2002. The origins and character of ‘aboriginal subsistence’ whaling: a global 
review. Mammal Review, 32(2), pp.71-106.  

Reeves, R.R. and Mitchell, E. 1986a. The Long Island, New York, right whale fishery: 1650-
1924, Reports of the International Whaling Commission, Special Issue 10, pp. 201-220. 
Available at: https://archive.iwc.int/?r=470&k=89cf7291d4 (Accessed: 22 January 2024). 

Reeves, R.R. and Mitchell, E. 1986b. American pelagic whaling for right whales in the North 
Atlantic, Reports of the International Whaling Commission, Special Issue 10, pp. 221-254. 
Available at: https://archive.iwc.int/?r=470&k=89cf7291d4 (Accessed: 22 January 2024). 

Reeves, R.R., Breiwick, J.M. and Mitchell, E.D. 1999. History of whaling and estimated kill of 
right whales, Balaena glacialis, in the northeastern United States, 1620-1924, Marine 
Fisheries Review, 61(3), pp. 1-36. Available at: 
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/mfr6131.pdf (Accessed: 22 January 
2024).  

Reeves, R.R., Mead, J.G. and Katona, S. 1978. The right whale, Eubalaena glacialis, in the 
western North Atlantic’, Reports of the International Whaling Commission, 28, pp. 303-312.  

Reeves, R.R., Smith, T.D. and Josephson, E.A. 2007. Near-annihilation of a species: right 
whaling in the North Atlantic, in Kraus, S.D. and Rolland, R.M. (eds.) The urban whale: 
North Atlantic right whales at the crossroads. Cambridge: Harvard University Press, pp. 39-
74.  

https://doi.org/10.47536/jcrm.vi
https://archive.iwc.int/?r=470&k=89cf7291d4
https://archive.iwc.int/?r=470&k=89cf7291d4
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/mfr6131.pdf


 

73 

Reeves R, Smith B, Crespo E, Notarbartolo di Sciara G., 2003. Dolphins, whales and porpoises: 
2002–2010 conservation action plan for the world's cetaceans IUCN/SSC Cetacean 
Specialist Group. IUCN, Gland, Switzerland and Cambridge, UK.ix+139. 

Reid, P.C., Fischer, A.C., Lewis-Brown, E., Meredith, M.P., Sparrow, M., Andersson, A.J., Antia, 
A., Bates, N.R., Bathmann, U., Beaugrand, G. and Brix, H. 2009. Impacts of the oceans on 
climate change. Advances in Marine Biology, 56, pp.1-150. 

Rice, A.N., Tielens, J.T., Estabrook, B.J., Muirhead, C.A., Rahaman, A., Guerra, M. and Clark, 
C.W., 2014. Variation of ocean acoustic environments along the western North Atlantic 
coast: A case study in context of the right whale migration route. Ecological Informatics, 21, 
pp.89-99. 

Richardson, W.J., Miller, G.W. and Greene Jr, C.R., 1999. Displacement of migrating bowhead 
whales by sounds from seismic surveys in shallow waters of the Beaufort Sea. The Journal 
of the Acoustical Society of America, 106(4), pp.2281-2281.  

Richardson, W.J., Würsig, B. and Greene Jr, C.R., 1990. Reactions of bowhead whales, 
Balaena mysticetus, to drilling and dredging noise in the Canadian Beaufort Sea. Marine 
Environmental Research, 29(2), pp.135-160. 

Richardson, W.J., Greene Jr, C.R., Malme, C.I. and Thomson, D.H., 1995. Marine Mammals 
and Noise. Academic press.  

Risch D, Corkeron PJ, Ellison WT, Van Parijs SM, Browman H. 2012 Changes in humpback 
whale song occurrence in response to an acoustic source 200 km away. PLoS ONE 7, 
e29741. (doi:10.1371/journal.pone.0029741)Ritter, F., 2012. Collisions of sailing vessels 
with cetaceans worldwide: First insights into a seemingly growing problem. Journal of 
Cetacean Research and Management, 12(1), pp.119-127.Schoeman, R.P., Patterson-
Abrolat, C. and Plön, S., 2020. A global review of vessel collisions with marine 
animals. Frontiers in Marine Science, 7, p.292. 

Robbins, J., Knowlton, A.R. and Landry, S., 2015. Apparent survival of North Atlantic right 
whales after entanglement in fishing gear. Biological Conservation, 191, pp.421-427. 

Robbins, J., Zerbini, A.N., Gales, N., Gulland, F.M., Double, M., Clapham, P.J., Andrews-Goff, 
V., Kennedy, A.S., Landry, S. Mattila, D.K. and Tackaberry, J., 2013. Satellite tag 
effectiveness and impacts on large whales: preliminary results of a case study with Gulf of 
Maine humpback whales. Paper SC/65a/SH05 presented to the IWC Scientific Committee. 

Roberts, J.J., Yack, T.M., Fujioka, E., Halpin, P.N., Baumgartner, M.F., Boisseau, O., Chavez-
Rosales, S., Cole, T.V., Cotter, M.P., Davis, G.E. and DiGiovanni Jr, R.A., 2024. North 
Atlantic right whale density surface model for the US Atlantic evaluated with passive 
acoustic monitoring. Marine Ecology Progress Series, 732, pp.167-192. 

Robertson, F.C., Koski, W.R., Thomas, T.A., Richardson, W.J., Würsig, B. and Trites, A.W., 
2013. Seismic operations have variable effects on dive-cycle behavior of bowhead whales in 
the Beaufort Sea. Endangered Species Research, 21(2), pp.143-160. 

Rochman, C.M., 2018. Microplastics research—from sink to source. Science, 360(6384), pp.28-
29.  

Rochman, C.M. and Hoellein, T., 2020. The global odyssey of plastic pollution. 
Science, 368(6496), pp.1184-1185. 

Rockwood, R.C., Adams, J.D., Hastings, S., Morten, J. and Jahncke, J., 2021. Modeling whale 
deaths from vessel strikes to reduce the risk of fatality to endangered whales. Frontiers in 
Marine Science, 8, p.649890. 

Rolland, R.M., McLellan, W.A., Moore, M.J., Harms, C.A., Burgess, E.A. and Hunt, K.E., 2017. 
Fecal glucocorticoids and anthropogenic injury and mortality in North Atlantic right whales 
Eubalaena glacialis. Endangered Species Research, 34, pp.417-429. 

Rolland, R.M., Schick, R.S., Pettis, H.M., Knowlton, A.R., Hamilton, P.K., Clark, J.S. and Kraus, 
S.D., 2016. Health of North Atlantic right whales Eubalaena glacialis over three decades: 
from individual health to demographic and population health trends. Marine Ecology 
Progress Series, 542, pp.265-282. 

Rolland, R.M., Parks, S.E., Hunt, K.E., Castellote, M., Corkeron, P.J., Nowacek, D.P., Wasser, 
S.K. and Kraus, S.D., 2012. Evidence that ship noise increases stress in right 
whales. Proceedings of the Royal Society B: Biological Sciences, 279(1737), pp.2363-2368.  

Root-Gutteridge, H., Cusano, D.A., Shiu, Y., Nowacek, D.P., Van Parijs, S.M. and Parks, S.E., 
2018. A lifetime of changing calls: North Atlantic right whales, Eubalaena glacialis, refine call 
production as they age. Animal Behaviour, 137, pp.21-34. 

http://dx.doi.org/10.1371/journal.pone.0029741


 

74 

Rosenbaum, H.C., Egan, M.G., Clapham, P.J., Brownell Jr, R.L., Malik, S., Brown, M.W., White, 
B.N., Walsh, P. and Desalle, R., 2000. Utility of North Atlantic right whale museum 
specimens for assessing changes in genetic diversity. Conservation Biology, 14(6), 
pp.1837-1842. 

Ross, C.H., Pendleton, D.E., Tupper, B., Brickman, D., Zani, M.A., Mayo, C.A. and 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: Science of the 
Anthropocene, 9(1), p.00058. 

Ross, D.A., Guzman, H.M., Potvin, C. and van Hinsberg, V.J. 2017. A review of toxic metal 
contamination in marine turtle tissues and its implications for human health. Regional 
Studies in Marine Science, 15, pp.1-9. 

Royal Canadian Navy. 2023. Royal Canadian Navy-led Exercise CUTLASS FURY 2023 
Comenses. [online]Available at: Royal Canadian Navy-led Exercise CUTLASS FURY 2023 
Commences - Canada.ca. 

Rozalska, K., and Coffen-Smout, S. 2020. Maritimes Region Fisheries Atlas: catch weight 
landings mapping (2014-2018) on a hexagon grid. Can. Tech. Rep. Fish. Aquat. Sci. 3373: 
vi + 68 p. 

Runge, J.A., Simard, Y. 1990. Zooplankton of the St. Lawrence Estuary: the imprint of physical 
processes on its composition and distribution. Oceanography of a Large-Scale Estuarine 
System. 39:296-320.  

Runge, M.C., Linden, D.W., Hostetler, J.A., Borggaard, D.L., Garrison, L.P., Knowlton, A.R., 
Lesage, V., Williams, R., Pace III, R.M. 2023. A management-focused population viability 
analysis for North Atlantic right whales. NOAA Technical Memorandum NMFS-NE-307. 
10.13140/RG.2.2.26635.05928. 

Ryan, C., McHugh, B., Boyle, B., McGovern, E., Bérubé, M., Lopez-Suárez, P., Elfes, C.T., 
Boyd, D.T., Ylitalo, G.M., Van Blaricom, G.R. and Clapham, P.J., 2013. Levels of persistent 
organic pollutants in eastern North Atlantic humpback whales. Endangered Species 
Research, 22(3), pp.213-223. 

Sameoto, D.D., Herman, A.W. 1990. Life cycle and distribution of Calanus finmarchicus in deep 
basins on the Nova Scotia shelf and seasonal changes in Calanus spp. Marine Ecology 
Progress Series, 66, pp. 225-237. 

Schaap, I., Buedenbender, L., Johann, S., Hollert, H., Dogruer, G. 2023. Impact of chemical 
pollution on threatened marine mammals: A systematic review. J. Hazard. Mater. 459, 
132203. https://doi.org/10.1016/j.jhazmat.2023.132203 

Scheimreif, K., Suydam, R., Person, B. T., Stimmelmayr, R., Sformo, T. L., Von Duyke, A. L., de 
Sousa, L., Acker, R., SimKayotuk, C., Agnasagga, L., Tuzroyluk, M., Sheffield, G., George, 
J. C., and Blair, A. 2002. Subsistence harvest of bowhead whales (Balaena mysticetus) by 
Alaskan Natives during 2020 and updates on genetics and health studies. International 
Whaling Commission, SC/68c/ASW, pp. 1-8. 

Schick, R.S., Kraus, S.D., Rolland, R.M., Knowlton, A.R., Hamilton, P.K., Pettis, H.M., Kenney, 
R.D. and Clark, J.S., 2013. Using hierarchical Bayes to understand movement, health, and 
survival in the endangered North Atlantic right whale. PloS One, 8(6), p.e64166. 

Schick, R.S., Kraus, S.D., Rolland, R.M., Knowlton, A.R., Hamilton, P.K., Pettis, H.M., Thomas, 
L., Harwood, J. and Clark, J.S., 2016. Effects of model formulation on estimates of health in 
individual right whales (Eubalaena glacialis). In The Effects of Noise on Aquatic Life II (pp. 
977-985). Springer New York. 

Schoeman, R.P., Patterson-Abrolat, C. and Plön, S., 2020. A global review of vessel collisions 
with marine animals. Frontiers in Marine Science, 7, p.292. 

Sergeant, D.E. 1966. Populations of large whale species in the western North Atlantic with 
special reference to the fin whale, Fisheries Research Board of Canada Arctic Biological 
Station Circular, 9, pp. 1-13. Available at: 
https://archive.org/details/populationsoflar00serg/mode/2up (Accessed: 22 January 2024). 

Sharp, S.M., McLellan, W.A., Rotstein, D.S., Costidis, A.M., Barco, S.G., Durham, K., Pitchford, 
T.D., Jackson, K.A., Daoust, P.Y., Wimmer, T. and Couture, E.L. 2019. Gross and 
histopathologic diagnoses from North Atlantic right whale Eubalaena glacialis mortalities 
between 2003 and 2018. Diseases of Aquatic Organisms, 135(1), pp.1-31. 

Silber, GK, Dangerfield A, Smith J, Reeb D, Levenson JJ (Blue World Research Institute, 
Cocoa, FL). 2023. Offshore wind energy development and North Atlantic right whales. 
Sterling (VA): U.S. Department of the Interior, Bureau of Ocean Energy Management. 99 p. 
Obligation No.: 140M0121D0004. Report No.: OCS Study BOEM 2023-051. 

https://www.canada.ca/en/department-national-defence/news/2023/09/royal-canadian-navy-led-exercise-cutlass-fury-2023-commences.html
https://www.canada.ca/en/department-national-defence/news/2023/09/royal-canadian-navy-led-exercise-cutlass-fury-2023-commences.html
https://archive.org/details/populationsoflar00serg/mode/2up


 

75 

Silva, M.A., Steiner, L., Cascao, I., Cruz, M.J., Prieto, R., Cole, T., Hamilton, P.K. and 
Baumgartner, M., 2012. Winter sighting of a known western North Atlantic right whale in the 
Azores. Journal of Cetacean Research and Management, 12(1), pp.65-69. 

Simard, Y., Roy, N., Giard, S. and 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, pp.271-284. 

Simard, Y., Roy, N., Giard, S., and Yayla, M. 2014. Canadian year-round shipping traffic atlas 
for 2013: Volume 1, East Coast marine waters. Can. Tech. Rep. Fish. Aquat. Sci. 
3091(Vol.1)E: xviii + 327 pp. 

Simmonds, M.P. & Lopez-Jurado, L.F. 1991. Whales and the military. Nature, 351, p. 448. 
Simmonds, M.P., 2012. Cetaceans and marine debris: the great unknown. Journal of Marine 

Sciences, 2012(1), p.684279. 
Sivle, D.L., Wensveen, P.J., Kvadsheim, P.H., Lam, F-P.A., Visser, F., Curé, C., Harris, C.M., 

Tyack, P.L., Miller, P.J.O. 2016. Naval sonar disrupts foraging in humpback whales. Marine 
Ecology Progress Series, 562, pp. 211-220.  

Sivle, L.D., Kvadsheim, P.H., Curé, C., Isojunno, S., Wensveen, P.J., Lam, F.P.A., Visser, F., 
Kleivanec, L., Tyack, P.L., Harris, C.M. and Miller, P.J., 2015. Severity of expert-identified 
behavioural responses of Humpback Whale, Minke Whale, and Northern Bottlenose Whale 
to naval sonar. Aquatic Mammals, 41(4). 

Sorochan, K.A., Plourde, S., Baumgartner, M.F. and 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), pp.3498-3520. 

Sorochan, K.A., Plourde, S., Morse, R., Pepin, P., Runge, J., Thompson, C. and Johnson, C.L., 
2019. North Atlantic right whale (Eubalaena glacialis) and its food:(II) interannual variations 
in biomass of Calanus spp. on western North Atlantic shelves. Journal of Plankton 
Research, 41(5), pp.687-708. 

South Fork Wind. 2024. SOUTHFORKWIND_COM, [online] Available at: 
https://southforkwind.com/. 

Southall, B.L., Allen, A.N., Calambokidis, J., Casey, C., DeRuiter, S.L., Fregosi, S., 
Friedlaender, A.S., Goldbogen, J.A., Harris, C.M., Hazen, E.L., Popov, V., Stimpert, A.K. 
2023. Behavioural responses of fin whales to military mid-frequency active sonar. Royal 
Society Open Science, 10(231775), pp. 1-18. 

Southall, B.L., DeRuiter, S.L., Friedlaender, A., Stimpert, A., Goldbogen, J.A., Hazen, E., 
Casey, C., Fregosi, S., Cade, D.E., Allen, A.N., Harris, C.M., Schorr, G., Moretti, D., Guan, 
S., Calambokidis, J. 2019. Behavioral responses of individual blue whales (Balaenoptera 
musculus) to mid-frequency miliary sonar. Journal of Experimental Biology, 222, pp. 1-15. 

Species at Risk Act 2002, c.29 (Canada). Available from: https://laws.justice.gc.ca/eng/acts/s-
15.3/ 

Sprogis, K.R., Holman, D., Arranz, P. and Christiansen, F., 2023. Effects of whale-watching 
activities on southern right whales in Encounter Bay, South Australia. Marine Policy, 150, 
p.105525. 

Stanistreet, J.E., Beslin, W.A., Kowarski, K., Martin, S.B., Westell, A. and Moors-Murphy, H.B., 
2022. Changes in the acoustic activity of beaked whales and sperm whales recorded during 
a naval training exercise off eastern Canada. Scientific Reports, 12(1), p.1973. 

Stepanuk, J.E., Heywood, E.I., Lopez, J.F., DiGiovanni Jr, R.A. and Thorne, L.H., 2021. Age-
specific behavior and habitat use in humpback whales: implications for vessel strike. Marine 
Ecology Progress Series, 663, pp.209-222. 

Stewart, J.D., Durban, J.W., Fearnbach, H., Hamilton, P.K., Knowlton, A.R., Lynn, M.S., Miller, 
C.A., Perryman, W.L., Tao, B.W. and Moore, M.J., 2022. Larger females have more calves: 
influence of maternal body length on fecundity in North Atlantic right whales. Marine Ecology 
Progress Series, 689, pp.179-189. 

Stewart, J.D., Durban, J.W., Knowlton, A.R., Lynn, M.S., Fearnbach, H., Barbaro, J., Perryman, 
W.L., Miller, C.A. and Moore, M.J. 2021. Decreasing body lengths in North Atlantic right 
whales. Current Biology, 31(14), pp.3174-3179. 

Stewart, P.L., and White, L. 2001. A review of contaminants on the Scotian Shelf and in 
adjacent coastal waters: 1970 to 1995. Fisheries and Oceans Canada 2351, Dartmouth, NS. 

https://southforkwind.com/


 

76 

Stone, K.M., Leiter, S.M., Kenney, R.D., Wikgren, B.C., Thompson, J.L., Taylor, J.K. and Kraus, 
S.D., 2017. Distribution and abundance of cetaceans in a wind energy development area 
offshore of Massachusetts and Rhode Island. Journal of Coastal Conservation, 21, pp.527-
543. 

Sun, C., Soltwedel, T., Bauerfeind, E., Adelman, D.A. and Lohmann, R., 2016. Depth profiles of 
persistent organic pollutants in the north and tropical Atlantic Ocean. Environmental Science 
& Technology, 50(12), pp.6172-6179. 

Suydam, R., George, J.C. 2021. Current indigenous whaling. In The Bowhead Whale (pp. 519-
535). Academic Press. 

Suydam, R., George, J.C., Rosa, C., Person, B., Hanns, C., Sheffield, G., Bacon, J., 2006. 
Subsistence harvest of bowhead whales (Balaena mysticetus) by Alaskan Eskimos during 
2006. Unpublished report submitted to the International Whaling Commission. 

Suydam, R., George, J. C., Person, B. T., Stimmelmayr, R., Sformo, T. L., Pierce, L., vonDuyke, 
A., de Sousa, L., Acker, R., Sheffield, G., and Baird, A. 2019. Subsistence harvest of 
bowhead whales (Balaena mysticetus) by Alaskan Natives during 2018. SC/68a/AWS, pp. 
1-9. 

Takeshita, R., Sullivan, L., Smith, C., Collier, T., Hall, A., Brosnan, T., Rowles, T. and 
Schwacke, L., 2017. The Deepwater Horizon oil spill marine mammal injury 
assessment. Endangered Species Research, 33, pp.95-106. 

Taylor, B.L., Chivers, S.J., Larese, J. and Perrin, W.F. 2007. Generation length and percent 
mature estimates for IUCN assessments of cetaceans. NOAA, NMFS, Southwest Fisheries 
Science Center Administrative Report LJ-07–01, 21. 

TC [Transport Canada]. 2019. Ship-Source Oil Spill Response and Preparedness Regime 
Report to Parliament, 2011-2016 – TP 15418E. Available at: https://tc.canada.ca/en/marine-
transportation/marine-pollution-environmental-response/ship-source-oil-spill-response-
preparedness-regime-report-parliament-2011-2016-tp-15418e-2019  

TC [Transport Canada]. 2022. Government of Canada [online]. Available from: Whales Initiative: 
Protecting the Southern Resident Killer Whale [accessed 5 November 2024]. 

Tennessen, J.B. and Parks, S.E., 2016. Acoustic propagation modeling indicates vocal 
compensation in noise improves communication range for North Atlantic right 
whales. Endangered Species Research, 30, pp.225-237. 

Thompson, P.M., Graham, I.M., Cheney, B., Barton, T.R., Farcas, A. and Merchant, N.D., 2020. 
Balancing risks of injury and disturbance to marine mammals when pile driving at offshore 
windfarms. Ecological Solutions and Evidence, 1(2), p.e12034. 

Thomsen, F., Lüdemann, K., Kafemann, R. and Piper, W., 2006. Effects of offshore wind farm 
noise on marine mammals and fish. Biola, Hamburg, Germany on behalf of COWRIE 
Ltd, 62, pp.1-62. 

Thorne, L.H. and Wiley, D.N., 2024. Evaluating drivers of recent large whale strandings on the 
East Coast of the United States. Conservation Biology, p.e14302. 

Tilbury, K.L., Stein, J.E., Krone, C.A., Brownell Jr, R.L. and Blokhin, S.A., 2002. Chemical 
contaminants in juvenile gray whales (Chemical contaminants in juvenile gray whales 
(Eschrichtius robustus) from a subsistence harvest in Arctic feeding grounds) from a 
subsistence harvest in Arctic feeding grounds. Chemosphere, 47(6), pp. 555-564. 

Townsend, D.W., Pettigrew, N.R., Thomas, M.A. and Moore, S., 2023. Warming waters of the 
Gulf of Maine: the role of shelf, slope and Gulf Stream Water masses. Progress in 
Oceanography, 215, p.103030. 

Torres, L.G., Nieukirk, S.L., Lemos, L. and Chandler, T.E., 2018. Drone up! Quantifying whale 
behavior from a new perspective improves observational capacity. Frontiers in Marine 
Science, 5, p.319. 

Torres, P., Miglioranza, K.S.B., Uhart, M.M., Gonzalez, M. and Commendatore, M. 2015. 
Organochlorine pesticides and PCBs in southern right whales (Eubalaena australis) 
breeding at Península Valdés, Argentina. Science of the Total Environment, 518, pp.605-
615.Triezenberg, P. J., Hart, P. E., and Childs, J. R. 2016. National Archive of Marine 
Seismic Surveys (NAMSS): A USGS data website of marine seismic reflection data within 
the U.S. Exclusive Economic Zone (EEZ). U.S. Geological Survey Data Release, doi: 
10.5066/F7930R7P. 

Triezenberg, P.J., Hart, P.E. and Childs, J.R., 2016. National Archive of Marine Seismic 
Surveys (NAMSS): A USGS data website of marine seismic reflection data within the US 
Exclusive Economic Zone (EEZ). US Geological Survey data release, 10, p.F7930R7P. 

https://tc.canada.ca/en/initiatives/oceans-protection-plan/whales-initiative-protecting-southern-resident-killer-whale
https://tc.canada.ca/en/initiatives/oceans-protection-plan/whales-initiative-protecting-southern-resident-killer-whale
http://dx.doi.org/10.5066/F7930R7P


 

77 

Trumble, S.J., Norman, S.A., Crain, D.D., Mansouri, F., Winfield, Z.C., Sabin, R., Potter, C.W., 
Gabriele, C.M. and Usenko, S., 2018. Baleen whale cortisol levels reveal a physiological 
response to 20th century whaling. Nature communications, 9(1), p.4587. 

Tulloch, V.J., Plagányi, É.E., Brown, C., Richardson, A.J. and Matear, R. 2019. Future recovery 
of baleen whales is imperiled by climate change. Global Change Biology, 25(4), pp.1263-
1281. 

Tyack, P.L., Thomas, L., Costa, D.P., Hall, A.J., Harris, C.M., Harwood, J., Kraus, S.D., Miller, 
P.J., Moore, M., Photopoulou, T. and Pirotta, E., 2022. Managing the effects of multiple 
stressors on wildlife populations in their ecosystems: developing a cumulative risk 
approach. Proceedings of the Royal Society B, 289(1987), p.20222058. 

UNCTAD [United Nations Conference on Trade and Development]. 2023. UNCTADstat. 
Available at https://unctadstat.unctad.org 

van der Hoop, J., Barco, S.G., Costidis, A.M., Gulland, F.M., Jepson, P.D., Moore, K.T., 
Raverty, S. and McLellan, W.A., 2013. Criteria and case definitions for serious injury and 
death of pinnipeds and cetaceans caused by anthropogenic trauma. Diseases of Aquatic 
Organisms, 103(3), pp.229-264. 

van der Hoop, J., Corkeron, P. and Moore, M., 2017a. Entanglement is a costly life‐history stage 
in large whales. Ecology and Evolution, 7(1), pp.92-106. 

van der Hoop, J.M., Corkeron, P., Henry, A.G., Knowlton, A.R. and Moore, M.J. 2017b. 
Predicting lethal entanglements as a consequence of drag from fishing gear. Marine 
Pollution Bulletin, 115(1-2), pp.91-104. 

van der Hoop, J.M., Corkeron, P., Kenney, J., Landry, S., Morin, D., Smith, J. and Moore, M.J., 
2016. Drag from fishing gear entangling North Atlantic right whales. Marine Mammal 
Science, 32(2), pp.619-642. 

van der Molen, J., Smith, H.C., Lepper, P., Limpenny, S. and Rees, J., 2014. Predicting the 
large-scale consequences of offshore wind turbine array development on a North Sea 
ecosystem. Continental shelf research, 85, pp.60-72. 

Van Parijs, S.M., Baker, K., Carduner, J., Daly, J., Davis, G.E., Esch, C., Guan, S., Scholik-
Schlomer, A., Sisson, N.B. and Staaterman, E., 2021. NOAA and BOEM minimum 
recommendations for use of passive acoustic listening systems in offshore wind energy 
development monitoring and mitigation programs. Frontiers in Marine Science, 8, p.760840. 

van Weelden, C., Towers, J.R. and Bosker, T., 2021. Impacts of climate change on cetacean 
distribution, habitat and migration. Climate Change Ecology, 1, p.100009. 

Vanderlaan, A.S.M., Labbé, A.C., and Moors-Murphy H.B. 2025. Recovery Potential 
Assessment for the North Atlantic Right Whale (Eubalaena glacialis). DFO Can. Sci. Advis. 
Sec. Res. Doc. 2025/078. iv + 67 p. 

Vanderlaan, A.S.M. and Taggart, C.T., 2007. Vessel collisions with whales: the probability of 
lethal injury based on vessel speed. Marine Mammal Science, 23(1), pp.144-156. 

Vanderlaan, A.S.M. and Taggart, C.T., 2009. Efficacy of a voluntary area to be avoided to 
reduce risk of lethal vessel strikes to endangered whales. Conservation Biology, 23(6), 
pp.1467-1474. 

Vanderlaan, A.S.M., Corbett, J.J., Green, S.L., Callahan, J.A., Wang, C., Kenney, R.D., 
Taggart, C.T. and Firestone, J., 2009. Probability and mitigation of vessel encounters with 
North Atlantic right whales. Endangered Species Research, 6(3), pp.273-285. 

Veinot, T., Nicoll, A., Rozalska, K. and Coffen-Smout, S. 2023. Vessel Density Mapping of 2019 
Automatic Identification System (AIS) Data in the Northwest Atlantic. Can. Tech. Rep. Fish. 
Aquat. Sci. 3520: vi + 29 p. 

Vighi, M., Borrell, A., Jackson, J.A., Carroll, E.L., Pennino, M.G. and Aguilar, A., 2021. The 
missing whales: relevance of “struck and lost” rates for the impact assessment of historical 
whaling in the southwestern Atlantic Ocean. ICES Journal of Marine Science, 78(1), pp.14-
24.  

Vineyard Wind. 2024. Vineyard Wind 1: Nation's first commercial-scale offshore wind project. 
Vineyard Wind. [online] Available at: https://www.vineyardwind.com/vineyardwind-1. 

Wade, P.R., 1998. Calculating limits to the allowable human‐caused mortality of cetaceans and 
pinnipeds. Marine Mammal Science, 14(1), pp.1-37.  

Wagner, K. 2023. National Oceanic and Atmospheric Administration [online]. Available from: 
Biden-Harris Administration announces historic $82 million for endangered North Atlantic 
right whales as part of Investing in America agenda | National Oceanic and Atmospheric 
Administration [accessed 5 November 2024]. 

https://unctadstat.unctad.org/
https://www.vineyardwind.com/vineyardwind-1.
https://www.noaa.gov/news-release/historic-82-million-for-critically-endangered-North-Atlantic-right-whales
https://www.noaa.gov/news-release/historic-82-million-for-critically-endangered-North-Atlantic-right-whales
https://www.noaa.gov/news-release/historic-82-million-for-critically-endangered-North-Atlantic-right-whales


 

78 

Waldick, R.C., Kraus, S., Brown, M. and White, B.N. 2002. Evaluating the effects of historic 
bottleneck events: an assessment of microsatellite variability in the endangered, North 
Atlantic right whale, Molecular Ecology, 11(11), pp. 2241-2249. doi: 
https://doi.org/10.1046/j.1365-294X.2002.01605.x. 

Wania, F., Axelman, J. and Broman, D., 1998. A review of processes involved in the exchange 
of persistent organic pollutants across the air–sea interface. Environmental Pollution, 
102(1), pp.3-23. 

Waring, G.T., Josephson, E., Fairfield, C.P., Maze-Foley, K., Editors. Belden, D., Cole, T.V.N., 
Garrison, L.P., Mullin, K., Orphanides, C., Pace III, R.M., Palka, D.L., Rossman, M.C., 
Wenzel, F.W., Contributors (listed alphabetically). 2007a. US Atlantic and Gulf of Mexico 
marine mammal stock assessments—2006. NOAA technical memorandum NMFS-NE. 201. 

Waring, G.T., Josephson, E., Fairfield, C.P., Maze-Foley, L., Editors. Cole, T.V.N., Garrison, 
L.P., Mullin, K., Orphanides, C., Pace, R.M., Palka, D.L., Rossman, M.C., Wenzel, F.W., 
Contributors (listed alphabetically). 2009a. US Atlantic and Gulf of Mexico marine mammal 
stock assessments 2008. NOAA technical memorandum NMFS-NE. 210. 

Waring, G.T., Josephson, E., Fairfield-Walsh, C.P., Maze-Foley, K., Editors. Belden, D., Cole, 
T.V.N., Garrison, L.P., Mullin, K., Orphanides, C., Pace, R.M., Palka, D.L., Rossman, M.C., 
Wenzel, F.W., Contributors (listed alphabetically). 2007b. US Atlantic and Gulf of Mexico 
marine mammal stock assessments—2007. NOAA technical memorandum NMFS-NE. 205. 

Waring, G.T., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Barry, K., Byrd, B., Cole, 
T.V.N., Dias, C., Engleby, L., Fairfield, C., Garrison, L.P., Glass, A., Hansen, L., Litz, J., 
Orphanides, C., Pace, R.M., Palka, D.L., Rivera, M., Rossman, M.C., Sinclair, C., Valade, J., 
Wenzel, F.W., Contributors (listed alphabetically). 2009b. US Atlantic and Gulf of Mexico 
marine mammal stock assessments 2009. NOAA technical memorandum NMFS-NE. 213. 

Waring, G.T., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Barry, K., Byrd, B., Cole, 
T.V.N., Engleby, L., Fairfield, C., Garrison, L.P., Henry, A., Hansen, L., Litz, J., Orphanides, 
C., Pace, R.M., Palka, D.L., Rossman, M.C., Sinclair, C., Wenzel, F.W., Contributors (listed 
alphabetically). 2013. US Atlantic and Gulf of Mexico marine mammal stock assessments – 
2012. NOAA technical memorandum NMFS-NE. 223. 

Waring, G.T., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Cole, T.V.N., Engleby, L., 
Garrison, L.P., Henry, A., Mullin, K.D., Orphanides, C., Pace, R.M., Palka, D.L., Lyssikatos, 
M., Wenzel, F.W., Contributors (listed alphabetically). 2014. US Atlantic and Gulf of Mexico 
marine mammal stock assessments – 2013. NOAA technical memorandum NMFS-NE. 228. 
DOI : http://doi.org/10.7289/V51G0J70 

Waring, G.T., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Byrd, B., Cole, T.V.N., 
Engleby, L., Garrison, L.P., Hatch, J., Henry, A., Horstman, S.C., Litz, J., Mullin, K.D., 
Orphanides, C., Pace, R.M., Palka, D.L., Lyssikatos, M.C., Wenzel, F.W., Contributors 
(listed alphabetically). 2015. US Atlantic and Gulf of Mexico marine mammal stock 
assessments – 2014. NOAA technical memorandum NMFS-NE. 231. doi : 
http://doi.org/10.7289/V5TQ5ZH0 

Waring, G.T., Josephson, E., Maze-Foley, K., Rosel, P.E., Editors. Byrd, B., Cole, T.V.N., 
Engleby, L., Garrison, L.P., Hatch, J., Henry, A., Hostman, S.C., Litz, J., Lyssikatos, M.C., 
Mullin, K.D., Orphanides, C., Pace, R.M., Palka, D.L., Soldevilla, M., Wenzel, F.W., 
Contributors (listed alphabetically). 2016. US Atlantic and Gulf of Mexico marine mammal 
stock assessments – 2015. NOAA technical memorandum NMFS-NE. 238. DOI : 
http://doi.org/10.7289/V57S7KTN 

Waring, G.T., Josephson, K., Maze-Foley, K.., Rosel, P.E., Editors. Barry, K., Byrd, B., Cole, 
T.V.N., Engleby, L., Fairfield, C., Garrison, L.P., Glass, A., Hansen, L., Litz, J., Orphanides, 
C., Pace, R.M., Palka, D.L., Rossman, M.C., Sinclair, C., Wenzel, F.W., Contributors (listed 
alphabetically). 2010. US Atlantic and Gulf of Mexico marine mammal stock assessments – 
2010. NOAA technical memorandum NMFS-NE. 219. 

Waring, G.T., Josephson, K., Maze-Foley, K.., Rosel, P.E., Editors. Barry, K., Byrd, B., Cole, 
T.V.N., Engleby, L., Fairfield, C., Garrison, L.P., Henry, A., Hansen, L., Litz, J., Orphanides, 
C., Pace, R.M., Palka, D.L., Rossman, M.C., Sinclair, C., Wenzel, F.W., Contributors (listed 
alphabetically). 2012. US Atlantic and Gulf of Mexico marine mammal stock assessments – 
2011. NOAA technical memorandum NMFS-NE. 221. 

Waring, G.T., Pace, R.M., Quintal, J.M., Fairfield, C.P., Maze-Foley, K., Editors. Cabana, N., 
Clapham, P.J., Cole, T.V.N., Fulling, G.L., Garrison, L.P., Hohn, A.A., Maise, B.G., McFee, 
W.E., Mullin, K.D., Palka, D.L., Rosel, P.E., Rossman, M.C., Wenzel, F.W., Whitingham, 
A.L., Contributors (listed alphabetically). 2004. US Atlantic and Gulf of Mexico marine 
mammal stock assessments—2003. NOAA technical memorandum NMFS-NE. 182. 

https://doi.org/10.1046/j.1365-294X.2002.01605.x


 

79 

Waring, G.T., Palka, D.L. and Evans, P.G. 2009c. ‘North Atlantic Marine Mammals’ in Perrin, 
W.F., Würsig, B., and Thewissen, J. G. M. (eds.) Encyclopedia of Marine Mammals (Second 
Edition). Academic Press, pp. 773-781. 

Waring, G.T., Palka, D.L., Clapham, P.J., Swartz, S., Rossman, C.M., Cole, T.V.N., Bisack, 
K.D., Hansen, L.J. 1999a. US Atlantic marine mammal stock assessments, 1998. NOAA 
technical memorandum NMFS-NE . 116. 

Waring, G.T., Palka, D.L., Clapham, P.J., Swartz, S., Rossman, M.C., Cole, T.V.N., Hansen, 
L.J., Bisack, K.D., Mullin, K.D., Wells, R.S., Odell, D.K., Barros, N.B. 1999b. US Atlantic and 
Gulf of Mexico marine mammal stock assessments—1999. NOAA technical memorandum 
NMFS-NE. 153. 

Waring, G.T., Palka, D.L., Mullin, K.D., Hain, J.H., Hansen L.J., Bisack., K.D. 1997. US Atlantic 
and Gulf of Mexico marine mammal stock assessments, 1996. NOAA technical 
memorandum NMFS-NE. 114. 

Waring, G.T., Quintal, J.M., Fairfield, C.P., Editors. Clapham, P.J., Cole, T.V.N., Garrison, L.P., 
Georgia Department of Natural Resources, Hohn, A.A., Maise, B.G., McFee, W.E., Palka 
D.L., Rosel, P.E., Rossman, M.C., U.S Fish & Wildlife Service, Yeung, C., Contributors 
(listed alphabeticaly). 2002. US Atlantic and Gulf of Mexico marine mammal stock 
assessments—2002. NOAA technical memorandum NMFS-NE. 169. 

Waring, G.T., Quintal, J.M., Swartz, S.L., Editors. Barros, N.B., Clapham, P.J., Cole, T.V.N., 
Fairfield, C.P., Hansen, L.J., Mullin, K.D., Odell, D.K., Palka, D.L., Rossman, M.C., U.S. Fish 
& Wildlife Service, Wells, R.S., Yeung, C., Contributors (listed alphabetically). 2000. US 
Atlantic and Gulf of Mexico marine mammal stock assessments—2000. NOAA technical 
memorandum NMFS-NE. 162. 

Waring, G.T., Quintal, J.M., Swartz, S.L., Editors. Clapham, P.J., Cole, T.V.N., Fairfield, C.P., 
Hohn, A., Palka, D.L., Rossman, M.C., U.S. Fish & Wildlife Service, Yeung, C., Contributors 
(listed alphabetically). 2001. US Atlantic and Gulf of Mexico marine mammal stock 
assessments—2001. NOAA technical memorandum NMFS-NE. 168. 

Waring, GT., Josephson, E., Fairfield, C.P., Maze-Foley, K. Editors. Belden, D., Cole, T.V.N., 
Garrison, L.P.., Mullin, K.D., Orphanides, C., Pace, R.M., Palka, D.L., Rossman, M.C., 
Wenzel, F.W., Contributors (listed alphabetically). 2006. US Atlantic and Gulf of Mexico 
marine mammal stock assessments—2005. NOAA technical memorandum NMFS-NE. 194. 

Watkins, W.A. and Schevill, W.E., 1976. Right whale feeding and baleen rattle. Journal of 
Mammalogy, 57(1), pp.58-66. 

Weinrich, M.T., Kenney, R.D. and Hamilton, P.K., 2000. Right whales (Eubalaena glacialis) on 
Jeffreys Ledge: A habitat of unrecognized importance? Marine Mammal Science, 16(2), 
pp.326-337. 

Weisbrod, A.V., Shea, D., Moore, M.J. and Stegeman, J.J., 2000. Organochlorine exposure and 
bioaccumulation in the endangered Northwest Atlantic right whale (Eubalaena glacialis) 
population. Environmental Toxicology and Chemistry: An International Journal, 19(3), 
pp.654-666. 

Werth, A.J., Kahane-Rapport, S.R., Potvin, J., Goldbogen, J.A. and Savoca, M.S., 2024, 
February. Baleen–plastic interactions reveal high risk to all filter-feeding whales from 
clogging, ingestion, and entanglement. In Oceans (Vol. 5, No. 1, pp. 48-70). MDPI. 

Wiley, D.N., Mayo, C.A., Maloney, E.M. and Moore, M.J., 2016. Vessel strike mitigation lessons 
from direct observations involving two collisions between noncommercial vessels and North 
Atlantic right whales (Eubalaena glacialis). Marine Mammal Science, 32(4).  

Wiley, D.N., Zadra, C.J., Friedlaender, A.S., Parks, S.E., Pensarosa, A., Rogan, A., Alex 
Shorter, K., Urbán, J. and Kerr, I., 2023. Deployment of biologging tags on free swimming 
large whales using uncrewed aerial systems. Royal Society Open Science, 10(4), p.221376. 

Winther, J.G., Dai, M., Rist, T., Hoel, A.H., Li, Y., Trice, A., Morrissey, K., Juinio-Meñez, M.A., 
Fernandes, L., Unger, S. and Scarano, F.R., 2020. Integrated ocean management for a 
sustainable ocean economy. Nature Ecology & Evolution, 4(11), pp.1451-1458.  

Wise Jr, J.P., Wise, J.T., Wise, C.F., Wise, S.S., Zhu, C., Browning, C.L., Zheng, T., Perkins, 
C., Gianios Jr, C., Xie, H. and Wise Sr, J.P., 2019. Metal levels in whales from the Gulf of 
Maine: A one environmental health approach. Chemosphere, 216, pp.653-660.  

Wise, J. P., Wise, S. S., Kraus, S., Shaffiey, F., Grau, M., Chen, T. L., Perkins, C., Thompson, 
W. D., Zheng, T., Zhang, Y., Romano, T., & OHara, T. 2008. Hexavalent chromium exhibits 
cytotoxic and genotoxic effects on the lung and testes fibroblasts of the North Atlantic right 
whale (Eubalaena glacialis). Mutation Research, 650(1), 30-38. doi: 
10.1016/j.mrgentox.2007.09.007. 



 

80 

Wishner, K., Durbin, E., Durbin, A., Macaulay, M., Winn, H. and Kenney, R., 1988. Copepod 
patches and right whales in the Great South Channel off New England. Bulletin of Marine 
Science, 43(3), pp.825-844. 

Wishner, K.F., Schoenherr, J.R., Beardsley, R. and Chen, C., 1995. Abundance, distribution 
and population structure of the copepod Calanus finmarchicus in a springtime right whale 
feeding area in the southwestern Gulf of Maine. Continental Shelf Research, 15(4-5), 
pp.475-507. 

Woodley, T.H., Brown, M.W., Kraus, S.D. and Gaskin, D.E., 1991. Organochlorine levels in 
North Atlantic right whale (Eubalaena glacialis) blubber. Archives of Environmental 
Contamination and Toxicology, 21, pp.141-145. 

Wright, A.J., Gabaldon, J., Zhang, D. and Hamilton, P., 2024. Bimodal vertical distribution of 
right whales Eubalaena glacialis in the Gulf of St. Lawrence. Endangered Species 
Research, 54, pp.155-166. 

Yu, Q., Liu, K., Teixeira, A.P. and Soares, C.G., 2020. Assessment of the influence of offshore 
wind farms on ship traffic flow based on AIS data. The Journal of Navigation, 73(1), pp.131-
148. 

Zhang, B., Matchinski, E.J., Chen, B., Ye, X., Jing, L. and Lee, K., 2019. Marine oil spills—Oil 
pollution, sources and effects. In World seas: an environmental evaluation (pp. 391-406). 
Academic Press. 


	ABSTRACT
	INTRODUCTION
	THREAT ASSESSMENT METHODOLOGY
	THREAT DEFINITION
	GENERATION TIME
	GENERAL OVERVIEW: SCALES OF THE ASSESSMENT
	Level of Impact
	Population Level of Impact
	Impacts on Individuals
	Likelihood of Occurrence
	Timing of Occurrence
	Threat Frequency
	Geographic Extent of the Threat
	Causal Certainty
	Threat Risk


	RESULTS
	THREAT CATEGORY 1: INCIDENTAL CATCH AND FISHING-GEAR INTERACTIONS
	Threat 1.1.1: Fishing-Gear Entanglement – Fixed Gear
	Likelihood of Occurrence: Known
	Individual Level of Impact: Extreme
	Population Level of Impact (Population Loss): Extreme
	Threat Frequency: Continuous
	Geographic Extent of Threat: Extensive
	Gear Types and Fishing-Gear Entanglements

	Threat 1.1.2: Fishing-Gear Entanglement – Pot/Trap Fisheries
	Threat 1.1.3: Fishing-Gear Entanglement – Gillnet Fisheries
	Threat 1.1.4: Fishing-Gear Entanglement – Longline (or Hook and Line) Fisheries
	Threat 1.1.5: Entrapment in Fishing Weirs
	Threat 1.1.6: Fishing-Gear Entanglement – Aquaculture
	Threat 1.1.7: Abandoned, Lost, or Otherwise Discarded Fishing Gear

	THREAT CATEGORY 2: VESSEL TRAFFIC
	Threat 2.1.1: Vessel Strikes
	Likelihood of Occurrence: Known
	Individual Level of Impact: Extreme
	Population Level of Impact: High
	Threat Frequency: Continuous
	Geographic Extent of Threat: Extensive

	Threat 2.1.2: Vessel-Presence Disturbances and Vessel Noise Pollution
	Likelihood of Occurrence: Known (Canadian Assessment Area and Northwest Atlantic Assessment Area)
	Individual level of impact: Low
	Population Level of Impact: Unknown
	Causal Certainty: High and Unknown
	Threat frequency: Continuous and Geographic Extent of Threat: Extensive


	THREAT CATEGORY 3: POLLUTION
	Subcategory 3.1: Noise Pollution
	Threat 3.1.1: Seismic Surveys (Airguns)
	Likelihood of Occurrence: Known
	Individual Level of Impact: Medium
	Population Level of Impact: Unknown
	Threat Frequency: Recurrent (Canadian Assessment Area and Northwest Atlantic Assessment Area)
	Geographic Extent of Threat: Extensive (Canadian Assessment Area and Northwest Atlantic Assessment Area)

	Threat 3.1.2: Active Acoustic Technologies Operation
	Likelihood of Occurrence: Known
	Individual Level of Impact: Low
	Population Level of Impact: Unknown
	Threat Frequency: Recurrent
	Geographic Extent of Threat: Broad

	Threat 3.1.3: Mid-Frequency Military Active Sonar Operation
	Likelihood of Occurrence: Known
	Individual Level of Impact: High
	Population Level of Impact: Unknown
	Threat Frequency: Recurrent
	Geographic Extent of Threat: Narrow

	Subcategory 3.2: Chemical Contaminants
	Threat 3.2.1: Persistent Organic Pollutants Pollution
	Likelihood of Occurrence: Known
	Individual Level of Impact: Unknown
	Population Level of Impact: Unknown
	Threat Frequency: Continuous
	Geographic Extent of Threat: Broad

	Threat 3.2.2: Plastics and Marine Debris Pollution
	Likelihood of Occurrence: Known
	Individual Level of Impact: High
	Population Level of Impact: Low
	Causal Certainty: High
	Threat Frequency: Continuous
	Geographic Extent of Threat: Broad

	Threat 3.2.3: Petroleum Spills or “Oil” Spills
	Likelihood of Occurrence: Known
	Individual Level of Impact: Extreme
	Population Level of Impact: High
	Threat Frequency: Recurrent
	Geographic Extent of Threat: Restricted

	Threat 3.2.4: Heavy Metal Pollution
	Likelihood of Occurrence: Known
	Individual Level of Impact: Unknown
	Population Level of Impact: Unknown
	Threat Frequency: Continuous
	Geographic Extent of Threat: Broad

	Subcategory 3.3: Energy Development and Production
	Threat 3.3.1: Coastal and Marine Offshore Development
	Likelihood of Occurrence: Known
	Individual Level of Impact: High
	Population Level of Impact: Unknown
	Threat Frequency: Recurrent
	Geographic Extent of Threat: Narrow

	Threat 3.3.2: Drilling Operations
	Likelihood of Occurrence: Known
	Individual Level of Impact: Low
	Population Level of Impact: Unknown
	Threat Frequency: Recurrent
	Geographic Extent of Threat: Restricted

	Threat 3.3.3: Wind Energy Production
	Likelihood of Occurrence: Known
	Individual Level of Impact: Unknown
	Population Level of Impact: Unknown
	Threat Frequency: Continuous
	Geographic Extent of Threat: Narrow


	THREAT CATEGORY 4: OCEAN-PHYSICS ALTERATIONS
	Threat 4.1.1: Climate Change
	Likelihood of Occurrence: Known
	Individual Level of Impact: Unknown
	Population Level of Impact: High
	Threat Frequency: Continuous
	Geographic Extent of Threat: Extensive


	THREAT CATEGORY 5: SCIENTIFIC ACTIVITIES
	Threat 5.1.1: Scientific Activities
	Likelihood of Occurrence: Known
	Individual Level of Impact: Low
	Aerial Surveys
	Vessel-Based Surveys
	Tagging
	Skin and Blubber Biopsies
	Uncrewed Aerial Vehicle Over Flights
	Acoustic Playback Experiments

	Population Level of Impact: Low
	Threat Frequency: Continuous
	Geographic Extent of Threat: Broad


	THREAT CATEGORY 6: DIRECT HARVESTING
	Threat 6.1.1: Whaling (Harvest or Hunt)
	Likelihood of Occurrence: Remote
	Individual Level of Impact: Extreme
	Population Level of Impact: Low
	Threat Frequency: Recurrent
	Geographic Extent of Threat: Narrow


	THREAT CATEGORY 7: RESOURCE DEPLETION
	Threat 7.1.1: Food Supply Reduction Through Directed Fisheries
	Likelihood of Occurrence: Remote
	Individual Level of Impact: Unknown
	Population Level of Impact: Unknown
	Causal Certainty: Unknown and Unknown
	Threat Frequency: Recurrent
	Geographic Extent of Threat: Unknown



	DISCUSSION
	THREAT ASSESSMENT RESULTS
	CUMULATIVE IMPACTS
	THREAT ASSESSMENT GUIDANCE
	OTHER CONSIDERATIONS

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES CITED



